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Introduction 

This report provides 15 Opportunity Assessment Reports for mitigation options for potential UK Department 
for Business, Energy and Industrial Strategy (BEIS) investment within the UK International Climate Finance 
(ICF). These reports are the output of a research programme that provides BEIS with robust evidence to feed 
into the strategic approach to deploying UK ICF in support of global climate mitigation. The aim of these 
reports is to support decision making about future BEIS ICF mitigation investments, with a particular focus on 
ŜȄǇŀƴŘƛƴƎ .9L{Ωǎ ŜǾƛŘŜƴŎŜ ōŀǎŜ ōȅ ŦƻŎǳǎƛƴƎ ƻƴ ŀǊŜŀǎ ƻŦ ƘƛƎƘ ƛƳǇƻǊǘŀƴŎŜ ǿƘŜǊŜ ǇǊƛƻǊ ŜǾƛŘŜƴŎŜ ƻǊ ǊŜǎŜŀǊŎƘ 
within BEIS was (relatively) limited. For a set of 15 research priorities across the energy sector, the land use 
sector, transport and cross cutting technology and policy opportunities, the analysis identifies the mitigation 
potential, investment need, development co-benefits, cost-effectiveness, barriers that hold back 
ŀǳǘƻƴƻƳƻǳǎ ŀŎǘƛƻƴΣ ŀƴŘ ǘƘŜ ¦YΩǎ ŎƻƳǇŀǊŀǘƛǾŜ ŀŘǾŀƴǘŀƎŜ ŀǊƛǎƛƴƎ ŦǊƻƳ ƛǘǎ ŘŜŎŀǊōƻƴƛǎŀǘƛƻƴ ŜȄǇŜǊǘƛǎŜ ŀƴŘ 
strengths in providing development assistance. Each opportunity area is considered using a consistent 
approach and against a common scoring rubric. The results of the assessment were validated through expert 
workshops and expert elicitation. 

The analysis considers each opportunity area according to six key themes to inform strategic decision making 
on where and how to prioritise funding. Individual opportunity reports are structured around six critical 
themes for prioritisation of climate finance, agreed in consultation with key BEIS stakeholders. These themes 
include:  

Climate impact: The relative importance of an opportunity in leading to a reduction in greenhouse gas 
όDIDύ ŜƳƛǎǎƛƻƴǎΣ ǘƘǊƻǳƎƘ ǘƘŜ ƻǇǇƻǊǘǳƴƛǘȅΩǎ ŘƛǊŜŎǘ ƛƳǇŀŎǘ ƻƴ ŘŜŎŀǊōƻƴƛǎŀǘƛƻƴ ŀƴŘ ƛǘǎ ǇƻǘŜƴǘƛŀƭ ǘƻ 
support transformational change. 

Development impact: The degree to which an opportunity provides significant co-benefits within a 
region through enabling the achievement of 2030 SDGs.  

Investment need: The magnitude of investment need and the degree to which that need is likely to be 
unmet to 2050 by both public and private sector funding sources.  

Cost-effectiveness: The long-term effectiveness of investments in reducing greenhouse gas emissions via 
an opportunity, in terms of emissions per British Pound Sterling (GBP) of investment. Differences in 
cost-effectiveness can help to distinguish between otherwise similar opportunity-region 
combinations. 

Barriers to adoption: The extent to which business-as-usual support for an opportunity is likely to remain 
insufficient in the future by judging the strength of barriers in the political economy, the strength of 
market failures and the conditions in the broader enabling environment. 

UK additionality: The degree to which UK funding or support specifically is likely to be beneficial, either 
because of the ability to harness UK expertise or the existence of strong existing UK partnerships in 
an opportunity area. 

In addition to the main criteria assessment, the analysis identifies and prioritises interventions to support 
mitigation within each opportunity area. Two final sections within each opportunity report consider: 

Intervention opportunities: The most suitable interventions for future ICF investment, based on the 
preceding assessment. 

Intervention case studies: Examinations of one to three previous or ongoing interventions within each 
opportunity area, to provide real-world context on potential interventions, and identify how 
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interventions have addressed identified barriers and the lessons that can be taken from these 
investments. 

The assessment considers climate impact and investment need under a 1.5-degrees Celsius scenario, several 
2-degrees Celsius scenarios and a Ψstated policiesΩ ōǳǎƛƴŜǎǎ-as-usual scenario. Scenarios referred to in this 
work include: 

The stated policies scenario όŀƭǎƻ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άbtLέ ǎŎŜƴŀǊƛƻ ƻǊ άōǳǎƛƴŜǎǎ-as-ǳǎǳŀƭέ ǎŎŜƴŀǊƛƻύ is one in 
which only current implemented energy and climate policies are considered. This scenario is 
considered the business-as-usual scenario. 

2-degrees scenarios. Carbon budgets for tƘŜǎŜ ǎŎŜƴŀǊƛƻǎ ŀǊŜ ǎŜǘ ǘƻ ŀƭƛƎƴ ǿƛǘƘ άǿŜƭƭ ōŜƭƻǿ н ŘŜƎǊŜŜǎέ ƛΦŜΦ 
a probability of 66% of staying below 2°C. There are various plausible pathways to reaching 2 
degrees. To capture this uncertainty, we consider the following scenarios:  

A ά5ŜŦŀǳƭǘ н ŘŜƎǊŜŜέ scenario. In this scenario it is assumed that national climate and energy policies 
were implemented until 2020, after which emission reduction measures are implemented in a 
cost-optimal manner across greenhouse gases, regions, and over time.  

A άb5/ н-degrŜŜǎέ ǎŎŜƴŀǊƛƻ, in which decarbonisation actions follows current NDCs until 2030, after 
which decarbonisation intensifies to meet a 2°C target.  

 A άƭƛŦŜǎǘȅƭŜέ ǎŎŜƴŀǊƛƻ, in which consumers change their habits towards a lifestyle that leads to lower 
greenhouse gas emissions. This includes a less meat-intensive diet, less CO2-intensive transport 
modes, less intensive use of heating and cooling and a reduction in the use of several domestic 
appliances.  

A άǊŜƴŜǿŀōƭŜǎέ ǎŎŜƴŀǊƛƻ όƻǘƘŜǊǿƛǎŜ ƪƴƻǿƴ ŀǎ ǘƘŜ άŎŜƴǘǊŀƭ ǇƻǿŜǊ ǎŎŜƴŀǊƛƻέύΣ with higher 
electrification rates in all end-use sectors, in combination with relatively ambitious assumptions 
on the integration of variable renewables and on costs of transmission, distribution and storage.  

1.5-degrees scenario. A 1.5 °C carbon budget is less than half that of the available 2°C budget, which 
dramatically increases the depth and rate of decarbonisation required. All mitigation options need to 
be deployed to (close to) their maximum potential.  

Assessments across each criteria area and intervention assessments are based on quantitative evidence, 
literature review, and expert inputs. These assessments provide rankings of how individual opportunities 
perform in each of the six key criteria themes ς and how individual regions rank within each opportunity ς 
through consolidation of quantitative and qualitative evidence and elicitation across experts. Note that these 
assessments aim to capture relative differences within and between prioritised opportunities rather than 
provide an absolute assessment across all potential mitigation investment areas.  

When considering summary opportunity-level scorings, it is important to bear in mind that scores are 
intended to convey an average across different issues. There is often high diversity of strengths and 
weaknesses within criteria for individual opportunities ς for example, across different regions or intervention 
areas. 

The full methodology applied in each opportunity assessment is provided in the companion Synthesis 
Report. 
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Variable Grid Renewables 

Summary 

The on-grid variable renewable electricity opportunity considers a range of grid-connected variable 
renewable energy sources expected to provide large climate impact at high cost-effectiveness. The 
assessment of on-grid variable renewables includes grid-connected onshore wind, offshore wind, solar 
photovoltaics (PV) and concentrated solar power (CSP). As variable low-carbon power generation 
technologies, they deliver similar benefits, and face similar barriers to deployment, in low- and middle-
income countries. Their key benefit is low-carbon, cost-effective, electricity. Variable renewable electricity is 
often cost-competitive with non-renewable electricity sources in many regions. There are, however, 
significant barriers to deployment, particularly market and institutional structures to deal with intermittency 
in supply, and the costs of finance.  

Interventions to encourage adoption of on-grid variable renewables in focus regions include measures to de-
risk investments and reform electricity market regulation. Given the largest barriers to adoption for variable 
renewables, example interventions include: 

Financial and technical support to de-risk investments, to address the higher costs of capital that 
renewable energy investments face and the unfamiliarity of local financial institutions. 

Technical assistance to reform electricity market regulation, with current regulatory systems often not 
allowing intermittent renewable energy to compete fairly with other generation sources. 

Table 1 Variable grid renewables assessment summary 

Criteria Assessment Notes 

Climate impact 

 

High 

¶ Critical to power sector decarbonisation in every region, helping to avoid around 
50% of power sector CO2 emissions (7.3 gigatonnes of carbon dioxide [GtCO2]) in 
2050 beyond business-as-usual (BAU).1,2 

¶ Large positive spillovers on all other sectors through the provision of low-cost and 
low-carbon electricity, particularly via onshore wind and solar PV which can be cost 
competitive with non-renewable electricity today. 

Development impact 

 

High 

¶ Substantial and long-lasting positive development impact. Variable renewables are 
critical to achieving Sustainable Development Goal (SDG) 7, access to low-carbon 
reliable energy, as well as improving progress towards SDG 3, good health and 
wellbeing, and SDG 8, decent work and economic growth.  

Investment gap 

 

High 

¶ Total investment gap in the opportunity is high, USD 9 trillion by 2050, given the 
capital intensity of renewables and scale of deployment required. 

¶ Investment will need to double relative to BAU. 

¶ Over 70% of investment required is in solar PV and onshore wind.   

Cost-effectiveness 

 

High 

¶  PV and onshore wind are a highly cost-effective mitigation opportunity across all 
regions, often able to deliver CO2 emissions for GBP at no additional cost. 

¶ Regional cost-effectiveness impacted by the emissions intensity of the current power 
generation mix, natural endowments, local supply chain, and financing costs and 
cost of renewable integration for the local grid. 

Barriers to adoption 

 

Medium 

¶ Despite increasing cost-competitiveness, several moderate political economy, 
market failure, and enabling environment barriers slow down the adoption of 
variable renewables. Most significant barriers include presence of fossil fuel 
subsidies, weak or non-existent power transmission infrastructure, and the poor 

 
1 This figure reflects emissions reductions in the IMAGE renewables decarbonisation scenario vs the BAU scenario. The percentage reduction in 
emissions is calculated relative to 2050 BAU emissions from the power sector.  
2 All figures in this report will reflect mitigation potential beyond BAU ς ǘƘŜ .!¦ ƛǎ ǘŀƪŜƴ ǘƻ ōŜ La!D9Ωǎ ƴŜǿ ǇƻƭƛŎƛŜǎ ǎŎŜƴŀǊƛƻΦ 
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Criteria Assessment Notes 

financial capacity of local utilities and governments to enter into power purchasing 
agreements. 

UK additionality 

 

High 
¶ The UK has leading expertise in feasibility assessments and financing of variable 

renewable energy domestically and internationally. Compared to other international 
donors, UK additionality is greatest in offshore wind energies. 

Source: Vivid Economics, ASI & Factor  

Key lessons for supporting mitigation through variable renewables: 

South Asia (including India), Indonesia, and South Africa are likely to deliver the largest mitigation 
opportunity, due to their high grid emissions intensity and availability of low-cost solar and wind. 

Despite declining technology costs, significant barriers continue to reduce the profitability of variable 
renewables for investors, including the risks of a public electricity off-taker not being able to pay for 
the power it purchases over the lifetime of the generation asset 

Government intervention can most cost-effectively crowd-in private sector investment by: 

Taking on market risks, through credit or power purchase guarantees. 

Reducing market risks over the longer term, by assisting utilities on tracking and improving their 
financial sustainability.  

Or lowering financing costs, through concessional finance.3 

Amongst regions with the largest mitigation potential, the UK can leverage its strong Official 
Development Assistance (ODA) ties with South Asia and Southern Africa. 

  

 
3 ²ƻǊƭŘ .ŀƴƪΦ όнлмфύΦ ά¢ƘŜ ǊƻƭŜ ƻŦ ǘƘŜ Ǉǳōƭƛc sector in mobilising commercial finance for grid-ŎƻƴƴŜŎǘŜŘ ǎƻƭŀǊέΦ 
https://openknowledge.worldbank.org/bitstream/handle/10986/32185/The-Role-of-the-Public-Sector-in-Mobilizing-Commercial-Finance-for-Grid-
Connected-Solar-Projects-Lessons-Learned-and-Case-Studies.pdf?sequence=1&isAllowed=y 

https://openknowledge.worldbank.org/bitstream/handle/10986/32185/The-Role-of-the-Public-Sector-in-Mobilizing-Commercial-Finance-for-Grid-Connected-Solar-Projects-Lessons-Learned-and-Case-Studies.pdf?sequence=1&isAllowed=y
https://openknowledge.worldbank.org/bitstream/handle/10986/32185/The-Role-of-the-Public-Sector-in-Mobilizing-Commercial-Finance-for-Grid-Connected-Solar-Projects-Lessons-Learned-and-Case-Studies.pdf?sequence=1&isAllowed=y
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Introduction to the opportunity  

Role of the opportunity in decarbonisation of developing countries 

The power sector emitted 7.4 Gt CO2 in low- and middle-income countries in 2015, rising to 16 GtCO2 in 
2050 under a BAU scenario. The power sector accounts for approximately 40% of total emissions from low- 
and middle-income countries today.4 To reach the 1.5 °C target, the sector needs to nearly fully decarbonise. 
While decarbonising, capacity will also need to substantially expand to meet rising demand. On-grid variable 
renewables are will have a critical role in the future of the power sector, expected to provide 68% of 
electricity by 2050 in our central power decarbonisation scenario.5  

Currently, annual deployment of on-grid variable renewables is far lower than what a world compatible with 
the Paris Agreement would require - approximately 220 gigawatt (GW) additions per annum by 2050.6 
Capacity of wind and solar would need to grow to approximately 7,800 GW by 2050 in the central power 
decarbonisation scenario.7 This reflects the need to electrify, decarbonise, and meet economic growth. As 
Table 2 shows, this will require around a 3x increase in annual capacity additions. 

Table 2 Approximate annual capacity additions required across low-and middle-income regions 

Technology 
2018 capacity additions 

(GW)  

Annual average capacity additions up to 2050, depending on 
scenario (GW) ς forecast  

BAU Renewables (2 degrees) 

Onshore wind 28 0.71 45 

Offshore wind 1.8 1.8 8.7 

Solar PV 62 23 120 

Solar CSP 0.7 2.4 56 

Source: ±ƛǾƛŘ 9ŎƻƴƻƳƛŎǎΣ !{L ŀƴŘ CŀŎǘƻǊ ōŀǎŜŘ ƻƴ t.[Ωǎ La!D9 ƳƻŘŜƭ όǊŜƴŜǿŀōƭŜǎ ǎŎŜƴŀǊƛƻύ ŦƻǊ ŦǳǘǳǊŜ ŎŀǇŀŎƛǘȅ 
additions and International Renewable Energy Agency (IRENA) (2019) for past capacity additions 

Scope considered in this assessment 

The on-grid variable renewable electricity opportunity is defined as grid-connected solar PV, solar CSP, 
onshore wind, and offshore wind. Grid connection implies that energy generation sources are connected to 
a national or regional electricity transmission grid, through which they supply electricity. In other words, we 
do not consider off-grid or mini-grid connected renewable power.8 

The assessment considers all ODA-eligible regions, given the large mitigation potential of on-grid renewable 
electricity within each of them. Nonetheless, a subset of regions are focused on in consideration of their 
relatively large mitigation potential and in consultation with the BEIS steering group. Selected regions 
include: 

India, which has the second largest GtCO2 abatement from variable renewables in 2050 (following 
China). 

 
4 LƴǘŜǊƴŀǘƛƻƴŀƭ 9ƴŜǊƎȅ !ƎŜƴŎȅΦ όнлмтύΦ ά9ƴŜǊƎȅ ¢ŜŎƘƴƻƭƻƎȅ tŜǊǎǇŜŎǘƛǾŜǎέ. https://www.iea.org/reports/energy-technology-perspectives-2017 
5 From IMAGE (considering PV, CSP, Wind onshore, and Wind offshore). 
6 Under a1.5-degree scenario, annual additions are 26 GW. 
7 Under a1.5-degree scenario, this value is 980 GW. 
8 This opportunity also does not consider: a) on-grid non-variable energy sources, such as hydropower and geothermal, b) off-grid renewable 
electricity, which uses wind and solar power to provide energy directly to households. For instance, solar home systems, c) The integration of on-grid 
renewable electricity on a grid network, via energy storage or demand-side response measures. These measures are captured in the Energy System 
Flexibility Opportunity Report. 

https://www.iea.org/reports/energy-technology-perspectives-2017
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East Africa, which has the largest relative mitigation potential from variable renewables in 2050 (as a 
share of 2015 power sector emissions).  

South America (ŜȄŎƭǳŘƛƴƎ .ǊŀȊƛƭύΣ ƘŜƴŎŜŦƻǊǘƘ Ψ{ƻǳǘƘ !ƳŜǊƛŎŀΩΣ ǿƘƛŎƘ Ƙŀǎ ŎƭƻǎŜ ǘƻ млл҈ ǾŀǊƛŀōƭŜ 
renewable powered electricity in 2050 and is amongst the largest contributors to GtCO2 abatement 
from the opportunity. 

South-East Asia, where deployment of variable renewables is expected to scale up significantly relative to 
2015.  

South Africa, which was included after consultation with BEIS steering group, however is expected to 
have lower relative and absolute emissions reduction from variable renewables.  

This assessment focuses on the benefit of supporting the opportunity as a whole and does not aim to 
comprehensively assess the effectiveness of specific investment opportunities or interventions. However, for 
context, specific investment opportunities are detailed in Section 0. 
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Climate impact  

Mitigation potential and urgency 

Across low- and middle-income countries, variable renewables can help avoid around 50% of power sector 
CO2 emissions (7.3 GtCO2) in 2050 beyond BAU.9,10 In the central decarbonisation scenario, power sector 
emissions will need to decrease by 100% in 2050, relative to BAU. Even higher emissions reductions, 140% 
relative to BAU, could be required in a 1.5-degrees scenario where negative emissions technologies (e.g. 
BECCS) are deployed at scale. On-grid renewables will be key to meet growing electricity demand without 
increasing emissions, at the same time as displacing emissions from coal-fired power stations. Some on-grid 
variable renewables are already cost-competitive with fossil generation, so are expected to be deployed at 
scale in a BAU scenario. As Figure 1 shows, in some scenarios this implies there is 0 additional mitigation 
from renewables relative to BAU, particularly in the near term. In the longer term, the scale of additions and 
emissions reductions expected from variable renewables in a decarbonised power sector still far exceeds 
expectations in BAU. Notably, this will be affected by uncertainty in the BAU scenario (see Figure 1).  

Figure 1 Range of mitigation potential compared to BAU in 2030 and 2050 

 

Note: The bars indicate the range of mitigation potential estimates across the five IMAGE decarbonisation scenarios.  
aƛǘƛƎŀǘƛƻƴ ǇƻǘŜƴǘƛŀƭ ƛƴ ŜŀŎƘ ǎŎŜƴŀǊƛƻ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜ .!¦ ƻƴŜΣ ǿƘƛŎƘ ƛǎ ǘŀƪŜƴ ǘƻ ōŜ La!D9Ωǎ 
national policies scenario. Mitigation potential in 2030 is therefore calculated as emissions reductions in 
2030 in one decarbonisation scenario minus the emissions reductions in 2030 in the national policies 
scenario. 

Source: Vivid Economics, ASI and Factor ōŀǎŜŘ ƻƴ t.[Ωǎ La!D9 ƳƻŘŜƭ  

The largest mitigation potential in 2050 occurs in regions with the largest power sector emissions today: 
China, India, and Eastern Europe and Central Asia. China, India, and Eastern Europe and Central Asia are 
expected to account for 75% of GtCO2 abated by low and middle-income countries in 2050. This reflects the 
sheer size of power sector emissions in these countries today. In 2015, they account for 80% of total 
emissions across low and middle-income countries. Nearly 60% of power sector emissions in low- and 
middle-income countries result from China alone in 2015. In comparison, the focus regions together account 
for around one-third of GtCO2 abated in 2050. 

Nevertheless, in every region, variable renewables contribute significantly to local power sector 
decarbonisation - 85% of GtCO2 abated in the focus regions in 2050 beyond the BAU. As Figure 2 shows, 
variable renewables account for between 30% to 100% of power sector emissions reductions beyond BAU in 
2050, depending on region. Higher relative mitigation potential in Mexico, North Africa, and South Asia is 
influenced by the cost-competitiveness of renewables in these regions, and the lack of competition from 

 
9 This figure reflects emissions reductions in the IMAGE renewables decarbonisation scenario vs the BAU scenario. The percentage reduction in 
emissions is calculated relative to 2050 BAU emissions from the power sector.  
10 All figures in this report will reflect mitigation potential beyond BAU ς ǘƘŜ .!¦ ƛǎ ǘŀƪŜƴ ǘƻ ōŜ La!D9Ωǎ ƴŜǿ ǇƻƭƛŎƛŜǎ ǎŎŜƴŀǊƛƻΦ 
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non-variable renewable energy. Hydropower in Brazil results in a smaller role for variable renewables, in 
comparison.  

Figure 2 On-grid variable renewable electricity contributes, on average, to 31% of power sector abatement in 2030, 
75% in 2050 

 

Note: ¢ƘŜ ōŀǊǎ ǊŜŦƭŜŎǘ ǘƘŜ ƳƛǘƛƎŀǘƛƻƴ ǇƻǘŜƴǘƛŀƭ ƛƴ La!D9Ωǎ ǊŜƴŜǿŀōƭŜǎ ŘŜŎŀǊōƻƴƛǎŀǘƛƻƴ ǎŎŜƴŀǊƛƻ Ƴƛƴǳǎ 
ƳƛǘƛƎŀǘƛƻƴ ŀŎƘƛŜǾŜŘ ƛƴ La!D9Ωǎ ƴŜǿ ǇƻƭƛŎƛŜǎ ǎŎŜƴŀǊƛƻ ό.!¦ ǎŎŜƴŀǊƛƻύΦ !ōōǊŜǾƛŀǘƛƻƴǎ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ǘƘŜ 
following: MEX= Mexico, CAM = Central America, BRA = Brazil, RSA = South America excluding Brazil, NAF 
= North Africa, WAF = West Africa, EAF = East Africa, ZAF = South Africa, EECA = Eastern Europe and 
Central Asia, IND = India, CHN = China, SEA = South-East Asia excluding Indonesia, IDN = Indonesia, SAS = 
South !ǎƛŀ ŜȄŎƭǳŘƛƴƎ LƴŘƛŀΣ {!C Ґ {ƻǳǘƘŜǊƴ !ŦǊƛŎŀ ŜȄŎƭǳŘƛƴƎ {ƻǳǘƘ !ŦǊƛŎŀΦ aƛǘƛƎŀǘƛƻƴ ǇƻǘŜƴǘƛŀƭ ŦǊƻƳ ΨhǘƘŜǊΩ 
includes energy efficiency and fossil fuel Carbon Capture and Storage (CCS). Mitigation potential from 
Non-variable Renewables (RE) includes hydropower, geothermal, and biomass with and without CCS. 

Source: Vivid Economics, ASI and Factor ōŀǎŜŘ ƻƴ t.[Ωǎ La!D9 ƳƻŘŜƭ όrenewables scenario) 

To 2030, the absolute mitigation potential is expected to be highest in regions shifting from coal-powered 
generation to renewables, such as in China, Indonesia, and India. Renewable electricity is a significant 
contributor to decarbonisation up to 2030 across all regions, as power is a relatively cheap sector to 
decarbonise, and low-carbon electricity is required to decarbonise other sectors. However, the largest 
absolute mitigation potential up to 2030 is expected to be in regions with emissions-intensive electricity 
(proxied by the kilograms of carbon dioxide per kilowatt-hour [kgCO2/kWh]), such as China, Indonesia and 
South Asia, where coal-ŦƛǊŜŘ ƎŜƴŜǊŀǘƛƻƴ ƛǎ ǇǊŜǾŀƭŜƴǘΦ /ƻŀƭΩǎ ǎƘŀǊŜ ƻŦ ǘƘŜ ǇƻǿŜǊ ƳƛȄ ǿŀǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ тр҈ 
in India, 70% in China, and 60% in Indonesia in 2017.11 Together these countries account for nearly 80% of 
GtCO2 abatement in 2030. Notably, the emissionǎ ƛƴǘŜƴǎƛǘȅ ƻŦ {ƻǳǘƘΩǎ !ŦǊƛŎŀ ǇƻǿŜǊ ǎŜŎǘƻǊ όфл҈ ƻŦ ǇƻǿŜǊ ƛǎ 
coal fired) does not translate to large mitigation in the modelling.12 This could reflect the imperfections of 
ǘƘŜ ƳƻŘŜƭƭƛƴƎ ƛƴ ŦƻǊŜŎŀǎǘƛƴƎ ǊŜƎƛƻƴŀƭ ƳƛǘƛƎŀǘƛƻƴΦ wŜƎŀǊŘƭŜǎǎΣ {ƻǳǘƘ !ŦǊƛŎŀΩǎ ǇƻǿŜǊ ǎŜctor provides a large 
short-term mitigation opportunity based on the status of the sector today.   

Onshore wind and solar PV will be the key technologies to deliver emissions reductions. Onshore wind and 
solar PV will account for most of the abatement by renewable technologies in 2050, with additional 
cumulative capacity additions of 1,500 GW and 3,200 GW expected to 2050 respectively.13  This is far greater 
than offshore wind or CSP, which are together expected to increase by 2,100 GW to 2050. These differences 

 
11 L9!Φ όнлмфύΦ ά²ƻǊƭŘ 9ƴŜǊƎȅ .ŀƭŀƴŎŜǎέΦ 
12 Relative mitigation potential from variable renewables in South Africa is 6% in 2030. In other words, the mitigation potential achieved in 2050 
beyond the BAU is a small share of 2015 power sector emissions. In comparison, relative mitigation potential from variable renewables is 60% in 
2030. 
13 These figures reflect a renewables decarbonisation scenario. Onshore wind and solar PV capacity additions under the 1.5-degree scenario are 25 
GW and 805 GW respectively. The 0% emissions reductions relative to 2015 reflects Brazil, which has limited power sector emissions today.  
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are primarily driven by expectations on relative technology costs, which are 30% lower for onshore wind and 
solar PV than alternative on-grid renewables.14  

Box 1 Modelling uncertainty 

There is large uncertainty over the exact magnitude of emissions reduction from the opportunity, 
stemming from cost assumptions of on-grid renewable electricity. Cost optimised modelling will rely more 
or less heavily on different renewable technologies depending on cost assumptions, which often do not 
reflect changing costs of less mature technologies. For example, in a low-cost renewables scenario, the 
emissions reduced by solar in 2050 are 6.5 times more than under the 1.5-degrees scenario. 

The availability of biomass for bio-energy with carbon capture and storage (BECCS) as well as assumptions 
on BAU also heavily impact assessments of the abatement potential of on-grid renewables. High levels of 
BECCS replace the need for renewable electricity generation in the 1.5-degrees scenario. However, levels 
of BECCS deployment predicted by IMAGE ought to be treated with caution. They rely on an ambitious 
assumption of bioenergy supply of approximately 200 exajoules (EJ)/year, far higher than the 14-84 
EJ/year predicted by the Committee on Climate Change (CCC).15 Optimistic BAU scenarios assume coal will 
be largely displaced by low cost renewables purely driven by economics. This is likely optimistic (given 
other barriers to deployment as well), but the degree of additionality is important to consider both when 
assessing the need for public support, and when interpreting estimates of abatement potential.  

To capture the expected role of variable renewables, and the uncertainty of future BECCS deployment, we 
ŎƘƻƻǎŜ ǘƻ ǳǎŜ La!D9Ωǎ ǊŜƴŜǿŀōƭŜǎ ǎŎŜƴŀǊƛƻ ŀǎ ƻǳǊ άŎŜƴǘǊŀƭ ǇƻǿŜǊ ǎŎŜƴŀǊƛƻέΦ As discussed further in Box 2 
of the Non-variable Renewables Opportunity Report, elicitation with experts on likely deployment of 
variable renewables, as well as research on planned or existing investment, suggest additions of solar and 
wiƴŘ ǘƻ ōŜ ŦŀǊ ƘƛƎƘŜǊ ǘƘŀƴ ǇǊŜŘƛŎǘŜŘ ǳƴŘŜǊ La!D9Ωǎ мΦр ŘŜƎǊŜŜǎ ǎŎŜƴŀǊƛƻΦ  

To capture uncertainty over BAU investment, we consider how cost-competitiveness is expected to evolve 
under current investment levels. To inform our assessment of the BAU we rely on market-led assessments 
of expected costs of solar and wind, and cost-competitiveness relative to thermal power generation. 
9ȄŀƳǇƭŜǎ ƛƴŎƭǳŘŜΥ Lw9b!Ωǎ άCǳǘǳǊŜ ƻŦ {ƻƭŀǊ t±έΣ άCǳǘǳǊŜ ƻŦ ²ƛƴŘέΣ ŀƴŘ άDƭƻōŀƭ wŜƴŜǿŀōƭŜǎ hǳǘƭƻƻƪέΣ ŀǎ 
well as BloombergNEF (BILLIONEF) and Carbon Tracker estimates of relative cost-competitiveness.16 
However, these studies notably do not account for political and market barriers, which we recognise may 
slow down deployment in the BAU scenario despite increasing competitiveness. Even BAU estimates 
therefore ought to be viewed as contingent on efforts to decrease barriers to action. 

 

Transformational change  

Variable renewable energy offers substantial opportunities for transformational change. Interventions that 
help to create the right regulatory enabling environment or that can de-risk or catalyse private sector 
investment in resources such as solar PV or onshore wind are likely to encourage uptake at scale. This will 
particularly be the case if those projects pave the way in terms of refining appropriate legislation and 
providing reassurance to investors that a viable model is possible. Transformational change can also be 
realised in terms of enabling the decarbonisation of other sectors, such as electric vehicles and many 

 
14 Lw9b!Φ όнлмфύΦ άwŜƴŜǿŀōƭŜ tƻǿŜǊ DŜƴŜǊŀǘƛƻƴ /ƻǎǘǎ ƛƴ нлмуέΦ https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2019/May/IRENA_Renewable-Power-Generations-Costs-in-2018.pdf  
15 /ƻƳƳƛǘǘŜŜ ƻƴ /ƭƛƳŀǘŜ /ƘŀƴƎŜΦ нлмуΦ ά.ƛƻƳŀǎǎ ƛƴ ŀ ƭƻǿ-ŎŀǊōƻƴ ŜŎƻƴƻƳȅέΦ https://www.theccc.org.uk/publication/biomass-in-a-low-carbon-
economy/  
16 IRENA. (201фύΦ άCǳǘǳǊŜ ƻŦ ǎƻƭŀǊ t±έΦ https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2019/Nov/IRENA_Future_of_Solar_PV_2019.pdf; IRENA. (2019). άCǳǘǳǊŜ ƻŦ ǿƛƴŘέΦ https://irena.org/-
/media/Files/IRENA/Agency/Publication/2019/Oct/IRENA_Future_of_wind_2019.pdf Τ Lw9b!Φ όнлнлύΦ άDƭƻōŀƭ wŜƴŜǿŀōƭŜǎ hǳǘƭƻƻƪέΦ 
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Apr/IRENA_Global_Renewables_Outlook_2020.pdf; Carbon Tracker. 
(2020). άtƻǿŜǊƛƴƎ Řƻǿƴ ŎƻŀƭέΦ https://carbontracker.org/reports/coal-portal/ 

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/May/IRENA_Renewable-Power-Generations-Costs-in-2018.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/May/IRENA_Renewable-Power-Generations-Costs-in-2018.pdf
https://www.theccc.org.uk/publication/biomass-in-a-low-carbon-economy/
https://www.theccc.org.uk/publication/biomass-in-a-low-carbon-economy/
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Nov/IRENA_Future_of_Solar_PV_2019.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Nov/IRENA_Future_of_Solar_PV_2019.pdf
https://irena.org/-/media/Files/IRENA/Agency/Publication/2019/Oct/IRENA_Future_of_wind_2019.pdf
https://irena.org/-/media/Files/IRENA/Agency/Publication/2019/Oct/IRENA_Future_of_wind_2019.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Apr/IRENA_Global_Renewables_Outlook_2020.pdf
https://carbontracker.org/reports/coal-portal/
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industrial processes, by providing low-cost and low-carbon electricity. Many of the drivers of 
transformational change in non-variable renewable energy are common across the target regions but several 
specific aspects can be identified. For example, the decarbonisation of energy can really drive a 
transformational uptake of zero-carbon vehicles and cleaner industrial processes in India, which will have 
significant development spillover in areas such as air quality and health. The support on identifying 
renewable resources and crowding in private sector investment is likely to have a particularly high 
transformational impact in East Africa and certain countries in South America, where there is strong 
potential but a poor enabling environment in terms of financial and regulatory risk. 

Table 3 Transformational change assessment 

Transformational change 
criterion 

Interventions to support change Regional potential 

Sensitive intervention points 

Improvement of local 
capacities and capabilities  

Building capacity of government and stakeholders in appropriate 
regulatory frameworks and investment enabling environment. 
Developing integrated strategies for attracting and deploying variable 
renewables, across specific sectors such as wind or PV.  

East Africa., South-East Asia 
East Africa, South America 

Local ownership and 
strong political will 

 Awareness raising and training for government and utilities, relating 
to the potential of non-variable renewables in the local context.  
Developing a database of variable renewable energy resources in the 
target regions. 

East Africa, South America 

Leverage / creation of 
incentives for others to 
act  

 Support in enabling reliable power purchasing agreements helps to 
incentivise variable renewables generation.  
Supporting the development of a pipeline of bankable projects.  
Supporting governments to de-risk investment via financial and 
policy-based measures. 

All regions 

Spillovers 

Broad scale and reach of 
impacts 

Support enables decarbonisation of other sectors, such as electric 
vehicles and many industrial processes, by providing low-cost and 
low-carbon electricity.  

India, South Africa 

Sustainability 
(continuation beyond 
initial support)  

Establishing durable and well-supported policy measures to enable 
renewable investment at scale. 
Improving the enabling environment and market conditions, allowing 
more commercially led projects to thrive. 

All regions 

Replicability by other 
organisations or actors 

Investment and development process could enable renewable 
energy installation, results in replication by other donors and/or 
private sector entities. 

India, South America, South-
East Asia 

Innovation 

Catalyst for innovation  
Blended finance initiatives to catalyse private sector investment. 
De-risking investment via financial incentives or policy measures. 

All regions 

Evidence of effectiveness 
is shared publicly  

Importance of sharing learning and evidence of what works well and 
what has failed, or could be improved. 

All regions 

Source: Vivid Economics, ASI and Factor 
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Development impact  

SDG impacts 

Improved access to on-grid clean energy has notable positive impacts on achieving SDGs in all regions. On-
grid renewable electricity helps countries achieve several sustainable development goals, as set out in Table 
4.  

Table 4 SDG impacts  

SDG 
Strength of 

impact 
Most relevant 

region 
Rationale  

Positive Impacts 

SDG 1 ς No poverty High 
East Africa, India, 
South Africa, South 
America 

Access to electricity is a key driver of income 
generation, better education, and more 
efficient use of time otherwise spent on 
gathering fuel wood etc., all of which help to 
reduce poverty. 

SDG 3 ς Good Health and well 
being 

Moderate 
India, South-East 
Asia, South Africa   

The opportunity has a potential to decrease air 
pollution, thereby reducing pollution-related 
diseases and deaths. Decreased coal and other 
fossil fuel power generation, as well as 
displacing diesel generators and wood or 
kerosene burning stoves, would also contribute 
to health and wellbeing.   

SDG 7 ς Affordable and clean 
energy  

High All regions 
The opportunity is essential in order to 
increase renewable energy in the global energy 
mix and improve energy efficiency.  

SDG 8 ς Decent work and economic 
growth  

Moderate 
India, South Africa, 
South America 

The opportunity has potential to create jobs in 
the renewable energy sector. If grid-connected 
renewables can reduce power outages, this 
would in turn contribute to productivity of 
enterprises.  

Negative Impacts 

SDG 9 ς Industry, Innovation and 
Infrastructure 

Low 
East Africa, South-
East Asia 

If renewable energy is not integrated properly 
into grids, it can lead to fluctuations and 
blackouts, with severe impacts on industry. 
For example, the Philippines has historically 
avoided renewables due to such energy 
security concerns.  

SDG 15 ς Life on Land Low All regions 
PV, wind arrays, and CSP plants require land 
and can have negative environmental impacts 
if not managed appropriately.    

Note:  Low positive impacts on SDGs are not included in this table. 
Source: Vivid Economics, ASI and Factor 
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Demand in target regions 

Table 5 Summary assessment of demand in target regions 

Region Demand Rationale 

India High 
Ambitious targets and improving regulatory environment evidenced by 
efforts of the National Institution for Transforming India (NITI Aayog) and 
recent investments in the sector.  

East Africa Low ς Moderate  
Variable ambition and plans across countries, increasing share of 
renewables only a priority in some.   

South Africa  High 
Aims to increase renewable energy in the energy mix as evidenced by 
nationally determined contributions (NDC), national plans, and policies.  

South-East Asia   Low - Moderate  
The potential to increase on-grid renewables is high but varying 
regulatory and policy environment across countries.  

South America Low ς High 
Variable policy and regulatory environment across counties. Chile and 
Colombia are particularly promising.  

Source: Vivid Economics, ASI and Factor 

India: According to its NDC commitments, the Government of India has set an ambitious target of 
achieving 175 GW of renewable energy capacity by 2022. These include 100 GW of solar capacity 
ŀŘŘƛǘƛƻƴ ŀƴŘ сл D² ƻŦ ǿƛƴŘ ǇƻǿŜǊ ŎŀǇŀŎƛǘȅΦ !ǎ ƻŦ 5ŜŎŜƳōŜǊ нлмфΣ LƴŘƛŀΩǎ ƻƴ-grid renewable energy 
capacity stood at 85.9 gigawatts (GW)17 ŀƴŘ ƛƴ нлмуΣ LƴŘƛŀΩǎ ƛƴǾŜstment in solar PV was greater than 
in all fossil fuel sources of electricity generation combined.18 India has pledged to promote 
renewable energy in its NDCs19 and has very ambitious renewable energy targets, aiming for 450 GW 
by 2030, compared to a current total of 369GW installed across all energy sources.20 The draft 
National Energy Policy by NITI Aayog, currently under consultation, is an excellent framework and 
should be adopted swiftly to guide policy making, implementation, and enforcement across central 
and state governments.21 

East Africa: All Eastern African countries mention energy-related policies and measures in their NDCs and 
the majority have stated their goal to enhance their ambition or action in the 2020 NDCs.22 Eight East 
African nations have introduced National Energy Plans or Policies (NEPs) to meet growing energy 
demand with affordable, sustainable energy services that enable socio-economic development.23 
Kenya and Ethiopia have more developed and ambitious energy policies as compared with others.  
9ǘƘƛƻǇƛŀΩǎ bŀǘƛƻƴŀƭ 9ƭŜŎǘǊƛŦƛŎŀǘƛƻƴ tǊƻƎǊŀƳƳŜ ŀƛƳǎ ǘƻ ŀŎƘƛŜǾŜ млл҈ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ ƛƴ нлнрΣ ǿƛǘƘ ор҈ 
off-grid and 65% on-grid by 2030.24  The present contribution of wind to the total energy mix is 
marginal but there is high potential.25 Kenya has one of the highest potentials for wind generation in 
Africa and Ethiopia aims to increase overall generating capacity by 25,000 megawatt (MW) by 2030, 
of which wind would account for 2,000 MW by 2030. In 2016, Sudan, Madagascar, Ethiopia, Kenya, 
and Mauritius all set wind energy targets. Somalia is considered to have high onshore potential, 

 
17 LƴǎǘƛǘǳǘŜ ŦƻǊ 9ƴŜǊƎȅ 9ŎƻƴƻƳƛŎǎ ŀƴŘ CƛƴŀƴŎƛŀƭ !ƴŀƭȅǎƛǎΦ όнлнлύΦ έLƴŘƛŀΩǎ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ tƻƭƛŎȅ IŜŀŘǿƛƴŘǎέΦ Source: https://ieefa.org/wp-
content/uploads/2020/02/Indias-Renewable-Energy-Policy-Headwinds_February-2020.pdf 
18 IEA. (2020). India is going to need more battery storage than any other country: https://www.iea.org/commentaries/india-is-going-to-need-more-
battery-storage-than-any-other-country-for-its-ambitious-renewables-push 
19 Haque et al. (2019). NDC pledges of South Asia: are the stakeholders onboard? Climatic Change, Vol 155. 
20 LƴŘƛŀΩǎ aƛƴƛǎǘǊȅ ƻŦ bew and Renewable Energy. Accessed July 2020: http://mnre.gov.in 
21 IEA. (2020). India 2020: Energy Policy Review: https://www.iea.org/reports/india-2020 
22 Cabre & Sokona. (2016). Renewable Energy Investment in Africa and Nationally Determined Contributions (NDCs).  
Global Economic Governance Initiative, Working Paper 010. University of Boston, USA. 
23 IRENA. (2015). Africa 2030: Roadmap for a Renewable Energy Future. IRENA, Abu Dhabi. 
24 IEA. (2019). Ethiopia Energy Outlook. https://www.iea.org/articles/ethiopia-energy-outlook 
25 Kazimierczuk, Agnieszka H. (2019). Wind energy in Kenya: A status and policy framework review. Renewable and Sustainable Energy Reviews. 
Volume 107. https://www.sciencedirect.com/science/article/pii/S136403211830861X 

https://ieefa.org/wp-content/uploads/2020/02/Indias-Renewable-Energy-Policy-Headwinds_February-2020.pdf
https://ieefa.org/wp-content/uploads/2020/02/Indias-Renewable-Energy-Policy-Headwinds_February-2020.pdf
https://www.iea.org/commentaries/india-is-going-to-need-more-battery-storage-than-any-other-country-for-its-ambitious-renewables-push
https://www.iea.org/commentaries/india-is-going-to-need-more-battery-storage-than-any-other-country-for-its-ambitious-renewables-push
http://mnre.gov.in/
https://www.iea.org/reports/india-2020
https://www.iea.org/articles/ethiopia-energy-outlook
https://www.sciencedirect.com/science/article/pii/S136403211830861X
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followed by Sudan, Madagascar, and Kenya.26 However, despite progress in several countries (e.g. 
Kenya, Ethiopia, Ghana, and Rwanda), current and planned efforts to provide access to clean energy 
barely outpace population growth.27   

South America: All South American countries in the focus region identify energy as a mitigation sector in 
their NDCs/intended nationally determined contributions (INDCs). In addition to identifying it in 
NDCs, there are increasingly well-developed energy related national polices and laws. Renewable 
energy investment has surged recently in the region, with Chile, Colombia, and Argentina leading the 
way. Colombia launched its Energy Plŀƴ нлрл ƛƴ нлмсΣ ǿƘƛŎƘ ŀƛƳǎ ǘƻ ŘƛǾŜǊǎƛŦȅ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŜƴŜǊƎȅ 
resources and ensure a reliable energy supply. The Plan also aims to include wind power plants, solar 
PV, and geothermal energy generation in the country's electric mix.28 Other countries, such as 
Ecuador, Peru, and Uruguay, show strong commitment to encouraging renewable energy in both 
their NDCs and national energy policies. 

South-East Asia: All South-East Asian countries identify energy as a mitigation pathway in their NDCs. 
While, in the first half of 2019, approvals of new coal-fired capacity were exceeded by capacity 
additions of solar PV for the first time,29 there is still a clear risk that the region will become locked 
into a high-carbon development pathway.30 Despite falling costs, the contribution of solar PV and 
wind remains small, though some markets are now putting in place frameworks to better support 
their deployment. South-East Asia has considerable potential for renewable energy, but (excluding 
the traditional use of solid biomass) it currently meets only around 15% of the region's energy 
demand and under current policy the share is forecast to be 20% by 2040. In South-East Asia, the 
ǎƘŀǊŜ ƻŦ Ŏƻŀƭ ƛƴ ǘƘŜ ǇƻǿŜǊ ƳƛȄ ƛƴŎǊŜŀǎŜŘ ƛƴ нлму ŀƴŘΣ ōŀǎŜŘ ƻƴ ǘƻŘŀȅΩǎ ǇƻƭƛŎȅ ǎŜǘǘƛƴƎǎΣ Ŏƻŀƭ ŘŜƳŀƴŘ 
is projected to rise steadily over the coming decades, although this is likely to change in light of 
rapidly falling costs for renewable energy.31 

South Africa: South Africa is seen as a key emerging market for renewables32 and its NDC proposes a 
significant increase in renewables-based generation from wind and solar, as well as gas-based 
generation capacity, by 2030 (an additional 15.8 GW for wind and 7.4 GW for solar).33 In its 
Nationally Appropriate Mitigation Action (NAMA) the South African Renewables Initiative aims to 
mobilise domestic and international funding, and sector expertise, to support South Africa to scale 
up renewable energy.34 {ƻǳǘƘ !ŦǊƛŎŀΩǎ LƴǘŜƎǊŀǘŜŘ wŜǎource Plan sets out a diverse energy mix and 
nine policy decisions to ensure the security of its national electricity supply. 

 

 
26 Ibid. 
27 IEA. (2019). Africa Energy Outlook 2019.  https://www.iea.org/reports/africa-energy-outlook-2019 
28 International Energy Agency. Colombia: https://www.iea.org/countries/Colombia 
29 IEA. (2019). Southeast Asia Energy Outlook 2019. https://www.iea.org/reports/southeast-asia-energy-outlook-2019 
30 Ibid. 
31 ²ƻǊƭŘ 9ŎƻƴƻƳƛŎ CƻǊǳƳΦ όнлмфύΦ έ/ŀƴ {ƻǳǘƘŜŀǎǘ !ǎƛŀ ƪŜŜǇ ǳǇ ǿƛǘƘ ƎǊƻǿƛƴƎ ŜƴŜǊƎȅ ŘŜƳŀƴŘΚέΦ  https://www.weforum.org/agenda/2019/12/asean-
southeast-asia-energy-emissions-renewables/ 
32 IRENA. (2020). Renewable Energy Finance Brief: Institutional Capital. https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2020/Jan/IRENA_RE_finanace_Institutional_capital_2020.pdf 
33 Action Climate Tracker: South Africa. https://climateactiontracker.org/countries/south-africa/ 
34 NAMA Database: South Africa. Accessed July 2020. http://www.nama-database.org/index.php/South_Africa 

https://www.sciencedirect.com/science/article/pii/S136403211830861X#t0010
https://www.iea.org/reports/africa-energy-outlook-2019
https://www.iea.org/countries/Colombia
https://www.weforum.org/agenda/2019/12/asean-southeast-asia-energy-emissions-renewables/
https://www.weforum.org/agenda/2019/12/asean-southeast-asia-energy-emissions-renewables/
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Jan/IRENA_RE_finanace_Institutional_capital_2020.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Jan/IRENA_RE_finanace_Institutional_capital_2020.pdf
https://climateactiontracker.org/countries/south-africa/
http://www.nama-database.org/index.php/South_Africa
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Investment need  

Investment in the opportunity in low- and middle-income countries will need to scale up to a cumulative 
USD 18 trillion by 2050, twice the investment expected under BAU. Overall, the scale of investment required 
in the opportunity is relatively large. Renewables are capital intensive, and hence require substantial upfront 
investment to deploy. Annual investment requirements are multiple 100s of billions. The exact scale of 
investment needs beyond BAU depends on assumptions on BAU. In our BAU scenario, average annual 
investment is approximately 0.25 trillion ς equal to the level of global investment levels witnessed in 2019, 
and around 40% higher than current renewables investment levels in low- and middle-income countries.35,36 
Relative to BAU, investment would need to double each year to 2050 in a high renewables decarbonisation 
scenario. In absolute terms, cumulative additional investment needs (beyond BAU) are moderate compared 
to other opportunities - approximately USD 9.3 trillion.  

Figure 3 Despite large investment need in on-grid renewable electricity, only 50% additional investment is required 
beyond BAU 

 

Notes:  LƴǾŜǎǘƳŜƴǘ ƴŜŜŘ ŎŀƭŎǳƭŀǘƛƻƴǎ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ǘƘŜ LƴǘŜǊƴŀǘƛƻƴŀƭ 9ƴŜǊƎȅ !ƎŜƴŎȅΩǎ όL9A) investment 
levels on renewables capital expenditures (capex) in the Beyond 2 Degrees scenario and Reference 
Technology Scenario; IEA investment need calculations are approximately 10% higher than IMAGE 
capacity additions, resulting in a small degree of inconsistency.  

Source: Vivid Economics, ASI and Factor using IEA. (2017). Energy Technology Perspectives. 

Across focus regions, the cumulative investment gap to 2050 is between 11% to 60% of the investment 
needed in a pathway compatible with the Paris Agreement.  There is a large range in the scale of investment 
need across regions, depending on the scale of capacity additions required. This ranges from USD 2.4 trillion 
cumulative investment need in India to USD 0.3 trillion in East Africa. The investment gap is expected to be 
largest in absolute and relative terms in Southeast Asia (excluding Indonesia), over 60% of investment 
required (USD 1.3 trillion), reflecting less ambitious stated policies.   

 
35 IEA. (2020). ά²ƻǊƭŘ 9ƴŜǊƎȅ LƴǾŜǎǘƳŜƴǘ нлнлέΦ https://www.iea.org/reports/world-energy-investment-2020   
36 L9!Φ όнлнлύΦ άDƭƻōŀƭ wŜƴŜǿŀōƭŜǎ hǳǘƭƻƻƪ нлнлέΦ https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2020/Apr/IRENA_Global_Renewables_Outlook_2020.pdf 

https://www.iea.org/reports/world-energy-investment-2020
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Apr/IRENA_Global_Renewables_Outlook_2020.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Apr/IRENA_Global_Renewables_Outlook_2020.pdf
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Figure 4 Relative scale of capacity additions required across regions is one key driver of relative investment needed 

 

Notes: CƻǊŜŎŀǎǘ ƛƴǾŜǎǘƳŜƴǘ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ L9!Ωǎ ƛƴǾŜǎǘƳŜƴǘ ƭŜǾŜƭǎ ƻƴ ǊŜƴŜǿŀōƭŜǎ ŎŀǇŜȄ ƛƴ ŀ .!¦ ǎŎŜƴŀǊƛƻΦ 
Unmet investment need = forecast investment ς investment need.  

Source: Vivid Economics, ASI and Factor using IEA. (2017). Energy Technology Perspectives.  

Over 70% of investment need is in solar PV and onshore wind. Table 6 sets out the global investment need 
by technology. While there will be small differences at a regional level, the cost-competitiveness of solar and 
onshore wind imply they will account for the majority of investment need in nearly all regional contexts. A 
few exceptions include Southeast Asia, due to large offshore wind potential.37  

Table 6 Investment need is largest in onshore wind and solar PV globally 

Technology Investment need in 2030 (USD billion) Investment need in 2050 (USD billion) 

Onshore wind 140 120 

Solar PV 160 150 

Offshore wind 30 30 

CSP 90 80 

Source: Vivid Economics, ASI and Factor using IEA. (2017). Energy Technology Perspectives 

Investment within the opportunity reflects the expansion of on-grid power plant capacity and, to a smaller 
degree, the creation of supporting infrastructure and personnel, such as trained technicians. Most of the 
investment required reflects the physical installation of additional on-grid power, given that capacity 
additions will need to scale up significantly (to over 220 GW per year, set out in Section 1.4). Significant 
uncertainty in costs, however, result from regional and site differences. The average solar PV plant cost in 
2018 ranged from USD 790/kilowatt (kW) in India in 2018 compared to 1,700/kW in South Africa. Offshore 
wind installed costs vary even more significantly, both across regions and sites, with costs between 3,000 
USD/kW and under 1,000 USD/kW, in parts of Africa and South America, respectively.38 Given these 

 
37 In Southeast Asia, the expected cumulative increase in offshore wind capacity is 19 GW to 2030 and 53 GW to 2050. The average capacity increase 
across regions is 6 GW to 2030 and 20 GW to 2050. All figures correspond to a renewables decarbonisation scenario. 
38 IRENA. (2018). άRenewable power generation costs in 2018έΦ 
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contextual considerations, investment within a region can only show the relative scale of need, rather than 
the likely investment required. 

The climate financing need is expected to be far smaller than the overall investment need estimates, due to 
the cost-competitiveness of on-grid renewable technologies. Given the cost declines of solar PV and onshore 
wind, power generation is increasingly attractive for private sector investors, as shown by increasing levels of 
investment in recent years. Annual investment in solar PV increased by 50% between 2013 and 2015, while 
that in onshore wind increased by 30% between 2013 and 2016, with more recent fluctuations in investment 
reflecting falling technology costs.39,40 This trend is largely explained by falling capital costs and improvement 
in average load factors, which help to make investment more attractive and reduce the need for the public 
sector. Despite the commercial maturity of the market for solar PV and onshore wind, project profitability 
continues to be hindered by unfavourable financing costs influenced heavily by local market risks, including 
the risks of a public off-taker being able to pay for the power it purchases over the lifetime of the generation 
asset.41 In recognition of the fact that reducing the weighted average cost of capital will be a key driver of 
increased uptake of renewables, benefits of public sector investment are likely to be greatest when taking on 
market risks (such as through credit or power purchase guarantees), reducing market risks over the longer 
term (for instance, policy support to create financially sustainable power utilities), or lowering costs through 
provision of concessional finance.42 As a result of the evolving role of the public sector, total financing need 
by governments is expected to be a fraction of the overall capital expenditure figures highlighted above.  

 
39 IRENA. (2019). Future of Solar Photovoltaic. https://irena.org/publications/2019/Nov/Future-of-Solar-
Photovoltaic#:~:text=Solar%20PV%20project%20costs%2C%20already,solar%20PV%20investment%20until%202050.  
40 IRENA. (2019). Future of Wind. https://www.irena.org/publications/2019/Oct/Future-of-
wind#:~:text=To%20fulfil%20climate%20goals%20and,USD%20100%20billion%20in%202050.  
41 IEA. (2020). ά²ƻǊƭŘ 9ƴŜǊƎȅ LƴǾŜǎǘƳŜƴǘ нлнлέΦ https://www.iea.org/reports/world-energy-investment-2020  
42 ²ƻǊƭŘ .ŀƴƪΦ όнлмфύΦ ά¢ƘŜ ǊƻƭŜ ƻŦ ǘƘŜ public sector in mobilising commercial finance for grid-ŎƻƴƴŜŎǘŜŘ ǎƻƭŀǊέΦ 
https://openknowledge.worldbank.org/bitstream/handle/10986/32185/The-Role-of-the-Public-Sector-in-Mobilizing-Commercial-Finance-for-Grid-
Connected-Solar-Projects-Lessons-Learned-and-Case-Studies.pdf?sequence=1&isAllowed=y 

https://irena.org/publications/2019/Nov/Future-of-Solar-Photovoltaic#:~:text=Solar%20PV%20project%20costs%2C%20already,solar%20PV%20investment%20until%202050
https://irena.org/publications/2019/Nov/Future-of-Solar-Photovoltaic#:~:text=Solar%20PV%20project%20costs%2C%20already,solar%20PV%20investment%20until%202050
https://www.irena.org/publications/2019/Oct/Future-of-wind#:~:text=To%20fulfil%20climate%20goals%20and,USD%20100%20billion%20in%202050
https://www.irena.org/publications/2019/Oct/Future-of-wind#:~:text=To%20fulfil%20climate%20goals%20and,USD%20100%20billion%20in%202050
https://www.iea.org/reports/world-energy-investment-2020
https://openknowledge.worldbank.org/bitstream/handle/10986/32185/The-Role-of-the-Public-Sector-in-Mobilizing-Commercial-Finance-for-Grid-Connected-Solar-Projects-Lessons-Learned-and-Case-Studies.pdf?sequence=1&isAllowed=y
https://openknowledge.worldbank.org/bitstream/handle/10986/32185/The-Role-of-the-Public-Sector-in-Mobilizing-Commercial-Finance-for-Grid-Connected-Solar-Projects-Lessons-Learned-and-Case-Studies.pdf?sequence=1&isAllowed=y
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Cost-effectiveness  

On-grid variable renewable electricity is a highly cost-effective mitigation opportunity. Overall cost-
effectiveness of on-grid renewable electricity is relatively high compared to other opportunities, due to 
rapidly declining costs stemming from ongoing innovation and efficiency gains. The levelized cost of 
electricity (LCOE) of utility-scale solar PV plants has decreased by nearly 80% since 2010 and is expected to 
decrease further, to as low as 0.02/kWh by 2030.43 Onshore wind has also seen large cost declines of 30% 
since 2010, with a global weighted average LCOE of 0.06/ kWh in 2018. Its cost is expected to continue 
ŦŀƭƭƛƴƎΣ ǊŜŀŎƘƛƴƎ ¦{5 лΦло - 0.05/kWh by 2030.44  

Across the focus regions, renewable power is often competitive with thermal power generation today, 
delivering CO2 emissions for GBP at no additional cost. In India, 17% of operating coal capacity is already 
uncompetitive with local renewables.45 In other words, the long-run costs to operate 17% of coal plant 
capacity exceeds the levelised costs to build and operate new solar and onshore wind plus storage. The 
share of uncompetitive coal rises to 85% in 2025. By 2030, the share of uncompetitive coal capacity is 
expected to reach 89% in South Africa, 80% in Vietnam, and 48% in the Philippines.46 

Cost-effectiveness varies across regions due to four principal characteristics: 

Natural endowments. Cost-effectiveness is highest in regions with high onshore wind and solar 
endowments and lowest where endowments only allow offshore wind development. Onshore wind 
energy potential varies from 8,900 petajoule (PJ)/year to 76,000 PJ/year across the focus regions.  

Grid capacity. Variable renewables impose costs on the rest of the system, because of the need for grid 
balancing. Some grids have more or less robust structures in place for this (or different levels of 
current renewable penetration) and hence face different integration costs. 

Alternative power generation investments. There are significantly greater mitigation benefits from 
shifting away from coal to on-grid renewables, resulting in higher cost-effectiveness in regions where 
there is a high share of coal electricity generation today, such as India and South Africa. Coal-
powered generation was approximately 75% in India and 90% in South Africa in 2017.47  Further, the 
relative cost-effectiveness of variable renewables will depend on the scope for low- to zero-cost 
energy efficiency improvements; where efficiency improvements are possible, the relative cost-
effectiveness of renewables is lower.  

Supply chain costsΦ !ǎ ǘŜŎƘƴƻƭƻƎȅ Ŏƻǎǘǎ ŘŜŎƭƛƴŜΣ ǘƘŜ ΨǎƻŦǘΩ Ŏƻǎǘǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ǎǳǇǇƭȅ ŎƘŀƛƴ ŀƴŘ 
costs of capital are an increasingly large cost driver. In South America, supply chain costs are nearly 
40% of installed on-grid renewable electricity costs (USD/kW) compared to 25% in parts of South 
Asia.48 

 
43 IRENA renewable energy dashboard, available at: http://resourceirena.irena.org/gateway/dashboard/index.html?topic=4&subTopic=54 
44 Lw9b!Φ όнлмфύΦ άCǳǘǳǊŜ ƻŦ ²ƛƴŘέΦ https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Oct/IRENA_Future_of_wind_2019.pdf 
45 wƻŎƪȅ aƻǳƴǘŀƛƴ LƴǎǘƛǘǳǘŜΦ όнлнлύΦ άIƻǿ ǘƻ ǊŜǘƛǊŜ ŜŀǊƭȅέΦ  
46 Carbon Tracker InitiativeΦ όнлмуύΦ άtƻǿŜǊ Řƻǿƴ ƻƴ ŎƻŀƭέΦ https://carbontracker.org/wp-
content/uploads/2018/11/CTI_Powering_Down_Coal_Report_Nov_2018-1.pdf?fbclid=IwAR2j-DnSFBhAIxTCVm_KS9hn16RclR2ZIxj2GgtlQ3M-
rS8zLmFuLKc3TPM 
47 IEA. (2019). World Energy Balances. 
48 IRENA. (нлмуύΦ άwŜƴŜǿŀōƭŜ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴ ŎƻǎǘǎέΦ 

http://resourceirena.irena.org/gateway/dashboard/index.html?topic=4&subTopic=54
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Oct/IRENA_Future_of_wind_2019.pdf
https://carbontracker.org/wp-content/uploads/2018/11/CTI_Powering_Down_Coal_Report_Nov_2018-1.pdf?fbclid=IwAR2j-DnSFBhAIxTCVm_KS9hn16RclR2ZIxj2GgtlQ3M-rS8zLmFuLKc3TPM
https://carbontracker.org/wp-content/uploads/2018/11/CTI_Powering_Down_Coal_Report_Nov_2018-1.pdf?fbclid=IwAR2j-DnSFBhAIxTCVm_KS9hn16RclR2ZIxj2GgtlQ3M-rS8zLmFuLKc3TPM
https://carbontracker.org/wp-content/uploads/2018/11/CTI_Powering_Down_Coal_Report_Nov_2018-1.pdf?fbclid=IwAR2j-DnSFBhAIxTCVm_KS9hn16RclR2ZIxj2GgtlQ3M-rS8zLmFuLKc3TPM
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Barriers to adoption 

The largest barriers to on-grid renewable electricity in regions where the opportunity offers the greatest 
mitigation potential are those related to i) political economy challenges, ii) market failures, and iii) enabling 
environment. These barriers are not critical to inhibiting investment, as the potential of on-grid clean energy 
is recognized and investment levels growing in all regions. However, if not addressed they are likely to slow 
down the potential growth of this opportunity, particularly in sub-Saharan Africa. Our typology of barriers is 
provided in the Methodology chapter in the Synthesis Report. 

Figure 5 Barriers to on-grid variable renewable energy. 

 

Source: Vivid Economics, ASI and Factor  

The moderate political economy barriers to investment or adoption are likely to be: 

Strong political support for fossil fuel subsidies, either due to strong relationships between government 
and the fossil fuel industry (producer and marketing subsidies) or to pressure from population groups 
depŜƴŘŜƴǘ ƻƴ ŀŦŦƻǊŘŀōƭŜ ŜƴŜǊƎȅ όŎƻƴǎǳƳŜǊ ǎǳōǎƛŘƛŜǎύΣ ǘƘŀǘ ŘƛƳƛƴƛǎƘ ǊŜƴŜǿŀōƭŜǎΩ ŎƻƳǇŜǘƛǘƛǾŜƴŜǎǎΦ 

Decision-making inertia towards fossil fuels. The Energy Information Administration (EIA) suggests that 
without more transformational change, fossil fuels are expected to supply 78% of the global energy 
used in 2040, with countries often not ready to commit more fully to clean energy investment if their 
electrification rate is low and fossil fuels offer more rapid energy provision. This is a particular 
challenge in South-East Asia. 

The perception that renewables cannot be integrated into an existing grid without significant investment 
is a moderate barrier, particularly in South-East Asia. While there are technical challenges that must 
be overcome, this can usually be achieved with appropriate regulatory frameworks. 

Government fatigue from initial failed attempts to install and integrate renewables is sometimes a 
barrier. For example, in the past, governments in East Africa and other African regions have 
frequently been poorly advised on aspects such as deregulation of the sector with often unintended 
consequences. Other sources of fatigue include use of public-private partnership (PPP) vehicles for 
investment without mitigating the well-known risks; and indebtedness in the sector creating a moral 
hazard problem for governments who cannot afford it to collapse (examples include Eskom in South 
!ŦǊƛŎŀ ŀƴŘ bƛƎŜǊƛŀΩǎ 5ƛǎ/ƻǎύΦ 
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Community opposition to renewable power. Proposals have faced opposition from individual citizens, 
political leaders, grassroots organisations, national interest groups and, in some cases, even 
environmental groups. However, there is likely to be significantly more resistance to new fossil fuel-
based plants. 

UK Export Finance (UKEF) still provides significant support for fossil fuel-based energy generation 
investment in developing countries, sending out mixed messages that may reduce the incentive for 
governments in target regions to fully support low-carbon pathways.49 However, tackling climate 
change is a central part of UK Aid and the Government is committed to aligning UK Aid spending with 
the objectives of the Paris Agreement. 

Moderate market failure barriers to investment or adoption are likely to be: 

Insufficient information amongst investors, banks, project developers, and governments regarding: 1) 
ecological and financial benefits, 2) renewable energy technologies, and 3) the financial feasibility of 
renewable energy installation projects. 

A range of risks deter renewable energy investors, such as high initial capital cost per MW, longer pay 
back periods (because of the lower efficiency of renewable technology), a lack of bankable projects 
and a lack of scale of investments, and high transaction costs between international capital markets 
and domestic renewable energy project developers.50 This is the case in the majority of countries in 
the target regions although risks decrease with stable regulations as demonstrated in countries such 
as Chile and India.  

The lack of a secure income stream from renewable energy projects, and the poor ability of governments 
to afford power purchasing agreements or a lack of capacity in shaping feasible contractual 
agreements, is often a significant barrier, particularly in East Africa and lower-income countries in 
South-East Asia and South America. If there is a well implemented long-term power purchase 
agreement (PPA) with a financially secure counterparty then confidence in consistent future income 
would be much stronger.  

The unpriced greenhouse gases of the power sector of most countries, which distorts incentives to invest 
in renewable power. This is exacerbated by government subsidies provided to conventional energy, 
which are often much higher than the subsidies awarded to renewable energy. For example, a recent 
Overseas Development Institute (ODI) study highlights how South Africa subsidises coal by USD 3.2 
ōƛƭƭƛƻƴ ǇŜǊ ȅŜŀǊΣ ŘŜǎǇƛǘŜ ŎƻƴǎƛŘŜǊŀōƭŜ ŜǾƛŘŜƴŎŜ ǘƘŀǘ ŀ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǘǊŀƴǎƛǘƛƻƴ ƛǎ ǘƘŜ ŎƻǳƴǘǊȅΩǎ 
lowest-cost energy pathway.51 

Moderate enabling environment / absorptive capacity barriers to investment or adoption are likely to be: 

Confusion in regulatory and institutional frameworks is often cited as a major barrier. Policy 
inconsistency and change is prevalent across many of the countries in the high mitigation potential 
regions.52 This is a significant barrier in many East African and South-East Asian countries.  

There have not been enough measures by governments to remove tax on imports of the equipment and 
parts required for renewable energy plants. This is a particular problem in South-East Asia. 

Lack of information on potential sources of renewable energy in the target regions, can be a significant 
barrier, particularly if a government wishes to actively encourage renewables investment. 
Information could be strengthened in all lower-income countries across the target regions.  

 
49 See for example: https://www.desmog.co.uk/2020/07/09/uk-offered-760m-support-overseas-fossil-fuel-projects-last-year 
50 /ƭƛƳŀǘŜ tƻƭƛŎȅ LƴƛǘƛŀǘƛǾŜΦ нлмуΦ ά.ƭŜƴŘŜŘ CƛƴŀƴŎŜ ƛƴ /ƭŜŀƴ 9ƴŜǊƎȅΥ 9ȄǇŜǊƛŜƴŎŜǎ ŀƴŘ hǇǇƻǊǘǳƴƛǘƛŜǎέΦ 
51 h5LΦ нлмфΦ άDнл /ƻŀƭ {ǳōǎƛŘƛŜǎΥ {ƻǳǘƘ !ŦǊƛŎŀέΦ https://www.odi.org/publications/11369-g20-coal-subsidies-south-africa 
52 Adams ϧ !ǎŀƴǘŜΦ нлмфΦ άtƻƭƛǘƛŎǎ ƻŦ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ ƛƴ !ŦǊƛŎŀΥ bŀǘǳǊŜΣ tǊƻǎǇŜŎǘǎΣ ŀƴŘ /ƘŀƭƭŜƴƎŜǎέΦ DOI: 10.5772/intechopen.89019 

https://www.desmog.co.uk/2020/07/09/uk-offered-760m-support-overseas-fossil-fuel-projects-last-year
https://www.odi.org/publications/11369-g20-coal-subsidies-south-africa


 

 23 

Transmission infrastructure barriers are also very challenging in all regions with high mitigation potential. 
Sites of clean energy generation often do not match with current grid configurations and in many 
countries with low energy coverage, such as across East Africa and lower-income countries in South-
East Asia and South America, there are large regions not covered by the grid. 

Technical barriers on integrating variable renewable sources into an existing grid can be a challenge, 
particularly once the proportion of renewables goes above 10% of a specific network. Countries in 
the target regions are at varying stages. India has made strong progress, while this barrier is still 
particularly high in East Africa and South-East Asia.  

Lack of operations and maintenance expertise in many of the target regions, particularly India, East 
Africa, and lower-income countries in South America, is a barrier to investor confidence as well to the 
sustainability of renewables investment.  
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UK additionality 

¢ƘŜ ¦YΩǎ ŀŘŘƛǘƛƻƴŀƭƛǘȅ ƛǎ ǇŀǊǘƛŎǳƭŀǊƭȅ ǎǘǊƻƴƎ ƛƴ ƻŦŦǎƘƻǊŜ ǿƛƴŘ ŜƴŜǊƎȅ ǊŜǎǳƭǘƛƴƎ ŦǊƻƳ ŜȄǘŜƴǎƛǾŜ ŘƻƳŜǎǘƛŎ 
experience. However, the UK can also harness expertise in international consulting and financing experience 
directed to all technologies in this opportunity.  

The UK is a world leader in offshore wind energy, with 7.6 GW installed capacity and a target to increase 
that to 40GW by 2030, which will play a key role in decarbonising the UK power sector.53 

The UK has substantial sector expertise in on-grid renewables. The UK can provide expertise in onshore 
wind and solar installation and grid integration, and project development and financing services, 
although its domestic supply chain for solar and onshore wind is limited.54 

Extensive expertise is provided by the UK in both developing appropriate policy and regulations and in 
financing clean energy domestically and internationally. 

The UK has made a strong contribution to bilateral and multilateral donor investment in the target regions in 
relation to on-grid variable renewable energy. 

According to OECD-Development Assistance Committee (DAC) data, the UK funded USD 252m out of a 
DAC total of USD 2,187m between 2015 and 2018: 

DAC members spent USD 1,152m in India, of which the UK has spent approximately USD 244m.  

DAC members spent USD 291m in Eastern Africa, of which the UK spent USD 6.5m.  

DAC members spent USD 200m in South Africa, with no contribution from the UK. 

DAC members spent USD 242m in South-East Asia, while the UK has spent less than a million. 

DAC members spent USD 302m in South America, while the UK has spent less than a million. 

The largest drivers of donor support in this area are Department for International Development (DFID), 
the World Bank, African Development Bank, Asian Development Bank, Germany (The German Agency 
for International Cooperation [GIZ]), USA (USAID), Japan (JICA) and the EU.  

Despite the prevalence of donor activity in this sector, there remains a significant demand from 
governments to help overcome constraints and the UYΩǎ ŜȄǇŜǊǘƛǎŜ Ŏŀƴ ŀŘŘ ǎǘǊƻƴƎ ǾŀƭǳŜΦ 

In the regions with the largest mitigation potential, the UK typically has strong ODA ties with South Asia and 
South Africa. 

.ŜǘǿŜŜƴ нлмл ŀƴŘ нлмтΣ ǘƘŜ ¦YΩǎ h5! ǎǳǇǇƻǊǘ ŦƻǊ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǘƻǘŀƭƭŜŘ D.t мΦлонōƴ ƻǊ он҈ ƻŦ 
total ODA support for energy. Of all UK support for energy in developing countries, including non-
ODA sources, 1.31bn, or 17%, was for renewables.55 

In the same period Brazil, Ghana, Nigeria, Turkey, India, and Bangladesh were in the top ten highest 
recipients of overall UK energy-related assistance. In ODA terms, Nigeria, Bangladesh, Pakistan, 
Ghana, and Ecuador were in the top ten. 

 
53 !¦whw! 9ƴŜǊƎȅ wŜǎŜŀǊŎƘΦ όнлнлύΦ άwŜŀŎƘƛƴƎ ǘƘŜ ¦Y DƻǾŜǊƴƳŜƴǘΩǎ ǘŀǊƎŜǘ ƻŦ плD² ƻŦ ƻŦŦǎƘƻǊŜ ǿƛƴŘ ōȅ нлол ǿƛƭƭ ǊŜǉǳƛǊŜ ŀƭƳƻǎǘ D.t 50bn in 
ƛƴǾŜǎǘƳŜƴǘέΦ https://www.auroraer.com/insight/reaching-40gw-offshore-wind/  
54https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/755218/Renewables_Toolkit_Web_Accessible.
pdf Ibid. 
55 /ŀǘƘƻƭƛŎ !ƎŜƴŎȅ ŦƻǊ hǾŜǊǎŜŀǎ 5ŜǾŜƭƻǇƳŜƴǘΦ όнлмфύΦ ά¦Y ǎǳǇǇƻǊǘ ŦƻǊ ŜƴŜǊƎȅ нлмл-нлмтέΦ 
https://cafod.org.uk/content/download/49429/623388/version/4/file/UK%20Support%20for%20Energy%202010-
17%20Policy%20Briefing%20web%20version3.pdf  

https://www.auroraer.com/insight/reaching-40gw-offshore-wind/
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/755218/Renewables_Toolkit_Web_Accessible.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/755218/Renewables_Toolkit_Web_Accessible.pdf
https://cafod.org.uk/content/download/49429/623388/version/4/file/UK%20Support%20for%20Energy%202010-17%20Policy%20Briefing%20web%20version3.pdf
https://cafod.org.uk/content/download/49429/623388/version/4/file/UK%20Support%20for%20Energy%202010-17%20Policy%20Briefing%20web%20version3.pdf
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BEIS and DFID have been the major conduits of the ICF and renewables-centred ODA. Two-thirds of the 
ICF is channelled via multilateral development banks (MDBs).56 This includes the GBP 200m BEIS UK 
Climate Investment initiative, established in 2015 with ICF funding and with a mandate for 
ǘǊŀƴǎŦƻǊƳŀǘƛƻƴŀƭ ƎǊŜŜƴ ŜƴŜǊƎȅ ƛƴǾŜǎǘƳŜƴǘǎ ƛƴ ǎƻƳŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ Ƴƻǎǘ ŎŀǊōƻƴ-intensive economies, 
mobilising additional private sector capital on a sustainable basis.57  

Most programmes of support focus on energy access, policy and regulatory reform, addressing market 
failures, and support private sector green finance. 

DFID is currently funding substantial programmes in renewable energy access, policy and regulatory 
reform, addressing market failures, and green finance mobilisation, including via the Africa Clean 
Energy Fund, Solar Nigeria Programme, Ayrton Fund (a joint DFID and BEIS fund), the Private 
Infrastructure Development Group (PIDG) and the UK-Africa Investment Summit.58 The Foreign and 
Commonwealth Office (FCO) is implementing Prosperity Fund support via Energy and Low Carbon 
programmes in China, Mexico, and Indonesia. Another key UK Government institution is the CDC 
Group, for example the recent GBP 150m investment into the renewable energy platform Ayana in 
India, to develop utility-scale solar and wind generation projects across high-growth states.59 

  

 
56 Independent Commission for Aid ImpŀŎǘ όL/!LύΦ όнлмфύΦ άLƴǘŜǊƴŀǘƛƻƴŀƭ /ƭƛƳŀǘŜ CƛƴŀƴŎŜΥ ¦Y ŀƛŘ ŦƻǊ ƭƻǿ-ŎŀǊōƻƴ ŘŜǾŜƭƻǇƳŜƴǘέΦ 
https://icai.independent.gov.uk/report/international-climate-finance/  
57 Green Investment Group: UK Climate Investments. https://www.greeninvestmentgroup.com/what-we-do/uk-climate-investments.html 
58 Development Tracker: Aid by Sector. https://devtracker.dfid.gov.uk/sector/14/projects#page-1  
59 Gov.UK. (2019). ά ¦Y ŎƻƳƳƛǘǎ ƻǾŜǊ ϻмрл Ƴƛƭƭƛƻƴ ǘƻ ǇƻǿŜǊ LƴŘƛŀΩǎ ŜƴŜǊƎȅ ŀƳōƛǘƛƻƴǎέΦ https://www.gov.uk/government/news/uk-commits-over-150-
million-to-power-indias-energy-ambitions 

https://icai.independent.gov.uk/report/international-climate-finance/
https://www.greeninvestmentgroup.com/what-we-do/uk-climate-investments.html
https://devtracker.dfid.gov.uk/sector/14/projects#page-1
https://www.gov.uk/government/news/uk-commits-over-150-million-to-power-indias-energy-ambitions
https://www.gov.uk/government/news/uk-commits-over-150-million-to-power-indias-energy-ambitions
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Intervention opportunities 

To alleviate the barriers set out in Section 1.7, there is substantial opportunity across all regions for the UK 
to draw on its core strengths and areas of additionality, to deliver on-grid variable renewable energy 
interventions in the following areas: 

Opportunities to encourage uptake of variable renewable energy: 

Improve renewable energy enabling environments. For example, technical assistance to improve policy 
and regulation and overcome market failures, e.g. reducing transaction costs, addressing information 
asymmetries, and reducing currency risks, and thereby facilitate private investment.  

Provide technical assistance around improving the policy and regulatory environment, relating to power 
purchasing guarantees and agreements and feed-in tariffs, which would be particularly beneficial in 
East Africa, South America, and South-East Asia. 

Build the capacity of public and private sector organisations and staff, including assisting governments to 
understand and implement the most suitable policy levers to encourage investment in variable 
renewable energy within their local context. This could include establishing auctions for developers 
to take forward viable sites for solar or wind, as demonstrated by the case below.  

Provide support on leveraging and de-risking private sector green finance. For instance, investing climate 
finance to leverage further private debt or equity finance via BEIS investments such as UK Climate 
Investments (UKCI), the PIDG, the CDC, credit lines, MDBs, or bespoke debt or equity funds. There 
are significant opportunities for blended finance across all target regions, to meet the demand set 
out by ambitious renewable energy targets. Blended finance is likely to be most helpful for 
investment in solar PV and wind in India, East Africa, and South America. 

Support governments to de-risk investment across the lifecycle of renewable investments via specific 
policy measures, such as: 

Encouraging reduced interest rates for initial investments, to counter initial periods of uncertainty 
and a long rate of return.  

Reducing risks relating to siting of turbines or PV arrays, by supporting the development of policy 
that can reduce uncertainty, by pre-zoning land which has been shown to have strong potential 
for wind and solar energy, and engaging stakeholders early. 

Helping governments set up systems on requirements and timeframes for permits relating to 
construction standards, environmental impacts, and other requirements can also reduce 
uncertainty, costs, and risk for investors.  

Help improve the availability of information and evidence on possible investments, via a database of 
potential resources, helping to develop a pipeline of bankable projects. This would add great value in 
East Africa, South America, and South-East Asia in particular.  

Support governments to develop green infrastructure bonds, such as that recently developed in 
Nigeria,60 helping to provide investment across a wider range of small-scale projects. This can help 
overcome critical investment constraints in East Africa, India, and South America in particular.  

Influence groups such as UK Export Finance to stop investing in fossil fuel projects (GBP 760 million 
invested in 2019) as this reduces the impact of UK support for a green energy transition on the global 
stage.  

 
60 DLA Piper. (2019). Renewable Energy in Africa: https://www.dlapiper.com/en/africa/insights/publications/2019/06/renewable-energy-in-africa/ 

https://www.dlapiper.com/en/africa/insights/publications/2019/06/renewable-energy-in-africa/
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Influence multilateral investment banks. For example, using substantial UK contributions to MDBs to 
influence their agendas towards greater use of loan guarantees, investment in clean technology, and 
backing national banks.61 The CDC is an important player to consider in this space.  

Opportunities to support variable renewable system integration: 

Technical assistance to support improved integration of variable renewable energy to grids and between 
renewable and non-renewable sources. This is particularly critical in East Africa, South Africa, and 
South America. For example, a workshop facilitated by IRENA in 2017 for South American 
representatives, focused on exchanging best regional and global practice for planning, modelling, and 
integrating variable renewable energy as the region looks to further develop its renewable energy 
generation capacity.62 A range of IRENA guidance on this topic is also useful.63  

Support for regional grid integration to allow international power purchasing, particularly in South 
America and East and South Africa, so that power generated with renewables abundantly available in 
one country (e.g. Chile, Colombia, or Argentina) can be exported to another that lacks the resources. 
For example, the Eastern Africa Power Pool (EAPP) was established in 2005 and now comprises ten 
countries that have signed an Inter-Governmental Memorandum of Understanding (IGMOU) to 
foster power system interconnectivity. The EAPP has received guidance and technical assistance 
from various donors including Power Africa, funded by USAID.  

Support governments or utilities to plan and implement utility-scale storage to help grids to maintain a 
more even level of power over a 24-hour period, reducing fluctuations and the possibility of 
curtailment. Often this can be done in an integrated way with renewable investment. For example, 
recent Asian Development Bank (ADB) support in Thailand is developing wind energy along with a 
battery energy storage system, and in South Africa there are several examples of CSP plants 
constructed in co-location with molten salt thermal storage plants (See the Energy Storage 
Opportunity Report, Section 0 for case studies).  

Support governments and utilities to consider demand-side management (DSM) integrated with planning 
and implementation of variable renewable energy sources. DSM has an important role to play in 
terms of reducing peaks in demand and flattening the load during a 24-hour period. Demand 
response functions can go even further, by reducing the usage of electricity in households and 
businesses at times of peak demand, via smart meters, which can be particularly useful to balance 
variable generation with demand. (Refer to the DSM Opportunity Report for examples of smart, 
green grid, and demand-response interventions, Section 0) 

 

 
61 Overseas Development Institute. (2017). Briefing Paper: Six development finance proposals to expand climate investment. Available at: 
https://www.odi.org/publications/10746-six-development-finance-proposals-expand-climate-investment  
62 Lw9b!Φ όнлмтύΦ ά{ƻǳǘƘ !ƳŜǊƛŎŀ tƭŀƴǎ ŦƻǊ ƛǘǎ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ CǳǘǳǊŜέΦ https://www.irena.org/newsroom/pressreleases/2017/Aug/South-America-
Plans-for-its-Renewable-Energy-Future 
63 See, for example, IRENA. (2017). Planning for the renewable future: Long-term modelling and tools to expand variable renewable power in 
emerging economies. https://www.irena.org/publications/2017/Jan/Planning-for-the-renewable-future-Long-term-modelling-and-tools-to-expand-
variable-renewable-power  

https://www.odi.org/publications/10746-six-development-finance-proposals-expand-climate-investment
https://www.irena.org/newsroom/pressreleases/2017/Aug/South-America-Plans-for-its-Renewable-Energy-Future
https://www.irena.org/newsroom/pressreleases/2017/Aug/South-America-Plans-for-its-Renewable-Energy-Future
https://www.irena.org/publications/2017/Jan/Planning-for-the-renewable-future-Long-term-modelling-and-tools-to-expand-variable-renewable-power
https://www.irena.org/publications/2017/Jan/Planning-for-the-renewable-future-Long-term-modelling-and-tools-to-expand-variable-renewable-power
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Intervention case studies  

These case studies provide real-world insights into intervention design and challenges. Each case study 
provides an overview of the context, the aim of interventions, and the challenges faced.  

Box 2 USAID Clean Power Asia Technical Assistance for a Solar Auction Pilot in Lao People's Democratic 
Republic (PDR), 2017 ς 2019 

Lao PDR has set a target to increase the share of renewable energy (RE) to 30% of total energy 
consumption in 2025. The Renewable Energy Development Strategy specifies individual targets (in MW) 
for RE technologies, in which solar power potential is estimated at a 14% share of the energy mix, up from 
less than 1% in 2018.64 In August 2017, the Ministry of Energy and Mines (MEM) and USAID Clean Power 
Asia entered into a cooperation framework agreement to provide technical assistance in the promotion 
ŀƴŘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ƛƴ [ŀƻ t5wΦ ¦ƴŘŜǊ ¦{!L5Ωǎ /ƭŜŀƴ tƻǿŜǊ !ǎƛŀ ǇǊƻƎǊŀƳƳŜΣ ƻƴŜ ƻŦ 
the key activities was developing and formalising the Solar Auction process in Lao PDR via an initial pilot. 
Solar power auctions are seen as a fundamental process to catalyse cost-effective solar energy investment 
in the country. For example, the auction of a 60MW solar project in neighbouring Cambodia in August 
2020 has resulted in the lowest PV power purchase tariff reportedly seen in South-East Asia to date, at 
USD 38.77 per MWh.65 

With the assistance of USAID, the objectives of the solar auction pilot were to:66 

¶ Identify the tariff level that triggers private solar development.  

¶ Assist government stakeholders to learn and replicate the auction process. 

¶ Engage with the private sector and try to foster a more active domestic market in the generation 

of solar power with a potential scale-up of the solar PV auction process. 

¶ Learn from the procurement mechanism process and assess the potential for scaling up solar 

auctions.  

¶ Potentially reduce the need for electricity imports near load centres with a focus on increasing the 

available capacity during the dry season (when there is less hydro capacity).  

In pursuit of those objectives, the activities of the programme were: 

¶ A policy workshop was conducted to discuss and identify policy goals and market and regulatory 

analysis. 

¶ Followed by the policy workshop, an auction design workshop was conducted to design the PPA 

template, undertake a reference price study, and finalise the design of the auction.  

¶ Auction documents were prepared by the technical assistance (TA) facility, drawing on 

international best practice. 

¶ ! ōƛŘŘŜǊǎΩ ŎƻƴŦŜǊŜƴŎŜ όǘƘŜ ŀǳŎǘƛƻƴ ƛǘǎŜƭŦύ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ŦƻǊ ŀ ƘȅǇƻǘƘŜǘƛŎŀƭ ǇǊƻƧŜŎǘ ǘƻ ǊŜǾŜŀƭ 

market prices and gauge the interest of the private sector in solar generation in Lao PDR.  

¶ Lastly, a post-auction assessment workshop was held to evaluate the process and discuss auction 

opportunities with government- and utility-related stakeholders. 

The above activities resulted in:  

 
64 ¦{!L5Φ όнлмтύΦ ά5ŜǎƛƎƴƛƴƎ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ LƴŎŜƴǘƛǾŜǎ ŀƴŘ !ǳŎǘƛƻƴǎΥ [Ŝǎǎƻƴǎ ŦƻǊ !{9!bέΦ https://pdf.usaid.gov/pdf_docs/PA00SVK9.pdf 
65 t±¢9/IΦ όнлмфύΦ ά/ŀƳōƻŘƛŀΩǎ слa² ǎƻƭŀǊ ŀǳŎǘƛƻƴ ŘǊŀǿǎ ǊŜŎƻǊŘ-lƻǿ ōƛŘέΦ https://www.pv-tech.org/news/cambodia-solar-auction-draws-record-
low-bid 
66 ¦{!L5Φ όнлмуύΦ ά5ŜǎƛƎƴƛƴƎ ŀ {ƻƭŀǊ tƛƭƻǘ !ǳŎǘƛƻƴ ŦƻǊ [ŀƻ t5wέΦ http://usaidcleanpowerasia.aseanenergy.org/event/designing-a-solar-pilot-auction-
for-lao-pdr/ 

https://pdf.usaid.gov/pdf_docs/PA00SVK9.pdf
https://www.pv-tech.org/news/cambodia-solar-auction-draws-record-low-bid
https://www.pv-tech.org/news/cambodia-solar-auction-draws-record-low-bid
http://usaidcleanpowerasia.aseanenergy.org/event/designing-a-solar-pilot-auction-for-lao-pdr/
http://usaidcleanpowerasia.aseanenergy.org/event/designing-a-solar-pilot-auction-for-lao-pdr/
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¶ The TA facility enabled the government and utility stakeholders to understand and prepare for a 

ǎƻƭŀǊ ŀǳŎǘƛƻƴ ǇǊƻŎŜǎǎΣ ŘŜǾŜƭƻǇƛƴƎ ŀ ǘŜƳǇƭŀǘŜ ŦƻǊ ŦǳǘǳǊŜ ōƛŘŘŜǊǎΩ ŎƻƴŦŜǊŜƴŎŜǎ ŀƴŘ ǊŜƭŀǘŜŘ 

documentation.    

¶ Increased private sector awareness and confidence in the opportunities to bid for solar power 

generation prospects.  

Relevant stakeholders involved were: 

¶ Lao PDR government and utilities, private sector independent power producers.  

The risks and challenges include:   

¶ High upfront transaction costs, such as for feasibility studies and land use permits, need to be 

carried by the government or utility to make a viable site available that can then be auctioned. 

This is a disincentive for governments but must be weighed up against the advantages of an 

auction. 

¶ There is a risk of under-bidding and delays. For example, the auction may result in an agreed price 

for a developer that is actually too low to realise the projects. This is unlikely to happen if 

developers are well prepared and have carried out their own assessments of the potential 

opportunity.  

For BEIS, the primary lesson from the programme in determining ICF investment is: 

¶ Auctions are being adopted by an increasing number of countries, becoming a preferred policy 

tool for catalysing cost-effective renewable energy generation with remarkable rates of 

adoption.67 There is a role for ICF support to foster auctions in countries where they are not yet 

taking place.  

 

 

Box 3 CDC Concessional Financing for Solar PV in Malindi, Kenya  

YŜƴȅŀΩǎ ǇŜǊ ŎŀǇƛǘŀ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳǇǘƛƻƴ ƛǎ ǿŜƭƭ ōŜƭƻǿ ǘƘŜ Sub-Saharan average and 44 per cent below 
the level that would be expected for its gross domestic product (GDP) per capita.68 However, the 
ŎƻǳƴǘǊȅΩǎ ǇƻǘŜƴǘƛŀƭ ǘƻ ƎŜƴŜǊŀǘŜ ǇƻǿŜǊ ŦǊƻƳ ǊŜƴŜǿŀōƭŜ ǎƻǳǊŎŜǎ ƛǎ ǎǳōǎǘŀƴǘƛŀƭΣ ƛƴŎƭǳŘƛƴƎ ǎƻƭŀǊΣ ǿƛƴŘΣ ŀƴŘ 
geothermal. One such project is the Malindi solar PV array in the East of Kenya, near the coastal town of 
Malindi. The Malindi plant is designed to provide 52 megawatt peak (MWp) of clean generation capacity 
to the Kenyan grid. Located in a region where load shedding is widespread and power demand is 
increasing, it is expected most of the generation will be consumed locally. It is estimated that the power 
generated will support the creation of jobs through direct employment and indirect job creation due to a 
more consistent supply of electricity. 

The project, which is being taken forward as the Malindi Solar Group, has received USD 52m in debt 
ŦƛƴŀƴŎƛƴƎ ŦǊƻƳ ǘƘŜ ¦YΩǎ ŘŜǾŜƭƻǇƳŜƴǘ ŦƛƴŀƴŎŜ ƛƴǎǘƛǘǳǘƛƻƴ /5/Φ This includes a USD 20m contribution from 
the German Development Finance Institution (DEG). Together with the commercial partner, Globeleq, this 
amounts to a USD 66 million debt investment in Malindi Solar Group. The long-term, 16-year financing 
will provide much needed power in the Malindi area, which currently struggles with regular power 
shortages and relies largely on expensive thermal plants.  

With the assistance of CDC, the objectives were to: 

 
67 Source: http://usaidcleanpowerasia.aseanenergy.org/resource/overview-of-a-solar-pilot-auction-in-lao-pdr/  
68 CDC. (2019). Malindi Solar Project. https://www.cdcgroup.com/en/our-impact/investment/malindi-solar-project/ 

http://usaidcleanpowerasia.aseanenergy.org/resource/overview-of-a-solar-pilot-auction-in-lao-pdr/
https://www.cdcgroup.com/en/our-impact/investment/malindi-solar-project/
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¶ Raise public and private finance, sign a PPA with the appropriate utility in Kenya, and reach 

financial close of the Malindi Solar Power plant, enabling the construction phase to begin.  

¶ Provide a stable, long-term involvement to give confidence to other private sector investors and 

to provide additional technical expertise in address planning and construction challenges, as well 

as interaction with government and utility stakeholders.   

In pursuit of those objectives, the activities and results of the programme were: 

¶ The financing allowed Malindi Solar Group to progress with feasibility studies and prepare 

technical reports, such as the Environmental Impact Assessment on the project,69 as a 

prerequisite for government planning approval and entering into a PPA. 

¶ A 20-year PPA was signed with the Kenya Power and Lighting Company (KPLC) in 2019, which 

provides the public electricity service in Kenya.70 

¶ The Malindi plant was able to move into the construction phase; engineering, procurement, and 

construction contractors moved on site during 2019 with the company having already started the 

ǇǊƻƧŜŎǘΩǎ ŎƛǾƛƭ ŀƴŘ ŜƭŜŎǘǊƛŎŀƭ ŎƻƴǎǘǊǳŎǘƛƻƴ ǿƻǊƪǎΦ DƭƻōŜƭŜǉ ǿƛƭƭ ƻǾŜǊǎŜŜ ŎƻƴǎǘǊǳŎǘƛƻƴΣ ƻǇŜǊŀǘƛƻƴΣ 

and maintenance of the power plant. 71 

Relevant stakeholders involved were: 

¶ KPLC, Government of Kenya, local communities, and non-governmental organization (NGOs). 

The challenges faced were: 

¶ Governance- and regulatory-related risks, such as complex bureaucracy, corruption, changing 

regulations, and political risks, like low political stability or the risk of conflict, are challenges that 

affect renewable energy generation in East Africa, including Malindi. This has been mitigated by a 

proactive approach from the CDC in applying their experience from around the world and 

engaging frequently with relevant stakeholders.  

¶ Several disputes between the entities involved have arisen, including the intention of a Kenyan 

firm to sell its share of the project without covering the costs of an international consultancy 

working on the feasibility studies. These were resolved with a mix of legal action and internal 

agreement.72 

For BEIS, primary lessons from the programme in determining ICF investment are: 

¶ Providing concessional, equity, or grant financing can have a transformational impact in enabling 

variable renewable energy projects to progress. This is particularly crucial during the early project 

preparation phase, where funding can cover feasibility and technical studies that are necessary for 

a PPA to be signed.  

¶ Relatively high upfront costs, compared to fossil fuel plant, can be a challenge for financing solar 

energy in Africa. However, once in place, the operation and maintenance costs are low. This 

emphasises the importance of concessional or equity financing support from institutions like the 

CDC group or the ICF. 

 
69 Malindi Solar Group Ltd. (2015). Environmental Impact Assessment Study Report for the proposed Malindi Solar Power Plant. 
https://nema.go.ke/images/Docs/EIA-1240-1249/EIA-1244_%20Malindi%20solar%20power%20study%20report.pdf  
70 /ƻƴǎǘǊǳŎǘƛƻƴ wŜǾƛŜǿ hƴƭƛƴŜΦ όнлмфύΦ ά/ƻƴǎǘǊǳŎǘƛƻƴ ƻŦ пл a² aŀƭƛƴŘƛ ǎƻƭŀǊ ǇƘƻǘƻǾƻƭǘŀƛŎ ǇǊƻƧŜŎǘ ƛƴ YŜƴȅŀ ōŜƎƛƴǎέΦ  
https://constructionreviewonline.com/2019/06/construction-of-40-mw-malindi-solar-photovoltaic-project-in-kenya-begins/  
71 DƭƻōŜƭŜǉΦ άDƭƻōŜƭŜǉ ŀƴŘ /5/ ǘƻ 5ŜǾŜƭƻǇ YŜƴȅŀƴ {ƻƭŀǊ tƭŀƴǘέ Υ https://www.globeleq.com/globeleq-and-cdc-to-develop-kenyan-solar-plant/ 
72 Source: http://karibu.mambozuri.com/2018/02/sh6bn-malindi-solar-power-plan-risk-companies-feud/  

https://nema.go.ke/images/Docs/EIA-1240-1249/EIA-1244_%20Malindi%20solar%20power%20study%20report.pdf
https://constructionreviewonline.com/2019/06/construction-of-40-mw-malindi-solar-photovoltaic-project-in-kenya-begins/
https://www.globeleq.com/globeleq-and-cdc-to-develop-kenyan-solar-plant/
http://karibu.mambozuri.com/2018/02/sh6bn-malindi-solar-power-plan-risk-companies-feud/
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Glossary 

Acronym / Term Definition 

ADB Asian Development Bank 

Aggregators 
Aggregators are a grouping of agents in a power system (e.g. consumers, producers, 
prosumers) which act as a single entity when engaging in power markets. 

AI Artificial intelligence 

AMI Advanced metering infrastructure 

Ancillary services 
Services that maintain the proper flow and direction of electricity e.g. synchronised 
regulation, contingency reserves, black-start regulation, flexibility reserves  

Baseload The minimum amount of electric power delivered or required over a given period 

BAU Business as usual 

Behind the meter 
storage 

Storage connected at the consumer side of the utility meter for commercial, industrial or 
residential power customers (and is therefore grid-connected). 

BEIS UK government Department for Business, Energy & Industrial Strategy 

BESS Battery energy storage systems 

BMZ DŜǊƳŀƴȅΩǎ CŜŘŜǊŀƭ aƛƴƛǎǘǊȅ ŦƻǊ 9ŎƻƴƻƳƛŎ /ƻƻǇŜǊŀǘƛƻƴ ŀƴŘ 5ŜǾŜƭƻǇƳŜƴǘ 

BTM Behind the meter 

BUG Back-up generator 

C&I Commercial and Industrial 

CCC Committee on Climate Change  

CIF Climate Investment Funds 

CSP Concentrated solar power 

CTF Clean Technology Fund 

Curtailment 
A reduction in output from a power generator from what it could otherwise produce using 
available resources 

DAC Development Assistance Committee  

DEG German Development Finance Institution  

DER Distributed energy resource 

DFID UK government Department for International Development 

Dispatchable 
A source of electric energy production whose output can be switched off or on or otherwise 
moderated according to demand. 

DR Demand response 

DSM Demand side management 

EE Energy efficiency 

EIA Energy Information Administration  

EJ Exajoules  



 

 32 

Acronym / Term Definition 

Electrical storage Storage of energy in electrical fields e.g. supercapacitor 

Electrochemical 
storage 

Storage of chemical potential energy e.g. lithium-ion batteries 

Energy storage 
A device that captures energy for later use, with categories of storage including 
electrochemical, electrical, mechanical, and thermal forms of storage 

EnMS Energy management system 

EPC Energy Performance Certificate 

EPSRC Engineering and Physical Sciences Research Council 

ESCO Energy Service company 

ESMAP Energy Sector Management Assistance Programme 

ESO Energy systems optimisation  

ESS Energy storage systems 

ETP Energy Technology Perspectives  

EU European Union 

EUR Euro 

Flexibility The ability of a power system to respond to changes in electricity demand and supply 

GBP British pound sterling 

GDP Gross domestic product 

GESP Global Energy Storage Program 

GHG Greenhouse gas 

GIZ Deutsche Gesellschaft fur Internationale Zusammenarbeit GmbH 

Grid An electricity grid  

Grid storage 
Storage connected to a distribution or transmission networks, or alongside a power 
generation asset, such as a wind turbine 

Gt CO2 Gigatonnes of CO2 

Gt CO2e Gigatonnes of CO2 equivalent 

GW Gigawatt 

GWh Gigawatt hours 

IADB Inter-American Development Bank 

IEA International Energy Agency 

IESA India Energy Storage Alliance 

IFC International Finance Corporation 

IGMOU Inter-Governmental Memorandum of Understanding  

IoT Internet of Things 
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Acronym / Term Definition 

IPCC Intergovernmental Panel on Climate Change 

IPP Independent Power Producer 

IRENA International Renewable Energy Agency  

IT Information technologies 

JICA Japan International Cooperation Agency 

KPLC Kenya Power and Lighting Company  

LCOE Levelized Cost of Electricity 

Load The energy demand experienced on a system 

MAGC Market Accelerator for Green Construction 

MDBs Multilateral Development Banks  

MW Megawatt  

NAMA Nationally Appropriate Mitigation Action  

NDC Nationally Determined Contribution 

NDCs Nationally Determined Contributions 

NEP National Energy Plans or Policies 

NEPs National Energy Plans or Policies  

ODA Official Development Assistance 

ODI Overseas Development Institute 

OECD Organisation of Economic Cooperation and Development 

Ofgem Office of Gas and Electricity Markets 

PDR People's Democratic Republic  

PIDG Private Infrastructure Development Group  

PJ Petajoule  

PPA Power purchase agreement 

PPP Public-Private Partnership  

RD&D Research, development & demonstration 

RE Renewable Energy  

REPP Renewable Energy Performance Platform  

SDG Sustainable Development Goal 

Stationary storage Electrical storage designed for stationary applications 

System costs 
Total costs to the electricity system to supply electricity at a given load and security of 
supply 

TA Technical Assistance  
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Acronym / Term Definition 

TCP Technology Collaboration Programme 

TRL Technology readiness levels 

UKCI UK Climate Investments 

UNIDO United Nations Industrial Development Organisation 

USAid United States Agency for International Development 

USD United States Dollar 

Variability 
The changes in power demand and/or output of a generating source due to underlying 
fluctuations in resource or power consumption 

Virtual Power Plants  
VPP operators aggregate DERs to behave like a traditional power plant and engage in a 
power market to sell electricity or ancillary services 
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Non-variable Grid Renewables 

Summary  

The non-variable renewable electricity opportunity considers a range of non-variable renewable energy 
sources, which could provide large climate impact, but are subject to high levels of uncertainty. The 
assessment of non-variable renewable electricity includes grid-connected small- to medium-scale 
hydropower, geothermal generation, and biomass-fired power (with and without carbon capture and 
storage (CCS)). As firm low-carbon power generation technologies, a common benefit within each region is 
low-carbon, reliable, electricity ς competing with alternative forms of firm generation, demand-side 
response, and nuclear. Biomass energy with CCS (BECCS) also provides a further benefit: negative emissions. 
As a result, BECCS could be key to driving higher climate impact from the opportunity. However, uncertainty 
over the technical and economic potential of BECCS contribute to uncertainty in the opportunity as whole. 
Additional barriers to the opportunity include a lack of data on the economically exploitable geothermal and 
small- to medium-scale hydropower potential. 

Interventions to encourage adoption of on-grid non-variable renewable electricity in focus regions include 
provision of better data on resource potential and policy support on electricity market design. Given the 
largest barriers to adoption, example interventions include: 

Policy support for the design of electricity market regulation that recognises the value of firm and 
dispatchable73 low-carbon energy, to address the lack of clear revenue streams for power system 
flexibility or baseload generation. 

Technical assistance in resourcing mapping and feasibility assessments, with a lack of spatially fine data 
inhibiting investment by the private sector and impairing the capacity of local policy makers to make 
effective policy roadmaps. 

Table 7 Non-variable grid renewables assessment summary 

Criteria Assessment Notes 

Climate impact 

 

Medium 

¶ Importance to power sector decarbonisation is highly variable, helping to avoid 
between 3% to 40% of power sector CO2 emissions in 2050 beyond business-as-
usual (BAU), depending on the mitigation scenario.74,75  

¶ Increasing BECCS deployment by 2050 is both the main source of CO2 emission 
abatement, as well as the driver of high uncertainty. Upper bound estimates of 
emissions reduction should be treated with caution ς explaining the medium climate 
impact assessment. 

Development impact 

 

Medium 

¶ Significant positive contribution to achieving Sustainable Development Goal (SDG) 7, 
access to low-carbon, reliable energy, SDG 3, good health and wellbeing and SDG 8, 
decent work and economic growth. However, impact is more variable across regions 
and less certain than in the case of variable renewables.  

¶ Potential negative impacts on SDG 15, life on land, where use of land for geothermal 
energy, hydropower, and biomass crops displaces local communities and existing 
industries. 

Investment gap 

 

Medium 

¶ Cumulative investment gap ranges between USD 1.7 ς 5.7 trillion by 2050, as 
investment need is 1.5x ς 3x the investment expected under business-as-usual.  

¶ Uncertainty in the levels of BECCS deployment and declining availability of cost-
competitive hydropower are key sources of uncertainty.  

 
73 5ŜŦƛƴŜŘ ŀǎΥ άOf or relating to a source of electric energy production whose output can be switched off or on or otherwise moderated according to 
demandέΦ {ƻǳǊŎŜΥ https://www.thefreedictionary.com/dispatchable  
74 This figure reflects emissions reductions in the IMAGE renewables decarbonisation scenario vs the BAU scenario. The percentage reduction in 
emissions is calculated relative to 2050 BAU emissions from the power sector.  
75 All figures in this report will reflect mitigation potential beyond BAU ς ǘƘŜ .!¦ ƛǎ ǘŀƪŜƴ ǘƻ ōŜ La!D9Ωǎ ƴŜǿ ǇƻƭƛŎƛŜǎ ǎŎŜƴŀǊƛƻ 

https://www.thefreedictionary.com/dispatchable
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Criteria Assessment Notes 

Cost-effectiveness 

 

Medium 

¶ Small-scale hydro and geothermal power can be highly cost-effective, but costs are 
highly variable by region.  

¶ BECCS, as an immature technology, is likely to see cost reductions which make it an 
increasingly effective mitigation method by 2050.  

Barriers to adoption 

 

High 

¶ Moderate political economy barriers to uptake include fossil fuel subsidies and 
community opposition to geothermal drilling or use of land for bioenergy crops.  

¶ Significant market failures relating to lack of information on resource potential, 
capital mismatch between high capital costs and delayed returns, and a missing 
market for firm or dispatchable power.  

¶  Enabling environment barriers include the poor financial capacity of local utilities to 
enter into power purchase agreements (PPAs). 

UK additionality 

 

Medium 

¶ Strong expertise in developing regulatory frameworks to incentivise non-variable 
low-carbon power and financing of renewables domestically and internationally.  

¶ Amongst the non-ǾŀǊƛŀōƭŜ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎƛŜǎΣ ǘƘŜ ¦YΩǎ ǊŜƭŀǘƛǾŜ ŜȄǇŜǊǘƛǎŜ ƭƛŜǎ ƛƴ 
BECCS deployment. 

Source: Vivid Economics, ASI & Factor 

Key lessons for supporting mitigation through non-variable renewables: 

To realise the potentially large climate impact from non-variable renewables will require:  

Better data on resource potential for small to medium scale hydropower and geothermal. 

Regulatory frameworks that recognise the value of firm or dispatchable power.  

The cost-effectiveness of an intervention ought to consider the relative costs of deploying variable 
renewables within a region, accounting for the system integration costs of each type of energy. In 
many regions, increasing solar and wind generation could deliver emissions reductions at a lower 
GBP/ton of carbon dioxide (tCO2.) 

China, India, and Brazil are expected to deliver the largest absolute mitigation potential due to their 
economically exploitable hydropower endowments and large power sectors today ς notably, more 
information is required to understand the split in small- to medium-scale hydropower in each region.  

UK government official development assistance (ODA) can support the potential climate impact of BECCS 
by providing technical assistance towards the development of a local, sustainable biomass feedstock 
supply chain. Meanwhile, domestic BECCS deployment can help to decrease international technology 
costs. 
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Introduction to the opportunity  

Role of the opportunity in decarbonisation of developing countries 

Non-variable renewables will play a substantial role in decarbonising the power sector, although their share 
of electricity generated is substantially lower than variable renewables. The power sector emitted 7.4 
gigatonnes of carbon dioxide (Gt CO2) in low- and middle-income countries in 2015, rising to 16 GtCO2 in 
2050 under a BAU scenario. In a 1.5-degrees scenario, the power sector needs to act as a major emissions 
sink (providing several GtCO2 negative emissions through BECCS). On-grid non-variable renewables are 
expected to provide around 15 - 62% of electricity, with the range mostly driven by uncertainty in BECCS 
deployment.76  Nevertheless, it is worth noting that the share of non-variable renewables in electricity 
generation is expected to be substantially lower than that of variable renewables (around 70% in the central 
power decarbonisation scenario).  

Estimates of the scale-up in non-variable renewables capacity required for a world compatible with the Paris 
Agreement, with large differences in the expectations of the future deployment of BECCS. As Table 8 
highlights, annual deployment of non-variable renewables in a 2-degree (high renewable) decarbonisation 
scenario is not vastly different to that witnessed in 2018, approximately 17 gigawatt (GW) additions per 
annum to 2050. However, in most 1.5-degree scenarios (including the IMAGE one used in this project), 
BECCS needs to scale up rapidly to supply large-scale negative emissions.77 See Box 4 for further details on 
the differences between scenarios. 

Table 8 Approximate annual power capacity additions required under a Renewables and 1.5 degrees scenario 
across low-and middle-income regions 

Technology 
2018 capacity 
additions (GW) 

Annual average capacity additions up to 2050, depending on 
scenario (GW) ς forecast  

BAU 
Renewables 
(2 degrees) 

1.5 degrees 

Geothermal 0.4 0 2 0 

Large-scale hydro 15 11 10.5 11 

Small- and Medium-
scale hydro 

5 4 3.5 4 

Biomass power (without 
CCS) 

4.2 6 0.13 0 

Biomass power with CCS 0 0 0 25 

Note: IMAGE does not model the breakdown of large- to medium- and small-scale hydro. To estimate the 
relative split of capacity additions in each type to 2050, we make the simplifying assumption that the 
future split will mirror the current one, such that large hydropower is approximately 75% of total 
capacity. This is based on US Department of Energy figures for 2017.78 

Source: ±ƛǾƛŘ 9ŎƻƴƻƳƛŎǎΣ !{L ŀƴŘ CŀŎǘƻǊ ǳǎƛƴƎ t.[Ωǎ La!D9 ƳƻŘŜƭ ŀƴŘ Lw9b! όнлмфύ  

 

 
76 From IMAGE, under renewables scenario, considering hydropower, biomass, and other renewables. 
77 From IMAGE: Annual capacity additions under 1.5-degree scenario (40GW) relative to annual capacity additions under the renewable scenario 
(1GW). 
78 ¦{ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅΦ όнлмтύΦ άнлмт IȅŘǊƻǇƻǿŜǊ aŀǊƪŜǘ wŜǇƻǊǘέΦ 
https://www.energy.gov/sites/prod/files/2018/04/f51/Hydropower%20Market%20Report.pdf  

https://www.energy.gov/sites/prod/files/2018/04/f51/Hydropower%20Market%20Report.pdf
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Scope considered in this assessment 

The non-variable renewable electricity opportunity is defined as grid-connected small- to medium-scale 
hydropower, geothermal generation, and biomass-fired power (with and without CCS). The assessment 
excludes potential small-scale hydro mini grids, as well as large-scale hydropower, >100 megawatt (MW), 
due to its potential negative social and environmental impacts.79 It also excludes detailed considerations 
around the supply of biomass feedstock. Biomass from waste is considered in the Waste and Wastewater 
Opportunity Report and bioenergy crops were excluded after consultations with the UK Department of 
Business, Energy and Industrial Strategy (BEIS) International Climate Finance (ICF). Similarly, it excludes 
considerations on the development of CCS technologies and supporting infrastructure following these 
consultations. As in the Variable Renewable Energy Opportunity Report, grid connection implies that energy 
generation sources are connected to a national or regional electricity transmission grid, through which they 
supply electricity.80 

The assessment focuses on a subset of ODA-eligible regions, in consideration of their relatively large 
mitigation potential and in consultation with the BEIS steering group. Selected regions include: 

¶ China, which has the largest absolute emissions reductions from non-variable renewables, partially 
as non-variable renewables will help shift the country away from coal power generation, which 
accounts for 70% power generation currently. 81 

¶ India, which has the third-largest absolute emissions reduction from non-variable renewables (after 
China and Brazil), around 75% of current generation from coal power, and is expected to see power 
generation increase by 200% to 2040.82,83 

¶ East Africa, which has the largest relative mitigation potential from non-variable renewables in 2050 
(as a share of 2015 power sector emissions), to a large extent due to significant growth in electricity 
consumption. Kenya, for instance, is expected to see a 230% increase in electricity generation to 
2040, under stated policies.84  

¶ West Africa, which has relatively large mitigation potential from non-variable renewables in 2050, 
similar to East Africa, due to growing demand for grid-connected power. 

¶ Eastern Europe and Central Asia, which has the fourth-largest absolute emissions reduction from 
non-variable renewables beyond BAU (after India). 

This assessment focuses on the benefit of supporting the opportunity as a whole and does not aim to 
comprehensively assess the effectiveness of specific investment opportunities or interventions. However, for 
context, potential investment opportunities to support non-variable renewable electricity are detailed in 
Section 0. 

  

 
79 LƴǘŜǊƴŀǘƛƻƴŀƭ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ !ƎŜƴŎȅ όLw9b!ύΦ όнлмнύΦ άwŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ ¢ŜŎƘƴƻƭƻƎƛŜǎΥ /ƻǎǘ !ƴŀƭȅǎƛǎ {ŜǊƛŜǎΦ IȅŘǊƻǇƻǿŜǊέΦ 
80 This opportunity also does not consider: a) on-grid variable energy sources, such as solar and wind or b) off-grid non-variable renewable electricity, 
which uses non-variable renewables to provide energy directly to households. 
81 International Energy Agency (IEA). (2010). ά²ƻǊƭŘ ŜƴŜǊƎȅ ōŀƭŀƴŎŜǎέΦ 
82 Ibid. 
83 .tΦ όнлмфύΦ άLƴǎƛƎƘǘǎ ŦǊƻƳ ǘƘŜ ŜǾƻƭǾƛƴƎ ǘǊŀƴǎƛǘƛƻƴ ǎŎŜƴŀǊƛƻ ς LƴŘƛŀέΦ https://www.bp.com/content/dam/bp/business-
sites/en/global/corporate/pdfs/energy-economics/energy-outlook/bp-energy-outlook-2019-country-insight-india.pdf 
84 LƴǘŜǊƴŀǘƛƻƴŀƭ 9ƴŜǊƎȅ !ƎŜƴŎȅ όL9!ύΦ όнлнлύΦ άYŜƴȅŀ ŜƴŜǊƎȅ ƻǳǘƭƻƻƪέΦ https://www.iea.org/articles/kenya-energy-outlook 

https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/energy-outlook/bp-energy-outlook-2019-country-insight-india.pdf
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/energy-outlook/bp-energy-outlook-2019-country-insight-india.pdf
https://www.iea.org/articles/kenya-energy-outlook
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Climate impact 

Mitigation potential and urgency 

Across low- and middle-income countries, non-variable renewables can help avoid around 3% of power 
sector CO2 emissions (0.5 Gt CO2) in 2050 beyond business-as-usual.85 Non-variable grid renewables are 
important to meet growing electricity demand in a low carbon way and help displace large-scale emissions 
from coal-fired power stations. However, they are often higher cost than solar photovoltaic (PV) and wind 
energy. As a result, mitigation potential to 2050 in the central power scenario is moderate, 91% lower than 
the abatement provided by variable renewables.86 Figure 6 shows, however, that there is significant variation 
in mitigation potential achievable by non-variable renewables between scenarios - see Box 4 for an 
explanation on the differences in mitigation potential between scenarios and relationship with the analysis in 
the Variable Renewables Opportunity Report. For instance, in a high BECCS 1.5-degrees scenario, non-
variable renewables can help to avoid around 40% (6.7 Gt CO2) of power sector CO2 emissions in 2050 
beyond BAU. 

Figure 6 Range of mitigation potential compared to BAU in 2030 and 2050 

 

Note: The bars indicate the range of mitigation potential estimates across the five IMAGE decarbonisation 
scenarios.  Mitigation potential in each scenario is calculated relative to the BAU, which is taken to be 
La!D9Ωǎ ƴŀǘƛƻƴŀƭ ǇƻƭƛŎƛŜǎ ǎŎŜƴŀǊƛƻΦ aƛǘƛƎŀǘƛƻƴ ǇƻǘŜƴǘƛŀƭ ƛƴ 2030 is therefore calculated as emissions 
reductions in 2030 in one decarbonisation scenario minus the emissions reductions in 2030 in the national 
policies scenario. 

Source: Vivid Economics, ASI and Factor using t.[Ωǎ La!D9 model 

Estimates of deployment, and hence mitigation potential, are uncertain.  

¶ Uncertainty around BECCS is the major driver of uncertainty in mitigation potential. Box 4 sets out 
the uncertainties related to expectations of BECCS deployment, which drive differences in the 
climate impact between scenarios.  

¶ Hydro and geothermal deployment is uncertain due to incertitude in resource potential, as well as 
the uncertainty around the value of non-variable power. The scale of economically exploitable 
resource is not thoroughly mapped. This reflects a lack of information on both resource availability 
and the highly location-specific nature of costs, as well as the benefits (and hence value) of non-
variable power compared to variable generation. Typically, estimates of potential resource 

 
85 This figure reflects emissions reductions in the IMAGE renewables decarbonisation scenario vs the BAU one. The percentage reduction in emissions 
is calculated relative to 2050 BAU emissions from the power sector.  
86 In a 1.5-degrees decarbonisation scenario, mitigation potential from non-variable renewables is 10x higher than from variable renewables due to 
large-scale deployment of BECCS. 
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availability do suggest it to be far smaller than for variable renewables. In the case of small-scale 
hydro, there is around 230 GW potential estimated, two-thirds of which is not yet utilised.87  

Box 4 Uncertainty in BECCS deployment 

There is significant variation in the magnitude of mitigation potential from non-variable renewable power 
across modelling scenarios, stemming largely from different expectations of BECCS deployment. As Figure 
6 shows, estimates of mitigation potential from non-variable renewables varies from close to 0 GtCO2 in 
2050 (versus BAU) to nearly 7 GtCO2. As highlighted in the Variable Renewable Opportunity Report, 
variation between power scenarios to a large degree reflects assumptions on the availability of biomass 
for BECCS and cost declines in BECCS.  

In La!D9Ωǎ 1.5-degrees scenario, high levels of BECCS deployment drives higher abatement potential from 
the non-variable renewables opportunity as a whole and displaces other forms of non-variable/variable 
renewable power. La!D9Ωǎ мΦр-degrees scenario estimates approximately 850 GW additions of BECCS to 
2050, which provide approximately 6.5 GtCO2 abatement in 2050 (versus BAU). The emissions reductions 
provided by BECCS reduces the need for other forms of low-carbon power. Estimates of variable 
renewable capacity additions are only 30 GW per year on average in a 1.5-degrees scenario, for instance; 
ƛƴ ŎƻƳǇŀǊƛǎƻƴΣ ǳƴŘŜǊ La!D9Ωǎ ǊŜƴewables scenario, estimates increase to 220 GW per year. 

Levels of BECCS deployment predicted by IMAGE need to be treated with caution. Estimates of BECCS 
deployment are always subject to uncertainty due to the technological immaturity of BECCS and 
uncertainty over the availability of sustainable biomass feedstock. IMAGE relies on an ambitious 
assumption of bioenergy supply of approximately 200 exajoule (EJ)/year, far higher than the 14-84 EJ/year 
expected by the ¦YΩǎ Committee on Climate Change (CCC).88 Notably, much of this biomass will face 
competition from transport and industry, implying even greater limits to the quantity of finite biomass 
feedstock available for power.89  

To capture the far higher expected role of variable renewables, and the uncertainty of future BECCS 
ŘŜǇƭƻȅƳŜƴǘΣ ǿŜ ŎƘƻƻǎŜ ǘƻ ǳǎŜ La!D9Ωǎ ǊŜƴŜǿŀōƭŜǎ ǎŎŜƴŀǊƛƻ ŀǎ ƻǳǊ άŎŜƴǘǊŀƭ ǇƻǿŜǊ ǎŎŜƴŀǊƛƻέΦ Lƴ La!D9Ωǎ 
renewables decarbonisation scenario, BECCS deployment is minimal (around 5 GW). The vast majority of 
capacity additions to 2050 instead come from solar PV and wind - approximately 220 GW per year to 
2050. Though neither scenario perfectly represents the future of BECCS in low- and middle-income 
countries, the renewables scenario is generally more reflective of expert opinion on the relative mitigation 
potential from variable versus non-variable renewables as a whole. It is used as the central power scenario 
in all power sector Opportunity Reports.     

 

The largest absolute mitigation potential in 2050 occurs in regions with economically exploitable 
hydropower endowments and large power sectors today: China, India, and Brazil. These countries are 
expected to account for nearly 80% of GtCO2 abated by low- and middle-income countries in 2050 beyond 
BAU. In each of these countries, close to 100% of abatement from non-variable renewables will come from 
hydropower. The availability of low-cost hydropower resources also implies these regions account for most 
of the near-term abatement potential, approximately 60% in 2030. In comparison, the focus regions 
together account for 17% of GtCO2 abated within the opportunity in 2050, and 40% in 2030. 

Non-variable renewables contribute around 11% of power sector decarbonisation beyond the BAU in the 
focus regions in 2050.90 As Figure 7 shows, non-variable renewables account for between close to 0% to 70% 

 
87 UNIDO. (20мфύΦ ά²ƻǊƭŘ {Ƴŀƭƭ IȅŘǊƻ 5ŜǾŜƭƻǇƳŜƴǘ wŜǇƻǊǘ нлмфέΦ https://www.unido.org/sites/default/files/files/2020-05/Global%20Overview.pdf 
88 ///Φ όнлмуύΦ ά.ƛƻƳŀǎǎ ƛƴ ŀ ƭƻǿ-ŎŀǊōƻƴ ŜŎƻƴƻƳȅέΦ 
89 Use of biomass in power (without CCS) is typically less cost-effective on a GBP/tCO2 avoided basis then biomass use in transport or industry. 
90 This figure reflects the mitigation from non-ǾŀǊƛŀōƭŜ ǊŜƴŜǿŀōƭŜǎ ƛƴ La!D9Ωǎ ǊŜƴŜǿŀōƭŜǎ ŘŜŎŀǊōƻƴƛǎŀǘƛƻƴ ǎŎŜƴŀǊƛƻ Ƴƛƴǳǎ ǘƘŜ ƳƛǘƛƎŀǘƛƻƴ ŦǊƻƳ ƴƻƴ-
variable renewables in BAU.  

https://www.unido.org/sites/default/files/files/2020-05/Global%20Overview.pdf
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of power sector decarbonisation beyond BAU, depending on the region. Higher relative mitigation potential 
in Brazil and East Africa is largely influenced by the relative abundance of low-cost hydropower resources in 
each country and relative costs of solar and wind.  

Hydropower is the dominant technology in 2030 and 2050, across regions. Though IMAGE does not 
distinguish the role of small- and medium-scale hydro vs large-scale hydropower, estimates suggesting 
approximately 25% of economically exploitable capacity is from the former suggest most forecast additions 
are in large scale hydro. Excluding large-scale hydropower, small- and medium-scale hydropower have the 
highest forecast capacity additions required amongst the technologies in this Non-variable renewables 
Opportunity Report. In practical terms, there is estimated to be around 150 GW of small hydropotential 
globally, around 3x smaller than the hydropower capacity which is expected to be needed across low- and 
middle-income countries by 2050.91 Geothermal, though competitive in comparison to hydropower, is far 
less equally distributed globally. Therefore, only in Southeast Asia are there capacity additions expected. 

Figure 7 On-grid non-variable renewable electricity contributes, on average, to 20% of abatement in 2030 and 11% 
in 2050 beyond BAU 

 

 Note: The bars reflect the mitigation ǇƻǘŜƴǘƛŀƭ ƛƴ La!D9Ωǎ ǊŜƴŜǿŀōƭŜǎ ŘŜŎŀǊōƻƴƛǎŀǘƛƻƴ ǎŎŜƴŀǊƛƻ Ƴƛƴǳǎ 
ƳƛǘƛƎŀǘƛƻƴ ŀŎƘƛŜǾŜŘ ƛƴ La!D9Ωǎ ƴŜǿ ǇƻƭƛŎƛŜǎ ǎŎŜƴŀǊƛƻ ό.!¦ ǎŎŜƴŀǊƛƻύΦ Abbreviations correspond to the 
following: MEX= Mexico, CAM = Central America, BRA = Brazil, RSA = South America excluding Brazil, NAF 
= North Africa, WAF = West Africa, EAF = East Africa, ZAF = South Africa, EECA = Eastern Europe and 
Central Asia, IND = India, CHN = China, SEA = Southeast Asia excluding Indonesia, IDN = Indonesia, SAS = 
South Asia excluding India, SAF = SoutheǊƴ !ŦǊƛŎŀ ŜȄŎƭǳŘƛƴƎ {ƻǳǘƘ !ŦǊƛŎŀΦ aƛǘƛƎŀǘƛƻƴ ǇƻǘŜƴǘƛŀƭ ŦǊƻƳ ΨhǘƘŜǊΩ 
includes energy efficiency and fossil fuel CCS. Mitigation potential from non-variable renewable energy 
(RE) includes hydropower, geothermal, and biomass with and without CCS 

Source: Vivid Economics based on t.[Ωǎ IMAGE modelling (renewables scenario) 

 

Transformational change  

Non-variable renewable energy offers substantial opportunities for transformational change, as set out in 
Table 9. Interventions that help to create the right regulatory enabling environment, or that can de-risk or 
catalyse private sector investment in resources such as geothermal or small-scale hydro, are likely to 
encourage uptake at scale. This will particularly be the case if those projects pave the way in terms of 
refining appropriate legislation and providing reassurance to investors that a viable model is possible. 
Transformational change can also be realised in terms of enabling the decarbonisation of other sectors, such 
as electric vehicles and many industrial processes, by providing low-cost and low-carbon electricity. Many of 

 
91 ¦b¦5hΦ όнлмфύΦ ά²ƻǊƭŘ {Ƴŀƭƭ IȅŘǊƻ 5ŜǾŜƭƻǇƳŜƴǘ wŜǇƻǊǘ нлмфέΦ https://www.unido.org/sites/default/files/files/2020-05/Global%20Overview.pdf 

https://www.unido.org/sites/default/files/files/2020-05/Global%20Overview.pdf
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the drivers of transformational change in non-variable renewable energy are common across the target 
regions but several specific aspects can be identified. For example, the decarbonisation of energy can really 
drive a transformational uptake of zero-carbon vehicles and cleaner industrial processes in China and India, 
which will have significant development spillover in areas such as air quality and health. The support for 
identifying renewable resources and crowding in private sector investment is likely to have a particularly high 
transformational impact in East and West Africa, where there is strong potential but a poor enabling 
environment in terms of financial and regulatory risk.  

Table 9 Assessment of transformational change 

Transformational change criterion Interventions to support change Regional potential 

Sensitive intervention points 

Improvement of local capacities 
and capabilities  

Building capacity of government and stakeholders in 
appropriate regulatory frameworks and investment 
enabling environment. 
Developing integrated strategies for attracting and 
deploying non-variable renewables, or specific sectors 
such as biomass.  

India, East Africa, West Africa, 
Eastern Europe and Central 
Asia 

Local ownership and strong political 
will 

Awareness raising and training for government and 
utilities, relating to the potential of non-variable 
renewables in the local context.  
Developing a database of non-variable renewable energy 
resources in the target regions.  

East Africa, West Africa 

Leverage / creation of incentives for 
others to act  

Support in enabling reliable power purchasing 
agreements helps to incentivise geothermal, biomass, 
and medium hydro energy generation.  
Supporting the development of a pipeline of bankable 
projects.  
Supporting governments to de-risk investment via 
financial and policy-based measures.  

East Africa, West Africa, Central 
Asia 
India, East Africa, West Africa 

Spillovers 

Broad scale and reach of impacts 

Supporting clean energy enables decarbonisation of other 
sectors, such as electric vehicles and many industrial 
processes, by providing low-cost and low-carbon 
electricity. 

China, India, East Africa 

Sustainability (continuation beyond 
initial support)  

Establishing durable and well-supported policy measures 
to enable renewable investment at scale. 
Improving the enabling environment and market 
conditions, allowing more commercially led projects to 
thrive. 

All regions 

Replicability by other organisations 
or actors 

Demonstration of investment and development process 
could enable renewable energy installation, results in 
replication by other donors and/or private sector entities. 

All regions 

Innovation 

Catalyst for innovation  

Blended finance initiatives to catalyse private sector 
investment. 
De-risking investment via enabling insurance for 
geothermal exploration. 

India, East Africa, West Africa 

Evidence of effectiveness is shared 
publicly  

Leveraging relevant communities of practice in which the 
UK has international presence and influence to 
disseminate learning.  

All regions 



 

 43 

Source: Vivid Economics, ASI and Factor 
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Development impact 

SDG impacts 

Improved access to on-grid non-variable renewable energy has notable positive impacts on achieving SDGs 
in all regions with a particularly high impact in South Asia and Southern Africa. On-grid non-variable 
renewable electricity has clear linkages with several sustainable development goals, as set out in Table 10. 

Table 10 SDG impacts 

SDG 
Strength of 

impact 
Most relevant region Rationale  

Positive Impacts 

SDG 1 ς No 
poverty 

High 
East Africa, West 
Africa  

Access to electricity is a key driver of income generation, better 
education, and more efficient use of time otherwise spent on 
gathering fuel wood etc., all of which help to reduce poverty. 

SDG 3 ς Good 
Health and 
wellbeing 

Moderate 
India, Southeast Asia, 
South Africa   

The opportunity has a potential to decrease air pollution via 
decreased coal power generation, as well as displacing diesel 
generators and wood or kerosene burning stoves, thereby 
reducing pollution related diseases and deaths.  

SDG 7 ς Affordable 
and clean energy  

High All regions 
The opportunity is essential in order to increase renewable 
energy in the global energy mix and improve energy efficiency.  

SDG 8 ς Decent 
work and 
economic growth  

Moderate All regions 

The opportunity has potential to create jobs in the renewable 
energy sector. Further, grid-connected renewables would likely 
reduce power outages. This would in turn contribute to 
productivity of enterprises.  

Negative Impacts 

SDG 9 ς Industry, 
Innovation and 
Infrastructure 

Low All regions 

If renewable energy is not integrated properly into grids it can 
lead to fluctuations and blackouts, with severe impacts on 
ƛƴŘǳǎǘǊȅΣ ŀƭǘƘƻǳƎƘ ǘƘƛǎ ǎƘƻǳƭŘƴΩǘ ōŜ ŀ ǇǊƻōƭŜƳ ŦƻǊ dispatchable 
renewables if there are clear grid connection codes etc. 

SDG 15 ς Life on 
Land 

Low All regions 

Bioenergy and BECCS can have significant negative 
environmental impact, if not appropriately managed. They 
require significant feedstock which could detract from 
biodiversity, as well as agriculture. In terms of carbon emissions, 
The UK CCC recommended in 2018 that the UK should move 
away from biomass for domestic energy generation, unless it is 
supported by carbon capture and storage technologies 
(becoming a BECCS approach).92 

Hydropower can also be very damaging to river and water body 
ecosystems if not planned and managed appropriately.  

Source: Vivid Economics, ASI and Factor 

 

 
92 /ŀǊōƻƴ.ǊƛŜŦΦ όнлмуύΦ ά///Υ ¦Y ǎƘƻǳƭŘ ΨƳƻǾŜ ŀǿŀȅΩ ŦǊƻƳ ƭŀǊƎŜ-ǎŎŀƭŜ ōƛƻƳŀǎǎ ōǳǊƴƛƴƎέΦ https://www.carbonbrief.org/ccc-uk-should-move-away-
from-large-scale-biomass-burning 

https://www.carbonbrief.org/ccc-uk-should-move-away-from-large-scale-biomass-burning
https://www.carbonbrief.org/ccc-uk-should-move-away-from-large-scale-biomass-burning
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Commitment by governments and expected demand in target regions 

Table 11 Summary assessment of demand in target regions 

Source: Vivid Economics, ASI and Factor 

China: A global leader in driving forward the domestic use of non-variable renewable energy, China 
attracted 33% of global renewable energy investment (including variable renewables) in 2018. It has 
ǘƘŜ ǿƻǊƭŘΩǎ ƎǊŜŀǘŜǎǘ ǎƘŀǊŜ ƻŦ ƛƴǎǘŀƭƭŜŘ ƘȅŘǊƻǇƻǿŜǊ ŎŀǇŀŎƛǘȅΣ ƛƴŎluding globally recognised projects 
such as the Three Gorges Dam, as well as many small hydropower resources and is expected to add 
140 GW of hydro capacity between 2020 and 2030. China is also a leader in biomass energy 
generation, including waste-to-energy. By the end of 2017, China had the largest installed waste-to-
energy capacity of any country globally, with 7.3 GW across 339 plants.93 This lead has been growing 
rapidly since then.  

East Africa: Eight East African nations have introduced National Energy Plans or Policies (NEPs) to meet 
growing energy demand with affordable, sustainable energy services that enable socio-economic 
development.94 Kenya and Ethiopia have more developed and ambitious energy policies, compared 
to others in the region.  One non-variable related Nationally Appropriate Mitigation Action (NAMA) 
project is being implemented in the region; the facilitation of grid-connected renewable energy 
generation through a feed-in tariff and through carbon credit generation in Uganda.95 Kenya is the 
most advanced country in the region in terms of geothermal power generation.  

Eastern Europe and Central Asia: Countries in Eastern Europe and Central Asia demonstrate varying 
levels of commitment to non-variable renewables, with the strongest focus on hydropower. At least 
two NAMAs are currently being implemented in the energy sector in the region, including 
construction of 10 hydropower plants in the Kakheti region of Eastern Georgia.96  

India: The Indian government has pledged to promote renewable energy in its nationally determined 
contributions (NDCs)97 and has very ambitious renewable energy targets and is aiming for 450 GW by 
2030, compared to a current total of 369GW installed across all energy sources.98 India has drafted a 

 
93 IEA. (2019). Will energy from waste become the key form of bioenergy in Asia? Available at: https://www.iea.org/articles/will-energy-from-waste-
become-the-key-form-of-bioenergy-in-
asia#:~:text=Will%20energy%20from%20waste%20become%20the%20key%20form,cities%20must%20rapidly%20develop%20new%20waste%20man
agement%20solutions. 
94 IRENA. (2015). Africa 2030: Roadmap for a Renewable Energy Future. IRENA, Abu Dhabi. 
95 NAMA Database. Accessed July 2020: http://www.nama-database.org/index.php/Special:RunQuery/QueryData 
96 Ibid. 
97 Haque. et al. (2019). NDC pledges of South Asia: are the stakeholders onboard? Climatic Change, Vol 155. 
98 LƴŘƛŀΩǎ aƛƴƛǎǘǊȅ ƻŦ bŜǿ ŀƴŘ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅΦ !ŎŎŜǎǎŜŘ Wǳƭȅ нлнлΥ http://mnre.gov.in 

Region Demand Rationale 

China High 
Ambitious targets and demonstrated commitment by national 
government to promote non-variable on-grid renewables.  

East Africa Moderate 
Variable policy across countries but some ambitious targets in Ethiopia 
and Kenya on hydro and geothermal.  

Eastern Europe and 
Central Asia   

Low  
Not many countries in the region prioritise non-variable on-grid RE or 
have ambitious targets for the same. 

India   High   
Ambitious targets set by the national government, improving regulatory 
and policy environment.  

West Africa  Low - Moderate 
Variable policy and regulatory environment across counties. For 
example, Nigeria has more advanced policy and regulatory environment, 
compared to low levels in countries such as Niger and Sierra Leone.  

https://www.iea.org/articles/will-energy-from-waste-become-the-key-form-of-bioenergy-in-asia#:~:text=Will%20energy%20from%20waste%20become%20the%20key%20form,cities%20must%20rapidly%20develop%20new%20waste%20management%20solutions
https://www.iea.org/articles/will-energy-from-waste-become-the-key-form-of-bioenergy-in-asia#:~:text=Will%20energy%20from%20waste%20become%20the%20key%20form,cities%20must%20rapidly%20develop%20new%20waste%20management%20solutions
https://www.iea.org/articles/will-energy-from-waste-become-the-key-form-of-bioenergy-in-asia#:~:text=Will%20energy%20from%20waste%20become%20the%20key%20form,cities%20must%20rapidly%20develop%20new%20waste%20management%20solutions
https://www.iea.org/articles/will-energy-from-waste-become-the-key-form-of-bioenergy-in-asia#:~:text=Will%20energy%20from%20waste%20become%20the%20key%20form,cities%20must%20rapidly%20develop%20new%20waste%20management%20solutions
http://www.nama-database.org/index.php/Special:RunQuery/QueryData
http://mnre.gov.in/
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national geothermal policy, which aims to make it a global leader in the geothermal power sector, by 
generating 1,000 MW in its primary phase by the year 2022.99 India also demonstrates strong 
commitment to hydropower.100  

West Africa, In West Africa, bƛƎŜǊƛŀΩǎ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ tƭŀƴ ŀƛƳǎ for renewable electricity to account 
for 10% of Nigerian total energy consumption by 2025. It increases capacity of small-scale hydro to 
2,000 MW by 2025 and biomass-based power plants to 400 MW by 2025.101 At least two NAMAs are 
currently being implemented in the energy sector in West Africa, including in Mali and Sierra Leone.  

 

 
99 Geoenergy Marketing Services. (2020). Geothermal Country Overivew: India. Available at: https://www.geoenergymarketing.com/energy-
blog/geothermal-country-overivew-india/ 
100 LƴŘƛŀ{ǇŜƴŘΦ όнлмфύΦ Ψhƴƭȅ IȅŘǊƻ tǊƻƧŜŎǘǎ /ŀƴ CŜŜŘ LƴŘƛŀΩǎ нпҎт tƻǿŜǊ bŜŜŘǎΩΦ https://www.indiaspend.com/only-hydro-projects-can-feed-indias-
24x7-power-needs/ 
101 IEA. (2013). Nigeria Renewable Energy Master Plan. Available at: https://www.iea.org/policies/4974-nigeria-renewable-energy-master-plan 

https://www.geoenergymarketing.com/energy-blog/geothermal-country-overivew-india/
https://www.geoenergymarketing.com/energy-blog/geothermal-country-overivew-india/
https://www.indiaspend.com/only-hydro-projects-can-feed-indias-24x7-power-needs/
https://www.indiaspend.com/only-hydro-projects-can-feed-indias-24x7-power-needs/
https://www.iea.org/policies/4974-nigeria-renewable-energy-master-plan
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Investment need  

Investment in the opportunity in low- and middle-income countries will need to scale up to a cumulative 
USD 4.8 trillion by 2050, one and a half times the investment expected under BAU. Overall, the scale of 
investment required in the opportunity is small relative to other energy opportunities, reflecting uncertainty 
in levels of deployment. Though Figure 8 reflects our central power scenario, estimates of cumulative 
investment need would be twice as large in a high BECCS scenario, for example. Estimates of the investment 
gap are also subject to some uncertainty, depending on assumptions on BAU. Figure 8 reflects a BAU 
scenario where there continues to be substantial build-out of large-scale hydropower ς average annual 
investment is approximately USD 90 billion.102 The declining availability of cost-competitive large-scale hydro 
puts expectations of BAU investment to 2050 into question, highlighting that the cumulative investment gap 
could be significantly larger than the USD 1.7 trillion estimate shown below. In recent years, there has 
already been a decline in hydropower additions, with development in higher cost areas ς for instance, 
capacity additions for hydropower (of all sizes) within 2019 final investment decisions (FIDs) was more than 
half the capacity additions approved in 2010 and small-scale hydropower investment was 70% lower in 2019 
relative to 2010. 103,104,105 

Figure 8 Investment need in on-grid non-variable renewable electricity is small compared to other opportunities 

 

Notes:  LƴǾŜǎǘƳŜƴǘ ƴŜŜŘ ŎŀƭŎǳƭŀǘƛƻƴǎ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ōŀǎŜŘ ƻƴ ŀƴŀƭȅǎƛǎ ƻŦ La!D9Ωǎ ǊŜƴŜǿŀōƭŜǎ ǎŎŜƴŀǊƛƻΣ ƴŜǿ 
policies scenarios, and the International EneǊƎȅ !ƎŜƴŎȅΩǎ όL9!ύ .ŜȅƻƴŘ н 5ŜƎǊŜŜǎ ŀƴŘ wŜŦŜǊŜƴŎŜ 
Technology Scenarios. Cumulative investment gap is calculated as investment need in a decarbonisation 
scenario minus the investment need in a BAU scenario. 

Source: Vivid Economics, ASI and Factor using t.[Ωs IMAGE model and IEA. (2017). Energy Technology 
Perspectives.  

Across the focus regions, the cumulative investment gap to 2050 in the central power decarbonisation 
scenario is between 0% to 50% of the investment needed in a pathway compatible with the Paris 
Agreement. There is a large range in the scale of investment need across regions, depending on regional 
variation in the cost-competitiveness of geothermal and hydro versus variable renewables, as well as the 

 
102 L9!Φ όнлнлύΦ ά²ƻǊƭŘ 9ƴŜǊƎȅ LƴǾŜǎǘƳŜƴǘ нлнлέΦ https://www.iea.org/reports/world-energy-investment-2020 
103 Ibid. 
104 Frankfurt School -¦b9tΦ όнлнлύ άDƭƻōŀƭ ǘǊŜƴŘǎ ƛƴ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ƛƴǾŜǎǘƳŜƴǘ нлнлέ https://www.fs-unep-centre.org/global-trends-in-
renewable-energy-investment-2020/ 
105 Over the same period, the global weighted average levelised cost of electricity (LCOE) of newly commissioned hydropower projects increased by 
27%, from USD 0.037/kWh in 2010 to USD лΦлптκƪ²Ƙ ƛƴ нлмфΦ {ƻǳǊŎŜΥ Lw9b!Φ όнлнлύΦ άwŜƴŜǿŀōƭŜ tƻǿŜǊ DŜƴŜǊŀǘƛƻƴ /ƻǎǘǎ ƛƴ нлмфέΦ 
https://www.irena.org/publications/2020/Jun/Renewable-Power-Costs-in-2019 

https://www.iea.org/reports/world-energy-investment-2020
https://www.fs-unep-centre.org/global-trends-in-renewable-energy-investment-2020/
https://www.fs-unep-centre.org/global-trends-in-renewable-energy-investment-2020/
https://www.irena.org/publications/2020/Jun/Renewable-Power-Costs-in-2019
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expected deployment of BECCS. In the central power decarbonisation scenario, this ranges from USD 480 
billion in 2050 in India to USD 160 billion in 2050 in Eastern Europe and Central Asia, for example. In the 
central decarbonisation scenario, Figure 9 shows that there is far less variation expected in the investment 
gap across the focus regions, which reflects the expectation that future deployment will occur in relatively 
mature technologies (e.g. large-scale hydropower, geothermal) which are likely to see deployment even 
under BAU. East Africa is expected to have the largest investment in relative terms ς equivalent to USD 100 
billion by 2050, 50% of its total investment need. China, on the other hand has the largest absolute 
investment gap, around USD 450 billion. In a 1.5-degree scenario with high BECCS deployment, the size of 
the investment gap widens significantly, to around USD 4.4 trillion in China and USD 2.5 trillion in India.  

Figure 9 Forecast investment need and gap across regions 

 

Notes:  LƴǾŜǎǘƳŜƴǘ ƴŜŜŘ ŎŀƭŎǳƭŀǘƛƻƴǎ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ōŀǎŜŘ ƻƴ ŀƴŀƭȅǎƛǎ ƻŦ La!D9Ωǎ мΦр-degrees, renewables, and 
ƴŜǿ ǇƻƭƛŎƛŜǎ ǎŎŜƴŀǊƛƻǎΦ ¢ƘŜǎŜ ŀǊŜ ǎŎŀƭŜŘ ǘƻ ƳŜŜǘ ǘƘŜ L9!Ωǎ .ŜȅƻƴŘ н 5ŜƎǊŜŜǎ ŀƴŘ wŜŦerence Technology 
Scenarios. Cumulative investment gap is calculated as investment need in a decarbonisation scenario 
minus the investment need in a BAU scenario. EE&CA = Eastern Europe and Central Asia 

Source: Vivid Economics calculated from t.[Ωǎ IMAGE modelling and IEA. (2017). Energy Technology Perspectives 

Unsurprisingly, nearly 90% of investment need is expected to occur in hydropower, the most available form 
of low-cost non-variable renewable power across low and middle-income countries. Investment in 
hydropower, specifically large-scale hydro, vastly outweighs other technologies in the short and long term in 
La!D9Ωǎ ǊŜƴŜǿŀōƭŜǎ ŘŜŎŀǊōƻƴƛǎŀǘƛƻƴ ǎŎŜƴŀǊƛƻ όǘƘŜ ŎŜƴǘǊŀƭ ǇƻǿŜǊ ŘŜŎŀǊōƻƴƛǎŀǘƛƻƴ ǎŎŜƴŀǊƛƻύΣ ǊŜŦƭŜŎǘŜŘ ƛƴ 
Table 12. However, under a scenario where BECCS is required at scale for decarbonisation, both total and 
relative investment levels could look significantly different ς BECCS would require around USD 310 billion in 
2030, 80% of total non-variable power investment in a 1.5-degrees scenario.  
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Table 12 Investment need is largest in hydropower 

Technology 

Investment need in 2030 (USD billion) Investment need in 2050 (USD billion) 

Renewables (2 
degrees) 

1.5 degrees 
Renewables (2 

degrees) 
1.5 degrees 

Geothermal 9 <1 23 <1 

Hydro (large) 85 49 42 38 

Hydro (small and medium) 29 16 14 13 

Biomass (without CCS) <1 <1 <1 <1 

Biomass with CCS <1 310 <1 34 

Note: IMAGE does not model the breakdown of large, medium, and small scale hydro. To estimate the relative 
split of capacity additions in each type to 2050, we make the simplifying assumption that the future split 
will mirror the current one, such that large hydropower is approximately 75% of total capacity. This is 
based on US Department of Energy figures for 2017.106  

Source: ±ƛǾƛŘ 9ŎƻƴƻƳƛŎǎΣ !{L ŀƴŘ CŀŎǘƻǊ ǳǎƛƴƎ t.[Ωǎ La!D9 ƳƻŘŜƭ ŀƴŘ L9!Φ όнлмтύΦ 9ƴŜǊƎȅ ¢ŜŎƘƴƻƭƻƎȅ 
Perspectives 

Investment within the opportunity reflects the expansion of non-variable renewable power plant capacity. 
Most of the investment required reflects the physical installation of additional power capacity, given that 
capacity additions will need to be around 17 GW per year to 2050, set out in Section 0. Like the Variable 
Renewables Opportunity Report, significant uncertainty in costs results from regional and site differences. 
The cost of geothermal extraction, for example, typically ranges from 2,000 - 5,000 USD/kW.107  

The climate financing need is expected to be far smaller than the overall investment need estimates. Given 
the cost-competitiveness of geothermal and hydropower in some contexts today, many of the potential 
investment opportunities are cost-effective over the lifetime of the investment. Public sector investments 
can therefore achieve high rates of leverage through targeted interventions. For example, by increasing 
information on resource availability and financing exploration of resource potential.  

 
106 ¦{ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅΦ όнлмтύΦ άнлмт IȅŘǊƻǇƻǿŜǊ aŀǊƪŜǘ wŜǇƻǊǘέΦ 
https://www.energy.gov/sites/prod/files/2018/04/f51/Hydropower%20Market%20Report.pdf  
107 Lw9b!Φ όнлнлύΦ άwŜƴŜǿŀōƭŜ tƻǿŜǊ DŜƴŜǊŀǘƛƻƴ /ƻǎǘǎ ƛƴ нлмфέΦ https://www.irena.org/publications/2020/Jun/Renewable-Power-Costs-in-2019 

https://www.energy.gov/sites/prod/files/2018/04/f51/Hydropower%20Market%20Report.pdf
https://www.irena.org/publications/2020/Jun/Renewable-Power-Costs-in-2019
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Cost-effectiveness 

Cost-effectiveness of hydropower and geothermal electricity is highly variable. The cost-effectiveness of 
non-variable renewable electricity can be relatively high compared to other opportunities, as geothermal 
and hydropower can be cost-competitive with variable renewables and thermal power. The levelised cost of 
electricity (LCOE) of small-scale hydropower can be as low as 0.03 ς 0.12 USD/kilowatt-hour (kWh) in 
developing countries. Geothermal power can be as inexpensive as 0.04 USD/kWh.108,109 However, these costs 
have high variation between both regions and sites within a region.   

Cost-effectiveness varies from across regions due to three principal characteristics: 

¶ Natural endowments. Cost-effectiveness is highest in regions with economically exploitable 
geothermal endowments and hydropower endowments, such as Indonesia, the Philippines, and 
Kenya ς these countries have the highest geothermal power capacity, around 5 GW in 2016. 

¶ Grid capacity. Non-variable renewables can impose costs on the rest of the system when extraction 
of energy occurs far from power consumption. Some grids have more or less robust structures to 
transmit energy across large distances and hence face different transmissions losses. 

¶ Alternative power generation investments. As discussed in the Variable Renewables Opportunity 
Report, there are significantly greater mitigation benefits from shifting away from coal to on-grid 
renewables, resulting in higher cost-effectiveness in regions where there is a high share of coal 
electricity generation today, such as India and South Africa. Coal-powered generation was 
approximately 75% in India and 90% in South Africa in 2017.110   

Cost-effectiveness of BECCS is far lower than other non-variable renewables today. Cost-effectiveness of 
BECCS on a GBP/tCO2 basis is very low today, approximately GBP 170/tCO2, due to the high costs of CCS 
technology and the limited supply chain for biomass feedstocks. As an immature technology with no large-
scale deployment to date, there are substantial opportunities for reducing technology costs to 2050, 
however. Further, as emissions reductions in other sectors become increasingly costly to 2050, BECCS could 
provide a relatively cost-effective method of achieving mitigation efforts across the energy system.  

 
108 Lw9b!Φ όнлнлύΦ άtƻǿŜǊ DŜƴŜǊŀǘƛƻƴ /ƻǎǘǎ ς IȅŘǊƻǇƻǿŜǊέΦ https://www.irena.org/costs/Power-Generation-Costs/Hydropower 
109 IRENA. (2020). άtƻǿŜǊ DŜƴŜǊŀǘƛƻƴ /ƻǎǘǎ ς DŜƻǘƘŜǊƳŀƭ tƻǿŜǊέΦ https://www.irena.org/costs/Power-Generation-Costs/Geothermal-Power 
110 IEA. (2019). World Energy Balances. https://www.iea.org/reports/world-energy-balances-overview  

https://www.irena.org/costs/Power-Generation-Costs/Hydropower
https://www.irena.org/costs/Power-Generation-Costs/Geothermal-Power
https://www.iea.org/reports/world-energy-balances-overview
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Barriers to adoption 

The largest barriers to on-grid non-variable renewable electricity in regions where the opportunity offers the 
greatest mitigation potential are those related to i) political economy challenges, ii) market failures, and iii) 
enabling environment. Our typology of barriers is provided in the Methodology chapter in the Synthesis 
Report.  

Figure 10. Barriers to non-variable renewable energy 

 

Source: Vivid Economics, ASI and Factor  

Moderate political economy barriers to investment or adoption are likely to be: 

Strong political support for fossil fuel subsidies, either due to strong relationships between government 
and the fossil fuel industry (producer and marketing subsidies) or to pressure from population groups 
depŜƴŘŜƴǘ ƻƴ ŀŦŦƻǊŘŀōƭŜ ŜƴŜǊƎȅ όŎƻƴǎǳƳŜǊ ǎǳōǎƛŘƛŜǎύΣ ǘƘŀǘ ŘƛƳƛƴƛǎƘ ǊŜƴŜǿŀōƭŜǎΩ ŎƻƳǇŜǘƛǘƛǾŜƴŜǎǎΦ 

Decision-making inertia towards fossil fuels. The IEA suggests that without more transformational 
change, fossil fuels are expected to supply 78% of the global energy used in 2040, with countries 
often not ready to commit more fully to clean energy investment if their electrification rate is low 
and fossil fuels offer more rapid energy provision. This is a particular challenge in countries that have 
made fewer commitments to renewables such as in Eastern Europe and Central Asia. 

Community opposition to renewable power. Proposals have faced opposition from individual citizens, 
political leaders, grassroots organisations, national interest groups and, in some cases, even 
environmental groups. This is particularly relevant for large-scale hydropower, geothermal drilling, 
and bioenergy that relies on large areas of land dedicated to feedstock. However, there is also likely 
to be significant local resistance to new fossil fuel-based plants. 

Moderate market failure barriers to investment or adoption are likely to be: 

Insufficient information amongst investors, banks, project developers, and governments regarding: 1) 
ecological and financial costs and benefits, 2) renewable energy technologies, and 3) financial 
feasibility of non-variable renewable energy projects. 

The lack of a secure income stream from renewable energy projects. If there is a well implemented long-
term PPA with a financially secure counterparty, then confidence in consistent future income would 
be much stronger.  
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Unpriced greenhouse gases is a barrier. Given the higher costs of non-variable renewable technologies, 
the lack of a carbon price further weakens their cost-competitiveness and the case for investment. 
This is exacerbated by government subsidies provided to conventional energy, which are often much 
higher than the subsidies awarded to renewable energy. Subsides remain particularly high in China, 
India and Central Asian countries and Nigeria in West Africa. 

The high capital requirements for non-variable renewable energy investments, such as dam construction 
or early-stage development for geothermal exploration and development, is prohibitively risky and 
has been a barrier to private sector investment in the target regions.111 

High transaction costs between international capital markets and domestic renewable energy project 
developers. This is particularly the case for small renewable energy projects, although this can be 
overcome by clustering projects together, as demonstrated in India.  

Moderate enabling environment / absorptive capacity barriers to investment or adoption are likely to be: 

Lack of information and data on potential sources of non-variable renewable energy such as geothermal 
resources. For example, in East Africa, Malawi and Rwanda have not gone far beyond initial 
identification of potential resources, while Ethiopia, Kenya, Tanzania, and Uganda are at the 
exploration stage or beyond.112  

The suitability of physical assets will shape the nature of opportunities for non-variable renewables in the 
target regions. Geothermal is more widely available in the regions of interest, but still limited to 
specific regions in the majority of countries, which often do not correspond to the presence of 
existing grid infrastructure. 

Environmental and social barriers are a significant challenge to uptake. Hydro projects have a mixed 
environmental record and arguably small- and medium-scale hydro can have a larger cumulative 
environmental impact than large-scale hydro, per Kw generated.113 Resettlement of displaced 
communities is a complex process that can often derail hydro projects.  

Climate change and more extreme fluctuations in rainfall and drought can also be a significant barrier to 
hydro, resulting in more costly design and construction to accommodate greater seasonal 
fluctuations in water flow. Glacier melt will also increasingly threaten the reliability of water for run-
of-the-river hydro operations. This is likely to be higher in China, India, and Central Asia.  

Risk aversion amongst banks and investors is a significant barrier. Investors regularly express concerns 
over the volatility of developing economy currencies; the risks of policy and political change; the 
reliability of renewable energy buyers, whether utilities or individuals, to pay for the services; and the 
lack of scale of investments.114 There are additional concerns about the investment readiness, i.e. 
internal corporate and financial capacity, of non-variable renewables development projects, often 
manifested in a limited availability of power purchasing agreements (PPAs) from financially secure 
power companies. This is a particularly high barrier in East Africa and West Africa. 

Confusion in regulatory and institutional frameworks in many countries is often cited as a major barrier. 
Policy inconsistency and change is prevalent across many of the countries in the high mitigation 
potential regions, relating particularly to feed-in tariffs and grid integration.115 This is a particularly 
high barrier in East Africa and West Africa.  

 
111 ESMAP. όнлмуύΦ άDŜƻǘƘŜǊƳŀƭ 9ƴŜǊƎȅ ƛǎ ƻƴ ŀ Iƻǘ tŀǘƘ ǘƻ 9ƴŘƛƴƎ 9ƴŜǊƎȅ tƻǾŜǊǘȅέΦ  
https://www.esmap.org/geothermal_energy_is_on_a_hot_path_to_ending_energy_poverty 
112 YƻƳōŜ ϧ aǳƎǳǘƘǳΦ όнлмуύΦέ DŜƻǘƘŜǊƳŀƭ 9ƴŜǊƎȅ 5ŜǾŜƭƻǇƳŜƴǘ ƛƴ 9ŀǎǘ !ŦǊƛŎŀΥ .ŀǊǊƛŜǊǎ ŀƴŘ {ǘǊŀǘŜƎƛŜǎΦ Journal of Energy Research and Reviews, 2(1), 
1-сέΦ https://doi.org/10.9734/jenrr/2019/v2i129722 
113 hǇǇŜǊƳŀƴΣ WŜŦŦΦ όнлмуύΦ ά¢ƘŜ ¦ƴŜȄǇŜŎǘŜŘƭȅ [ŀǊƎŜ LƳǇŀŎǘǎ ƻŦ {Ƴŀƭƭ IȅŘǊƻǇƻǿŜǊέΦ https://www.forbes.com/sites/jeffopperman/2018/08/10/the-
unexpectedly-large-impacts-of-small-hydropower/#206835467b9d 
114 Climate Policy Initiative. (2018). άBlended Finance in Clean Energy: Experiences and OpportunitiesέΦ 
115 Adams & Asante. (2019). άPolitics of Renewable Energy in Africa: Nature, Prospects, and ChallengesέΦ DOI: 10.5772/intechopen.89019 

https://www.esmap.org/geothermal_energy_is_on_a_hot_path_to_ending_energy_poverty
https://doi.org/10.9734/jenrr/2019/v2i129722
https://www.forbes.com/sites/jeffopperman/2018/08/10/the-unexpectedly-large-impacts-of-small-hydropower/#206835467b9d
https://www.forbes.com/sites/jeffopperman/2018/08/10/the-unexpectedly-large-impacts-of-small-hydropower/#206835467b9d
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Transmission infrastructure barriers are also very challenging in all regions with high mitigation potential. 
Sites of clean energy generation often do not match with current grid configurations and in many 
countries with low energy coverage, such as across sub-Saharan Africa, there may be very little 
transmission network in place anywhere. India also still has large areas isolated from the grid.  

BECCS has considerable environmental barriers. Large quantities of biomass would be required to 
expand BECCS to an industrial scale. Biomass production is subject to a range of sustainability 
constraints, such as: scarcity of arable land and fresh water, loss of biodiversity, competition with 
food production, deforestation, and the application of fertiliser to overcome scarcity of phosphorus. 
BECCS should only use biomass that can be produced while meeting sustainability criteria and within 
the limits of the global sustainable supply potential.  

Furthermore, as with other carbon capture and storage technologies, a significant challenge is to find 
suitable geographic locations to build combustion plants and to sequester captured CO2 back into 
bedrock formations. The lack of clear sustainability regulations for biomass generation and the 
sourcing of feedstock is a constraint to investment.   
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UK additionality 

The ¦YΩǎ ŀŘŘƛǘƛƻƴŀƭity is particularly strong in bioenergy, resulting from its rapidly growing domestic 
experience. However, the UK can also harness expertise in international consulting and financing experience 
directed to all technologies in this opportunity.  

Biomass makes up a significant proportion of tƘŜ ¦YΩǎ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ƳƛȄΣ resulting in significant 
expertise that can be exported to the target regions. The UK also has solid expertise in waste-to-
energy planning and implementation.  

The UK also has considerable expertise in CCS which should continue to grow in line with a large 
potential domestic market and international opportunities, ideally connected to bioenergy such that 
it is a combined BECCS approach.  

While the UK does not have significant domestic experience in geothermal and hydropower, the private 
sector has considerable international consultancy and engineering experience in the sector.  

Extensive expertise is provided by the UK in developing appropriate policy and regulations, financing 
clean energy domestically and internationally, and de-risking renewable investments via financial or 
policy measures. 

The UK provides extensive expertise in integrating renewable energy sources into existing and new grids.  

The UK has made a strong contribution to bilateral and multilateral donor investment in the target regions in 
relation to on-grid non-variable renewable energy. 

According to Organization for Economic Co-operation and Development ς Development Assistance 
Committee (OECD-DAC) data, the UK funded USD 179m out of a DAC total of USD 2,833m between 
2015 and 2018: 

DAC members spent USD 37m in China in total, while the UK spent less than a million USD. 

DAC members spent USD 964m in India, out of which the UK spent approximately USD 145m.  

DAC members spent USD 867m in Eastern Africa, out of which the UK spent USD 7m.  

5!/ ƳŜƳōŜǊǎ ǎǇŜƴǘ ¦{5 мфпƳ ƛƴ 9ŀǎǘŜǊƴ 9ǳǊƻǇŜ ŀƴŘ /ŜƴǘǊŀƭ !ǎƛŀΣ ƻǳǘ ƻŦ ǿƘƛŎƘ ǘƘŜ ¦YΩǎ 
contribution was negligible.  

DAC members spent USD 771m in West Africa, out of which the UK spent around USD 26m.  

The largest drivers of donor activity in support of non-variable renewable energy are the World Bank, 
European Union (EU), Asian Development Bank (ADB), Japanese International Cooperation Agency 
(JICA), German Agency for International Cooperation (GIZ) and German Development Bank (KfW). 
Chinese investment in the African power sector has also been significant.  

World Bank support focuses principally on financial instruments for governments to unlock renewable 
energy opportunities, as demonstrated in its Central Asia strategy.116 Particularly notable donor 
ǇǊƻƎǊŀƳƳŜǎ ŀǊŜ ǘƘŜ ²ƻǊƭŘ .ŀƴƪΩǎ 9ƴŜǊƎȅ {ŜŎǘƻǊ aŀƴŀƎŜƳŜƴǘ !ǎǎƛǎǘŀƴŎŜ tǊƻƎǊŀƳ ό9{a!tύ117 and 
ǘƘŜ 9¦Ωǎ {ǳǎǘŀƛƴŀōƭŜ 9ƴŜǊƎȅ ŦƻǊ !ƭƭ CŀŎƛƭƛǘȅΦ118  

 
116 aƻǘƻƘŀǎƘƛΣ aΦ όнлмтύΦ tǊŜǎŜƴǘŀǘƛƻƴ ƻƴ ²ƻǊƭŘ .ŀƴƪΩǎ 9ƴƎŀƎŜƳŜƴǘ ƻƴ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ ƛƴ /Ŝƴǘral Asia. IRENA. 
https://www.irena.org/eventdocs/Central%20Asia%20Regional%20Workshop/14%20Session%20IV%20Mapping%20the%20RE%20Support%20in%20
the%20Region%20Mits%20Motohashi.pdf 
117ESMAP - Website: https://www.esmap.org 
118 Sustainable Energy for All. Website: https://www.seforall.org 

https://www.irena.org/eventdocs/Central%20Asia%20Regional%20Workshop/14%20Session%20IV%20Mapping%20the%20RE%20Support%20in%20the%20Region%20Mits%20Motohashi.pdf
https://www.irena.org/eventdocs/Central%20Asia%20Regional%20Workshop/14%20Session%20IV%20Mapping%20the%20RE%20Support%20in%20the%20Region%20Mits%20Motohashi.pdf
https://www.esmap.org/
https://www.seforall.org/
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aǳŎƘ ƻŦ ǘƘŜ ¦YΩǎ h5! ǎǳǇǇƻǊǘ ǘƻ ƘȅŘǊƻǇƻǿŜǊ Ƙŀǎ ōŜŜƴ ŎƘŀƴƴŜƭƭŜŘ ǘƘǊƻǳƎh the German Federal 
Ministry for Economic Cooperation and Development and KfW bank, which seems to be a particularly 
active partnership in the sector. Generally, donor investments are targeted much more frequently at 
larger or mini-grid hydro, leaving a gap for medium-scale projects.  

The Geothermal Risk Mitigation Facility was established by the African Union Commission, the German 
Federal Ministry for Economic Cooperation and Development, and the EU-Africa Infrastructure Trust 
Fund via KfW.  

Despite the prevalence of donor activity across non-variable clean energy, there remains a significant 
demand from governments to help overcome constraints and UK expertise can add strong value. 

In regions with the largest mitigation potential, the UK typically has strong ODA ties with East and West 
Africa, India, and China. 

Between нлмл ŀƴŘ нлмт ǘƘŜ ¦YΩǎ h5! ǎǳǇǇƻǊǘ ŦƻǊ non-variable and variable renewable energy totalled 
GBP 1.032bn or 32% of total ODA support for energy. Of all UK support for energy in developing 
countries, including non-ODA sources, GBP 1.31bn, or 17%, was for renewables.119 

BEIS and Department for International Development (DFID) have been the major conduits of the ICF and 
renewables-centred ODA. Two-thirds of the ICF is channelled via multilateral development banks 
(MDBs).120 

Of the five regions, East and West Africa (particularly Ethiopia, Kenya, Nigeria, and Ghana) have been the 
major recipients of ODA, India has received significant ODA support, whilst China and several Eastern 
Europe and Central Asian countries (Kyrgyzstan, Tajikistan, and Ukraine) have received limited ODA 
and non-ODA assistance. 

In the same period, Ghana, Nigeria, Turkey, and India were in the top ten highest recipients of overall UK 
energy assistance. 

aƻǎǘ ƻŦ ǘƘŜ ¦YΩǎ h5! ǎǳǇǇƻǊǘ ǘƻ ƘȅŘǊƻǇƻǿŜǊ Ƙŀǎ ōŜŜƴ ŘŜƭƛǾŜǊŜŘ ƻǳǘǎƛŘŜ ƻŦ ǘƘŜ ǇǊƛƻǊƛǘƛǎŜŘ ǊŜƎƛƻƴǎΣ ƛƴ 
countries such as Afghanistan, Indonesia, Nepal, and Pakistan.  

Most programmes of support related to non-variable renewable energy focus on access, policy and 
regulatory reform and addressing market failures, and supporting private sector green finance. 

DFID is currently funding substantial programmes in broader renewable energy access, policy and 
regulatory reform, addressing market failures, and green finance mobilisation, for example, the 
Africa Clean Energy Fund, Solar Nigeria Programme, Ayrton Fund (jointly funded with BEIS), Private 
Infrastructure Development Group (PIDG), UK-Africa Investment Summit,121 and the Foreign & 
Commonwealth Office (FCO) Prosperity Fund is implementing an Energy and Low Carbon programme 
in China. 

DFID recently implemented the East Africa Geothermal Energy Technical Assistance Facility122 and has 
also provided exploratory services for geothermal in Montserrat, in the Caribbean. UK support in this 
area typically covers reducing the risk of exploratory test drilling, leading to increased investor 
confidence in underexploited geothermal energy; and improving geothermal strategy, policy, and 
regulations that facilitate investment. 

 
119 Catholic international development charity  (CAFOD). (2019). UK support for energy 2010ς2017: Protecting the climate and lifting people out of 
poverty? Available at: https://cafod.org.uk/content/download/49429/623388/version/4/file/UK%20Support%20for%20Energy%202010-
17%20Policy%20Briefing%20web%20version3.pdf  
120 LƴŘŜǇŜƴŘŜƴǘ /ƻƳƳƛǎǎƛƻƴ ŦƻǊ !ƛŘ LƳǇŀŎǘ όL/!LύΦ όнлмфύΦ άLƴǘŜǊƴŀǘƛƻƴŀƭ /ƭƛƳŀǘŜ CƛƴŀƴŎŜΣ ¦Y ŀƛŘ ŦƻǊ ƭƻǿ-carbon development, A performance 
ǊŜǾƛŜǿέ. 
121 ¦Y 5ŜǾŜƭƻǇƳŜƴǘ ¢ǊŀŎƪŜǊΦ ά!ƛŘ ōȅ {ŜŎǘƻǊέΦ https://devtracker.dfid.gov.uk/sector/14/projects#page-1  
122 ¦Y 5ŜǾŜƭƻǇƳŜƴǘ ¢ǊŀŎƪŜǊΦ ά9ŀǎǘ !ŦǊƛŎŀ DŜƻǘƘŜǊƳŀƭ 9ƴŜǊƎȅ ό9!-DŜƻύ άΦ https://devtracker.dfid.gov.uk/projects/GB-1-203153 

https://cafod.org.uk/content/download/49429/623388/version/4/file/UK%20Support%20for%20Energy%202010-17%20Policy%20Briefing%20web%20version3.pdf
https://cafod.org.uk/content/download/49429/623388/version/4/file/UK%20Support%20for%20Energy%202010-17%20Policy%20Briefing%20web%20version3.pdf
https://devtracker.dfid.gov.uk/sector/14/projects#page-1
https://devtracker.dfid.gov.uk/projects/GB-1-203153
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From 2012 to 2016, BEIS implemented a GBP 60 million International Carbon Capture and Storage 
programme, which included support to many of the focus regions, including China. In particular, it 
funded the incremental financing required for CCS planning and pre-investment, capital costs for CCS 
units and components, and CCS-related post-completion and operation activities.123 

DFID programmes such as the Nigeria Infrastructure Advisory Programme (NIAF) have provided robust 
support on aspects such as a feasibility and business case for hydropower proposals, as well as 
supporting on wider power sector reform.124 

 
123 Department of Energy & Climate Change. (2015). International Carbon Capture and Storage Programme: Annual Review. Available at : 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/471695/International_Carbon_Capture_and_Sto
rage_Second_Annual_Review.pdf 
124 ICF International. (2015). Formative Evaluation of NIAF II. DFID. Available at:  
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/497629/Evaluation-NIAFII-March-2015.pdf 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/471695/International_Carbon_Capture_and_Storage_Second_Annual_Review.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/471695/International_Carbon_Capture_and_Storage_Second_Annual_Review.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/497629/Evaluation-NIAFII-March-2015.pdf
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Intervention opportunities  

To alleviate the barriers set out above, there is substantial opportunity across all regions for the UK to draw 
on its core strengths and areas of additionality, to deliver non-variable renewable energy interventions in the 
following areas: 

Provide technical assistance to improve policy and regulation and overcome market failures, e.g. 
reducing transaction costs, addressing information asymmetries, reducing currency risks, and 
thereby facilitate private investment. This is greatly needed in countries in East and West Africa and 
Eastern Europe and Central Asia that are lagging behind in renewables policy.  

Technical assistance to improving integration of grids between renewable and non-renewable sources, 
particularly in East Africa and West Africa.  

Support on regional grid integration to allow international power purchasing, particularly in East Africa 
and South Africa, so that power generated with renewables that are abundantly available in one 
country can be exported to another one that lacks the resources. 

Technical assistance around improving the policy and regulatory environment, relating to power 
purchasing guarantees and agreements and feed-in tariffs. This would help overcome critical 
constraints in East Africa and West Africa. 

Building the capacity of public and private sector organisations and staff, including assisting governments 
to understand and implement the most suitable policy levers, again particularly in East and West 
Africa.  

Helping to improve the availability and quality of information relating to energy resources and benefits, 
targeted at governments, utilities, and investors, helping to raise awareness, providing information 
and evidence on possible investments, via a database of potential resources, and helping to develop 
a pipeline of bankable projects. This would be valuable in Eastern Europe and Central Asia, and East 
and West Africa. 

Leveraging and de-risking private sector green finance. For instance, investing climate finance to leverage 
further private debt or equity finance via PIDG, CDC, credit lines, MDBs, or bespoke debt or equity 
funds. There are greatest opportunities for blended finance in clean energy in India, East Africa, and 
West Africa.  

Influence multilateral investment banks. For example, using substantial UK contributions to MDBs to 
influence their agendas towards greater use of loan guarantees, investment in clean technology, and 
backing national banks.125 

Enable more sustainable biomass energy generation by:  

Supporting government to formulate a BECCS roadmap followed up by implementation support on 
specific aspects such as feedstock sources and value chains, sustainability, and financing. It is 
important to consider that each country will have specific comparative advantages to build on.  

Supporting concessional finance towards bioenergy projects, helping to de-risk projects. This can 
achieve particularly high impact at the project preparation phase or during early construction. 
When blended with commercial finance, ICF concessional finance should seek to promote 

 
125 hǾŜǊǎŜŀǎ 5ŜǾŜƭƻǇƳŜƴǘ LƴǎǘƛǘǳǘŜΦ όнлмтύΦ ά{ƛȄ ŘŜǾŜƭƻǇƳŜƴǘ ŦƛƴŀƴŎŜ ǇǊƻǇƻǎŀƭǎ ǘƻ ŜȄǇŀƴŘ ŎƭƛƳŀǘŜ ƛƴǾŜǎǘƳŜƴǘέΦ  
https://www.odi.org/publications/10746-six-development-finance-proposals-expand-climate-investment  

https://www.odi.org/publications/10746-six-development-finance-proposals-expand-climate-investment
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adherence to high standards of conduct, including in the areas of corporate governance, 
environmental impact, social inclusion, transparency, integrity, and disclosure.126 

Help governments develop biomass sustainability regulations at the national level, with a focus on 
feedstock sourcing and implementing appropriate carbon capture and storage techniques. 

Support Research & Development (R&D) in bioenergy techniques and processes suitable to the target 
regions and use the outcome of research to inform actionable steps.   

Enable geothermal energy generation by:  

Giving technical assistance in developing a database on local geological resources, which would add 
strong value in East Africa and Central Asia. 

Support innovation and knowledge sharing in areas such as geothermal drilling techniques.  

Provide or raise concessional finance to enable the de-risking of public or private sector investments, 
such as in exploratory drilling for geothermal resources. For example, between 2013 and 2018, 
the World Bank financed Global Geothermal Development Plan (GGDP) raised USD 235 million in 
concessional funding through the Clean Technology Fund (CTF), which has been made available 
to MDBs, including the World Bank, to support upstream geothermal activities.127 

Support governments and power company stakeholders to develop power purchasing agreements 
and loan guarantees, particularly in India, and East and West Africa. 

 

 
126 5ŜǾŜƭƻǇƳŜƴǘ CƛƴŀƴŎŜ LƴǎǘƛǘǳǘƛƻƴǎΦ όнлмуύΦ άDFI Working Group on Blended Concessional Finance for Private Sector Projects: Joint Report, October 
нлму ¦ǇŘŀǘŜέ  
127 ¢ƘŜ ²ƻǊƭŘ .ŀƴƪΦ όнлмуύΦ άDŜƻǘƘŜǊƳŀƭ 9ƴŜǊƎȅ ƛǎ ƻƴ ŀ Iƻǘ tŀǘƘέ https://www.worldbank.org/en/news/feature/2018/05/03/geothermal-energy-
development-investment 

https://www.worldbank.org/en/news/feature/2018/05/03/geothermal-energy-development-investment
https://www.worldbank.org/en/news/feature/2018/05/03/geothermal-energy-development-investment
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Intervention case studies  

These case studies provide real-world insights into intervention design and challenges. Each case study 
provides an overview of the context, the aim of interventions, and the challenges faced.  

Box 5 Restoring run-of-the-river Hydropower in Remote Regions of Tajikistan, 2002 to date 

The Aga Khan Fund for Economic Development (AKFED), in partnership with the International Finance 
/ƻǊǇƻǊŀǘƛƻƴΣ ŦƻǊƳŜŘ ǘƘŜ tŀƳƛǊ 9ƴŜǊƎȅ ŎƻƳǇŀƴȅ ƛƴ нллн ŀǎ ¢ŀƧƛƪƛǎǘŀƴΩǎ ŦƛǊǎǘ ǇǳōƭƛŎ-private partnership 
(PPP)Φ ¢ŀƧƛƪƛǎǘŀƴΩǎ ŜƭŜŎǘǊƛŎŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǿŀǎ ƛƴ ƴŜŜŘ ƻŦ ƳŀƧƻǊ ƛƴvestment after the collapse of the Soviet 
Union and a five-year-long civil war. Among the most affected areas was the Gorno-Badakhshan 
Autonomous Oblast (GBAO), where people and businesses suffered during the cold winter months. The 
lack of electricity for heating resulted in the closure of schools, health centres, and businesses. Many of 
ǘƘŜ ǊŜƎƛƻƴΩǎ ннлΣллл ǊŜǎƛŘŜƴǘǎ ǊŜǎƻǊǘŜŘ ǘƻ ǿƻƻŘ ŦǳŜƭ ŦƻǊ ǘƘŜƛǊ ƘŜŀǘƛƴƎ ŀƴŘ ŎƻƻƪƛƴƎ ƴŜŜŘǎ ŘǳǊƛƴƎ ǘƘŜ 
winter, which resulted in 70% ƻŦ ǘƘŜ ǊŜƎƛƻƴΩǎ ŦƻǊŜǎǘǎ being destroyed within a decade. Smoke inhalation 
from fuelwood caused an increase in respiratory illnesses.128 Pamir Energy continues to expand its power 
generation capacity through rehabilitation of the small hydro plants and connecting them to the main grid 
where appropriate. It is expected that by 2027, the Company will have invested USD 50 million in 
electrical infrastructure, producing a total economic benefit of USD  85 million for the region.129  

The objectives of the project have been to:  

¶ Restore small-scale hydropower across the region to be able to meet the electricity demand for 
every day economic and social activities in the GBAO region. 

¶ Improve the affordability and reliability of electricity for local communities, as well as health and 
environmental outcomes.  

In pursuit of those objectives, the activities of the project were: 

¶ Rehabilitating 11 abandoned, small and medium run-of-the-river hydropower plants and 
upgrading 4,300km of old transmission and distribution lines.  

¶ Smart meters were installed for households and businesses in 2014 which allow the company to 
monitor usage and regulate supply to match demand and can also be used to cut off supply 
remotely for defaulting customers. In addition, the system is ready to accept mobile payments 
when the technology comes to the area. 

As a consequence, the results of partnership are: 

¶ It has refurbished or built 11 small and medium run-of-the-river hydropower plants that range in 
capacity from 130 kW to 28 MW, with a total capacity of 43.4 MW. They produce about 170 GWh 
of electricity per year and supply over 33,000 customers, representing some 254,000 people: 
220,000 in Tajikistan and 34,000 in Afghanistan. A twelfth hydro plant is under construction. 

¶ It has upgraded 4,300 km of old transmission and distribution facilities and reduced transmission 
losses from 39% to 12%.  

¶ Electricity coverage has expanded from 13 % of households receiving 12 hours of electricity per 
day in 2002 to 96 % of households receiving electricity 24 hours per day in 2016. 

¶ It has improved livelihoods by providing employment opportunities to over 600 local residents 
and 200 contractual opportunities. Commercial enterprises are also flourishing; today there are 

 
128 ¢ƘƻƳǎƻƴ wŜǳǘŜǊǎ CƻǳƴŘŀǘƛƻƴΦ όнлмсύΦ άaƻǳƴǘŀƛƴƻǳǎ tŀƪƛǎǘŀƴ Ŏǳǘǎ ŦƻǊŜǎǘ ƭƻǎǎΣ ŘƛǎŀǎǘŜǊ Ǌƛǎƪ ǿƛǘƘ ǊƛǾŜǊ ǇƻǿŜǊ άΦ  
https://news.trust.org/item/20160314070911-3jowc 
129 The Aga Khan Development Network (AKDN). (2012). Tajikistan. Pamir Energy.  https://3ga4b0g2bmm2x0mm4aptur1d-wpengine.netdna-
ssl.com/wp-content/uploads/2012_tajikistan_pamir.pdf 

https://news.trust.org/item/20160314070911-3jowc
https://3ga4b0g2bmm2x0mm4aptur1d-wpengine.netdna-ssl.com/wp-content/uploads/2012_tajikistan_pamir.pdf
https://3ga4b0g2bmm2x0mm4aptur1d-wpengine.netdna-ssl.com/wp-content/uploads/2012_tajikistan_pamir.pdf
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more than 2,100 businesses in the region, up from some 600 in 2006. This has all been achieved 
ǿƛǘƘ ŎƭŜŀƴ ǇƻǿŜǊΣ ǿƘƛŎƘ ƛǎ ŀƭǎƻ ǊŜŘǳŎƛƴƎ ǇǊŜǎǎǳǊŜ ƻƴ ǘƘŜ ǊŜƎƛƻƴΩǎ ƴŀǘǳǊŀƭ ŜƴǾƛǊƻƴƳŜƴǘΦ130 

¶ Women and girls are able to continue education and participate in economic activities as they are 
no longer spending hours collecting fuelwood and household air quality has improved with the 
replacement of diesel generators, wood, and kerosene, and average household energy costs have 
been cut substantially. 

¶ Due to its limited greenhouse emissions, PamirEnergy has been able to generate revenue by 
selling carbon credits abroad, in line with the terms of the Kyoto Protocol.  

Key stakeholders and clients include:  

¶ Local government departments, local community groups, other non-governmental organizations 
(NGOs), and special interest groups.  

The risks and challenges that the project faced were: 

¶ The ability of residents to afford power has been a significant challenge. To address cost issues, 
AKFED developed a pioneering subsidy scheme, making electricity both affordable to residents 
and financially viable for PamirEnergy. One of the subsidies ensures provision of a minimum 
ΨƭƛŦŜƭƛƴŜΩ ƳƻƴǘƘƭȅ ǇƻǿŜǊ ǎǳǇǇƭȅ ǘƻ ŀƭƭ ƘƻǳǎŜƘƻƭŘǎ ǎŜǊǾŜŘ ōȅ ǘƘŜ ŎƻƳǇŀƴȅ ŀǘ ŀ ǊŀǘŜ ƻŦ USD 
0.25/kilowatt-hour, one of the lowest in the world among privately owned utilities. Subsidies are 
generously funded by two grants, one from the Swiss Government (SECO) and the other from the 
Government of Tajikistan through financing by the International Development Association (IDA), a 
member of the World Bank Group.131 

¶ Despite subsidies, cost recovery can be a significant challenge for PamirEnergy in a region where 
40 % live below the poverty line. To help solve the problem, they established a Customer Service 
Centre in Khorog in 2009 and plan to open similar centres in other districts, enabling 
representatives to more efficiently and effectively respond to customer difficulties and inquiries. 

¶ PamirEnergy has faced issues with maintenance, durability of equipment, and transportation and 
logistics of equipment and workers in a remote and mountainous region where temperatures can 
fall to minus 30°C and that threatens many different types of natural hazards.  

¶ The small hydro plants depend on glaciers and snowmelt. Once the glaciers reach a critical 
melting point, the system will lose access to their outflow, which will reduce reliability, so 
PamirEnergy are also considering wind and solar options to create hybrid networks.132 

For BEIS, the primary lessons from this programme in determining ICF investment are: 

¶ Small-scale run-of-the-river hydro can provide reliable, clean, and affordable electricity over the 
long term and can be the best solution for certain regions such as southern Tajikistan, given the 
topography, climate, distribution of resources, and remoteness. 

¶ Transformational impact has been achieved by the AKFED and IFC in creating a PPP for 
PamirEnergy as a sustainable, responsible, and well-run energy company, which will hand back 
the power assets to the Government after a 25-year period. For the success of a public private 
partnership in a challenging region, robust local contextual knowledge and building on local 
capacity are of utmost importance.  

 
130 Ashden. (2017). Pamir Energy / Bringing power to the people of Tajikistan and Afghanistan. https://www.ashden.org/winners/pamir-energy 
131 The Aga Khan Development Network (AKDN). (2012). Tajikistan. Pamir Energy.  https://3ga4b0g2bmm2x0mm4aptur1d-wpengine.netdna-
ssl.com/wp-content/uploads/2012_tajikistan_pamir.pdf 
132 AKDN. Pamir Energy and the future of clean electricity in Central Asia. https://www.akdn.org/our-stories/pamir-energy-and-future-clean-
electricity-central-asia 

https://www.ashden.org/winners/pamir-energy
https://3ga4b0g2bmm2x0mm4aptur1d-wpengine.netdna-ssl.com/wp-content/uploads/2012_tajikistan_pamir.pdf
https://3ga4b0g2bmm2x0mm4aptur1d-wpengine.netdna-ssl.com/wp-content/uploads/2012_tajikistan_pamir.pdf
https://www.akdn.org/our-stories/pamir-energy-and-future-clean-electricity-central-asia
https://www.akdn.org/our-stories/pamir-energy-and-future-clean-electricity-central-asia
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¶ In regions of extreme poverty, clean energy operations may need to be supported by public sector 
loans or grants to ensure affordability for local communities. This should become less necessary 
over time as access to energy improves livelihoods and income generation. Indeed, the utilities 
section of PamirEnergy now breaks even but concessional or grant financing is required to further 
expand the network.133  

 

Box 6 InfraCo Africa Financing Support for the Corbetti Geothermal Plant in Ethiopia, 2017 to date. 

9ǘƘƛƻǇƛŀΩǎ ƎŜƻǘƘŜǊƳŀƭ ǇƻǘŜƴǘƛŀƭ Ƙŀǎ ƭƻƴƎ ōŜŜƴ ǊŜŎƻƎƴƛǎŜŘ ŀǎ ŀ ǇƻǘŜƴǘƛŀƭ ǎƻƭǳǘƛƻƴ ǘƻ ƭƻǿ ƭŜǾŜƭǎ ƻŦ ŜƴŜǊƎȅ 
generation and access across the country. In 2019, the Government of Ethiopia (GoE) released an updated 
National Electrification Plan with the target of achieving universal access through a combination of on- 
and off-grid supplies by 2025.  This requires 13.5 GW of new on-grid generation, of which 840 MW is 
geothermal. Situated in the Corbetti Caldera 250km south of Addis Ababa, Corbetti Geothermal will be a 
pioneering project. It will prove a new geothermal resource and be one of the first pairs of privately 
developed, owned, and operated geothermal Independent Power Producers (IPPs) in Ethiopia, which is 
only the second country in sub-Saharan Africa to develop geothermal privately. To manage the early stage 
development risks and costs, Corbetti will be developed in two phases over a four-year period. The first 
phase, wholly equity funded, will drill up to six exploratory wells and build a small power plant. This initial 
phase will demonstrate the viability of the geothermal resource and the PPA, enabling the project to raise 
further investment. The second phase will raise debt financing to drill a further 9-13 wells and construct a 
50-60 MW commercial-scale power plant and facilities. Totalling 150 MW, the full Corbetti programme 
will enable the government to meet 18% of its ambition to generate 840 MW from geothermal sources by 
2025.134 

InfraCo Africa, part of the PIDG which is funded by UK Aid as well as other donors, made an initial 
ŎƻƳƳƛǘƳŜƴǘ ǘƻ /ƻǊōŜǘǘƛ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ƎŜƻǘƘŜǊƳŀƭ ǇƻǿŜǊ ǘƻ ǘǊŀƴǎŦƻǊƳ 9ǘƘƛƻǇƛŀΩǎ ŜƴŜǊƎȅ 
mix and the enormous challenge faced by the project in being the first private sector-led development of 
an unproven resource.135 CDC Group have also invested in Corbetti, through the Africa Renewable Energy 
Fund.136  

The objective of the project was to:  

¶ Raise finance and achieve financial close for the first stage of proving the geothermal resource, 
enabling the project to move onto more comprehensive drilling and realising full power 
generation by 2023.  

In pursuit of those objectives, the activities of the intervention were: 

¶ In 2015, InfraCo Africa formed a joint venture company with Berkeley Energy to jointly become 
the majority shareholder in Corbetti Geothermal. At the time, InfraCo Africa committed up to 
USD 15m to the project. This was extended to USD 30m in 2020. 

¶ Undertaking a process of studies and exploratory drilling to prove the resource, culminating in 
the signing of a PPA and Implementation Agreement (IA) in early 2020 with Ethiopian Electric 
Power, which allows the Corbetti geothermal project to move into the next phase of 
implementation and to commence the final drilling and then power generation. 

 
133 AKDN. Pamir Energy and the future of clean electricity in Central Asia. https://www.akdn.org/our-stories/pamir-energy-and-future-clean-
electricity-central-asia 
134 ESI Africa. (2020). Ethiopia breaking ground in geothermal vision. https://www.esi-africa.com/industry-sectors/generation/ethiopia-breaking-
ground-in-geothermal-vision/ 
135 LƴŦǊŀ/ƻ !ŦǊƛŎŀΦ όнлмуύΦ LƴŦǊŀ/ƻ !ŦǊƛŎŀ ƛƴŎǊŜŀǎŜǎ ƛǘǎ ŎƻƳƳƛǘƳŜƴǘ ǘƻ ¦{Ϸол Ƴƛƭƭƛƻƴ ŦƻǊ 9ǘƘƛƻǇƛŀΩǎ ŦƛǊǎǘ ǇǊƛǾŀǘŜ ƎŜƻǘƘŜǊƳŀƭ ǇǊƻƧectSource: 
https://infracoafrica.com/infraco-africa-increases-commitment-ethiopias-first-private-geothermal-project-us30-million/ 
136 CDC Group. Corbetti Geothermal. https://www.cdcgroup.com/our-impact/underlying/corbetti-geothermal/ 

https://www.akdn.org/our-stories/pamir-energy-and-future-clean-electricity-central-asia
https://www.akdn.org/our-stories/pamir-energy-and-future-clean-electricity-central-asia
https://www.esi-africa.com/industry-sectors/generation/ethiopia-breaking-ground-in-geothermal-vision/
https://www.esi-africa.com/industry-sectors/generation/ethiopia-breaking-ground-in-geothermal-vision/
https://infracoafrica.com/infraco-africa-increases-commitment-ethiopias-first-private-geothermal-project-us30-million/
https://www.cdcgroup.com/our-impact/underlying/corbetti-geothermal/
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¶ Relevant stakeholders worked to support the Government in drafting the regulatory frameworks 
and legislation required to unlock private sector provision of geothermal energy potential in the 
country. 

As a consequence, the results of the intervention have been: 

¶ Totalling 150 MW, the full Corbetti programme will enable the GoE to meet 18% of its ambition to 
generate 840 MW from geothermal sources in 2025.137 

¶ The impact is substantial in terms of proving what is possible and enabling other IPPs to follow the 
lead. The Ministry of Water and Energy forecasts an increase in geothermal generation from 7 
MW in 2012, to over 1,000 MW by 2030.138 

¶ The project is expected to have significant community benefits with interventions focused on 
health, education, agriculture, and water, with the intention to supply potable water for humans 
and livestock in a very dry region of Ethiopia.139 

Key stakeholders and clients include:  

¶ Government of Ethiopia, Ethiopian Electric Power, various private and public sector financing 
entities, local NGOs and communities.  

The risks and challenges that the project has faced are: 

¶ Financing and unproven resource is the greatest challenge in realising geothermal energy. The 
role of donor funded investment vehicles like InfraCo Africa is vital in de-risking geothermal 
exploration and investment. Much of the debt associated with financing the second phase is also 
expected to come from Development Finance Institutions. 

¶ A PPA was first anticipated for Corbetti in 2012 and has been delayed due to a range of factors, 
including investor and regulatory uncertainty. These challenges had been addressed by 2020, 
which shows that things can move slowly if the necessary elements are not aligned.  

¶ The geothermal project is a long way from the electricity grid and as such will need to include a 
sub-station and an 11km transmission line. 

For BEIS, the primary lessons from this programme in determining ICF investment are: 

¶ De-risking geothermal energy via concessionary, grant, or equity financing can create a 
transformational impact in moving forward a particular project and breaking a trail for other 
private sector investors to follow.  

¶ The process involved technical assistance in refining the necessary legislation, which should pave 
the way for much rapid development of subsequent geothermal projects.   

 

  

 
137 InfraCo Africa. Ethiopia: Corbetti. https://infracoafrica.com/project/corbetti/ 
138 Ethiopia Semonegna. (2018). InfraCo Africa incrŜŀǎŜǎ ƛǘǎ ŎƻƳƳƛǘƳŜƴǘ ǘƻ ¦{Ϸол Ƴƛƭƭƛƻƴ ŦƻǊ 9ǘƘƛƻǇƛŀΩǎ ŦƛǊǎǘ ǇǊƛǾŀǘŜ ƎŜƻǘƘŜǊƳŀƭ ǇǊƻƧŜŎǘΦ  
https://semonegna.com/infraco-africa-us30-million-commitment-ethiopia-corbetti-geothermal/ 
139 Berkeley Energy. Corbetti. https://www.berkeley-energy.com/project/corbetti/ 

https://infracoafrica.com/project/corbetti/
https://semonegna.com/infraco-africa-us30-million-commitment-ethiopia-corbetti-geothermal/
https://www.berkeley-energy.com/project/corbetti/
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Glossary 

Acronym / Term Definition 

ADB Asian Development Bank  

AKFED Aga Khan Fund for Economic Development 

BAU Business as usual  

BECCS Biomass energy with carbon capture and storage  

BEIS UK government Department of Business, Energy and Industrial Strategy  

BMZ DŜǊƳŀƴȅΩǎ CŜŘŜǊŀƭ aƛƴƛǎǘǊȅ ŦƻǊ 9ŎƻƴƻƳƛŎ /ƻƻǇŜǊŀǘƛƻƴ ŀƴŘ 5ŜǾŜƭƻǇƳŜƴǘ 

BMZ DŜǊƳŀƴȅΩǎ CŜŘŜǊŀƭ aƛƴƛǎǘǊȅ ŦƻǊ 9ŎƻƴƻƳƛŎ /ƻƻǇŜǊŀǘƛƻƴ ŀƴŘ 5ŜǾŜƭƻǇƳŜƴǘ 

BUG Back-up generator 

CCC ¦YΩǎ /ƻƳƳƛǘǘŜŜ ƻƴ /ƭƛƳŀǘŜ /ƘŀƴƎŜ  

CCS Carbon capture and storage  

CIF Climate Investment Funds  

CTF Clean Technology Fund 

CTF Clean Technology Fund 

DAC Development Assistance Committee 

DFID UK government Department for International Development 

Dispatchable 
A source of electric energy production whose output can be switched off or on or otherwise 
moderated according to demand. 

EJ Exajoule  

ESCO Energy Service company 

ESMAP Energy Sector Management Assistance Program 

ESO Energy systems optimisation  

ESS Energy storage systems 

ETP Energy Technology Perspectives  

EU European Union  

EUR Euro 

FCO Foreign & Commonwealth Office 

FID Final investment decision 

Flexibility The ability of a power system to respond to changes in electricity demand and supply 

GBAO Gorno-Badakhshan Autonomous Oblas 

GBP British pound sterling 

GET FiT Global Energy Transfer Feed in Tariff  
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Acronym / Term Definition 

GGDP Global Geothermal Development Plan 

GIZ German Agency for International Cooperation 

GoE Government of Ethiopia  

Grid An electricity grid  

Grid storage 
Storage connected to a distribution or transmission networks, or alongside a power 
generation asset, such as a wind turbine 

GtCO2 Gigatonnes of CO2 

Gt CO2e Gigatonnes of CO2 equivalent 

GW Gigawatt  

GWh Gigawatt hours 

IA Implementation Agreement 

IADB Inter-American Development Bank 

ICF International Climate Finance 

IDA International Development Association  

IEA International Energy Agency 

IPP Independent Power Producer 

IRENA International Renewable Energy Agency  

IT Information technologies 

JICA Japanese International Cooperation Agency  

KfW German Development Bank 

kWh kilowatt-hour  

Load The energy demand experienced on a system 

LCOE Levelised Cost of Electricity  

MDB Multilateral Development Bank  

MW Megawatt  

NAMA Nationally Appropriate Mitigation Action 

NDC Nationally Determined Contribution 

NEPs National Energy Plans or Policies  

NGO Non-governmental organizations  

NIAF Nigeria Infrastructure Advisory Programme  

ODA Official Development Assistance  

ODI Overseas Development Institute 

OECD Organization for Economic Co-operation and Development  
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Acronym / Term Definition 

PPA Power Purchase Agreements  

PPP Public-private partnership 

PV Solar Photovoltaic  

RD&D Research, development & demonstration 

RE Renewable Energy  

REPP Renewable Energy Performance Platform  

SDG Sustainable Development Goal  

SECO Swiss Government  

Stationary storage Electrical storage designed for stationary applications 

TA Technical Assisstance 

USAid United States Agency for International Development 

USD United States Dollar 

Variability 
The changes in power demand and/or output of a generating source due to underlying 
fluctuations in resource or power consumption 

Virtual Power Plants  
VPP operators aggregate DERs to behave like a traditional power plant and engage in a 
power market to sell electricity or ancillary services 
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Energy storage 

Summary 

Energy storage considers a range of interventions to encourage the adoption of electrochemical (battery) 
and non-electrochemical storage, to support an increase in renewable integration and demand side 
response. The assessment of energy storage considers the utilisation of stationary storage by industrial, 
commercial and household users with connection to a grid network.140 It focuses on how storage can 
ǎǳǇǇƻǊǘ ƎǊƛŘ ŦƭŜȄƛōƛƭƛǘȅ ŀƴŘ ǊŜƴŜǿŀōƭŜ ƛƴǘŜƎǊŀǘƛƻƴΣ ƛƴŎƭǳŘƛƴƎ ΨǎƳŀǊǘ ƎǊƛŘΩ ŘŜƳŀƴŘ ǎƛŘŜ ǊŜǎǇƻƴǎŜ ƻǇǇƻǊǘǳƴƛǘƛŜǎΦ  

Interventions to encourage adoption of energy storage in focus geographies include financial incentives, 
pilot projects and reform of electricity market regulation. Given the largest barriers to adoption for storage 
technologies, example interventions include: 

Financial support to pilot storage technologies, to demonstrate viability of relatively new storage 
technologies in the local context and build a local supply chain of skilled technicians; and, 

Technical assistance to support electricity market regulation, with current systems often not incentivising 
storageΩǎ ǾŀƭǳŜ ŀǎ ŀ ǇǊƻǾƛŘŜǊ ƻŦ ŦƭŜȄƛōƛƭƛǘȅ ǎŜǊǾƛŎŜǎ ǘƻ ǘƘŜ ƎǊƛŘΣ ŘǳŜ ǘƻ ǘƘŜ ƭŀŎƪ ƻŦ ŀƴ ŀƴŎƛƭƭŀǊȅ ǎŜǊǾƛŎŜ 
market, time of use electricity prices, or net metering legislation.  

Table 13 Energy storage assessment summary 

Criteria Assessment Notes 

Climate impact 

 

Medium 

¶ Sizeable indirect impact on power sector emissions by enabling integration of 
variable renewables (which could help to reduce around 50% of power sector 
emissions by 2050), reducing dependence of polluting forms of back-up power, and 
increasing opportunities for demand side flexibility 

Development impact 

 

High 

¶ Critical impact on SDG 7 by enabling greater access to reliable, clean energy, as well 
as subsequent additional positive impacts on health and well being and economic 
growth. Potential negative impact on local environment due to poor end-of-life 
management practices, and the extraction of raw minerals for electrochemical 
storage technologies. 

Investment gap 

 

Low 
¶ Investment gap of USD 0.45 trillion is low compared to other opportunities, due to 

lower overall investment need of USD 1.1 trillion. 

¶ Largest forecast investment gap in India, approximately USD 70 billion. 

Cost effectiveness 

 

Medium 

¶ LƴŎǊŜŀǎƛƴƎƭȅ Ŏƻǎǘ ŜŦŦŜŎǘƛǾŜ ƛƴ ƳŀǊƪŜǘǎ ǿƘƛŎƘ ƛƴǘŜƎǊŀǘŜ ǎǘƻǊŀƎŜ ŀǎ ǇŀǊǘ ƻŦ ŀ ΨǎƳŀǊǘ ƎǊƛŘΩ 
and allow storage to provide multiple flexibility services to the grid.  

¶ Relative cost effectiveness will depend on local availability of alternative firm low 
carbon power and centralised demand side response (to provide flexibility) 

Barriers to adoption 

 

High 

¶ Multiple barriers to adoption, including lack of trust and understanding amongst 
policymakers (and industry) on the use of storage; high costs of investment; and, 
minimal financial incentives for the services that storage can provide (such as 
demand flexibility necessary for renewable integration or grid ancillary services for 
reliable grid power)  

 
140 The assessment does not consider storage for mobility e.g. electric vehicle storage (which is considered in the passenger vehicle report) or off-grid 
storage (which was considered out of scope following Phase 1 of the analysis) 
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Criteria Assessment Notes 

UK additionality 

 

High 

¶ UK is active and influential in the international donor landscape, with strong 
expertise in research of emerging electrochemical storage technologies and the 
recycling of lithium-ion batteries. Further expertise in the integration of energy 
ǎǘƻǊŀƎŜ ŀƴŘ ǎƳŀǊǘ ƎǊƛŘ ŘŜǎƛƎƴΣ ƛƴŎƭǳŘƛƴƎ ΨŜƴŜǊƎȅ ŀǎ ŀ ǎŜǊǾƛŎŜΩ ōǳǎƛƴŜǎǎ ƳƻŘŜƭǎ Ŏŀƴ ōŜ 
harnessed in interventions. 

Source: Vivid Economics, ASI & Factor 

Key lessons for supporting mitigation through energy storage: 

Behind the meter storage has the potential to provide the largest and most immediate climate impact 
opportunity, particularly in countries with an unreliable grid network or a high reliance on back-up 
generators (BUGs).  

India, West Africa and South Africa are likely to have the largest mitigation opportunity due to weak grid 
capacity, reliance on BUGs and high grid emissions intensity today.  

Adoption of storage will only increase if two fundamental barriers are overcome: 

policymakers and local industries are aware of the value that storage can provide and the relative 
costs of storage technologies versus alternatives, such as diesel generators; and, 

the payback period for storage technologies is minimised, either through RD&D to reduce technology 
costs, business models which allows storage to stack revenue streams or financing which reduces 
consumer borrowing constraints. 

Technical constraints of storage technologies, particularly lithium-ion batteries, must also be overcome 
to ensure faster and more sustainable adoption of energy storage. Key concerns are the recyclability 
and safe disposal of lithium-ion batteries, and their degradation under high temperatures (relative to 
lead acid or non-electrochemical storage). 

The UK is well placed to harness its expertise in academic research and testing surrounding storage 
technologies, and knowledge on business models to monetise the benefits of storage. 
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Introduction to the opportunity  

Role of the opportunity in decarbonisation of developing countries 

The power sector emitted 7.4 gigatonnes of carbon dioxide (Gt CO2)  in low- and middle-income countries in 
2015, rising to 16 GtCO2 in 2050 under a business as usual (BAU) scenario.141 The power sector accounts for 
approximately 40% of total emissions from low- and middle-income countries today.142,143 To reach a 1.5 
degrees Celsius target, the sector needs to nearly fully decarbonise, which is expected to require large-scale 
additions of variable renewable energy. Variable renewable energy is expected to supply around 68% of 
electricity in low- and middle-income countries in 2050, compared to only 1% in 2015.144  

Energy storage will have an important role in power decarbonisation, by helping to integrate renewables at a 
lower overall cost and reduce consumption of back-up generators. Power system flexibility will become 
increasingly necessary to handle the variability that solar and wind introduce into the system, helping to 
ensure reliability of supply, reduce the cost of renewable integration (by reducing the need for transmission 
and distribution (T&D) investment and back-up generation), and reduce renewable power curtailment.145 
Storage has a particularly important role in providing power flexibility because, unlike some alternatives, 
storage can help to balance demand and supply in the short and long-term (across seconds, minutes, hours 
and days). Further, storage enables increased demand side response, discussed further in the Demand-Side 
Management Opportunity Report. Alongside providing flexibility, storage can also help to reduce power 
emissions of industry and households by reducing reliance on polluting back-up generators. In sub-Saharan 
Africa alone, back-up generator capacity is approximately equal to that of power plants on the grid, around 
50% of which is medium to large generators (>60kW) owned by businesses, critical infrastructure (e.g. 
hospitals) and industry.146  

Currently, storage additions are far lower than what would be required in a Paris Agreement compatible 
pathway -  approximately 58 gigawatts (GW) per annum by 2050. In 2015, storage capacity was only 27 GW 
across low and middle-income countries. Under stated policies, capacity rises by over 150 GW in 2050. To 
support the renewables uptake expected in decarbonisation scenarios, capacity would need to increase by 
13x more to 2050 than is expected under stated policies, however.147  

 

Scope considered in this assessment 

The energy storage opportunity considers both electrochemical and non-electrochemical storage 
technologies in stationary applications. The assessment considers the utilisation of stationary storage by 
industrial, commercial and household users with connection to a grid network,148 focusing on how storage 
Ŏŀƴ ǎǳǇǇƻǊǘ ΨǎƳŀǊǘ ƎǊƛŘΩ ŘŜƳŀƴŘ-side response opportunities and renewable integration. Non-
electrochemical storage technologies are also considered, including mechanical storage technologies (e.g. 
compressed-air energy storage and flywheels), thermal storage technologies and electrical storage 

 
141 Figures correspond to the IMAGE Planned Policies decarbonisation scenario 
142 IEA (2017). ά9ƴŜǊƎȅ ¢ŜŎƘƴƻƭƻƎȅ tŜǊǎǇŜŎǘƛǾŜǎέΦ https://www.iea.org/reports/energy-technology-perspectives-2017 
143 Figures correspond to the renewables decarbonisation scenario. Variable renewables includes solar photovoltaic (PV), concentrated solar power 
(CSP), onshore wind and offshore wind 
144 IRENA (2018). άGlobal Energy Transformation. A Roadmap to 2050έΦ https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2018/Apr/IRENA_Report_GET_2018.pdf 
145 Variability is defined as the fluctuating nature of solar and wind resources, which translate into rapid changes in electricity generation. Uncertainty 
is defined as the inability to perfectly predict the future output of variable renewable generation. BaǎŜŘ ƻƴ LǊŜƴŀΦ όнлмфύΦ άLƴƴƻǾŀǘƛƻƴ ƭŀƴŘǎŎŀǇŜ 
ǇǊŜǾƛŜǿέ https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2019/Jan/IRENA_Innovation_Landscape_preview_2019.pdf?la=en&hash=10221885865D12F47747356D9F62
90283B205210 
146 LC/ όнлмфύΦ ά¢ƘŜ 5ƛǊǘȅ CƻƻǘǇǊƛƴǘ ƻŦ ǘƘŜ .ǊƻƪŜƴ DǊƛŘέΦ https://www.ifc.org/wps/wcm/connect/2cd3d83d-4f00-4d42-9bdc-4afdc2f5dbc7/20190919-
Full-Report-The-Dirty-Footprint-of-the-Broken-Grid.pdf?MOD=AJPERES&CVID=mR9UpXC 
147 From IMAGE, under the renewables scenario 
148 The assessment does not consider storage for mobility e.g. electric vehicle storage  

https://www.iea.org/reports/energy-technology-perspectives-2017
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2018/Apr/IRENA_Report_GET_2018.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2018/Apr/IRENA_Report_GET_2018.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Jan/IRENA_Innovation_Landscape_preview_2019.pdf?la=en&hash=10221885865D12F47747356D9F6290283B205210
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Jan/IRENA_Innovation_Landscape_preview_2019.pdf?la=en&hash=10221885865D12F47747356D9F6290283B205210
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Jan/IRENA_Innovation_Landscape_preview_2019.pdf?la=en&hash=10221885865D12F47747356D9F6290283B205210
https://www.ifc.org/wps/wcm/connect/2cd3d83d-4f00-4d42-9bdc-4afdc2f5dbc7/20190919-Full-Report-The-Dirty-Footprint-of-the-Broken-Grid.pdf?MOD=AJPERES&CVID=mR9UpXC
https://www.ifc.org/wps/wcm/connect/2cd3d83d-4f00-4d42-9bdc-4afdc2f5dbc7/20190919-Full-Report-The-Dirty-Footprint-of-the-Broken-Grid.pdf?MOD=AJPERES&CVID=mR9UpXC
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technologies (e.g. supercapacitors).149 Considerations of batteries as part of smart grids and the potential for 
vehicle-to-grid charging are discussed in the Demand Side Management Opportunity Report. 

The assessment focuses on regions where the balancing requirements created by variable renewable energy 
uptake and local demand profiles necessitate greater uptake of storage. On-grid renewable variable energy 
will be critical to emissions reduction in all low and middle-income countries, and therefore our analysis of 
storage considers all regions to some degree. However, the regions of focus in this assessment include: 

India, where large expected additions of solar photovoltaic (PV) and grid emissions intensity (75% power 
was coal-ŦƛǊŜŘ ƛƴ нлмтύ ƛƳǇƭȅ ǎǘƻǊŀƎŜ ǿƛƭƭ ōŜ ŀƴ ƛƳǇƻǊǘŀƴǘ ŜƴŀōƭŜǊ ƻŦ LƴŘƛŀΩǎ ƭŀǊƎŜ ƳƛǘƛƎŀǘƛƻƴ 
opportunity. As such, India is expected to require the second-largest absolute increase in storage to 
2050 (after China). 

East Africa, where (similar to India) storage presents an opportunity to avoid grid congestion and defer 
transmissions and distribution upgrades required throughout the region. 

South America (excluding Brazil), ƘŜƴŎŜŦƻǊǘƘ Ψ{ƻǳǘƘ !ƳŜǊƛŎŀΩΣ which is expected to increasingly rely on 
alternatives to pumped hydro for flexible power, resulting in one of the largest increases in storage 
capacity relative to 2015 levels (third-ƭŀǊƎŜǎǘ ŀŦǘŜǊ /Ƙƛƴŀ ŀƴŘ LƴŘƻƴŜǎƛŀΩǎ ǊŜƭŀǘƛǾŜ ƛƴŎǊŜŀǎŜ ƛƴ 
capacity). 

South-East Asia, where storage is increasingly recognised as an important enabler of increased 
renewables deployment in government policies, with the Philippines recently publishing a 
comprehensive and ambitious framework for storage systems in 2019.150 

South Africa, a country which is reliant on coal for 90% of power generation despite significant solar and 
wind resources presents a great opportunity for storage and renewables.151 {ƻǳǘƘ !ŦǊƛŎŀΩǎ ǎǘŀǘŜ-
owned utility Eskom unveiled a Distributed Battery Storage Programme, committing to 1,400 
megawatt-house (MWh) of storage projects.152 

This assessment focuses on the benefit of supporting the opportunity as a whole and does not aim to 
comprehensively assess the effectiveness of specific investment opportunities or interventions. However, for 
context, potential investment opportunities to support on energy storage are detailed in Section 0. 

  

 
149 Pumped hydropower is not considered in the energy storage category, but small-to medium-scale pumped hydropower opportunities are 
considered in the Non-variable Renewables Opportunity Report 
150 9ƴŜǊƎȅ ǎǘƻǊŀƎŜ ƴŜǿǎΦ όнлмфŀύΦ bŜǿ 5ƻ9 ŦǊŀƳŜǿƻǊƪ Ǉǳǘǎ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ŀǘ ƘŜŀǊǘ ƻŦ tƘƛƭƛǇǇƛƴŜǎΩ ŜƴŜǊƎȅ ǊŜŦƻǊƳǎΦ https://www.energy-
storage.news/news/new-doe-framework-puts-energy-storage-at-heart-of-philippines-energy-reform; Energy storage news. (2019b). Meralco and 
Hitachi inaugurate 2MW / 2MWh BESS in Philippines. https://www.energy-storage.news/news/meralco-and-hitatchi-unveil-2mw-2mwh-bess-in-
philippines 
151 L9!Φ όнлнлύ ά²ƻǊƭŘ 9ƴŜǊƎȅ .ŀƭŀƴŎŜǎέΦ 
152 Energy storage news. (2018). South Africa makes huge distributed energy storage commitment. https://www.energy-storage.news/news/south-
africa-makes-huge-distributed-energy-storage-commitment 

https://www.energy-storage.news/news/new-doe-framework-puts-energy-storage-at-heart-of-philippines-energy-reform
https://www.energy-storage.news/news/new-doe-framework-puts-energy-storage-at-heart-of-philippines-energy-reform
https://www.energy-storage.news/news/meralco-and-hitatchi-unveil-2mw-2mwh-bess-in-philippines
https://www.energy-storage.news/news/meralco-and-hitatchi-unveil-2mw-2mwh-bess-in-philippines
https://www.energy-storage.news/news/south-africa-makes-huge-distributed-energy-storage-commitment
https://www.energy-storage.news/news/south-africa-makes-huge-distributed-energy-storage-commitment
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Climate impact  

Mitigation potential and urgency 

Energy storage indirectly helps to reduce emissions across low and middle-income countries by supporting 
the uptake of variable renewable energy, which can help to avoid around 50% of power sector CO2 emissions 
(7.3 GtCO2) in 2050 beyond business as usual.153 As discussed in the Variable Renewables Opportunity 
Report, on-grid variable renewables are key to meet growing electricity demand whilst lowering power 
ǎŜŎǘƻǊ ŜƳƛǎǎƛƻƴǎΦ Lƴ ŀ ƘƛƎƘ ǊŜƴŜǿŀōƭŜǎΩ ǎŎŜƴŀǊƛƻΣ су҈ of electricity in low- and middle-income countries is 
provided by variable renewables. However, the integration of these variable renewables will place increased 
pressures on the grid to balance supply and demand, both in the short-term (due to minute by minute 
variations in energy supplied) and in the longer-term (to shift energy supplied to times of peak demand).  
Energy storage can provide both short and long-term services to maintain the quality of the grid connection.  

Energy storage can help to reduce emissions through enabling renewables deployment, reducing 
dependence of polluting forms of back-up power, and increasing opportunities for demand-side flexibility. 
There are three main pathways through which storage can support emissions reductions:  

Enabling renewables deployment. The largest pathway for storage to reduce emissions is through 
increasing the penetration of renewables into the electricity system. On-grid transmission or 
distribution-connected storage helps support increased consumption of on-grid renewables, for 
example, by managing variability in supply, reducing power curtailment and shifting energy supplied 
to times of peak demand. BTM storage meanwhile can increase self-consumption from distributed 
variable renewable energies, such as solar home systems154. In the Central African Republic, for 
example, the CAR Emergency Electricity Supply and Access Project is expected to catalyse the 
development of solar PV by incorporating a 25 MWh battery electricity storage system to a site 
suitable for large-scale PV development. The use of battery storage will enable consumers to harness 
energy produced with PV, cost-effectively tackling the local power supply deficit despite fluctuations 
in solar energy during the rainy season.155 

Reducing emissions from back-up generators (BUGs). Storage can help to displace BUGs either by 
reducing the frequency and duration of grid outages, thereby reducing the reliance on them as a 
common form of back-up power by industry and households; or, by providing back-up power 
services to power consumers during in replacement of diesel generators. BUGs currently account for 
a sizeable share of emissions, approximately 100 megatonnes (Mt) CO2 across low and middle-
income countries. Their contribution to power sector emissions is particularly high in Africa and 
South Asia. For instance, in Africa BUGs contribute to over 10% of power emissions. 156  

Increasing level of demand flexibility to the grid.  As discussed in the Demand-Side Management 
Opportunity Report, BTM storage can help enable an active demand-side in the power sector, 
allowing consumers to shift an increasing share of their demand to non-peak times and provide 
electricity back to the grid. See the Demand-Side Management Opportunity Report Box 11 for detail 

 
153 From IMAGE: 7.3 Gt CO2 corresponds to the renewables scenarios. The lower is negative (-0.09 Gt CO2), corresponding to the 1.5-degrees 
scenario estimate 
154 Behind-the-meter storage is connected at the consumer side of the utility meter for commercial, industrial or residential power customers (and is 
therefore grid-connected). Throughout the report, we differentiate between BTM and on-grid storage as two forms of grid-connected storage. The 
latter are connected to a distribution or transmission networks, or alongside a power generation asset, such as a wind turbine. While on-grid storage 
typically provides ancillary services (e.g. frequency response) and power system flexibility to the grid network operator, BTM storage typically 
increases self-consumption of distributed generation assets (solar home systems) and reduces electricity bills of customers. The exact split in services 
that each type of storage provides will depend on market environment, however, as BTM storage can also provide ancillary support services and 
ǇƻǿŜǊ ǎȅǎǘŜƳ ŦƭŜȄƛōƛƭƛǘȅΦ {ƻǳǊŎŜΥ Lw9b!Φ нлмфΦ ά.ŜƘƛƴŘ-the-aŜǘŜǊ ōŀǘǘŜǊƛŜǎ ƛƴƴƻǾŀǘƛƻƴ ƭŀƴŘǎŎŀǇŜ ōǊƛŜŦέ 
155 ²ƻǊƭŘ .ŀƴƪΦ όнлнлύΦ ά5ŜǇƭƻȅƛƴƎ {ǘƻǊŀƎŜ ŦƻǊ tƻǿŜǊ {ȅǎǘŜƳǎ ƛƴ 5ŜǾŜƭƻǇƛƴƎ /ƻǳƴǘǊƛŜǎέΦ 
http://documents1.worldbank.org/curated/en/738961598380536870/pdf/ESP-Policy-Manual-Aug-2020.pdf  
156 LC/ όнлмфύΦ ά¢ƘŜ 5ƛǊǘȅ CƻƻǘǇǊƛƴǘ ƻŦ ǘƘŜ .ǊƻƪŜƴ DǊƛŘέΦ https://www.ifc.org/wps/wcm/connect/2cd3d83d-4f00-4d42-9bdc-4afdc2f5dbc7/20190919-
Full-Report-The-Dirty-Footprint-of-the-Broken-Grid.pdf?MOD=AJPERES&CVID=mR9UpXC 

http://documents1.worldbank.org/curated/en/738961598380536870/pdf/ESP-Policy-Manual-Aug-2020.pdf
https://www.ifc.org/wps/wcm/connect/2cd3d83d-4f00-4d42-9bdc-4afdc2f5dbc7/20190919-Full-Report-The-Dirty-Footprint-of-the-Broken-Grid.pdf?MOD=AJPERES&CVID=mR9UpXC
https://www.ifc.org/wps/wcm/connect/2cd3d83d-4f00-4d42-9bdc-4afdc2f5dbc7/20190919-Full-Report-The-Dirty-Footprint-of-the-Broken-Grid.pdf?MOD=AJPERES&CVID=mR9UpXC
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on the efficiency benefits of storage within a smart grid. This can reduce the need to run baseload 
fossil generation on the grid, and hence reduce emissions.  

Storage is expected to scale up significantly in all low and middle-income regions. Variable renewables will 
be important to power sector decarbonisation in all low and middle-income regions (see Variable 
Renewables Opportunity Report). As a form of demand-side flexibility that has witnessed rapid cost declines 
in recent years, significant increases in storage capacity will likely be required within each region.  Figure 11 
demonstrates that higher levels of variable renewable generation are correlated with increased need for 
storage. Beside Brazil, which relies on pumped hydropower to integrate variable renewables, energy 
generated from storage in 2050 ranges from 7 to 24% of total electricity generation in a region.157  

Figure 11 IƛƎƘŜǊ ǎƘŀǊŜǎ ƻŦ ǾŀǊƛŀōƭŜ ǊŜƴŜǿŀōƭŜ ƎŜƴŜǊŀǘƛƻƴ ŀǊŜ ƻƴŜ ŘǊƛǾŜǊ ƻŦ ǎǘƻǊŀƎŜΩǎ climate impact 

 

 

Source: Vivid Economics, ASI and Factor based on t.[Ωǎ IMAGE model (renewables scenario).  
Note:  The abbreviations correspond to the following: MEX (Mexico), CAM (Central America), BRA (Brazil), RSA 

(Rest of South America), NAF (North Africa), WEF (West Africa), EAF (East Africa), ZAF (South Africa), EECA 
(Eastern Europe and Central Asia), IND (India), CHN (China), SEA (Southeast Asia), IDN (Indonesia), SAS 
(Rest of South Asia), SAF (Rest of South Africa).  

The relative mitigation potential from storage will be highest in regions where emissions-intensity of the grid 
is high and grid capacity is low, such as South Africa. The relative mitigation potential from storage will be 
influenced by three principal factors: 

Grid emissions intensity, which is an important driver of the mitigation potential of variable renewables. 
Grid emissions intensity, proxied by the share of coal-powered generation, is highest in South Africa, 
India and Southeast Asia. For instance, approximately 90% of electricity is coal-powered in South 
Africa, 75% in India and 25%, on average, across Southeast Asia.158 These regions all witness 
renewable generation increase to above 60% of total electricity, supported by storage.  

The capacity of the grid. Countries with less robust grid structures are both most in need of storage to 
allow for renewables integration and most reliant on polluting forms of back-up power today, which 
storage can displace. Amongst our focus regions, India and East Africa both have weaker grid 

 
157 From IMAGE. Figures correspond to a renewables decarbonisation scenario.  
158 IEA. (2019). World Energy Balances. Figures reflect 2017 data.  
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structures, reflected in the frequency of power outages in a typical month ς 14 for India and 9 in 
Tanzania, relative to less than one for countries in Southeast Asia, South America and South Africa.159 

Cost competitiveness of alternative forms of power flexibility and availability of unutilised fossil fuel 
generation. South America, for example, can achieve higher levels of renewable integration with 
similar levels of storage generation due to availability of non-variable renewable power ς mainly 
hydropower.  

Table 2 Capacity in 2050 required beyond the business as usual 

Focus regions 
2015 capacity  

(GW) 
2050 capacity, BAU  

 (GW) 
2050 capacity, Ren 

 (GW) 

India 3.4 27 330 

Rest of Southeast Asia  0.96 14 140 

Rest of South America 0.62 3.9 160 

South Africa 1.1 9.0 68 

East Africa 0.17 5.5 38 

Note: .!¦ ǊŜŦƭŜŎǘǎ La!D9Ωǎ ǎǘŀǘŜŘ ǇƻƭƛŎƛŜǎ ǎŎŜƴŀǊƛƻΤ wen reflects La!D9Ωǎ ǊŜƴŜǿŀōƭŜǎ ǎŎŜƴŀǊƛƻΦ All estimates 
reflect the capacity increase in the renewables decarbonisation scenario relative to the BAU scenario.   

Source: Vivid Economics, ASI and Factor 

Lithium-ion (Li-ion) batteries will be the key technology to 2030, in GW additions, but a range of 
technologies will be required to meet different energy storage needs. Excluding pumped hydro, lithium-ion 
batteries supply approximately 90% of stored energy to the grid today.160  The dominance of lithium-ion 
batteries is expected to continue due to their cost-competitiveness to 2030, driven by their large-scale 
adoption in electric vehicles.161 However, as with power generation, a variety of technologies will likely be 
required to provide the range of storage services needed in the future. For instance, super capacitors and 
flywheels will be best suited to grid support services (e.g. frequency response, voltage support) due to their 
rapid response and high power density. Compressed air energy storage (CAES), thermal storage and redox 
flow batteries, meanwhile, are better suited to support daily peak shifting due to competitiveness in larger 
energy applications. Notably, CAES has not been widely tried at grid-scale.162 Thermal molten salt 
technologies could also be a cost-competitive means to provide seasonal storage, a role that hydrogen could 
fulfil in the future.163 

Though emerging technologies such as zinc-air and sodium-ion batteries are promising in terms of their 
technical characteristics, cost declines will continue to be largest in battery chemistries supplying the electric 
vehicle (EV) market. Emerging storage technologies with lower inputs and end-of-life management costs 
could, in theory, undercut dominant lithium-ion technologies in the longer term. Recent pilots of zinc-air 
claim, for instance, to be able to provide energy for as low as USD 45/kWh.164 The reliability and duration of 
low-cost zinc-air batteries in utility-scale applications is still to be tested, however. Moreover, despite the 

 
159 World Bank. (2020). Ease of Doing Business Indicators. Figures reflect the latest year of available data.  
160 99{L όнлмфύΦ άCŀŎǘ {ƘŜŜǘΥ 9ƴŜǊƎȅ {ǘƻǊŀƎŜ όнлмфύέΦ https://www.eesi.org/papers/view/energy-storage-2019 
161 Schmidt et al (2019). άtǊƻƧŜŎǘƛƴƎ ǘƘŜ ŦǳǘǳǊŜ ƭŜǾŜƭƛǎŜŘ Ŏƻǎǘ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ǎǘƻǊŀƎŜ ǘŜŎƘƴƻƭƻƎƛŜǎέ 
162 ±ƛǾƛŘ 9ŎƻƴƻƳƛŎǎΣ ¢ƘŜ CŀǊŀŘŀȅ Lƴǎǘƛǘǳǘƛƻƴ όнлмфύΦ άwŀǇƛŘ ƳŀǊƪŜǘ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ŜƴŜrgy storage in weak and off-grid contexts of developing 
ŎƻǳƴǘǊƛŜǎΦέ https://www.vivideconomics.com/wp-content/uploads/2019/11/191025-Rapid-market-assessment-of-storage-in-developing-
countries.pdf 
163 DǊŀƴǘƘŀƳ LƴǎǘƛǘǳǘŜ όнлмуύΦ ά9ƭŜŎǘǊƛŎŀƭ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ŦƻǊ ƳƛǘƛƎŀǘƛƴƎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜέ https://granthaminstitute.atavist.com/electrical-energy-
storage-technologies 
164 b¸t! όнлнлύΦ άNYPA Announces New Energy Storage Demonstration Project Supporting Further Integration of Renewable Power Sources Into the 
GridέΦ https://www.nypa.gov/news/press-releases/2020/20200117-zinc 

https://www.eesi.org/papers/view/energy-storage-2019
https://www.vivideconomics.com/wp-content/uploads/2019/11/191025-Rapid-market-assessment-of-storage-in-developing-countries.pdf
https://www.vivideconomics.com/wp-content/uploads/2019/11/191025-Rapid-market-assessment-of-storage-in-developing-countries.pdf
https://granthaminstitute.atavist.com/electrical-energy-storage-technologies
https://granthaminstitute.atavist.com/electrical-energy-storage-technologies
https://www.nypa.gov/news/press-releases/2020/20200117-zinc
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advantages alternative battery chemistries provide, cost declines and performance improvements of storage 
are most likely to be driven by large-scale manufacturing, specifically the manufacturing of batteries for 
electric vehicles ς which account for 70% of storage additions to 2030.165 

Box 7 Modelling uncertainty 

There is large uncertainty over the exact demand for storage, due to the inability of modelling to capture 
the value of both short-term or behind-the-meter flexibility. Measuring the value of smart or flexible 
technologies is a weakness of integrated assessment models (IAMs), such as IMAGE, as they do not have a 
fine time breakdown and do not explicitly model short-term flexibility. It is expected that they may 
therefore undervalue storage and DSM. IAMs similarly do not have a fine spatial breakdown of where 
flexibility is coming from, and do not model the relative value of demand-side management opportunities, 
resulting from behind-the-meter storage installed at the consumer end of the grid network or load 
shedding by power consumers. They therefore fail to capture crucial elements of the future potential 
market for flexibility as whole, and particularly the market for BTM storage, in low- and middle-income 
countries.  

Uncertainty in the scale of variable renewable technologies forecast by IMAGE, particularly in the 1.5-
degrees scenario, creates additional uncertainty over the role of storage. Expected deployment of variable 
ǊŜƴŜǿŀōƭŜǎ ŀƴŘ ǎǘƻǊŀƎŜ ƛƴ La!D9Ωǎ мΦр-degrees scenario are driven by assumptions on the relative 
technology costs of BECCS and renewables, and the availability of biomass for BECCS. These assumptions 
ought to be treated with caution (as discussed in the Variable Renewables Opportunity Report).  

 

Transformational change 

Energy storage offers substantial opportunities for transformational change, as set out in Table 14 . 

Table 14 Assessment of transformational change 

Transformational change 
criterion 

Interventions to support change Regional potential 

Sensitive intervention points 

Improvement of local 
capacities and capabilities  

Support in the development of appropriate regulatory 
frameworks to enable utility-scale and behind-the meter (BTM) 
storage solutions. 

High potential in India, 
Southeast Asia and South 
America 

Local ownership and strong 
political will 

Support in taking stock of integrated electricity generation and 
storage needs and developing strategy and clear steps to 
progress. 
Supporting renewable and storage solutions allows developing 
countries to be less exposed to oil price fluctuations, reducing 
dependency. 

East Africa, Southeast Asia, 
South America. 
East Africa, South America 

Leverage / creation of 
incentives for others to act  

Support on regulatory incentives such as feed-in-tariffs for 
consumers to sell power back to the grid.  
Financial incentives for innovators to develop new energy 
solutions or business models.  

All regions 

Spillovers 

 
165 ±ƛǾƛŘ 9ŎƻƴƻƳƛŎǎΣ ¢ƘŜ CŀǊŀŘŀȅ LƴǎǘƛǘǳǘƛƻƴΦ όнлмфύΦ άwŀǇƛŘ ƳŀǊƪŜǘ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ƛƴ ǿŜŀƪ ŀƴŘ ƻŦŦ-grid contexts of developing 
countrƛŜǎΦέ 
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Transformational change 
criterion 

Interventions to support change Regional potential 

Broad scale and reach of 
impacts 

Storage allows a faster electrification of regions, including rural 
areas and providing stability, reliability for industrial 
development 
Energy storage can bring about transformation change in all 
areas of life, providing benefits in health, education, 
transportation, agriculture and other sectors. 

India, East Africa, South Africa 

Sustainability (continuation 
beyond initial support)  

Institutional capacity building and regulatory support for storage 
can enable long-term impact.  
Enable commercial models that can deploy BTM storage 
solutions at scale.  

All regions 

Replicability by other 
organisations or actors 

Demonstration and pilot projects can help prove various 
approaches and technologies. 

All regions 

Innovation 

Catalyst for innovation  
Initiatives such as supporting thermal storage links to CSP 
generation, such as in South Africa and South America. 

India, South Africa, South 
America 

Evidence of effectiveness is 
shared publicly  

Leveraging UK communities of practice and influence in 
international groups and fora, relating to energy storage, to 
disseminate best practice and learning.  

All regions 

Source: Vivid Economics, ASI and Factor 
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Development impact 

SDG impacts 

In combination with renewable energy, energy storage would contribute to achieving SDGs in all regions but 
would have even greater development impact in East Africa, India and Southeast Asia.   

Table 15 SDG impacts 

SDG 
Strength of 

impact 
Most relevant region Rationale  

Positive Impacts 

SDG 3 ς Good Health 
and well being 

Moderate 

Southeast Asia, India, East 
Africa (Particularly high 
usage of diesel generators 
in these regions due to 
less reliable or extensive 
grids.) 

Energy storage can reduce use of diesel generators, and the 
associated diseases/deaths caused by air pollution. 
International Finance Corporation (IFC) research finds that 
users spend USD 30 billion to USD 50 billion annually on fuel 
for generators in 167 countries with significant negative 
health impacts. For example, in Sub-Saharan Africa, the 
nitrogen oxides (NOx) from back-up generators accounts for 
15% of all NOx emitted in the region, and emissions of fine 
particles with a diameter of 2.5 micrometres or less (PM2.5) 
are equal to 35% of emissions from all motor vehicles.166 

SDG 7 ς Affordable 
and clean energy  

High 
India, East Africa (where 
energy access is 
particularly lacking) 

Energy storage would significantly contribute to more 
reliable and affordable electricity, particularly due to lower 
peak load generation requirements and costs and linkages 
between storage and feed-in tariffs at the household 
level.167  

SDG 8 ς Decent work 
and economic growth  

Moderate All regions 

Potential to help increase formal employment in the 
renewable energy sector, particularly related to installation 
and maintenance. 

Initiatives to reuse and recycle batteries can help create 
employment opportunities, improve access to more reliable 
power and support a just transition. For example, the cost of 
repurposing lithium-ion batteries for second-life 
applications could go down to as little as USD 49 per kWh, 
compared to a cost of roughly USD 300 per kWh for new 
batteries at the moment, and USD 160 for lowest-cost 
battery chemistries such as the zinc hybrid cathode 
technology.168 

SDG 9 ς Industry, 
Innovation and 
Infrastructure 

High 
India, East Africa, South 
Africa (due to challenge of 
less reliable grids)  

Storage can reduce exposure to power outages, by 
supporting the grid or providing back-up power during grid 
outages, which is crucial for industrial processes. For 
example, power cuts cost South Africa up to USD 8.3 billion 
in 2019.169 

 
166 International Finance Corporation. (2019).  The Dirty Footprint of the Broken Grid.  
https://www.ifc.org/wps/wcm/connect/industry_ext_content/ifc_external_corporate_site/financial+institutions/resources/dirty-footprint-of-broken-
grid 
167 IRENA (2019) Behind the Meter Batteries: Innovation Landscape Brief. https://www.irena.org/publications/2019/Sep/Behind-the-meter-batteries  
168 BNEF (2018) Used EV Batteries for Stationary Storage: Second-life Supply & Costs 
169 Reuters. (2020). Power cuts cost South Africa up to $8.3 bln in 2019, research shows. https://www.reuters.com/article/safrica-eskom/power-cuts-
cost-south-africa-up-to-83-bln-in-2019-research-shows-idUSL8N29R1W7 

https://www.ifc.org/wps/wcm/connect/industry_ext_content/ifc_external_corporate_site/financial+institutions/resources/dirty-footprint-of-broken-grid
https://www.ifc.org/wps/wcm/connect/industry_ext_content/ifc_external_corporate_site/financial+institutions/resources/dirty-footprint-of-broken-grid
https://www.irena.org/publications/2019/Sep/Behind-the-meter-batteries
https://www.reuters.com/article/safrica-eskom/power-cuts-cost-south-africa-up-to-83-bln-in-2019-research-shows-idUSL8N29R1W7
https://www.reuters.com/article/safrica-eskom/power-cuts-cost-south-africa-up-to-83-bln-in-2019-research-shows-idUSL8N29R1W7
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SDG 
Strength of 

impact 
Most relevant region Rationale  

SDG 12 ς Sustainable 
Consumption and 
Production 

Moderate 

India, South Africa, South 
America (due to more 
advanced economies and 
opportunities to integrate 
innovative storage 
solutions) 

Opportunities to integrate the circular economy with a wide 
range of storage technologies, including thermal storage 
linkages to information and communications technology 
(ICT) cooling and chilled storage uses.  

As mentioned above, there is also potential for second-life 
EV batteries to be deployed as household storage units in 
the target regions.  

Negative Impacts 

SDG 12 ς Sustainable 
Consumption and 
Production  

Low All regions 
Electrochemical storage impacts on the SDGs need to be 
carefully managed, to ensure they do not work against 
sustainable consumption and production.  

SDG 15 ς Life on Land Medium 

East Africa, South Africa, 
South America (where 
mining activity is higher in 
the target regions) 

Negative environmental impact from mining rare earth 
metals if demand for lithium-ion batteries soars. For 
example, a recent report by the World Bank estimates that 
mineral demand will soar by 50% by 2050 due to renewable 
energy and storage expansion.170  

Source: Vivid Economics, ASI and Factor 

 

Demand in target regions 

Table 16 Summary of policy support for energy storage in target regions 

Region Demand Rationale 

East Africa 
Low ς 
Moderate  

Poor but improving regulatory environment as demonstrated by National Energy Plans and 
Policies (NEPs) and governments looking at ways to electrify rural areas 

India  Moderate  
Ambitious renewable energy targets and subsequently, greater demand for energy storage, 
which is manifesting itself with increasing numbers of storage tenders from utilities.171   

South 
Africa 

Moderate 
ς High  

Good policy and regulatory environment with ambitious targets as demonstrated by NDCs 
and other national level commitments. This is manifested in several utility-scale storage 
projects currently under construction.  

South 
America  

Low  ς 
Moderate  

Variable commitment and targets across countries. For example, demand in Colombia is 
high, particularly at the utility-scale level, while Peru and Ecuador demonstrate little 
commitment to storage investment.  

Southeast 
Asia 

Low ς 
Moderate  

Variable commitments and targets across countries. For example, there is moderate policy 
commitment and progress in the Philippines, Thailand and Vietnam, whereas policy 
commitment in Myanmar is lower.  

Source: Vivid Economics, ASI and Factor 

 
170 Prasad, Nithin. (2020). By 2050, Mineral Demand to Soar by 500% Pushed by Renewable Expansion: World Bank  
https://mercomindia.com/mineral-demand-soar-renewable-world-bank/ 
171 Deign, Jason. (2019). LƴŘƛŀΩǎ 9ƴŜǊƎȅ {ǘƻǊŀƎŜ aŀǊƪŜǘ Lǎ Cƛƴŀƭƭȅ {ǘŀǊǘƛƴƎ ǘƻ DǊƻǿΦ  https://www.greentechmedia.com/articles/read/indias-energy-
storage-market-finally-starts-to-grow 

https://mercomindia.com/mineral-demand-soar-renewable-world-bank/
https://www.greentechmedia.com/articles/read/indias-energy-storage-market-finally-starts-to-grow
https://www.greentechmedia.com/articles/read/indias-energy-storage-market-finally-starts-to-grow
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All regions: The IEA notes that more efforts are needed to promote and incentivise energy storage 
globally, as the rate of energy storage installation fell for the first time in 2019 (30% less than in 
2018).172 

East Africa: In East Africa, blackouts and power cuts are often considered a part of everyday life, as the 
current grid and supply cannot keep up with demand. Along with significant investment into the grid, 
energy storage, paired with low-carbon energy sources such as solar, particularly in a mini-grid or off-
grid context, could transform the energy availability for East African countries, bringing both 
economic and social benefits with it. 173  East African countries are looking for solutions for 
electrification of rural areas, where grid-tied mini-grids with storage are potential solutions. Eight 
East African nations have introduced NEPs to meet growing energy demand with affordable, 
sustainable energy services that enable socio-economic development. Kenya has announced its plan 
to provide electricity to all its citizens by 2022 and energy storage has the potential to provide 
reliable and regular power to its residents. Rwanda set a target of having 100% electricity access by 
2030.174 

India: Storage interest in India is high, as indicated by the India Energy Storage Alliance (IESA) which since 
2012 has ōŜŜƴ ǿƻǊƪƛƴƎ ǘƻ άŦƻŎǳǎ ƻƴ ǘƘŜ ŀŘǾŀƴŎŜƳŜƴǘ ƻŦ ŀŘǾŀƴŎŜŘ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ŀƴŘ Ŝ-mobility 
ǘŜŎƘƴƻƭƻƎƛŜǎ ƛƴ LƴŘƛŀέ ŀƴŘ ƛƴŎƭǳŘŜǎ ƳŜƳōŜǊǎ ŀŎǊƻǎǎ ƳŀƴǳŦŀŎǘǳǊƛƴƎΣ ǊŜǎŜŀǊŎƘΣ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ 
companies, EV companies and others.175  India has pledged to promote renewable energy in their 
NDCs176 and has very ambitious renewable energy targets, aiming for 450 GW by 2030, compared to 
a current total of 369 GW installed across all energy sources.177 Lƴ нлмуΣ LƴŘƛŀΩǎ ƛƴǾŜǎǘƳŜƴǘ ƛƴ ǎƻƭŀǊ 
PV was greater than in all fossil fuel sources combined. However, to take full advantage of this 
investment, batteries and storage solutions are required. The IEA estimate that the energy storage 
needs in India are amongst the highest in the world.178 India uses hydro-pumped storage and 
demonstrates some early example of thermal storage solutions, as well as electrochemical storage.  

South Africa: On a national level, South Africa is strongly committed to utility-scale energy storage, with 
up to 1.44 gigawatt-hours (GWh) of battery storage planned in two phases, which were scheduled to 
start in mid-2019.179 There are also a number of thermal storage plant coming online, often co-
located with CSP generation (See case study in Section 0ύΦ {ƻǳǘƘ !ŦǊƛŎŀΩǎ b5/ ǇǊƻǇƻǎŜǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ 
increase in renewables-based generation from wind and solar as well as gas-based generation 
capacity by 2030 (an additional 15.8 GW for wind and 7.4 GW for solar. The country currently has 
several examples of molten salt thermal storage projects.  

South America: South America currently holds the greatest regional share of thermal storage capacity in 
non-OECD global regions, often co-located with CSP plant.180 Underground / borehole thermal 
storage was first tested in the region via a partnership between Argentina and Chile in 2003.181 The 
region is expected to significantly expand its demand for energy storage solutions, in response to 
greater investment in renewables and increased need for flexible grids. Pumped hydro storage tied 
to wind energy generation is a particularly promising area. Colombia is a leader in this area, reflecting 
a more advanced stage in renewable energy generation.  

 
172 IEA. (2020). Energy Storage Tracking Report. Available at: https://www.iea.org/reports/energy-storage 
173 Business Week. (2020).Energy Storage Technology Will Make Blackouts In Africa Ancient History: https://www.busiweek.com/energy-storage-
technology-will-make-blackouts-in-africa-ancient-history/ 
174 SEforALL. (no date). Rwanda: At a glance. https://www.se4all-africa.org/seforall-in-africa/country-data/rwanda/ 
175 India Energy Sotrage Alliance. Accessed July 2020. https://indiaesa.info/about  
176 Haque, A. et al (2019) NDC pledges of South Asia: are the stakeholders onboard? Climatic Change, Vol 155. 
177 LƴŘƛŀΩǎ aƛƴƛǎǘǊȅ ƻŦ bŜǿ ŀƴŘ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅΦ !ŎŎŜǎǎŜŘ Wǳƭȅ нлнлΥ http://mnre.gov.in 
178 IEA (2020) India is going to need more battery storage than any other country. Available at : https://www.iea.org/commentaries/india-is-going-to-
need-more-battery-storage-than-any-other-country-for-its-ambitious-renewables-push 
179 IEA (2020) Energy Storage Tracking Report. Available at: https://www.iea.org/reports/energy-storage  
180 Envision Intelligence (2018) South America Thermal Energy Storage Market ς Size, Outlook, Trends and Forecasts (2018 ς 2024). Available at: 
https://www.envisioninteligence.com/industry-report/south-america-thermal-energy-storage-market/ 
181 Busso et al. (2003). Underground Thermal Energy Storage ς First Thermal Response Test in South America. Paper produced for RIO 3 - World 
Climate & Energy Event. http://www.rio12.com/rio3/proceedings/RIO3_189_A_Busso.pdf  

https://www.iea.org/reports/energy-storage
https://www.busiweek.com/energy-storage-technology-will-make-blackouts-in-africa-ancient-history/
https://www.busiweek.com/energy-storage-technology-will-make-blackouts-in-africa-ancient-history/
https://indiaesa.info/about
http://mnre.gov.in/
https://www.iea.org/commentaries/india-is-going-to-need-more-battery-storage-than-any-other-country-for-its-ambitious-renewables-push
https://www.iea.org/commentaries/india-is-going-to-need-more-battery-storage-than-any-other-country-for-its-ambitious-renewables-push
https://www.iea.org/reports/energy-storage
https://www.envisioninteligence.com/industry-report/south-america-thermal-energy-storage-market/
http://www.rio12.com/rio3/proceedings/RIO3_189_A_Busso.pdf
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Southeast Asia: In Southeast Asia, Vietnam has focused on solar energy to fuel its growth and provide 
electricity to citizens, however, several of their efforts have come under criticism due to the lack of 
encouraging solar-plus-storage solutions, instead focusing on pure solar energy generation.182 In 
2019, tƘŜ tƘƛƭƛǇǇƛƴŜǎΩǎ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅ  ƛǎǎǳŜŘ ŀ ŎƛǊŎǳƭŀǊ ƴƻǘƛŦȅƛƴƎ ǘƘŜ ŦǊŀƳŜǿƻǊƪ ŦƻǊ ŜƴŜǊƎȅ 
storage systems (ESS) in the country to address the growing adoption of renewable energy systems. 
Under the circular, ESS technologies include battery energy storage systems (BESSs) that are capable 
of storing electric energy electrochemically from which they are able to charge or discharge electric 
ŜƴŜǊƎȅΦ ¢ƘŀƛƭŀƴŘΩǎ ƭŀǘŜǎǘ tƻǿŜǊ 5ŜǾŜƭƻǇƳŜƴǘ tƭŀƴ ŀƛƳǎ ǘƻ ǎƻǳǊŎŜ ор҈ ƻŦ ǘƘŜ ŜƴŜǊƎy mix from non-
fossil sources by 2037 and there is ǇƻǘŜƴǘƛŀƭ ŦƻǊ ƛƴŎǊŜŀǎŜŘ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜΦ Lƴ ƭƛƴŜ ǿƛǘƘ ¢ƘŀƛƭŀƴŘΩǎ 
ambition, The Asian Development Bank has approved a USD 7.2 million loan to fund a 10 MW wind 
energy and 1.88 MWh battery storage project in Thailand (See Section 0). 

  

 
182 9ƴŜǊƎȅ {ǘƻǊŀƎŜ bŜǿǎΦ όнлмфύΣ {ǘƻǊŀƎŜ ƻƳƛǎǎƛƻƴ ƛƴ ±ƛŜǘƴŀƳ ǎƻƭŀǊ Cƛ¢ ŘǊŀŦǘ ŀ ΨǎŜǊƛƻǳǎ ƳƛǎǘŀƪŜΩΦ лоκмлκнлмфΥ https://www.energy-
storage.news/news/storage-omission-in-vietnam-solar-fit-draft-a-serious-mistake  

https://www.energy-storage.news/news/storage-omission-in-vietnam-solar-fit-draft-a-serious-mistake
https://www.energy-storage.news/news/storage-omission-in-vietnam-solar-fit-draft-a-serious-mistake
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Investment need  

Across low and middle-income countries investment will need to scale up to approximately USD 1.1 trillion 
to 2050, over 90% which is additional to the BAU scenario. Overall, the scale of investment required in the 
opportunity is relatively low compared to other energy opportunities- approximately 10 trillion investment 
required in solar, for example. Less than 60% of investment needed in storage is expected to occur in the 
BAU scenario, however. The exact scale of investment beyond BAU will depend on assumptions around cost 
declines in storage and the associated level of storage uptake in the BAU. Against our BAU assumptions, 
approximately 3,000 GW of additional capacity will be required by 2050.183 There is therefore a sizeable 
investment gap, USD 13 billion per year to 2050. It is worth treating these numbers with caution, given that 
modelling of storage will systematically underestimate power flexibility needs (see Box 7). 

Figure 12 Investment need in energy storage is low compared to other opportunities 

 

Source: Vivid Economics based on t.[Ωǎ IMAGE modelling 

Investment need is highly uncertain because each region is likely to have a different technology mix and 
ŜŀŎƘ ǘŜŎƘƴƻƭƻƎȅΩǎ Ŏƻǎǘǎ ǿƛƭƭ ŘŜǇŜƴŘ ƻƴ Ƙƻǿ ŀƴŘ ǿƘŜǊŜ ƛǘ ƛǎ ǳǎŜŘΦ In theory, cost-competitiveness will 
influence the choice of technology. However, cost-competitiveness will vary between each site and region, 
leading to differences in the optimal technology mix. For instance, the cost of electricity provided by storage 
will depend on how it is used (multiple times per day or once every two weeks, for instance) and location-
specific factors (such as temperature and presence of supporting infrastructure e.g. underground taverns 
can reduce costs of compressed air energy storage). Table 17 shows the wide range of costs within each 
technology. For thermal and CAES, only the most competitive costs are shown, as in non-ideal conditions 
these technologies would not even be deployed.184,185 It is therefore difficult to predict which technologies 
will be deployed and how costly they will be. For instance, a recent study comparing CSP thermal storage 
and lithium-ion battery storage found that despite higher initial costs associated with CSP, investing in CSP 
rapidly decreases the total system cost by 33% in 2035 as compared to a scenario without storage and would 
be more competitive in the local context than battery storage.186 Solutions must be tailored to the local 
context. Notably, costs in Table 17 are based on historic examples (mostly in high-income countries). Lower 

 
183 ¦ƴŘŜǊ ŀ άwŜƴŜǿŀōƭŜέ ǎŎŜƴŀǊƛƻ 
184 CAES is cheapest when situated next to an underground cavern for storing the compressed air. In all other locations, its costs increase 
185 Lw9b! όнлмтύΦ ά9ƭŜŎǘǊƛŎƛǘȅ {ǘƻǊŀƎŜ ŀƴŘ wŜƴŜǿŀōƭŜǎΥ /ƻǎǘǎ ŀƴŘ aŀǊƪŜǘǎ ǘƻ нлолέΦ https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2017/Oct/IRENA_Electricity_Storage_Costs_2017.pdf 
186 9{a!t όнлнлύ ά5ŜǇƭƻȅƛƴƎ ǎǘƻǊŀƎŜ ŦƻǊ ǇƻǿŜǊ ǎȅǎǘŜƳǎ ƛƴ ŘŜǾŜƭƻǇƛƴƎ ŎƻǳƴǘǊƛŜǎέ 
http://documents1.worldbank.org/curated/en/738961598380536870/pdf/ESP-Policy-Manual-Aug-2020.pdf 

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/Oct/IRENA_Electricity_Storage_Costs_2017.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/Oct/IRENA_Electricity_Storage_Costs_2017.pdf
http://documents1.worldbank.org/curated/en/738961598380536870/pdf/ESP-Policy-Manual-Aug-2020.pdf
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labour costs in focus regions could drive lower installation costs and systems costs. In the case of lithium-ion 
batteries, labour accounts for approximately 15% of project costs and could drive significant differences 
between regions. Regional differences in labour cost are less likely to affect CAES, on the other hand, as 
construction costs account for only 3% of the total.187  

Large expected declines in the costs of technologies also creates uncertainty in terms of future investment 
need. Across nearly all storage technologies, lab innovation and learning from doing is expected to lead to 
large cost declines (see Table 17). The demand for storage and associated investment need will depend on 
the speed and extent of these cost reductions.  

Table 17 Each technology exhibits a wide range of costs, both today and in 2030 

Technology 
Levelised Cost of Electricity (LCOE) 

(USD/kWh) 
Forecast LCOE in 2030  

(USD/kWh) 

Lithium-ion  200 ς1260 77 ς 574 

Redox Flow 315 ς 1,680 108 ς 576 

Lead acid battery 105 ς 475 50 ς 240 

CAES 53 44 

Flywheels 1,500 ς 6,000 143 

Supercapacitors/ 
Superconducting 
magnetic energy storage 
(SMEs) 

10,000 160 

Thermal storage  17 ς 77 <15 

Note: Cost estimates reflect global variation in costs and are not specific to low and middle-income countries. 
Cost estimates for thermal storage refer to thermal storage used for AA-CAES systems, including sensible 
high-temperature heat storage in liquids, sensible high-temperature heat storage in solids, high-
temperature storage (not specified), molten salt storage and thermocline with quartzite. 

Source: Lw9b! όнлмтύΦ ά9ƭŜŎǘǊƛŎƛǘȅ {ǘƻǊŀƎŜ ŀƴŘ wŜƴŜǿŀōƭŜǎΥ /ƻǎǘǎ ŀƴŘ aŀǊƪŜǘǎ ǘƻ нлолέΦ ƘǘǘǇǎΥκκǿǿǿΦƛǊŜƴŀΦƻǊƎκ-
/media/Files/IRENA/Agency/Publication/2017/Oct/IRENA_Electricity_Storage_Costs_2017.pdf   
5ŜƭƻƛǘǘŜ όнлмпύΦ ά9ƴŜǊƎȅ ǎǘƻǊŀƎŜΥ ¢ǊŀŎƪƛƴƎ ǘƘŜ ǘŜŎƘƴƻƭƻƎies thatŀǘ ǿƛƭƭ ǘǊŀƴǎŦƻǊƳ ǘƘŜ ǇƻǿŜǊ ǎŜŎǘƻǊέΦ 
https://www2.deloitte.com/content/dam/Deloitte/us/Documents/energy-resources/us-er-energy-
storage-tracking-technologies-transform-power-ǎŜŎǘƻǊΦǇŘŦΦŀǘ ǿƛƭƭ ǘǊŀƴǎŦƻǊƳ ǘƘŜ ǇƻǿŜǊ ǎŜŎǘƻǊέΦ 
https://www2.deloitte.com/content/dam/Deloitte/us/Documents/energy-resources/us-er-energy-
storage-tracking-technologies-transform-power-sector.pdf. 
Lw9b! όнлмтύΦ ά9ƭŜŎǘǊƛŎƛǘȅ {ǘƻǊŀƎŜ ŀƴŘ wŜƴŜǿŀōƭŜǎΥ /ƻǎǘǎ ŀƴŘ aŀǊƪŜǘǎ ǘƻ нлолέΦ ƘǘǘǇǎΥκκǿǿǿΦƛǊŜƴŀΦƻǊƎκ-
/media/Files/IRENA/Agency/Publication/2017/Oct/IRENA_Electricity_Storage_Costs_2017.pdf   
5ŜƭƻƛǘǘŜ όнлмпύΦ ά9ƴŜǊƎȅ ǎǘƻǊŀƎŜΥ ¢ǊŀŎƪƛƴƎ ǘƘŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘŀǘ ǿƛƭƭ ǘǊŀƴǎŦƻǊƳ ǘƘŜ ǇƻǿŜǊ ǎŜŎǘƻǊέΦ 
https://www2.deloitte.com/content/dam/Deloitte/us/Documents/energy-resources/us-er-energy-
storage-tracking-technologies-transform-power-sector.pdf. 
Lw9b! όнлмтύΦ ά9ƭŜŎǘǊƛŎƛǘȅ {ǘƻǊŀƎŜ ŀƴŘ wŜƴŜǿŀōƭŜǎΥ /ƻǎǘǎ ŀƴŘ aŀǊƪŜǘǎ ǘƻ нлолέΦ ƘǘǘǇǎΥκκǿǿǿΦƛǊŜƴŀΦƻǊƎκ-
/media/Files/IRENA/Agency/Publication/2017/Oct/IRENA_Electricity_Storage_Costs_2017.pdf   
Deloitte (2014ύΦ ά9ƴŜǊƎȅ ǎǘƻǊŀƎŜΥ ¢ǊŀŎƪƛƴƎ ǘƘŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ 

However, it is certain there will be significant variation in investment need between regions, due to 
differences in the size of the power sector and scale of capacity additions required. As shown in Figure 13, 
the size of the cumulative investment gap across our focus regions could vary between USD 7.8 billion in East 

 
187 BEIS, Vivid Economics. όнлмфύΦ ά9ƴŜǊƎȅ LƴƴƻǾŀǘƛƻƴ bŜŜŘǎ !ǎǎŜǎǎƳŜƴǘΦ {ǳō-ǘƘŜƳŜ ǊŜǇƻǊǘΥ {ƳŀǊǘ ǎȅǎǘŜƳǎέΦ 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/845664/energy-innovation-needs-assessment-
smart-systems.pdf 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/845664/energy-innovation-needs-assessment-smart-systems.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/845664/energy-innovation-needs-assessment-smart-systems.pdf
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Africa to USD 71 billion in India when considering only the differences in storage capacity required. Overall, 
total investment required could vary from USD 29 billion in East Africa to USD 170 billion in India. As 
investment estimates are calculated based on forecast GW capacity additions in each region, they do not 
reflect the location-specific technology costs that will also influence the exact investment required.  

Figure 13 Forecast investment need across regions will vary due to differences in capacity, reflected here, as well as 
other contextual factors 

 

Note: The figure intends to show the scale of differences in investment need rather than provide an exact 
forecast of investment required in each region. Investment need is calculated by multiplying average cost 
of storage per kW and forecast kW capacity additions. We assume an average cost of USD 150/kW. 
CƻǊŜŎŀǎǘ ŎŀǇŀŎƛǘȅ ŀŘŘƛǘƛƻƴǎ ŀǊŜ ōŀǎŜŘ ƻƴ La!D9Ωǎ н ŘŜƎǊŜŜǎ ǊŜƴŜǿŀōƭŜǎ ǎŎŜƴŀǊƛƻΣ ǿƘƛŎƘ ǊŜŦƭŜŎǘǎ ƻǳǊ 
central power decarbonisation scenario (see Variable Renewables Opportunity Report for further 
information).   

Source: Vivid Economics ōŀǎŜŘ ƻƴ t.[Ωǎ La!D9 ƳƻŘŜƭƭƛƴƎ 
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Cost-effectiveness  

Energy storage is an increasingly cost-ŜŦŦŜŎǘƛǾŜ ƳƛǘƛƎŀǘƛƻƴ ƻǇǇƻǊǘǳƴƛǘȅΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ǿƘŜƴ ŎƻǳǇƭŜŘ ǿƛǘƘ ΨǎƳŀǊǘ 
ƎǊƛŘΩ ŘŜƳŀƴŘ-side response opportunities. The cost-effectiveness of storage (on a GBP/tCO2 basis) is 
typically lower than alternatives which provide similar levels of system flexibility, such as non-variable low-
carbon energy and centralised forms of demand-side response, such as bilateral contracts with industrial 
power consumers to reduce demand at peak times. Relative cost-effectiveness is expected to increase, 
however, because of declining costs of storage technologies (the key driver in creating cost-effective 
applications of storage today).188 For instance, the costs of lithium-ion batteries on a USD/kW basis are 
expected to fall by as much as 60% to 2030 (from 2017), due to efficiency improvements in the production 
of lithium-ion EV batteries and innovations in battery chemistry.189 Large cost reductions are also forecast in 
non-electrochemical storage, with installed costs of flywheels expected to fall by 35% and costs of CAES 
expected to fall by 17% by 2030.190 Cost-effectiveness is also expected to increase as countries develop 
business models and regulatory frameworks that maximise the services that storages provide, allowing it to 
ΨǎǘŀŎƪΩ ǊŜǾŜƴǳŜ ǎǘǊŜŀƳǎ ŀƴŘ ǊŜŘǳŎŜ ƛǘΩǎ ǇŜǊ ǳƴƛǘ ŎƻǎǘΦ ¢ƘŜ ŎǊŜŀǘƛƻƴ ƻŦ ŀ ŎŀǇŀŎƛǘȅ ƳŀǊƪŜǘ ŦƻǊ ǎǘƻǊŀƎŜΣ ŦƻǊ 
instance, can increase the cost-effectiveness of BTM storage by increasing its opportunities to support 
emissions reductions and demand-side management ς both by enabling greater distributed renewable 
generation and by providing flexibility for grid-level renewable integration.    

Cost-effectiveness will vary significantly across regions due to:  

System flexibility options. The relative cost-effectiveness of storage will depend on the alternative forms 
of system flexibility. Where non-variable low-carbon power or demand-side management (e.g. 
capacity market design) can be exploited it will typically be far more cost-effective than storage, as it 
ǊŜǉǳƛǊŜǎ ƳƛƴƛƳŀƭ ŎŀǇƛǘŀƭ ƛƴǾŜǎǘƳŜƴǘǎΦ CƻǊ ƛƴǎǘŀƴŎŜΣ ǎǘǳŘƛŜǎ ƻŦ ²Ŝǎǘ !ŦǊƛŎŀΩǎ ǇƻǿŜǊ ǎǳǇǇƭȅ ŦƻǳƴŘ ŀ 
large cost-effective opportunity to balance the energy mix by creating interconnections between 
existing solar and wind power capacity in the north of West Africa and hydropower capacity in the 
south (spatial synergies effectively displaced the need for energy storage). In contrast, low spinning 
reserve and inadequate frequency regulation capacity in Senegal makes energy storage critical to the 
cost-effective integration of renewables on the grid;191  

Grid capacity. The ability of storage to cost-effectively integrate renewables into the grid will depend on 
the capacity of the grid to shift stored energy to where it is needed. Grids with more robust 
structures in place will be able to use storage more effectively to balance supply and demand.  

Regulatory environment. The electricity market design will determine the extent to which storage 
technologies can be utilised. The potential for storage to provide a variety of services to the grid can 
significantly increase the cost-effectiveness of investments. For instance, across US regions the value 
of storage is shown to be greatest where there are opportunities for value-stacking.192 In India, in 
contrast, an inconsistent regulatory framework prevents distribution utilities from investing in certain 
ŀǇǇƭƛŎŀǘƛƻƴǎ ƻŦ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜΣ ƭƛƳƛǘƛƴƎ ǇƻǘŜƴǘƛŀƭ ǊŜǘǳǊƴǎ ŦǊƻƳ ǘƘŜ ǳǘƛƭƛǘȅΩǎ ƛƴǾŜǎǘƳŜƴǘΦ193 

  

 
188 !ǊōŀōȊŀŘŜƘ Ŝǘ ŀƭΦ όнлмфύ ά¢ƘŜ ǊƻƭŜ ƻŦ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ƛƴ ŘŜŜǇ ŘŜŎŀǊōƻƴƛǎŀǘƛƻƴ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƻŘǳŎǘƛƻƴέ https://www.nature.com/articles/s41467-
019-11161-5 
189 IRENA, 2017 ά9ƭŜŎǘǊƛŎƛǘȅ ǎǘƻǊŀƎŜ ŀƴŘ ǊŜƴŜǿŀōƭŜǎΥ Ŏƻǎǘǎ ŀƴŘ ƳŀǊƪŜǘǎ ǘƻ нлолέ.  https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2017/Oct/IRENA_Electricity_Storage_Costs_2017.pdf 
190 Ibid.  
191 9{a!t όнлнлύ ά5ŜǇƭƻȅƛƴƎ ǎǘƻǊŀƎŜ ŦƻǊ ǇƻǿŜǊ ǎȅǎǘŜƳǎ ƛƴ ŘŜǾŜƭƻǇƛƴƎ ŎƻǳƴǘǊƛŜǎέ 
http://documents1.worldbank.org/curated/en/738961598380536870/pdf/ESP-Policy-Manual-Aug-2020.pdf  
192 bw9[Φ όнлмсύ ά/ŀǇǘǳǊƛƴƎ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǎǘƻǊŀƎŜ ŀƴŘ ƻǘƘŜǊ ŦƭŜȄƛōƭŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ƻƴ ŜƭŜŎǘǊƛŎ ǎȅǎǘŜƳ ǇƭŀƴƴƛƴƎέ 
https://www.nature.com/articles/s41467-019-11161-5 
193 9{a!t όнлнлύ ά5ŜǇƭƻȅƛƴƎ ǎǘƻǊŀƎŜ ŦƻǊ ǇƻǿŜǊ ǎȅǎǘŜƳǎ ƛƴ ŘŜǾŜƭƻǇƛƴƎ ŎƻǳƴǘǊƛŜǎέ 
http://documents1.worldbank.org/curated/en/738961598380536870/pdf/ESP-Policy-Manual-Aug-2020.pdf  

https://www.nature.com/articles/s41467-019-11161-5
https://www.nature.com/articles/s41467-019-11161-5
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/Oct/IRENA_Electricity_Storage_Costs_2017.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/Oct/IRENA_Electricity_Storage_Costs_2017.pdf
http://documents1.worldbank.org/curated/en/738961598380536870/pdf/ESP-Policy-Manual-Aug-2020.pdf
https://www.nature.com/articles/s41467-019-11161-5
http://documents1.worldbank.org/curated/en/738961598380536870/pdf/ESP-Policy-Manual-Aug-2020.pdf
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Barriers to adoption 

The largest barriers to energy storage are those related to ii) market failures and iii) enabling environment 
(Figure 14). These barriers are not critical to inhibiting investment, as the potential of energy storage is 
widely recognized and investment levels growing in all regions. However, if not addressed they are likely to 
slow down the potential growth of this opportunity. Our typology of barriers is provided in the Methodology 
chapter in the Synthesis Report.  

Figure 14 Barriers to an opportunity  

 

Source: Vivid Economics, ASI and Factor  

Moderate political economy barriers to investment or adoption are expected. 

To coordinate investment across transmission connected, distribution connected and BTM storage, there 
is a need for stakeholders to align on a range of issues and policies. For example, utilities may be 
against storage if there is no financial incentive to run more efficient and reliable grids.  

Historical dependency on, and trust in, generators is likely to slow down the uptake of battery storage 
solutions. This is a problem in East African countries where widespread blackouts and power outages 
are the norm.  

A lack of trust in new battery companies can be a significant barrier to uptake at a wider scale. For 
example, several battery companies have recently gone out of business in East Africa, which made 
their warranties worthless. This explains why even considering long delays in delivery, well known 
brands such as Tesla were in high demand. 

Moderate market failure barriers to investment or adoption are likely to be: 

As the use of renewables is still low across the target regions, there are currently very few on-grid 
situations where storage can make a difference in terms of capturing generated electricity beyond 
the capacity of the grid.194 Exceptions include regional grids that have a high and rapidly growing 
proportion of renewables, such as in Chile.195 Therefore, utilities are unlikely to invest in large-scale 
storage in a short to medium time horizon, until renewables make up a greater proportion of their 
grids. The case for storage in developing countries is currently more compelling for off-grid systems 

 
194 Insight from expert interview. (2020). 
195 Source: https://www.globaldata.com/renewable-energy-is-expected-to-comprise-50-of-chiles-power-mix-by-2030/ 

https://www.globaldata.com/renewable-energy-is-expected-to-comprise-50-of-chiles-power-mix-by-2030/
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or mini-grids, which could have a particularly transformational impact in East Africa, India and South 
America. 

For utility-scale grid storage a critical barrier in that there is often no obvious manager of the storage 
who would benefit financially.196  Neither system operator nor power generator are able to recoup 
investment costs for storage if there is no time and use pricing and there is no incentive to add 
storage to the grid if they can always sell power during the day. In more advanced markets such as 
the USA, third party operators often take responsibility for installing, owning and operating utility-
scale storage, relying on well-developed business cases. In countries like South Africa, the new 1.4 
GWh battery energy storage system that is currently under construction, with World Bank and 
African Development Bank financing, will be owned by Eskom, the national utility, with a third party 
responsible for its design, construction, operation and maintenance for its first five years.197  

The energy storage sector currently experiences fragile growth, as it continues to depend heavily on 
policy intervention through direct support or market creation. The impact of COVID-19 is also 
expected to damage market prospects during 2020.  

For BTM storage, the lack of a market whereby customers can sell back to the grid is a critical barrier. 
The electricity tariff structure is also weak with unclear grid costs for customers, which makes it 
difficult to define the profitability created by using storage. BTM is more likely to be feasible in 
middle-income countries such as Argentina, Thailand, Malaysia and South Africa, rather than low 
income countries where the regulatory and cost barriers are rather high.  

High unit costs for both large-scale utility storage and BTM storage units is a barrier for uptake, 
particularly in rural areas where storage and off-grid solutions could have a significant development 
impact. It is likely that the majority of households in developing countries would find it difficult to 
afford, although this can potentially be overcome by incentive schemes, payment by instalments or 
low interest loans. High prices are partly due to competition with high-income countries including 
the UK for energy storage solutions, in the early stages of market development.198  

Unaccounted for carbon emissions from battery storage. In the case of wind power, energy storage 
could potentially be double the emissions of wind power without storage.199 These emissions will 
need to be considered in the wider context of low-carbon and net-zero plans. Because of its effect on 
coal and natural gasςfired generation, introducing a carbon dioxide emissions price may increase the 
likelihood that lower storage costs will reduce emissions.200  

Relatively high costs of emerging technologies such as thermal energy storage and mechanical storage, 
such as flywheels, are a barrier to investment. However, these will continue to drop as techniques 
and equipment becomes used at a greater scale. Typically, feasible examples such as utility-scale 
thermal storage integrated with CSP in South Africa have been subsidised by international donors 
such as the German Agency for International Cooperation (GIZ), IFC, or the African Development 
Bank.  

The lack of private finance deployed due to uncertainty of investment security is a moderate barrier, 
although purely commercial investment is still not widespread and storage solutions often rely on 
public or blended financing. This is the case in all regions with greater risks in East Africa and lower-
income Southeast Asian and South American countries. 

 
196 IEA. (2020). Energy Storage : Tracking report ς June 2020. https://www.iea.org/reports/energy-storage 
197 9ƴŜǊƎȅ {ǘƻǊŀƎŜ bŜǿǎΦ όнлнлύΦ {ƻǳǘƘ !ŦǊƛŎŀΩǎ 9ǎƪƻƳ ƻǇŜƴǎ ǘŜƴŘŜǊ ŦƻǊ улa² κ онлa²Ƙ ōŀǘǘŜǊȅ ǎǘƻǊŀƎŜΦ https://www.energy-
storage.news/news/south-africas-eskom-opens-tender-for-80mw-320mwh-battery-storage 
198 Insight from expert interview. (2020). 
199 Forbes. (2020). Estimating the Carbon Footprint of Utility-Scale Battery Storage. https://www.forbes.com/sites/rrapier/2020/02/16/estimating-
the-carbon-footprint-of-utility-scale-battery-storage/#3af8b89f7adb 
200 Linn & Shih (2018). Does Electricity Storage Innovation Reduce Greenhouse Gas Emissions? Resources for the Future Discussion Paper.  

https://www.iea.org/reports/energy-storage
https://www.energy-storage.news/news/south-africas-eskom-opens-tender-for-80mw-320mwh-battery-storage
https://www.energy-storage.news/news/south-africas-eskom-opens-tender-for-80mw-320mwh-battery-storage
https://www.forbes.com/sites/rrapier/2020/02/16/estimating-the-carbon-footprint-of-utility-scale-battery-storage/#3af8b89f7adb
https://www.forbes.com/sites/rrapier/2020/02/16/estimating-the-carbon-footprint-of-utility-scale-battery-storage/#3af8b89f7adb
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Moderate enabling environment / absorptive capacity barriers to investment or adoption are likely to be: 

The need for stable policy environments. This includes the importance of standards and grid connectivity 
regulations for grid-connected energy storage. For example, the IEA reported that energy storage 
efforts slowed in 2019 partly due to delay or changes in regulation and rules around use and 
deployment of both utility-scale and BTM storage.201 For example, following a change of regulations 
in China in 2019, grid companies are no longer permitted to include storage costs in their 
transmission and distribution fees, which led to a freeze on new projects to installations in 2019 
shrinking by one-third.202 

Lack of grids in which to integrate utility-scale storage or BTM storage technology, particularly in rural 
areas is a barrier. This can be overcome by developing new mechanisms, potentially through mini-
/micro-grids or off-grid systems. For example, in East Africa, this is a large constraint, but solutions 
are being driven forward by innovative entrepreneurs. Kenya is considered to be an ΨƛƴƴƻǾŀǘƛƻƴ ƭŀō 
ŦƻǊ ƳƛŎǊƻƎǊƛŘǎΩΣ ƻŦǘŜƴ ǘƛŜŘ ǘƻ ƳƛŎǊƻƎǊƛŘ ǎŎŀƭŜ ǎǘƻǊŀƎŜΣ and accounts for 40% of all microgrids in East 
Africa.203 Much of this investment is being driven by the private sector with a remarkably dynamic 
range of business models being tested in the country. These include selling access to microgrid 
energy along with other desirable items such as a fridge for cold storage or a TV, to encourage 
greater uptake. An example of an innovative microgrid is the community of Entesopia in Kenya, 
powered by an 8.5 kW modular solar microgrid, owned by Vulcan Philanthropy and managed by 
SteamaCo. Demand-side management measures are also actively being discussed and trialled by 
some minigrid operators, including alerting users by short message services (SMS) when the battery 
storage is at capacity and energy can be offloaded at a cheaper rate.204  

Lack of capacity in grids that are in place. Overcoming this barrier requires large storage facilities in 
urban centres where population density is high, and land is at a premium. This is likely to be a 
challenge in India and Southeast Asia, where population density is particularly high, and sprawling 
cities leave very little land available for large-scale storage facilities. 

aŀƴȅ ŎƻǳƴǘǊƛŜǎ ƛƴ ǘƘŜ ǘŀǊƎŜǘ ǊŜƎƛƻƴǎ ŘƻƴΩǘ have dispatch control integrated into grids, which makes it 
hard to create a space for utility-scale storage. This is the case in much of East Africa. 

The need for battery companies to have a viable BTM storage pipeline to focus on a market is a 
significant barrier. Without a viable pipeline, through a mix of commercial and industrial (C&I), mini-
grid, or tourism (for example at safari park lodges), companies are unlikely open an office and 
distribute storage units. Battery storage markets are improving in India and parts of Southeast Asia, 
but this remains a challenge throughout most low-income countries in the target regions.  

The innovation and costs needed to implement specific solutions to avoid overheating is a barrier as 
batteries can be damaged in especially hot regions, such as parts of India and East Africa.  

Thermal storage solutions that could be integrated into buildings are constrained by a lack of both 
stakeholder awareness and lack of a joined-up approach between building design, building codes and 
energy storage. This is particularly severe in East Africa and South Africa. However, there are 
increasing examples of thermal energy storage integrated into buildings in South America and India, 
with linkages to the information technology (IT) sector, where cooling of ICT equipment is a cost-
effective side effect. For example, in 2015, thermal energy storage equipment was already storing 
over 12MW of cooling in Indian cities like Nagar, Bangalore, New Delhi and Chennai. Adoption in in 

 
201 IEA (2020) Energy Storage Tracking Report. Available at: https://www.iea.org/reports/energy-storage 
202 Ibid. 
203 ¢C9 /ƻƴǎǳƭǘƛƴƎ όнлмтύ YŜƴȅŀΥ ¢ƘŜ ²ƻǊƭŘΩǎ aƛŎǊƻƎǊƛŘ [ŀōΦ ƘǘǘǇǎΥκκǎǳƴ-connect-news.org/fileadmin/DATEIEN/Dateien/New/TFE_Report-Microgrids-
Kenya.pdf   
204 Vulcan Impact Investing (2016) Powering Productivity: Early Insights into Mini Grid Operations in Kenya. https://sun-connect-
news.org/fileadmin/DATEIEN/Dateien/New/Kenya-Mini-Grids-White-Paper-VI2.pdf    

https://www.iea.org/reports/energy-storage
https://sun-connect-news.org/fileadmin/DATEIEN/Dateien/New/Kenya-Mini-Grids-White-Paper-VI2.pdf
https://sun-connect-news.org/fileadmin/DATEIEN/Dateien/New/Kenya-Mini-Grids-White-Paper-VI2.pdf
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the country's commercial sector has been steadily occurring for over a decade, particularly in the IT 
sector.205 

The assessment of Li-ion batteries for local applications is often carried out without consideration for 
how other storage technologies at lower technology readiness levels (TRLs), including other battery 
types, may perform or integrate with wider economic development considerations, often due to lack 
of awareness in the target regions.206 For example, utility-scale thermal storage solutions may be 
more appropriate in contexts with high-level sunlight patterns, where batteries may not be the most 
cost-effective or best option from end-user perspective to deploy.207 Lower TRL batteries, including 
sodium sulphur, lead-acid and redox-flow battery types, could also offer opportunities for companies 
in target regions to manufacture and export solutions, such as industry interest in South Africa 
around Vanadium-based redox flow batteries.208 This could be increasingly viable if appropriate 
minerals are extracted in those countries or the region, whereby logistics costs would be reduced 
and local job creation could result from the supply chains and manufacture of storage solutions.209  

Potential limited availability of technicians for the installation and maintenance of household or 
commercial use of battery storage, especially for rural household use. Maintenance and upkeep are 
needed to ensure storage interventions are sustainable throughout their life cycle. This is a particular 
ōŀǊǊƛŜǊ ŦƻǊ άǎƳŀǊǘέ ōŀǘǘŜǊƛŜǎ όƛƴŎƭǳŘƛƴƎ ŘƛƎƛǘŀƭ κƘƛƎƘ ǘŜŎƘΦ ƛƴǘŜƭƭƛƎŜƴŎŜ ǎȅǎǘŜƳǎύΦ 

Although not a barrier to initial uptake, a barrier to more sustainable use of battery storage is a lack of 
adequate reuse or recycling facilities / logistics. This will be particularly difficult in East African 
countries. 

  

 
205 CALMAC. (2015). Thermal energy storage sees ongoing development in India. http://www.calmac.com/energy-storage-article-thermal-energy-
storage-sees-ongoing-development-in-india-1 
206 Insight from expert interview. (2020). 
207 Insight from expert interview. (2020). 
208 ESI Africa. (2019a). The vanadium redox flow battery, a leading technology in energy storage.  https://www.esi-africa.com/industry-
sectors/generation/the-vanadium-redox-flow-battery-a-leading-technology-in-energy-storage/ 
209 ESI Africa. (2019b). Webinar recording: Battery Storage: AfriŎŀΩǎ ŜƴŜǊƎȅ ƳŜǘŀƭǎ ƳŀǊƪŜǘ ŀƴŘ ǎǳǇǇƭȅ ŎƘŀƛƴΦ https://www.esi-africa.com/regional-
news/africa/battery-storage-africas-energy-metals-market-and-supply-chain/ 

http://www.calmac.com/energy-storage-article-thermal-energy-storage-sees-ongoing-development-in-india-1
http://www.calmac.com/energy-storage-article-thermal-energy-storage-sees-ongoing-development-in-india-1
https://www.esi-africa.com/industry-sectors/generation/the-vanadium-redox-flow-battery-a-leading-technology-in-energy-storage/
https://www.esi-africa.com/industry-sectors/generation/the-vanadium-redox-flow-battery-a-leading-technology-in-energy-storage/
https://www.esi-africa.com/regional-news/africa/battery-storage-africas-energy-metals-market-and-supply-chain/
https://www.esi-africa.com/regional-news/africa/battery-storage-africas-energy-metals-market-and-supply-chain/
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UK additionality  

The ¦YΩǎ ŀŘŘƛǘƛƻƴŀƭity is strong within innovation and proof of concept of energy storage solutions. By 
leveraging this expertise and experience, together with efforts by other organisations and through 
collaborations, UK support could realise true acceleration in this space. 

The UK has strong academic and private sector-driven research expertise in energy storage, as well as 
knowledge sharing network sand forums such as The Energy Storage Research Network (ESRN), the 
Energy SUPERSTORE and the Science and Technology Facilities Council (STFC) Network in Battery 
Science and Technology, all funded by the Engineering and Physical Sciences Research Council 
(EPSRC). The UK Energy Storage Research Conference has been running since 2015. 

UK private sector expertise is strong in the integration of energy storage and grids, including smart grid 
design and operations. {ŜŜ ŦƻǊ ŜȄŀƳǇƭŜ ǘƘŜ ¦YΩǎ нлмт {ƳŀǊǘ {ȅǎǘŜƳǎ ŀƴŘ CƭŜȄƛōƛƭƛǘȅ tƭŀƴΦ210 

Through its BEIS Energy Innovation Portfolio, BEIS has invested GBP 70 million in the smart energy 
systems innovation theme.211 This experience can be drawn upon for interventions in the target 
regions. 

Under the Green Growth Strategy (2017), GBP нсрƳ ƛǎ ŀƭƭƻŎŀǘŜŘ ǘƻ άƛƴƴƻǾŀǘƛƻƴǎ ƛƴ ǎƳŀǊǘ ǎȅǎǘŜƳǎ 
όƛƴŎƭǳŘƛƴƎ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜύέΣ ŀŎŎƻǳƴǘƛƴƎ ŦƻǊ ŀƭƳƻǎǘ мл҈ ƻŦ ǘƘŜ Ŧǳƭƭ ōǳŘƎŜǘΦ212 

Experience in private sector-led ΨŜƴŜǊƎȅ-as-a-ǎŜǊǾƛŎŜΩ ƳƻŘŜƭǎ ǘƘŀǘ ŎƻǳƭŘ ƘŜƭǇ ƛƴ ǘƘŜ ƛƴǘǊƻŘǳŎǘƛƻƴ ƻŦ 
energy storage in the target regions. 

The UK is active and influential in the international landscape, for example due to involvement in IEA 
Technology Collaboration Programmes (TCPs), including the Energy Storage TCP and the former 
demand-side management TCP. UK government donors and the UK private sector have extensive 
experience in assisting developing country governments in energy distribution and transmission (e.g. 
GridWorks, backed by CDC),213 as well as some energy storage initiatives, including the development 
of standards.  

There is significant export potential for UK business to implement energy storage solutions 
internationally, including the regions of interest.  

Donor activity relating to energy storage is currently driven by the World Bank, Germany and the US.  

The ²ƻǊƭŘ .ŀƴƪΩǎ .ŀǘǘŜǊȅ {ǘƻǊŀƎŜ LƴƛǘƛŀǘƛǾŜ was set up in 2018, as well as the Energy Storage Partnership, 
both of which the UK has joined (the UK provided GBP 200m last year to the Battery Storage 
Initiative and joined as a member of the Energy Storage Partnership). The Battery Storage Initiative 
aims to finance 17.5 GWh of battery storage by 2025 ς more than triple the 4-5 GWh currently 
installed in all developing countries ς via direct assistance and concessional climate financing and 
public and private investments.  

The World Bank has been investing in energy storage over the past few years, via the wider Energy 
Sector Management Assistance Programme (ESMAP), for which the involved partners have 
contributed USD 26.8billion and leveraged another USD 15.8billion in private finance across all the 
energy interventions covered by the programme.  

 
210 HMG and Ofgem (2017) Upgrading our Energy System: Smart Systems and Flexibility Plan. 
https://www.gov.uk/government/publications/upgrading-our-energy-system-smart-systems-and-flexibility-plan  
211 HMG (2017) Funding for innovative smart energy systems. https://www.gov.uk/guidance/funding-for-innovative-smart-energy-systems 
212 HMG (2017) The Clean Growth Strategy: Leading the way to a low carbon future. 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/700496/clean-growth-strategy-correction-april-
2018.pdf  
213 https://www.gridworkspartners.com 

https://www.gov.uk/government/publications/upgrading-our-energy-system-smart-systems-and-flexibility-plan
https://www.gov.uk/guidance/funding-for-innovative-smart-energy-systems
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/700496/clean-growth-strategy-correction-april-2018.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/700496/clean-growth-strategy-correction-april-2018.pdf
https://www.gridworkspartners.com/
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The US Trade and Development Agency (USTDA) has invested in a number of storage projects in Africa 
and also supported an energy storage standards workshop in Southern Africa. The United States 
Agency for International Development (USAID) has also partnered with the National Renewable 
9ƴŜǊƎȅ [ŀōƻǊŀǘƻǊȅ όbw9[ύ ƻƴ ΨDǊŜŜƴƛƴƎ ǘƘŜ DǊƛŘΩ ǿƘƛŎƘ includes work on storage. 

{ǘƻǊŀƎŜ ƛǎ ǇŀǊǘ ƻŦ ǘƘŜ {ǳǎǘŀƛƴŀōƭŜ 9ƴŜǊƎȅ ŦƻǊ !ƭƭ ό{99п![[ύ ¦b LƴƛǘƛŀǘƛǾŜΩǎ !ƭƭƛŀƴŎŜ ŦƻǊ ǊǳǊŀƭ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴΦ  

GIZ provides significant support in the target regions on energy storage. For example in Chile it is 
supporting the government to integrate molten salt thermal storage with CSP generation.214  

Within Europe, there is the European Clean Energy package from the European Commission and several 
pilot projects in Germany, France, the Netherlands and the UK. These countries in particular are in a 
stronger position to contribute to donor activity in energy storage.215 

Efforts in energy storage are more recent in adoption and focus and have seen national governments 
and the private sector complementing donor funding and projects. 

In regions with the largest mitigation potential, the UK typically has strong ODA ties related to technical 
assistance programming, with an initial focus on innovation programming.  

There is a real opportunity for the UK to enable the uptake of energy storage in countries in the target 
regions, where there are strong ODA relationships, involving both the national government and 
private sector to maximise impact. 

Beyond the GBP 200 million contribution ƛƴ нлмф ǘƻ ǘƘŜ ²ƻǊƭŘ .ŀƴƪΩǎ .ŀǘǘŜǊȅ {ǘƻǊŀƎŜ LƴƛǘƛŀǘƛǾŜ ǘƘŜ ¦Y 
Department for International Development (DFID, now part of the Foreign, Commonwealth & 
Development Office (FCDO)) and BEIS recently allocated an initial GBP 20 million to create the 
Faraday ODA Energy Storage Challenge, building on the foundation created by the Industrial Strategy 
Challenge Fund (ISCF) Faraday Battery Challenge.  

Most UK ODA programmes of support focus on smaller scale interventions and leveraging private finance 
into the sector. In recent years, DFID and other government departments have increased their focus 
on innovation programming, and exploring ways to ensure maximum value for money, through 
global programmes such as Frontier Technologies Livestreaming, the Global Innovation Fund and 
Ideas to Impact which tests innovation prizes as a development tool, among others. 

Energy storage experimentation is benefiting from UK ODA through the Frontier Technology 
Livestreaming programme which is currently testing a system to provide sustainable energy to health 
clinics in Zimbabwe, facilitated through solar power and solar energy storage, which is showing great 
initial results and promise for scale across the country.216 Through connecting the solar energy 
systems, a tenfold increase in out-of-hours procedures has been enabled, which brings significant 
health improvements to those who live in rural Zimbabwe.217 

UnŘŜǊ 5CL5Ωǎ LŘŜŀǎ ǘƻ LƳǇŀŎǘ ǇǊƻƎǊŀƳƳŜΣ ¢ƘŜ Global LEAP Off-Grid Cold Chain Challenge (OGCCC) 
άŀƛƳŜŘ ǘƻ ƛŘŜƴǘƛŦȅ ŀƴŘ ǊŜǿŀǊŘ ǘƘŜ Ƴost appropriate technologies for off-grid cold storage, and by 
promoting the technologies and their associated business models, stimulate appropriate support 
ŦǊƻƳ ŘƻƴƻǊǎΣ ƛƴǾŜǎǘƻǊǎ ŀƴŘ ƎƻǾŜǊƴƳŜƴǘΦέ218 As part of the competition, funding was provided to 10 

 
214 GIZ (2019) Ready for Change: Chile is on course for a future with renewables. Available at: https://www.giz.de/en/workingwithgiz/81233.html 
215 IEA (2020) Energy Storage Tracking Report. Available at: https://www.iea.org/reports/energy-storage  
216 Rahman, A. (2018) Blog: Notes from the field: Zimbabwe. Available at: https://medium.com/frontier-technology-livestreaming/notes-from-the-
field-zimbabwe-a8a557ef65b1 
217 Rahman, A. (2019) Play #8: For Learning, More is More. Available at: https://medium.com/frontier-technology-livestreaming/play-8-for-learning-
more-is-more-578d42af5a82  
218 Brown, C. (2020) Review Report: 2018-19 Global Leap Off-Grid Cold Chain Challenge. Itad. Available at: 
http://www.ideastoimpact.net/sites/default/files/doc_research/Global%20LEAP%20OGCCC%20Review%20Report_0.pdf  

https://www.giz.de/en/workingwithgiz/81233.html
https://www.iea.org/reports/energy-storage
https://medium.com/frontier-technology-livestreaming/notes-from-the-field-zimbabwe-a8a557ef65b1
https://medium.com/frontier-technology-livestreaming/notes-from-the-field-zimbabwe-a8a557ef65b1
https://medium.com/frontier-technology-livestreaming/play-8-for-learning-more-is-more-578d42af5a82
https://medium.com/frontier-technology-livestreaming/play-8-for-learning-more-is-more-578d42af5a82
http://www.ideastoimpact.net/sites/default/files/doc_research/Global%20LEAP%20OGCCC%20Review%20Report_0.pdf
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organisations working on new forms of cold storage in Sub-Saharan Africa. Of the ten, seven explicitly 
mention the use of batteries, either thermal or electrical batteries.219   

In relation to off-grid solar linked to storage, DFID has funded some e-waste work that could be relevant 
and considered for expanding, with a focus on how to encourage battery reuse and recycling.220 

  

 
219 Ideas to Impact website. Accessed July 2020: http://www.ideastoimpact.net/content/spotlight-10-finalists-uk-aid-funded-grid-cold-chain-challenge  
220 DFID. (2016). Electronic waste (e-waste) impacts and mitigation options in the off-grid renewable energy sector. https://www.gov.uk/dfid-
research-outputs/electronic-waste-e-waste-impacts-and-mitigation-options-in-the-off-grid-renewable-energy-sector 

http://www.ideastoimpact.net/content/spotlight-10-finalists-uk-aid-funded-grid-cold-chain-challenge
https://www.gov.uk/dfid-research-outputs/electronic-waste-e-waste-impacts-and-mitigation-options-in-the-off-grid-renewable-energy-sector
https://www.gov.uk/dfid-research-outputs/electronic-waste-e-waste-impacts-and-mitigation-options-in-the-off-grid-renewable-energy-sector
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Intervention opportunities 

To alleviate the barriers set out in Section 0, there is substantial opportunity across all regions for the UK to 
draw on core strengths and areas of additionality, to deliver energy storage interventions in the following 
areas. 

Assist governments to take stock of needs and opportunities and plan and implement energy storage in a 
coherent approach, with linkages to a range of development objectives. 

Help governments take stock of energy generation and storage needs in a holistic way, with close 
linkages to renewable energy generation, as well as identifying ties between aspects such as thermal 
storage and other sectors such as chilled goods storage. Develop subsequent storage sector 
strategies with clear implementation steps and investment needs, drawing on resources such as 
Lw9b!Ωǎ 9ƭŜŎǘǊƛŎƛǘȅ {ǘƻǊŀƎŜ ±ŀƭǳŀǘƛƻƴ CǊŀƳŜǿƻǊƪ.221 This helps assess where each country or region is 
in terms of the proportion of variable renewable energy (VRE) in power supply and relating the need 
for storage to that. For instance, at low levels not much need except to test out technologies, then as 
levels rise the need to have an integrated integration plan and to put in place market mechanisms to 
incentivise investment. Priority measures will be context-specific in each case but could include:  

Grid planning for anticipated levels of deployment and testing of storage solutions on the grid and to 
help over-come over conservative reactions from grid operators. 

Putting in place an independent grid authority, help with appropriate grid management regulations, 
and development of polices to incentivise investment in storage and other flexibility mechanisms 

Support governments to expand the role of storage in ancillary service and flexibility markets, which are 
markets used to compensate flexible generating resources for services used to balance generation 
and load on the power grid in real time. 

Consider how flexible sector coupling can be integrated to energy storage strategy and investments as 
this can drastically change the development and investment opportunities. For example, the role of 
excess hydrogen from gas, integrated grids with integrated heat and cooling, or thermal storage 
combined with cold storage facilities for produce. This is most relevant in more advanced economies 
such as India and South Africa and in specific countries such as Thailand, Malaysia, or Argentina.  

Help governments to focus on smart green grids as one of the most effective ways of maximising the 
value of current energy generation and integrating storage, considering the following interventions:   

Provide technical assistance to help governments understand, in an integrated way, how they need 
to develop their grids to move to lower-carbon forms of generation, and how storage can help in 
this.  

Support government to improve technical capacity in grid planning to tie together demand-side 
management, dispatch control, and storage all together. 

Focus support for smart green grids on countries that use a high proportion of coal, such as in 
Southeast Asia. Reducing losses in the grid is also seen as very attractive to a wide range of 
stakeholders, including those who perhaps do not see climate change mitigation as their job.  

Behind-the-meter storage solutions: 

Provide technical assistance to governments to develop regulatory systems, such as feed-in-tariffs, which 
can help to catalyse the uptake of BTM storage solutions. Consider the lack of regulations in target 

 
221 IRENA (2020) Electricity Storage Valuation Framework. Available at: https://irena.org/publications/2020/Mar/Electricity-Storage-Valuation-
Framework-2020 
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regions as an opportunity that allows for a more streamlined approach to adopting recent best 
practice. There are different levels of maturity of electricity markets that call for different 
interventions and different opportunities to by-pass traditional stages of the electricity market. As 
promoted by the IEA it is important to place flexibility rather than specific technologies at the heart 
of policy support.222Also consider providing support to utilities to help develop offerings that include 
BTM storage solutions.  

Consider how to catalyse the important role of warranties in de-risking storage investments and 
quantifying the financial value of storage. Warranties can cover the products as a guarantee against 
defects. They can also cover the performance of the product in terms of aspects such as consistent 
capacity, energy and availability over time. It is important to consider the potential downsides of 
warranties from an average life-of-SME-perspective in developing countries. For example, if the 
warranty is for 5 years and the average life expectancy of an SME is 3 years, it can be a bit 
meaningless. Furthermore, warranties for battery storage in developing countries may need to give 
special consideration for aspects such as high temperatures, fluctuating grids and difficulties for 
logistics in remote areas, which may lead to damage during transportation. A recent World Bank 
Battery Storage Partnership report on this subject, can offer useful guidance.223 

Investment in pilot and demonstration projects to highlight the technical viability, robustness and 
reliability of new technologies. As a first step, implement batteries in public infrastructure (such as 
telecommunications infrastructure, municipal buildings, military/police infrastructure, and hospitals) 
to demonstrate profitability and correct implementation. For example, cool thermal storage has 
been deployed in public buildings such as city halls in cities like Durban, Pretoria, and Johannesburg 
in South Africa, to test and demonstrate the concept.  

Support on catalysing financing mechanisms for energy users to encourage uptake and industry 
investment in BTM storage solutions. This could either be through grants or small interest-free loans, 
initiatives that spread ƻǳǘ ǘƘŜ Ŏƻǎǘ ƻǾŜǊ ǘƛƳŜ ǎƻ ǘƘŜ ǳǇŦǊƻƴǘ ǇǊƛŎŜ ƛǎƴΩǘ ǇǊƻƘƛōƛǘƛǾŜΣ ƻǊ ǎupporting 
business models, such as pay-as-you-go energy access or storage-as-a-service. For example, a DFID 
programme is helping fund loans to provide low-carbon cookstoves to semi-urban and rural 
households in sub-Saharan Africa. Households pay off the loan through monthly salary sacrifice, 
which is offset by the fuel cost savings.224 It is possible to develop similar mechanisms for energy 
storage technologies to encourage uptake, across all geographic regions.  

Support initiatives that make use of second-life batteries. For example, lithium-ion batteries from EVs in 
developed countries could be used as household storage packs in countries in the target regions. It is 
important to note that the falling costs of lithium-ion batteries for second-life uses, make it harder 
for other battery chemistries to compete in the BTM storage sector.225 Notable examples of vehicle 
manufacturer-led initiatives (albeit in high-income countries) include: DŜƴŜǊŀƭ aƻǘƻǊǎΩ ǳǎŜŘ-battery 
electric storage system project with ABB; .a²Ωǎ ǳǎŜŘ-battery electric storage system project with 
Bosch; and RenaultΩǎ used-battery project with Powervault.226  

Support the awareness and knowledge sharing of the benefits and possibilities of energy storage for a 
range of audiences including government, industries, businesses and households, helping to create 
more demand for storage services.  

 
222 IEA (2020) Energy Storage Tracking Report. https://www.iea.org/reports/energy-storage 
223 World Bank Group (2020) Warranties for Battery Energy Storage Systems in Developing Countries. Washington, D.C. 
https://www.esmap.org/report-warranties-for-battery-energy-storage-systems-in-dev  
224 Climate Care. (no date). Arup Joins Initiative to Provide Cleaner and Safer Cooking Technology to Communities in Kenya. Accessed July 2020. 
https://climatecare.org/arup-joins-initiative-to-provide-cleaner-and-safer-cooking-technology-to-communities-in-kenya/   
225 Energy Storage Report. (2016). The second-life threat to non-lithium batteries. http:/ /energystoragereport.info/the-second-life-threat-to-non-
lithium-batteries/ 
226 Asian Development Bank (2018) Handbook on Battery Energy Storage System. 
https://www.adb.org/sites/default/files/publication/479891/handbook-battery-energy-storage-system.pdf    
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Focus on sectors where there are likely to be big savings in cost and GHG emissions, such as replacing 
BUGs in East Africa. Support here could be transformational. For example, an ongoing IFC initiative 
has carried out research to understand the true costs of diesel generators in terms of emissions, 
health and other impacts, using data from 167 countries, finding that users spend USD 30 billion to 
USD 50 billion annually on fuel in those countries and that utilities are struggling to keep up with 
surging demand. This is informing the next stage of the initiative which is to displace diesel 
generators with viable solar plus storage solutions.227  

Support specific to development of utility-scale on-grid or mini-grid storage. 

Help governments to set and plan implantation roadmaps for utility-scale storage capacity additions, 
followed up by appropriate implementation support. For example, the Philippines recently released 
an Energy Storage Framework which assesses the potential of storage systems such as various 
electro-chemical and flow battery technologies, compressed air, pumped-hydro and flywheel, as well 
as clearly setting out guidance on who should own, operate and ultimately benefit from the 
deployment of energy storage systems.228 !ƴƻǘƘŜǊ ŜȄŀƳǇƭŜ ƛǎ {ƻǳǘƘ !ŦǊƛŎŀΩǎ нлмф LƴǘŜƎǊŀǘŜŘ 
Resources Plan, which sets the 10-ȅŜŀǊ ǎǘǊŀǘŜƎȅ ŦƻǊ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŜƴŜǊƎȅ ƳƛȄΣ ǿƛǘƘ ŀ ŦƻŎǳǎ ƻƴ 
renewables plus storage.229 To support the implementation of energy storage in a coordinated way, 
the World Bank and African Development Bank are supporting Eskom to deliver a pilot 1.4 GWh 
battery energy storage system, expected to be the largest in sub-Saharan Africa.230  India, South 
Africa, and countries in South America and Southeast Asia are more likely to require assistance in 
developing and implementing such strategy, before East Africa, which has a stronger focus on 
increasing generation capacity.231  

Provide technical assistance to ensure utility-scale energy storage, smart grids and grid integration policy 
and regulation is fit for purpose and robust enough to encourage private investment.  

Consider providing concessional finance to help to unlock potential utility-scale storage projects. Funding 
can cover project preparation phases such as feasibility studies, as well as early construction phases. 
A recent BloombergNEF (BILLIONEF) study shows that concessional finance could incentivise new 
storage capacity globally by lowering capital costs of the technology.232  

Support research and development in utility-scale and BTM energy storage solutions.   

Continue to support research and development in the energy storage sector, such as more efficient 
thermal storage techniques, including testing pilot interventions and obtaining proof of concepts for 
solutions that can easily be scaled, especially when it comes to working with the private sector.  

Encourage wide ranging and holistic research and development (R&D) related to energy storage to 
ensure that storage technologies at lower TRLs, which may be more appropriate in certain contexts 
than better known Li-ion batteries, are advanced.  

Aim to feed research outcomes into actionable and practical interventions and disseminate findings to a 
wide audience of relevant stakeholders.  

  

 
227 International Finance Corporation. (2019).  The Dirty Footprint of the Broken Grid.   
https://www.ifc.org/wps/wcm/connect/industry_ext_content/ifc_external_corporate_site/financial+institutions/resources/dirty-footprint-of-broken-
grid 
228 9ƴŜǊƎȅ {ǘƻǊŀƎŜ bŜǿǎΦ όнлмфύΦ bŜǿ 5ƻ9 ŦǊŀƳŜǿƻǊƪ Ǉǳǘǎ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ŀǘ ƘŜŀǊǘ ƻŦ tƘƛƭƛǇǇƛƴŜǎΩ ŜƴŜǊƎȅ ǊŜŦƻǊƳǎΦ https://www.energy-
storage.news/news/new-doe-framework-puts-energy-storage-at-heart-of-philippines-energy-reform 
229 Government of the Republic of South Africa (2019) Integrated Resources Plan (Link) 
230 Construction Review Online. (2020). South Africa to construct battery energy storage system (BESS) in Vredendal. 
https://constructionreviewonline.com/2020/08/south-africa-to-construct-battery-energy-storage-system-bess-in-vredendal/ 
231 Insight from expert interview. (2020).   
232 BNEF. (2019). The Clean Technology Fund and Concessional Finance: Lessons Learned and Strategies Moving Forward. (Link) 
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https://data.bloomberglp.com/professional/sites/24/BNEF_The-Clean-Technology-Fund-and-Concessional-Finance-2019-Report.pdf
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Intervention case studies  

These case studies provide real-world insights into intervention design and challenges. Each case study 
provides an overview of the context, the aim of interventions, and the challenges faced.  

Box 8 Project Financing Support to the Redstone Concentrated Solar Power (CSP) Plant with Molten Salt 
Thermal Storage in South Africa, 2015 ς 2018, US$ 794 (IFC contribution of US$ 72 million) 

The Redstone CSP plant in South Africa is a flagship renewable energy and utility-scale storage project for 
the continent. Co-developed by ACWA Power and SolarReserve, the 100MW CSP tower project will enable 
12 hours of molten salt storage, helping to distribute power more evenly through a 24-hour period. It is 
designed to power more than 200,000 homes during peak demand, day and night. Due to high project 
development costs of approx. USD 794 million, club loans (a blend of development finance institutions 
and commercial banks) were required, including a blended finance component of USD 50 million from the 
Clean Technology Fund (CTF) and a further USD 192 from the African Development Bank.233 As such the 
International Finance Corporation (IFC) provided overall coordination and guidance. The Redstone CSP 
project is one of 27 renewable energy Independent Power Producer (IPP) projects under the South Africa 
Renewable Energy Independent Power Producer (REIPPP) programme. 

The objectives of the intervention were to: 

¶ Raise sufficient financing for the project and enable the process to progress smoothly to financial 
close and then construction. 

¶ Support the developers to formulate and sign at an appropriate power purchasing agreement 
(PPA) with Eskom, the national utility company.  

¶ Ensure best practice financing standards and environmental and social safeguarding are adopted 
and followed throughout the process.   

Lƴ ǇǳǊǎǳƛǘ ƻŦ ǘƘƻǎŜ ƻōƧŜŎǘƛǾŜǎΣ ǘƘŜ ƛƴǘŜǊǾŜƴǘƛƻƴΩǎ ŀŎǘƛǾƛǘƛŜǎ ǿŜǊŜ to: 

¶ Provide USD 72 million soft loan financing to contribute to the overall amount. 

¶ Provide overall coordination and guidance to all parties involved in the process, from the 
developer, government stakeholders, CTF and private finance. This is also referred to as the 
ΨƘƻƴŜǎǘ ōǊƻƪŜǊ ǊƻƭŜΩΦ 

¶ Provide sector expertise through in-house technical and country context advice, in-house CSP 
market experts, advice and best practice on environmental and social best practice and the 
Equator Principles, as well as advice on access to carbon credits.  

¶ LC/Ωǎ ŎƻƳƳƛǘƳŜƴǘ ǘƻ ǘƘŜ ǇǊƻƧŜŎǘ ƘŜƭǇŜŘ ǎǇƻƴǎƻǊǎ ǿŜŀǘƘŜǊ ǾƻƭŀǘƛƭŜ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ƭŜƴŘƛƴƎ ƳŀǊƪŜǘǎ 
and a depreciating local currency, while also oŦŦŜǊƛƴƎ LC/Ωǎ Ǝƭƻōŀƭ ŜȄǇŜǊǘƛǎŜ ŀƴŘ ŜȄǇŜǊƛŜƴŎŜ ƛƴ 
renewable energy production. 

As a consequence the results of the intervention were: 

¶ The PPA was signed in 2018 between the South African utility Eskom and the developers, 
following delays related to the replacement of the Zuma government. Full financing is now in 
place and construction is likely to start during 2020, subject to Covid-19.  

¶ A ground-breaking application of thermal storage is being deployed, which should prove to be 
significantly more cost-effective solution than battery enabled storage. Indeed, estimates suggest 

 
233 NS Energy. (no date). Redstone Concentrated Solar Project. https://www.nsenergybusiness.com/projects/redstone-concentrated-solar-project/ 

https://www.nsenergybusiness.com/projects/redstone-concentrated-solar-project/
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that molten salt thermal storage is 33 times more cost-effective than lithium-ion battery-based 
storage.234 

¶ The Project is expected to create up to 1,400 new construction jobs, as well as dozens of 
permanent jobs in South Africa, where the current unemployment rate is 24 %.235  

Key stakeholders included: 

¶ Eskom utility company. 

¶ Northern Cape Province Government. 

¶ Local residents and businesses, although the proposed location is very sparsely inhabited. 

Key risks and the steps taken to mitigate them were as follows:236 

¶ Delays to the planning and construction process: Mitigating actions include Energy Performance 
Certificate (EPC) delay LDs, a strong insurance package, stringent construction supervision & 
progress reporting, using an EPC contractor with experience including local experience.  

¶ Relatively untested technology: Mitigating actions include: Demystifying the technology risk 
associated with these complex projects, EPC performance LDs, extended performance measuring 
period (2-3 years), performance ramp-up, experienced & solid EPC contractor, sponsor 
completion support, stringent performance testing protocol for provisional & final acceptance 
under EPC  

¶ Cost over-runs: Mitigating actions include: Fully wrapped all-in EPC contracts, fully back-to-back 
with the PPA, adequate contingencies, stringent construction supervision & progress reporting  

¶ A lack of appropriate grid connection required the construction of a new 132kV switching station 
and a 34km-long 132kV transmission line are proposed to be constructed to connect the project 
with the national grid. 

For BEIS there are several primary lessons of the intervention in determining ICF investment: 

¶ Large utility-scale storage projects often require complex financing arrangements and the 
coordination of multiple stakeholders. 

¶ The presence of a trusted and honest broker, usually a development finance institution plays an 
important role in galvanising financial support and commitment for the project.  

¶ All major contracts are arranged as back-to-back with the overarching PPA, to minimise risk and 
exposure.  

 

 

 
234 Source: https://www.solarthermalworld.org/news/molten-salt-storage-33-times-cheaper-lithium-ion-batteries 
235 https://www.dfc.gov/sites/default/files/2019-08/PublicSummary_RedstoneCSP.pdf 
236 http://pubdocs.worldbank.org/en/574031489525897517/Day-II-4-2-IFCs-Project-Financing-of-Concentrated-Solar-Power-Plants-Dana-Younger.pdf 

https://www.solarthermalworld.org/news/molten-salt-storage-33-times-cheaper-lithium-ion-batteries
https://www.dfc.gov/sites/default/files/2019-08/PublicSummary_RedstoneCSP.pdf
http://pubdocs.worldbank.org/en/574031489525897517/Day-II-4-2-IFCs-Project-Financing-of-Concentrated-Solar-Power-Plants-Dana-Younger.pdf
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Box 9 !ǎƛŀƴ 5ŜǾŜƭƻǇƳŜƴǘ .ŀƴƪΩǎ {ǳǇǇƻǊǘ ŦƻǊ ¦ǘƛƭƛǘȅ {ŎŀƭŜ .ŀǘǘŜǊȅ {ǘƻǊŀƎŜ ƛƴ ¢ƘŀƛƭŀƴŘ 

The Asian Development Bank (ADB) recently approved a loan of approximately USD 7.2 million to Lomligor 
Company Limited (Lomligor), a subsidiary of BCPG Public Company Limited (BCPG) for a 10 MW wind power 
project with an integrated 1.88 MWh pilot battery energy storage system (BESS) project in Southern 
Thailand. The project will also leverage a USD 4.75m concessional loan provided by the CTF.237 This is the 
ŎƻǳƴǘǊȅΩǎ ŦƛǊǎǘ ŜȄŀƳǇƭŜ ƻŦ ǿƛƴŘ ƎŜƴŜǊŀǘƛƻƴ ŎƻƴƴŜŎǘŜŘ ǘƻ ōŀǘǘŜǊȅ ǎǘƻǊŀƎŜ ŀƴŘ ƛǎ ƭƻŎŀǘŜŘ ƛƴ ƻƴŜ ƻŦ ǘƘŜ 
ŎƻǳƴǘǊȅΩǎ ƭŜŀǎǘ ŘŜǾŜƭƻǇŜŘ ǊŜƎƛƻƴǎΣ ǿƘƛŎƘ ǎǳŦŦŜǊǎ  ŦǊƻƳ  a lack  of  investment, job opportunities, and access 
to basic services. The lack of economic activity in the region has led to underinvestment in the local power 
system, which continues to experience energy shortages. The project will provide additional generation 
capacity to the region, help make the power network more resilient, and thus support economic growth. 
The project should also generate job opportunities for the local community, including for women; and 
support the growth of the local and national economy.  

With assistance of the ADB, the objectives of the project are to: 

¶ Expand the amount of renewables capacity delivered into the main grid. 

¶ /ƻƴǘǊƛōǳǘŜ ǘƻ ¢ƘŀƛƭŀƴŘΩǎ tƻǿŜǊ 5ŜǾŜƭƻǇƳŜƴǘ tƭŀƴ ǘŀǊƎŜǘǎ ŦƻǊ ŎƭŜŀƴ ŜƴŜǊƎȅ.  

¶ Contribute to job creation, including for women, and support growth of the economy.  

In pursuit of those objectives, the activities of the programme are: 

¶ The project company entered into a PPA with the Provincial Electricity Authority (PEA), the Thai 
state-owned utility handling all distribution and retail sales outside the greater Bangkok area, for 
ǳǇ ǘƻ уΦфср a² ǳƴŘŜǊ ǘƘŜ aƛƴƛǎǘǊȅ ƻŦ 9ƴŜǊƎȅΩǎ ǾŜǊȅ ǎƳŀƭƭ ǇƻǿŜǊ ǇǊƻŘǳŎŜǊ ό±{ttύ ǇǊƻƎǊŀƳƳŜ.238 

¶ The PPA is to be automatically renewed every five years, and in addition to the wholesale tariff, 
the project receives a tariff incentive (the so-called "adder") of B3.5 per kWh, applicable for 10 
years from the commercial operations date. 

¶ Assisting Lomligor to align its labour and gender policies with the applicable regulatory 
ǊŜǉǳƛǊŜƳŜƴǘǎΣ !5.Ωǎ {ƻŎƛŀƭ tǊƻǘŜŎǘƛƻƴ {ǘǊŀǘŜƎȅ, and internationally recognised core labour 
standards. 

¶ Facilitating meetings and discussions with community and village heads, and other members in 
the area where the project is located, to enable stakeholder consultation and resolution of 
community and stakeholder grievances or concerns linked to the projects development. 

¶ Facilitating liaison with state and provincial regulatory authorities.  

As a consequence, the results the programme aims to achieve are:  

¶ When operational, the wind power plant with integrated pilot battery energy storage system will 
have an installed electricity generation capacity of 10 MW with battery energy storage capacity of 
1.88 MWh, helping to provide energy over a longer timeframe in each 24-hour period. 

¶ {ǳǇǇƭȅ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǘƻ ¢ƘŀƛƭŀƴŘΩǎ ŘƻƳŜǎǘƛŎ ƎǊƛŘ ǿƛƭƭ ōŜ ƛƴŎǊŜŀǎŜŘ ŀƴŘ ǘƘŜ Ǉƛƭƻǘ ǳǎŜ ƻŦ 
integrated battery energy storage system is being demonstrated.  

¶ At least seven permanent jobs will be created during operation and the project is providing almost 
700 jobs during construction, at least 100 of which were occupied by women, or 15% of the total.  

 
237Asian Development Bank. (2019). Report and Recommendation of the President to the Board of Directors: 
https://www.adb.org/sites/default/files/project-documents/53174/53174-001-rrp-en.pdf 
238 The government has allowed small-scale power projects of up to 10MW to connect to the grid and directly sell electricity to Metropolitan 
Electricity Authority (MEA) and Provincial Electricity Authority (PEA) since 2002.  

https://www.adb.org/sites/default/files/project-documents/53174/53174-001-rrp-en.pdf
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¶ Provide beneficiaries with access to more affordable and reliable electricity and better 
opportunities to raise their income and improve their livelihoods.  

¶ The concessional loan provided by the CTF has been critical in overcoming the risk-related 
bankability challenges that such a project might otherwise face in debuting an innovative 
technology. The benefits stand to be substantial, including the annual generation of at least 
14,870 MWh of electricity and the reduction of 6,364 tonnes of carbon dioxide emissions, 
beginning in 2020.239 

In the course of the programme, key clients and stakeholders are:  

¶ Provincial Electricity Authority.  

¶ Ministry of Energy. 

¶ Local communities impacted by the project. 

The risks and challenges that the project faces are: 

¶ Potential changes in the regulatory environment or power purchase agreement.  

¶ Technology risk relating to the relatively untried battery energy storage system and possible 
future maintenance costs. 

¶ Inflation and other unexpected market changes leading to cost overrun.  

¶ Weak power demand as a result of adverse macroeconomic shock.  

For BEIS the lesson from the programme in determining ICF investment are: 

¶ In many parts of Southeast Asia, the lack of pilot projects and a lag in regulatory regimes prevent 
widespread commercial deployment of the battery storage technology seen in other parts of the 
world. 

 

 
239 https://www.climateinvestmentfunds.org/news/innovative-battery-technology-boosts-renewable-energy-supplies-thailand 
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Glossary 

Acronym / Term Definition 

ADB Asian Development Bank 

Aggregators 
Aggregators are a grouping of agents in a power system (e.g. consumers, producers, 
prosumers) which act as a single entity when engaging in power markets. 

AI Artificial intelligence 

AMI Advanced metering infrastructure 

Ancillary services 
Services that maintain the proper flow and direction of electricity e.g. synchronised 
regulation, contingency reserves, black-start regulation, flexibility reserves  

Baseload The minimum amount of electric power delivered or required over a given period 

BAU Business as usual 

Behind the-the- 
meter storage 

Storage connected at the consumer side of the utility meter for commercial, industrial or 
residential power customers (and is therefore grid-connected). 

BEIS UK government Department for Business, Energy & Industrial Strategy 

BESS Battery energy storage systems 

BMZ DŜǊƳŀƴȅΩǎ CŜŘŜǊŀƭ aƛƴƛǎǘǊȅ Ŧƻr Economic Cooperation and Development 

BTM Behind the-the- meter 

BUG Back-up generator 

C&I Commercial and Industrial 

CAES Compressed Air Energy Storage 

CIF Climate Investment Funds 

CSP Concentrated solar power 

CTF Clean Technology Fund 

Curtailment 
A reduction in output from a power generator from what it could otherwise produce using 
available resources 

DER Distributed energy resource 

DFID 
Former UK government Department for International Development (now part of the 
Foreign, Commonwealth and Development Office (FCDO)) UK government Department for 
International Development 

DR Demand response 

DSM Demand side -side-management 

EE Energy efficiency 

Electrical storage Storage of energy in electrical fields e.g. supercapacitor 

Electrochemical 
storage 

Storage of chemical potential energy e.g. lithium-ion batteries 

Energy storage 
A device that captures energy for later use, with categories of storage including 
electrochemical, electrical, mechanical, and thermal forms of storage 

EnMS Energy management system 

EPC Energy Performance Certificate 

EPSRC Engineering and Physical Sciences Research Council 
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Acronym / Term Definition 

ESCO Energy Service company 

ESMAP Energy Sector Management Assistance Programme 

ESO Energy systems optimisation  

ESRN Energy Storage Research Network 

ESS Energy storage systems 

EU European Union 

EUR Euro 

Flexibility The ability of a power system to respond to changes in electricity demand and supply 

GBP British pound sterling 

GDP Gross domestic product 

GESP Global Energy Storage Program 

GHG Greenhouse gas 

GIZ Deutsche Gesellschaft fur Internationale Zusammenarbeit GmbH 

Grid An electricity grid  

Grid storage 
Storage connected to a distribution or transmission networks, or alongside a power 
generation asset, such as a wind turbine 

Gt CO2 Gigatonnes of CO2 

Gt CO2e Gigatonnes of CO2 equivalent 

GW Gigawatt 

GWh Gigawatt hours 

IADB Inter-American Development Bank 

IEA International Energy Agency 

IESA India Energy Storage Alliance 

IFC International Finance Corporation 

IoT Internet of Things 

IPCC Intergovernmental Panel on Climate Change 

IPP Independent Power Producer 

IT Information technologies 

LEDs Light emitting diode lights 

Load The energy demand experienced on a system 

MAGC Market Accelerator for Green Construction 

Mechanical storage Storage of mechanical potential energy e.g. pumped hydropower 

NDC Nationally Determined Contribution 

NEP National Energy Plans or Policies 

ODA Official Development Assistance 

OECD Organisation of Economic Cooperation and Development 

Ofgem Office of Gas and Electricity Markets 
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Acronym / Term Definition 

PPA Power purchase agreement 

RD&D Research, development and demonstration 

SDG Sustainable Development Goal 

Stationary storage Electrical storage designed for stationary applications 

System costs 
Total costs to the electricity system to supply electricity at a given load and security of 
supply 

TCP Technology Collaboration Programme 

Thermal storage Storage of energy as heat (or cold) for later use, either directly or to generate electricity 

TRL Technology readiness levels 

UNIDO United Nations Industrial Development Organisation 

USAidUSAID United States Agency for International Development 

USD United States Dollar 

Variability 
The changes in power demand and/or output of a generating source due to underlying 
fluctuations in resource or power consumption 

VPP / Virtual Power 
Plant 

VPP operators aggregate DERs to behave like a traditional power plant and engage in a 
power market to sell electricity or ancillary services 
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Demand Side Management 

Summary 

The demand side management opportunity is defined as measures to increase power system flexibility and 
encourage power demand reduction, using both price and non-price signals. In this assessment, demand-
side management focuses on the power sector. It includes measures to influence the consumer use of 
electricity (households, commercial users and industry), either in the time pattern of use or magnitude of 
demand (e.g. energy efficiency and energy conservation). It also includes measures to improve the operation 
of grid assets, to improve system flexibility and increase efficiency of generation. There are numerous 
strategies to achieve the outlined types of DSM considered in this report, including electricity market design, 
customer self-generation, behavioural change policies, and use of digital, smart technologies by consumers 
and network operators within a smart grid.  

Interventions to encourage adoption of demand side management include technical assistance to local 
utilities and policymakers, advisory support to businesses and financing of smart grid infrastructure. Given 
the largest barriers to adoption of demand side management, example interventions include: 

Technical assistance in the development of electricity market regulation and design of effective 
behavioural change policies; and, 

Financing of capital and software, including data management systems and remote smart metering 
systems throughout a grid network.  

Table 18 Demand side management assessment summary 

Criteria Assessment Notes 

Climate impact 

 

Medium 

¶ Large indirect impact on power sector emissions by enabling integration of variable 
renewables (which could help to reduce around 50% of power sector emissions by 
2050), reducing dependence on polluting forms of back-up power and reducing 
overall energy demand  

¶ Transformational impact on all sectors in the long-term through increased efficiency 
of energy consumption across transport, buildings, industry etc 

Development impact 

 

High 

¶ Substantial positive impact on SDG 7, access to low carbon, reliable power, and SDG 
3, good health and wellbeing, by supporting renewables integration. Further positive 
impacts on economic growth and industry can be achieved through system wide 
impact of DSM  

Investment gap 

 

Low 

¶ Investment need, and therefore gap is low (around USD 2 trillion) compared to other 
opportunities, reflecting lower levels of infrastructure required for centralised DSM  

¶ Costs are not negligible, however, and can be high in the case of payments to 
industrial users to reduce demand, or deployment of metering units and smart end-
use appliances in the transition to a smart grid 

Cost effectiveness 

 

High 

¶ DSM is in principle a low-cost measure but there are costs associated with 
overcoming barriers to delivery, and this is poorly understood. 

¶ Cost effectiveness is greatest where behavioural inertia can be overcome, through 
behavioural change policies, or circumvented, through automation and use of AI  

Barriers to adoption 

 

High 

¶ Substantial barriers to greater DSM include policy inertia, resulting from poor 
understanding of the ability of DSM to achieve energy access and climate goals; the 
ƳƛǎǎƛƴƎ ƳŀǊƪŜǘ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ǇǊƻǾƛǎƛƻƴ ƻŦ ΨŦƭŜȄƛōƭŜ ǇƻǿŜǊΩ ǘƻ ƛƴǘŜƎǊŀǘŜ 
renewables; and, the lack of technical capacity to implement DSM measures e.g. a 
poor digital ecosystem. 
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Criteria Assessment Notes 

UK additionality 

 

High 
¶ Extensive domestic experience in implementing DSM measures, both through 

effective regulatory design and private sector business models, such as aggregators.  

Source: Vivid Economics, Adam Smith International & Factor  

Key lessons for supporting mitigation through demand side management: 

The nature of the local electricity demand will influence the ease of rolling out DSM. In countries with 
large industrial demand, such as South Africa, incentives-based mechanisms targeted at industrial 
users could provide a large degree of the flexibility needed.  

DSM policies can increase their climate impact through measures to: 

Increase the price responsiveness of consumers, through behavioural change policies, or 

Increase the participation rate of consumers by automating decision-making, through use of artificial 
intelligence and smart appliances. 

To increase local support for a DSM strategy, policies should seek to leverage the tangible monetary 
benefits from DSM, such as the potential to increase revenues of electricity operators through AI.   

India and South Africa both have significant regional demand for DSM and can deliver large climate 
mitigation potential. 

  



 

 102 

Introduction to the opportunity  

Role of the opportunity in decarbonisation of developing countries 

Demand-side management will be essential to the decarbonisation of the power sector, and the energy 
sector as a whole, through its role in providing demand-side flexibility to meet rising electricity demand, 
reducing total electricity demand by encouraging behaviour change, and supporting the integration of 
variable renewable energy. The power sector emitted 7.4 gigatonnes of carbon dioxide (GtCO2) in low- and 
middle-income countries in 2015, rising to 16 GtCO2 in 2050 under a business-as-usual (BAU) scenario.240 
Variable renewable energy is expected to supply 68% electricity in low- and middle-income countries in 
2050, compared to only 1% in 2015. This will require the capacity of wind and solar power to increase, on 
average, by 220 gigawatts (GW) per year to 2050.241 Power system flexibility will be increasingly necessary to 
handle the variability and uncertainty that these variable renewables introduce into the system, helping to 
ensure renewables integration occurs at low cost and avoiding renewable power curtailment.242 Flexibility 
and demand reduction are maximised to the extent that a smart grid is combined with increased 
digitalisation of the energy system, to automate optimisation of grid assets, and behaviour change policies to 
increase responsiveness of consumers. Notably, grid flexibility delivers emissions reductions benefits across 
other sectors besides the power sector, such as industry and transport, by allowing for more efficient 
integration of electric vehicles (EVs) and improved efficiency at which industries consume and generate 
power.243   

Currently, most forms of demand-side management in place in low and middle-income countries focus on 
improving energy efficiency of power consumption. Measures to manage demand by increasing the 
efficiency of power consumption are by far the most common form of DSM, with over 230 energy efficiency 
labelling policies present globally ς including in, India, Vietnam, the Philippines, Mexico, Peru, Colombia, 
South Africa and Kenya among other low- and middle income countries. Contracts to curtail industrial 
demand are the second most common form of DSM in place across low- and middle-income countries. 244 
IƻǿŜǾŜǊΣ ǘƘŜ ǎŎŀƭŜ ƻŦ ǇƻǿŜǊ ŦƭŜȄƛōƛƭƛǘȅ ǘƘŜȅ ǎǳǇǇƭȅ ƛǎ ǎǘƛƭƭ ǊŜƭŀǘƛǾŜƭȅ ǎƳŀƭƭΦ 5ŜŎŜƴǘǊŀƭƛǎŜŘ 5{a ŀƴŘ ΨǎƳŀǊǘ ƎǊƛŘΩ 
opportunities, including the use of digital technologies and artificial intelligence, are scarce, with grid 
modernisation only at a pilot stage in high-income countries. There is therefore little precedence in terms of 
how countries can transition to a smarter grid, and substantial room for innovation. 

Box 10  ¢ƘŜ ŦǳǘǳǊŜ ƻŦ ŘŜƳŀƴŘ ǎƛŘŜ ƳŀƴŀƎŜƳŜƴǘΣ ǘƘŜ ΨǎƳŀǊǘ ƎǊƛŘΩ ŀƴŘ energy storage 

A smarter grid is viewed as a key step to realising increased demand-side management, both via active 
participation of energy consumers and increasing use of automation and smart systems. ! ƎǊƛŘ ƛǎ ΨǎƳŀǊǘΩ 
to the extent that it can optimise generation, distribution and consumption of electricity.245 Though its 
exact composition will vary, all smart grids will rely on the introduction of information and communication 
technologies ς sensors and smart meters ςto provide real-time measurement of grid activity and provide 
signals that consumers, producers and network operators can respond to. One core aspect will be the 
increased role of energy consumers, who will be empowered with the information and incentives to 
modulate demand in response to real-time price signals; and supply energy back to the grid, utilising 
distributed energy resources (e.g. solar home systems or electric vehicles). Smart grids will not only rely 

 
240 Figures correspond to the IMAGE Planned Policies decarbonisation scenario 
241 Figures correspond to the renewables decarbonisation scenario. Variable renewables includes solar photovoltaic (PV), concentrated solar power 
(CSP), onshore wind, and offshore wind. 
242 Variability is defined as the fluctuating nature of solar and wind resources, which translate into rapid changes in electricity generation. Uncertainty 
is defined as the inability to perfectly predict the future output of variable renewable generation. Based on Irena. (2019). άLƴƴƻǾŀǘƛƻƴ ƭŀƴŘǎŎŀǇŜ 
ǇǊŜǾƛŜǿέ https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2019/Jan/IRENA_Innovation_Landscape_preview_2019.pdf?la=en&hash=10221885865D12F47747356D9F62
90283B205210 
243 International Energy Agency. (2020). Demand Response: Tracking Report ς June 2020. https://www.iea.org/reports/demand-response  
244 9{a!t όнлммύΦ άImplementing Energy Efficiency and Demand Side Management ς {ƻǳǘƘ !ŦǊƛŎŀΩǎ {ǘŀƴŘŀǊŘ hŦŦŜǊ aƻŘŜƭέΦ 
https://openknowledge.worldbank.org/bitstream/handle/10986/12508/690330ESM0P1180SouthAfrica0WebFinal.pdf?sequence=1&isAllowed=y 
245 5ŀƪƛ Ŝǘ ŀƭΦ όнлмтύΦ ά.ƛƎ 5ŀǘŀ aŀƴŀƎŜƳŜƴǘ ƛƴ {ƳŀǊǘ DǊƛŘǎΥ ŎƻƴŎŜǇǘǎΣ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀƴŘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴέ 

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Jan/IRENA_Innovation_Landscape_preview_2019.pdf?la=en&hash=10221885865D12F47747356D9F6290283B205210
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Jan/IRENA_Innovation_Landscape_preview_2019.pdf?la=en&hash=10221885865D12F47747356D9F6290283B205210
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Jan/IRENA_Innovation_Landscape_preview_2019.pdf?la=en&hash=10221885865D12F47747356D9F6290283B205210
https://www.iea.org/reports/demand-response
https://openknowledge.worldbank.org/bitstream/handle/10986/12508/690330ESM0P1180SouthAfrica0WebFinal.pdf?sequence=1&isAllowed=y
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on energy consumers to provide flexibility, however, but also on smart appliances and network operation 
systems that can automatically optimise operation based on digital signals.   

The effects of increased data collection on the grid can be transformational at the system-wide level. A 
smarter grid will also allow for the optimisation of generation and distribution across the electricity 
system. For instance, artificial intelligence techniques are increasingly applied to the vast amount of grid 
data, energy consumption data and weather data to help decide when and how to utilise renewable 
power sources. Applications have so far been concentrated in high-income countries, Norway and the USA 
for example, but could equally benefit low and middle-income countries ς pilots for improved grid data 
collection and real-time optimisation are, for instance, underway in Argentina and Colombia.246247 This 
supports the increased utilisation of renewable energy assets, improving the profitability of these assets 
and reducing emissions on the grid. In its most advanced form, the smart grid will allow optimisation 
across the entire energy system, providing data that allows for flexibility and integration across the power, 
transport and building sectors.  

One of the key benefits of the smarter grid is the low-cost integration of renewables. By increasing the 
responsiveness of the entire power system, a smarter grid can increase the efficiency at which assets are 
utilised. It therefore both helps to support higher levels of renewable integration and to reduce the costs 
of meeting rising power demand ς by reducing levels of renewable energy curtailment, for example. There 
are numerous other benefits of the smarter grid, including increased reliability of generation and reduced 
risks of electricity theft.  

There are several components necessary to realise the benefits provided by a smart grid. Installation of 
sensors and smart meters will not be enough to catalyse the increased efficiency opportunities highlighted 
above. The benefits of grid modernisation will also rely on three interconnected factors: 

 Digitalisation and artificial intelligence. Smart meters and sensors will inevitably create a surplus of 
information. For example, one million smart meters with a sampling rate of four times per hour 
will generate over 35 billion records. Information in itself is not valuable, however, and will only be 
useful if combined with advanced data analytics software, to translate vast amounts of 
information into meaningful signals; and, internet of things (IoT) technologies able to 
communicate and automatically respond to these digital signals ς smart thermostats, smart 
substations etc.  

 Decentralisation, via distributed energy resources (DERs) at the consumer end of the utility grid. 
Increasing deployment of DERs ς including solar home systems, behind-the-meter (BTM) energy 
storage systems, electric heat pumps and electric vehicles ς effectively decentralises power 
generation, blurring the line between power consumer and producer. They are core to increasing 
5{aΦ 59wǎ ƛƴŎǊŜŀǎŜ ǘƘŜ ΨŦƭŜȄƛōƭŜ ǇƻǿŜǊΩ ŎŀǇŀŎƛǘȅ ōȅ ŀƭƭƻǿƛƴƎ ŦƻǊ ōƻǘƘ ǎŜƭŦ-consumption, when 
electricity prices are low, and the supply of energy back to the grid when prices rise. Importantly, 
the associated revenue streams created by this process simultaneously increases the value of 
DERs.  

 New business models. Regulatory frameworks that value flexibility and associated business models 
which seek to profit from DERs and the surplus of digital information are a necessary condition to 
achieve a smarter, more responsive grid. In the UK and Germany, the design of capacity market 
ŀǳŎǘƛƻƴǎ Ƙŀǎ ōŜŜƴ ŜŦŦŜŎǘƛǾŜ ŀǘ ǎǘƛƳǳƭŀǘƛƴƎ ΨŀƎƎǊŜƎŀǘƻǊΩ ŀƴŘ ΨǾƛǊǘǳŀƭ ǇƻǿŜǊ ǇƭŀƴǘΩ ό.ttψ ōǳǎƛƴŜǎǎ 
models, for example, which utilise DERs to create revenue-generating grid assets. China has also 
demonstrated the viability of virtual power plants through a series of pilots, with as much as 
55MW was gathered through a VPP project focused on air-conditioning resources in commercial 

 
246 LC/Φ όнлнлύΦ ά!ǊǘƛŦƛŎƛŀƭ ƛƴǘŜƭƭƛƎŜƴŎŜ ƛƴ ǘƘŜ tƻǿŜǊ {ŜŎǘƻǊέ 
247 energy & meteo systems. (no date.) Virtual Power Plant for South America. https://www.energymeteo.com/customers/customer_projects/virtual-
power-plant_south-america.php 

https://www.energymeteo.com/customers/customer_projects/virtual-power-plant_south-america.php
https://www.energymeteo.com/customers/customer_projects/virtual-power-plant_south-america.php
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buildings.248 In 2020, the controllable load managed by the state grid Jiangsu Electric Power 
Company is targeted to be 10 GW.249 Countries in South America are also advancing towards 
deployment of VPPs, with a project currently underway in Argentina and Colombia, having been 
co-fiƴŀƴŎŜŘ ōȅ DŜǊƳŀƴȅΩǎ CŜŘŜǊŀƭ aƛƴƛǎǘǊȅ ŦƻǊ 9ŎƻƴƻƳƛŎ /ƻƻǇŜǊŀǘƛƻƴ ŀƴŘ 5ŜǾŜƭƻǇƳŜƴǘ ό.a½ύΦ250  

  

Scope considered in this assessment 

The demand-side management opportunity is defined as measures to increase power system flexibility and 
encourage power demand reduction, using both price and non-price signals. In this assessment, demand-
side management focuses on the power sector. It includes measures to influence the consumer use of 
electricity (households, commercial users and industry), either in the time pattern of use or magnitude of 
demand (e.g. energy efficiency and energy conservation). It also includes measures to improve the operation 
of grid assets, to improve system flexibility and increase efficiency of generation. There are numerous 
strategies to achieve the outlined types of DSM considered in this report, including electricity market design, 
customer self-generation, behavioural change policies, and use of digital, smart technologies by consumers 
and network operators. Box 11 sets out our approach to classifying the variants of DSM discussed in this 
report specifically.  

Box 11 Forms of demand-side management 

In this assessment, we classify DSM according to two dimensions, which together affect how DSM is 
ƛƴǘǊƻŘǳŎŜŘ ƛƴǘƻ ŀ ŎƻǳƴǘǊȅΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ƳŀǊƪŜǘ ŘŜǎƛƎƴΦ The two dimensions used to distinguish between 
types of DSM are:  

 Centralised vs. Decentralised DSM. This dimension captures the level of coordination required. 
Centralised DSM typically involves bilateral coordination between system operators and large 
industrial/commercial electricity consumers, and it is often categorised as demand-side response 
(DSR). Decentralised DSM includes small-scale (household) electricity users, and could be achieved 
on market-based platforms.   

 Price- vs. incentive-based DSM. This dimension captures the type of incentive provided. Price-
based mechanisms provide incentives through the price of electricity (GBP/kilowatt-hour (kWh)) 
itself. This can be in the form of time-of-use (TOU) tariffs, critical peak pricing, variable peak 
pricing, extreme day pricing, real-time pricing, peak time rebates, etc. On the other hand, 
incentive-based mechanisms provide incentives beyond those included in the electricity price 
itself. This could include direct load control, interruptible load, emergency demand response 
programmes, capacity markets, demand bidding programmes, ancillary service markets, etc.251 
Notably, price-based DSM will require the uptake of digital, smart technologies that can 
automatically respond to a vast quantity of information, and data processing systems that can 
streamline the information provided. 

As set out in Figure 15, different DSM mechanisms sit on a spectrum. For example, bilateral industrial 
contracts are highly centralised, and incentive based.   

 
248 5ŜƴŀΦ όнлмфύ άLƴŘǳǎǘǊƛŀƭ ŘŜƳŀƴŘ ǎƛŘŜ ŦƭŜȄƛōƛƭƛǘȅ ƛƴ /Ƙƛƴŀέ 
249 DL½ όнлмфύ άhǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ ǾƛǊǘǳŀƭ ǇƻǿŜǊ Ǉƭŀƴǘǎ ƛƴ LƴŘƛŀέ 
https://www.energyforum.in/fileadmin/user_upload/india/media_elements/publications/20191121_Virtual_Power_Plants/Virtual_Power_Plants__R
eport.pdf  
250 energy & meteo systems. (no date). Virtual Power Plant for South America.  https://www.energymeteo.com/customers/customer_projects/virtual-
power-plant_south-america.php  
251 Thakur & Chakraborty. (2016). Demand side management in developing nations: A mitigating tool 
for energy imbalance and peak load management. Available from: https://www.sciencedirect.com/science/article/abs/pii/S0360544216311331  

https://www.energyforum.in/fileadmin/user_upload/india/media_elements/publications/20191121_Virtual_Power_Plants/Virtual_Power_Plants__Report.pdf
https://www.energyforum.in/fileadmin/user_upload/india/media_elements/publications/20191121_Virtual_Power_Plants/Virtual_Power_Plants__Report.pdf
https://www.energymeteo.com/customers/customer_projects/virtual-power-plant_south-america.php
https://www.energymeteo.com/customers/customer_projects/virtual-power-plant_south-america.php
https://www.sciencedirect.com/science/article/abs/pii/S0360544216311331
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Figure 15 Types of DSM discussed in the report can be characterised along two dimensions  

 

Note:  Not all possible forms of DSM are shown in the above figure; P2P refers to peer-to-peer trading. 
Source: Vivid Economics, ASI and Factor  

DSM is typically most beneficial to achieving emissions reductions in regions where a large proportion of 
future supply will be highly variable, hence this assessment focuses on similar regions as the Renewable 
Opportunity Report:252 

India, where DSM can help to integrate renewables and improve the energy efficiency of consumption, 
as well as improve energy access outcomes through reduced grid outages. Given these local benefits, 
a nationwide roll-out of 250 million smart meters is planned.253 

East Africa, where there is a large increase in variable renewable generation relative to today, with more 
than 2GW of solar PV and wind power projects announced over the next two to three years. DSM 
opportunities are likely to be far smaller than other regions, however, given the potential to provide 
power system flexibility via alternative firm power generation, specifically pumped hydro;254  

South Africa, where there are large opportunities to achieve low-cost forms of centralised DSM through 
contracts with industrial users (who account for 70% of electricity consumption). This is 
ŘŜƳƻƴǎǘǊŀǘŜŘ ōȅ ǘƘŜ LƴǘŜƎǊŀǘŜŘ 5ŜƳŀƴŘ aŀƴŀƎŜƳŜƴǘ tǊƻƎǊŀƳƳŜΩǎ ǎǳŎŎŜǎǎ ƛƴ ŜǎǘŀōƭƛǎƘƛƴƎ ǎŀǾƛƴƎǎ 
ŎŀǇŀŎƛǘȅ ŜǉǳƛǾŀƭŜƴǘ ǘƻ ŀ Ŧǳƭƭ ȅŜŀǊΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳǇǘƛƻƴ ōȅ ǘƘŜ ŎŀǇƛǘŀƭ ŎƛǘȅΦ255 

South America (excluding Brazil), ƘŜƴŎŜŦƻǊǘƘ Ψ{ƻǳǘƘ !ƳŜǊƛŎŀΩΣ which is expected to have amongst the 
highest levels of variable renewable generation, stimulating demand for DSM. A recent study by the 

 
252 /// όнлмфύ ά¢ŜŎƘƴƛŎŀƭ !ƴƴŜȄΥ LƴǘŜƎǊŀǘƛƴƎ ǾŀǊƛŀōƭŜ ǊŜƴŜǿŀōƭŜǎ ƛƴǘƻ ǘƘŜ ¦Y ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳέ https://www.theccc.org.uk/wp-
content/uploads/2019/04/Technical-Annex-Integrating-variable-renewables-into-the-UK-electricity-system.pdf  
253 Bloomberg Quint. (2020). India Plans to Spend $21 Billion on Smart Power Meter Rollout. https://www.bloombergquint.com/business/india-plans-
to-spend-21-billion-on-smart-power-meter-rollout 
254 Renewable Energy World. (2020). Energy Storage is the key to energy access in East Africa. 
https://www.renewableenergyworld.com/2020/04/03/energy-storage-is-the-key-to-energy-access-in-east-africa/#gref  
255 LƴǘŜǊƴŀǘƛƻƴŀƭ {ƳŀǊǘ DǊƛŘ !Ŏǘƛƻƴ bŜǘǿƻǊƪ όнлнлύΦ ά5{a /ŀǎŜκ {ƻǳǘƘ !ŦǊƛŎŀέ http://www.iea-isgan.org/dsm-case-south-africa/ 

https://www.theccc.org.uk/wp-content/uploads/2019/04/Technical-Annex-Integrating-variable-renewables-into-the-UK-electricity-system.pdf
https://www.theccc.org.uk/wp-content/uploads/2019/04/Technical-Annex-Integrating-variable-renewables-into-the-UK-electricity-system.pdf
https://www.bloombergquint.com/business/india-plans-to-spend-21-billion-on-smart-power-meter-rollout
https://www.bloombergquint.com/business/india-plans-to-spend-21-billion-on-smart-power-meter-rollout
https://www.renewableenergyworld.com/2020/04/03/energy-storage-is-the-key-to-energy-access-in-east-africa/#gref
http://www.iea-isgan.org/dsm-case-south-africa/
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Economic Commission for Latin America and the Caribbean estimated that approximately 25% of 
energy consumption could be avoided by an active demand-side in the region.256  

South-East Asia, where, like in India, DSM provides opportunities to increase energy efficiency of 
electricity consumption and help integrate renewables across the region. Opportunities are already 
being explored in Malaysia and Vietnam, for instance.257,258  

This assessment focuses on the benefit of supporting the opportunity as a whole and does not aim to 
comprehensively assess the effectiveness of specific investment opportunities or interventions. However, for 
context, potential specific investment opportunities are detailed in Section 0. 

  

 
256 aŀǊǘƛƴŜȊ ŀƴŘ wǳŘƴƛŎƪ όнлмнύΦ ά5ŜǎƛƎƴ ƻŦ ŘŜƳŀƴŘ ǊŜǎǇƻƴǎŜ ǇǊƻƎǊŀƳǎ ƛƴ ŜƳŜǊƎƛƴƎ ŎƻǳƴǘǊƛŜǎέ 
http://hrudnick.sitios.ing.uc.cl/paperspdf/PID2455963.pdf 
257 5ŜƳŀƴŘ {ƛŘŜ aŀƴŀƎŜƳŜƴǘ 9ƴŜǊƎȅ /ƻƳƳƛǎǎƛƻƴ όнлмпύΦ ά5ŜƳŀƴŘ ǎƛŘŜ ƳŀƴŀƎŜƳŜƴǘέ 
https://www.st.gov.my/en/contents/presentations/EPC_2014/Demand%20Side%20Management.pdf 
258 9{a!tΦ όнллтύ ά±ƛŜǘƴŀƳ 5ŜƳŀƴŘ {ƛŘŜ aŀƴŀƎŜƳŜƴǘ ŀƴŘ 9ƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ tǊƻƎǊŀƳƳŜέ https://www.esmap.org/sites/default/files/esmap-
files/39.%20Vietnam_CFL_Proghram_Evaluation_Report.pdf 

http://hrudnick.sitios.ing.uc.cl/paperspdf/PID2455963.pdf
https://www.st.gov.my/en/contents/presentations/EPC_2014/Demand%20Side%20Management.pdf
https://www.esmap.org/sites/default/files/esmap-files/39.%20Vietnam_CFL_Proghram_Evaluation_Report.pdf
https://www.esmap.org/sites/default/files/esmap-files/39.%20Vietnam_CFL_Proghram_Evaluation_Report.pdf
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Climate impact  

Mitigation potential and urgency 

Demand-side management indirectly helps to reduce emissions across low and middle-income countries by 
supporting the uptake of variable renewable energy on the grid, which can help to avoid around 50% of 
power sector CO2 emissions (7.3 GtCO2) in 2050 beyond business-as-usual.259 As discussed in the Variable 
Renewables Opportunity Report, on-grid variable renewables are key to meet growing electricity demand 
whilst lowering power sector emissions. In a high ǊŜƴŜǿŀōƭŜǎΩ ǎŎŜƴŀǊƛƻΣ су҈ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴ ƭƻǿ- and middle-
income countries is provided by variable renewables. However, the integration of these variable renewables 
will place increased pressures on the grid to balance supply and demand, both in the short-term (due to 
minute by minute variations in energy supplied) and in the longer-term (to shift energy supplied to times of 
peak demand). Demand-side management can help to provide flexibility to the power system, ensuring this 
balance is achieved and grid quality maintained. 

Demand-side management can also help to reduce emissions by reducing dependence of polluting forms of 
back-up power and by reducing power demand by increasing the efficiency of both consumption and 
generation. Though the largest pathway for demand-side management to support emissions reductions is 
through enabling renewables deployment, it can also reduce emissions through two alternative pathways. 

Reducing emissions from back-up generators (BUGs). DSM can help to reduce the frequency and 
duration of power outages, thereby reducing the reliance on BUGs as a common form of back-up 
power. BUGs currently account for a sizeable share of emissions, approximately 100 megatonnes 
(Mt) CO2 across low- and middle-income countries. Their contribution to power sector emissions is 
particularly high in Africa and South Asia. For instance, in Africa BUGs contribute to over 10% of 
power emissions.260 

Reducing power demand by increasing efficiency of consumption. By exposing power consumers to the 
real price of electricity  DSM can help encourage efficiency improvements, particularly in countries 
with electricity subsidies.261 Through information campaigns, energy audits and feedback measures, 
among other behavioural change policies, DSM can also increase the adoption of new energy 
conservation practices and increase the responsiveness of consumers to price signals. In Porto, 
Portugal, energy audits on municipal assets (e.g. street lights, buildings and vehicles) and real-time 
consumption monitoring has led to total annual savings of EUR 210,000 - resulting from a reduction 
in the number of energy contracts and an identification of energy conservation measures.262 In India, 
effective behavioural change policies have enabled energy efficiency and demand reduction by 
ΨŎƘŀƴƎƛƴƎ ǘƘŜ ŘŜŦŀǳƭǘΩΣ ŦƻǊ ƛƴǎǘŀƴŎŜ ŎƘŀƴƎŜǎ ǘƻ ǘƘŜ ŘŜŦŀǳƭǘ ǘŜƳǇŜǊŀǘǳǊŜ ǎŜǘǘƛƴƎ ƻŦ ŀƛǊ ŎƻƴŘƛǘƛƻƴŜǊǎ Ƙŀǎ 
achieved energy savings of around 24%.263 Similar successful experiments have been conducted in a 
number of Organisation for Economic Co-operation and Development (OECD) countries, with 
reductions in the default temperature settings from washing machines resulting in energy savings of 
24% per wash amongst those with a low-temperature default setting versus those with a high default 
temperature settings. Emerging evidence suggests the exact choice of the default can influence the 
later scale of energy savings. A randomised control trial amongst office workers suggests that a 

 
259 From IMAGE: 7.3 Gt CO2 corresponds to a renewables scenarios. The lower is negative (-0.09 Gt CO2), corresponding to the 1.5-degrees scenario 
estimate 
260 LC/ όнлмфύΦ ά¢ƘŜ 5ƛǊǘȅ CƻƻǘǇǊƛƴǘ ƻŦ ǘƘŜ .ǊƻƪŜƴ DǊƛŘέΦ https://www.ifc.org/wps/wcm/connect/2cd3d83d-4f00-4d42-9bdc-4afdc2f5dbc7/20190919-
Full-Report-The-Dirty-Footprint-of-the-Broken-Grid.pdf?MOD=AJPERES&CVID=mR9UpXC 
261 The top 25 countries providing energy (including electricity subsidies) are listed by the IEA here: https://www.iea.org/topics/energy-subsidies 
262 LƴǘŜǊǊŜƎ 9ǳǊƻǇŜ όнлмуύΦ ά.ŜƘŀǾƛƻǳǊ ŎƘŀƴƎŜ ŦƻǊ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅέΦ 
https://www.interregeurope.eu/fileadmin/user_upload/plp_uploads/policy_briefs/PolicyBrief_Behavioural_Change.pdf 
263 aƻƴŜȅ/ƻƴǘǊƻƭΦ όнлмфύΦ ά9ȄǇƭŀƛƴŜŘΥ ²Ƙȅ ȅƻǳ ǎƘƻǳƭŘ ƪŜŜǇ ǘƘŜ !/ ŀǘ нпϲ/έΦ https://www.moneycontrol.com/news/business/economy/explained-
why-you-should-keep-the-ac-at-24c-4711541.html. Note: from early 2020, a 24 degree Celsius default setting was made mandatory on all room air 
conditioners covered under the ambit of BEE star-labelling program. 

https://www.ifc.org/wps/wcm/connect/2cd3d83d-4f00-4d42-9bdc-4afdc2f5dbc7/20190919-Full-Report-The-Dirty-Footprint-of-the-Broken-Grid.pdf?MOD=AJPERES&CVID=mR9UpXC
https://www.ifc.org/wps/wcm/connect/2cd3d83d-4f00-4d42-9bdc-4afdc2f5dbc7/20190919-Full-Report-The-Dirty-Footprint-of-the-Broken-Grid.pdf?MOD=AJPERES&CVID=mR9UpXC
https://www.iea.org/topics/energy-subsidies
https://www.interregeurope.eu/fileadmin/user_upload/plp_uploads/policy_briefs/PolicyBrief_Behavioural_Change.pdf
https://www.moneycontrol.com/news/business/economy/explained-why-you-should-keep-the-ac-at-24c-4711541.html
https://www.moneycontrol.com/news/business/economy/explained-why-you-should-keep-the-ac-at-24c-4711541.html
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smaller change in the default settings on office thermostats (a 1 degree reduction versus 2 degrees 
reduction) resulting in a subsequent lower temperature setting and greater energy savings.264  

Reducing power demand by improving efficiency of grid generation and distribution. Smart grids enable 
more accurate real-time monitoring of generation and consumption, which can help network 
operators to better manage electrical networks and optimise the use of current grid assets. For 
instance, machine learning algorithms can learn how variable renewables are best absorbed on the 
grid to reduce renewable power curtailment- an estimated 25% reduction in curtailment,  a 10% 
reduction in operation costs, and an 8% increase in renewable energy generation is expected from 
digital system implementation.265  Crucially, a smarter grid allows for efficient investment decisions in 
future capacity and reduces reliance on surplus fossil fuel capacity to provide flexibility. Application 
of machine learning to wind powered generation in the US has boosted the value of wind energy by 
around 20%; in the European Union, integration of digitally enabled DSM and increase storage could 
reduce curtailment of solar PV and wind from 7% to 1.6% in 2040, avoiding 30 million tonnes of CO2 

emissions in the same year.266267 In recognition of these benefits, Argentina has invested in the 
automation of power distribution and use of remote energy meters as part of its grid modernisation 
strategy.268 

5{aΩǎ ŀōƛƭƛǘȅ ǘƻ ǇǊƻǾƛŘŜ flexibility and efficiency gains substantially increases through measures that either 
increase the price responsiveness of power consumers or reduce the need for deliberate consumer decision-
making, through a smart grid. Despite latent flexibility in a power system, DSM is often inhibited by price 
inelastic power consumers. Behavioural barriers can inhibit all types of DSM shown in Figure 17, but 
particularly affects centralised DSM, which relies exclusively on power consumers to make deliberate 
decisions to reduce or shift demand. Two approaches can help maximise the provision of flexibility under a 
DSM strategy: 

Behavioural change policies, which can help to increase responsiveness of power consumers to price 
signals and unlock greater flexibility. The flexibility benefits of energy-saving behaviour is substantial - 
in Bangladesh, it has been estimated that changes in household behaviour could reduce residential 
power demand by an average of 10%, and by up to 22% during peak demand hours.269Policies 
targeting behavioural change include the provision of information to identify cost-saving options (e.g. 
energy audits on historic energy consumption information), feedback measures (e.g. real time 
displays, benchmarking consumption against peer group) and training and awareness raising, among 
others.270 A randomised control trial in the UK recently showed that coupling behavioural levers 
alongside the installation of smart meters delivered larger energy savings ς with the provision of a 
real-time display proven to result in energy savings that were 2% - 4% higher.271  Policies are 
increasingly being trialled in low and middle-income countries, but it is still too early to evaluate their 
impact. In the Western Cape of South Africa, for example, energy consumption in office building is 
being tackled through a range of behavioural interventions, including information provision via 

 
264 aŎ/ŀƭƭŜȅΦ όнлмсύΦ άCǊƻƳ ƳƻǘƛǾŀǘƛƻƴ ŀƴŘ ŎƻƎƴƛǘƛƻƴ ǘƘŜƻǊƛŜǎ ǘƻ ŜǾŜǊȅŘŀȅ ŀǇǇƭƛŎŀǘƛƻƴǎ ŀƴŘ ōŀŎƪ ŀƎŀƛƴέΦ 
https://www.sciencedirect.com/science/article/pii/S030142150400268X?casa_token=j0mbgwS081IAAAAA:kdMDL5_6V-JGOH6jwZllbg-
ViHUT8Xllbgd_Rmwgx1tJYVu7RQcG-UmzRmuN9k9rlXt8di13Y6g  
265 IRENA (2019). άLƴƴƻǾŀǘƛƻƴ ƭŀƴŘǎŎŀǇŜ ŦƻǊ ŀ ǊŜƴŜǿŀōƭŜ ǇƻǿŜǊŜŘ ŦǳǘǳǊŜέ ƘǘǘǇǎΥκκǿǿǿΦƛǊŜƴŀΦƻǊg/-
/media/Files/IRENA/Agency/Publication/2019/Feb/IRENA_Innovation_Landscape_2019_report.pdf 
266 Elkin & Witherspoon. (2019). Machine learning can boost the value of wind energy. https://deepmind.com/blog/article/machine-learning-can-
boost-value-wind-energy     
267 International Energy Agency. (2017). Digitalisation and Energy: Technology report τ November 2017. https://www.iea.org/reports/digitalisation-
and-energy 
268 LC/Φ όнлнлύΦ ά!ǊǘƛŦƛŎƛŀƭ LƴǘŜƭƭƛƎŜƴŎŜ ƛƴ ǘƘŜ tƻǿŜǊ {ŜŎǘƻǊέ 
https://www.ifc.org/wps/wcm/connect/publications_ext_content/ifc_external_publication_site/publications_listing_page/artificial+intelligence+in+t
he+power+sector 
269 YƘŀƴ όнлмфύΦ ά9ƴŜǊƎȅ-saving behaviour as a demand-ǎƛŘŜ ƳŀƴŀƎŜƳŜƴǘ ǎǘǊŀǘŜƎȅ ƛƴ ǘƘŜ ŘŜǾŜƭƻǇƛƴƎ ǿƻǊƭŘΥ ǘƘŜ ŎŀǎŜ ƻŦ .ŀƴƎƭŀŘŜǎƘέΦ 
https://link.springer.com/article/10.1007/s40095-019-0302-3 
270 LƴǘŜǊǊŜƎ 9ǳǊƻǇŜ όнлмфύΦ ά.ŜƘŀǾƛƻǳǊ Ŏhange for energy efficiency - A Policy Brief from the Policy Learning Platform on Low-ŎŀǊōƻƴ ŜŎƻƴƻƳȅέ 
https://www.interregeurope.eu/fileadmin/user_upload/plp_uploads/policy_briefs/PolicyBrief_Behavioural_Change.pdf 
271 h9/5 όнлмтύΦ ά¢ŀŎƪƭƛƴƎ 9ƴǾƛǊƻƴƳŜƴǘŀƭ tǊƻōƭŜƳǎ ǿƛǘƘ ǘƘŜ IŜƭǇ ƻŦ .ŜƘŀǾƛƻǳǊŀƭ LƴǎƛƎƘǘǎέΦ https://www.oecd-ilibrary.org/docserver/9789264273887-
en.pdf?expires=1598601277&id=id&accname=guest&checksum=52D9923391356A4C7D7153681992058E 

https://www.sciencedirect.com/science/article/pii/S030142150400268X?casa_token=j0mbgwS081IAAAAA:kdMDL5_6V-JGOH6jwZllbg-ViHUT8Xllbgd_Rmwgx1tJYVu7RQcG-UmzRmuN9k9rlXt8di13Y6g
https://www.sciencedirect.com/science/article/pii/S030142150400268X?casa_token=j0mbgwS081IAAAAA:kdMDL5_6V-JGOH6jwZllbg-ViHUT8Xllbgd_Rmwgx1tJYVu7RQcG-UmzRmuN9k9rlXt8di13Y6g
https://deepmind.com/blog/article/machine-learning-can-boost-value-wind-energy
https://deepmind.com/blog/article/machine-learning-can-boost-value-wind-energy
https://www.iea.org/reports/digitalisation-and-energy
https://www.iea.org/reports/digitalisation-and-energy
https://www.ifc.org/wps/wcm/connect/publications_ext_content/ifc_external_publication_site/publications_listing_page/artificial+intelligence+in+the+power+sector
https://www.ifc.org/wps/wcm/connect/publications_ext_content/ifc_external_publication_site/publications_listing_page/artificial+intelligence+in+the+power+sector
https://link.springer.com/article/10.1007/s40095-019-0302-3
https://www.interregeurope.eu/fileadmin/user_upload/plp_uploads/policy_briefs/PolicyBrief_Behavioural_Change.pdf
https://www.oecd-ilibrary.org/docserver/9789264273887-en.pdf?expires=1598601277&id=id&accname=guest&checksum=52D9923391356A4C7D7153681992058E
https://www.oecd-ilibrary.org/docserver/9789264273887-en.pdf?expires=1598601277&id=id&accname=guest&checksum=52D9923391356A4C7D7153681992058E
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emails, inter-floor competitions ƻƴ ŜƴŜǊƎȅ ǎŀǾƛƴƎǎ ŀƴŘ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ άŎƘŀƳǇƛƻƴǎ ƻŦ ŜƴŜǊƎȅ 
ŜŦŦƛŎƛŜƴŎȅέΦ  

Smart systems and artificial intelligence techniques, such as machine learning, which can increase 
flexibility by reducing the need for conscious consumer participation.272 Smart home energy 
management systems, for example, direct energy appliances and distributed generation sources to 
automatically respond to price signals. Azuri Technologies Home Smart solution is built on AI, for 
instance, learning each homeΩǎ energy needs and adjusting power output accordinglyτby 
automatically dimming lights, battery charging, and slowing fansτto match the ŎǳǎǘƻƳŜǊΩǎ ǘȅǇƛŎŀƭ 
daily requirements. 273  Machine learning and use of smart meters throughout the grid also improve 
the flexibility of the system as a whole. In Baja California, AI algorithms are being trialled to allow the 
electricity system operator to react in seconds to changes in cloud coverage, and its effect on solar 
generation. Adoption of smart technologies, such as blockchain, can also compliment behavioural 
change initiatives. For instance, use of blockchain technologies can lead to better information on 
power consumption and increase trust in energy transactions, facilitating decentralised energy 
trading. Energy Bazaar, which focuses on India, provides one example of how blockchain technology 
is being used to facilitate peer-to-peer (P2P) trading.274 A second example involves the P2P trading 
pilot project in Medellin, part of the Transactive Energy Colombia Initiative under the IEA Users 
¢ŜŎƘƴƻƭƻƎȅ /ƻƭƭŀōƻǊŀǘƛƻƴ tǊƻƎǊŀƳƳŜ ό¢/tύΦ ¢ƘŜ ǇǊƻƧŜŎǘΩǎ ŀƛƳ ƛǎ ǘƘǊŜŜŦƻƭŘΥ ǘƻ ƛƳǇƭŜƳŜƴǘ ŀ 
transactive energy pilot based on blockchain platform with DERs; to provide technical and regulatory 
recommendations for transactive energy (TE) models in Colombia; and to define a scaling route for 
TE models and design a business model for the Colombian case. The pilot, running from October 
2019 to September 2020, is intended to demonstrate P2P as a way of enabling the democratisation 
of energy.275 

The role of DSM, and hence its mitigation potential, will vary per region. The relative mitigation potential 
from any provision of flexibility (including DSM, but also storage) is highest in regions where the 
emissions intensity of the grid is high and grid capacity is low, such as India, South Asia and sub-
Saharan Africa, and particularly Western Africa. All of these regions currently share experience of 
frequent black-outs, as well as using substantial levels of diesel generation, which DSM could help 
reduce.276 5{aΩǎ ǇƻǘŜƴǘƛŀƭ ƛǎ ƎǊŜŀǘŜǎǘ ǿƘŜǊŜ ƎǊƛŘ ŜƳƛǎǎƛƻƴǎ ƛƴǘŜƴǎƛǘȅ ŀƴŘ ǘƘŜ ǊŜǉǳƛǊŜŘ Ǌƻƭƭ-out of 
renewables is large, while alternative options to provide flexibility are limited: 

High grid emissions intensity implies enabling renewable penetration has the greatest benefit. Virtually 
all regions will see over 60% variable renewable penetration by 2050. Hence, regions which currently 
have high levels of coal generation (and hence grid emissions intensity) such as South Africa (90%) 
and India (75%) will all require transformative changes to their power sectors, where DSM can play a 
large role.  

Limited alternative supplies of flexibility. Flexibility can be provided through various means, both on the 
supply and demand side. DSM is most valuable where these alternative forms of flexibility are 
limited.  

Weak transmission and distribution infrastructure means the grid itself cannot be used to help 
balance variable supply and demand. Amongst our focus regions, India and East Africa both have 

 
272 IFC. (202лύΦ ά!ǊǘƛŦƛŎƛŀƭ LƴǘŜƭƭƛƎŜƴŎŜ ƛƴ ǘƘŜ tƻǿŜǊ {ŜŎǘƻǊέ 
https://www.ifc.org/wps/wcm/connect/publications_ext_content/ifc_external_publication_site/publications_listing_page/artificial+intelligence+in+t
he+power+sector 
273 Ibid. 
274 !Řƻƴƛ Ŝǘ ŀƭΦ όнлмфύ ά.ƭƻŎƪŎƘŀƛƴ ǘŜŎƘƴƻƭƻƎȅ ƛƴ ǘƘŜ ŜƴŜǊƎȅ ǎŜŎǘƻǊΥ ! ǎȅǎǘŜƳŀǘƛŎ ǊŜǾƛŜǿ ƻŦ ŎƘŀƭƭŜƴƎŜǎ ŀƴŘ ƻǇǇƻǊǘǳƴƛǘƛŜǎέ 
https://reader.elsevier.com/reader/sd/pii/S1364032118307184?token=88DE6C58632901939D666A5CFEC3D4913263F210859B979E806048C22D4A
A34DAD9949A08523759BB8918979E9A55F9E 
275 9ƴŜǊƎȅwŜǾ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅ /ƻƭƭŀōƻǊŀǘƛƻƴ tǊƻƎǊŀƳƳŜ όнлмфύΦ ά{ǳƳƳŀǊȅ ƻŦ ǘƘŜ Dƭƻōŀƭ hōǎŜǊǾŀǘƻǊȅ ƻƴ tŜŜǊ-to-Peer, Community Self-Consumption 
and Transactive Energy ModelǎέΦ https://userstcp.org/wp-content/uploads/2019/10/191004-SummaryGlobalObservatoryLaunchEvent.pdf  
276 Percentage of firms experiencing power outages in a typical month are 25.5% in South Asia (2019), and 8.8% in sub-Saharan Africa.  

https://www.ifc.org/wps/wcm/connect/publications_ext_content/ifc_external_publication_site/publications_listing_page/artificial+intelligence+in+the+power+sector
https://www.ifc.org/wps/wcm/connect/publications_ext_content/ifc_external_publication_site/publications_listing_page/artificial+intelligence+in+the+power+sector
https://reader.elsevier.com/reader/sd/pii/S1364032118307184?token=88DE6C58632901939D666A5CFEC3D4913263F210859B979E806048C22D4AA34DAD9949A08523759BB8918979E9A55F9E
https://reader.elsevier.com/reader/sd/pii/S1364032118307184?token=88DE6C58632901939D666A5CFEC3D4913263F210859B979E806048C22D4AA34DAD9949A08523759BB8918979E9A55F9E
https://userstcp.org/wp-content/uploads/2019/10/191004-SummaryGlobalObservatoryLaunchEvent.pdf
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weaker grid structures, reflected in the frequency of power outages in a typical month ς 14 for 
India and 9 in Tanzania, relative to less than one for countries in Southeast Asia, South America 
and South Africa.277 

Cost-competitiveness of alternative forms of power flexibility, such as firm renewable generation and 
underutilised thermal power generation. South America, for example, can achieve higher levels 
of renewable integration with similar levels of DSM due to availability of firm renewable power ς 
mainly hydropower.  

The scale and type of DSM across regions, will vary according to the need for power system flexibility, as well 
as the composition of local electricity consumers. As set out above, the greater the roll-out of variable 
renewables, the greater the potential need for DSM. Given that nearly all low and middle-income countries, 
except for Brazil, are expected to have upwards of 50% variable renewables in their electricity generation, it 
is evident that demand for power system flexibility will be sizeable in all regions. The nature of the local 
electricity demand will influence the ease of rolling out DSM and the exact type of the DSM that is required 
(see Box 11 on DSM categories).  

In countries with large industrial demand, such as South Africa, incentives-based mechanisms targeted at 
industrial users could provide a large degree of the flexibility needed. Figure 16 shows which regions will 
have a greater demand for power flexibility on the y-axis, proxied by the share of variable renewable 
generation that is forecast in 2050. Regions which have above the median level of renewable generation are 
shown in the top two quadrants. It also shows which regions may rely predominantly on centralised vs 
decentralised DSM on the x-axis, proxied by the increasing share of industry in power consumption today. 
Regions which have above the median level of industry electricity consumption are shown in the two 
quadrants on the right. This analysis highlights South Africa as one example where centralised DSM could be 
rolled out at scale. Countries with a small industrial base, on the other hand, may need to rely primarily on 
price-based mechanisms targeted at household consumers. Households and businesses account for 60-70% 
of regional electricity consumption in Central America, Northern and Western Africa, for example. The 
investment and coordination required to implement these decentralised mechanisms also reduce the scale 
of the DSM opportunity in the near term.  

 
277 World Bank. Ease of Doing Business Indicators. Figures reflect the latest year of available data.  
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Figure 16 Regional demand for DSM will depend on levels of variable renewable generation to 2050 and composition 
of the electricity consumption 

 

Note: ±ŀǊƛŀōƭŜ ǊŜƴŜǿŀōƭŜ ƎŜƴŜǊŀǘƛƻƴ ƛƴ нлрл ŀȄƛǎ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ōŀǎŜŘ ƻƴ ŜŀŎƘΩǎ ǊŜƎƛƻƴǎ ǇǊƻƧŜŎǘŜŘ% of variable 
renewable electricity generation minus the median projected% of variable renewable electricity 
generation across regions. Projectionǎ ǊŜŦƭŜŎǘǎ La!D9Ωǎ ǊŜƴŜǿŀōƭŜǎ ŘŜŎŀǊōƻƴƛǎŀǘƛƻƴ ǎŎŜƴŀǊƛƻΤ LƴŘǳǎǘǊƛŀƭ 
electricity consumption in 2017 axis is calculated based on each ǊŜƎƛƻƴΩǎ ǇŜǊŎŜƴǘŀƎŜ ƻŦ industrial 
electricity consumption minus the median percentage of industrial electricity consumption. 

Source: Vivid Economics, ASI and Factor ōŀǎŜŘ ƻƴ L9! ²ƻǊƭŘ 9ƴŜǊƎȅ .ŀƭŀƴŎŜǎ нлмф ŀƴŘ t.[Ωǎ La!D9 ƳƻŘŜƭ  

 

Transformational change 

Demand-side management offers substantial opportunities for transformational change. The greatest 
potential for transformational change lies with large demand loads, such as in the demand for large 
industrial needs, heating and cooling in buildings, or the increased demand for EV charging and battery 
storage. Linking energy storage and DSM to electric vehicles also has significant potential to enable smart 
and flexible grids. Overall, the scale of change related to DSM is likely to be highest in the near-term where 
the scope for improving energy efficiency is greatest, such as in South Asia and East Africa, where more focus 
has been placed on energy generation than efficiency,  and where there are significant peak time loads from 
industry or agriculture that could be flattened with demand management interventions. This is likely to be 
particularly high in India, and South Asian countries such as Bangladesh and South America, where the 
efforts on DSM and load spreading has been minimal or only focused in specific sectors such as on industry 
in India. Regional differences are also driven by the maturity of ICT infrastructure which is necessary to 
support smart grids and demand response measures. Examples in the target regions of where this is well-
developed are Thailand, Vietnam and parts of India, whereas most East African countries should focus on 
more basic DSM strategies such as reducing transmission losses and improving behavioural change of 
households and the private sector.  
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Table 19 Assessment of transformational change 

Transformational 
change criterion 

Interventions to support change Regional potential 

Sensitive intervention points 

Improvement of local 
capacities and capabilities  

Support in institutional capacity building and regulatory reform 
related to DSM, as well as electricity market reform. 

India, East Africa, South Africa  

Local ownership and 
strong political will 

Demonstrating the cost-effectiveness and environmental impact of 
DSM, particularly for interventions that rely on process improvement 
and behavioural change rather than capital expenditure.  

East Africa, Southeast Asia, 
South America 

Leverage / creation of 
incentives for others to 
act  

Electricity market reform and implementation of smart grids, allows 
industry and households to become more active participants in 
efficient use of electricity.  
Behavioural change-focused interventions can help improve the 
energy efficiency actions of households, business and industry, even 
without regulatory change or financial incentives.  

India, South Africa, South 
America 

Spillovers 

Broad scale and reach of 
impacts 

Potential to reduce large electricity loads at peak times, particularly 
from industrial and agricultural sectors.  
Behavioural change initiatives can achieve broad scale in terms of 
reducing overall energy demand or load spreading, at relatively low 
cost.  

India, East Africa, South Africa 

Sustainability 
(continuation beyond 
initial support)  

Regulatory improvements combined with behavioural change help to 
ingrain DSM measures for households and the workforce.  

All regions 

Replicability by other 
organisations or actors 

Improving consumer awareness is an important aspect to promote 
DSM, helping allow uptake, scale, and replication.  

India, East Africa 

Innovation 

Catalyst for innovation  

Supporting the implementation of smart and flexible grids can enable 
innovation on digital solutions, integration with electric vehicles and, 
other energy efficient measures. 
Smart grids and demand response measures allows linkages to 
energy storage innovation.  

India, Southeast Asia, South 
America 

Evidence of effectiveness 
is shared publicly  

Importance of sharing learning and evidence of what works well and 
what has failed, or could be improved. 

All regions 

 Source: Vivid Economics, ASI and Factor 
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Development impact  

SDG impacts 

DSM would significantly contribute to achieving SDGs in all regions, as set out in Table 20. 

Table 20 SDG impacts 

SDG 
Strength of 

impact 
Most relevant 

region 
Rationale  

Positive Impacts 

SDG 7 ς Affordable 
and clean energy  

High 

India, East Africa, 
South America 
(where energy 
access is lacking to a 
greater extent) 

DSM would enable more reliable energy, helping to reduce power 
outages. Increased access to affordable power would lead to creation of 
economic opportunities. DSM also helps to reduce the unnecessary 
expansion of supply systems, with a positive impact on tariff evolution 
and energy affordability. For example, studies in a European context 
show that demand response could result in a 3-4% reduction in 
electricity wholesale prices.278  

SDG 8 ς Decent 
work and economic 
growth  

Moderate All regions 
There is a role for energy service companies (ESCOs) and other DSM-
related measures to create additional jobs.  

SDG 9 ς Industry, 
Innovation and 
Infrastructure  

Moderate All regions 

DSM would support industrial productivity by reducing exposure to 
power outages, which often hinder businesses and enterprises in many 
of the target regions. For example, World Bank data shows that in 
Zambia, this equates to 18% reduction in sales in 2019. For Bangladesh 
the figure is 5.5% and in India it is 3.7%.279 

SDG 13 ς Climate 
Change 

High 

Southeast Asia, 
South Africa (where 
a greater proportion 
of energy is 
generated from 
fossil fuels) 

More efficient grids and use of electricity should reduce the generation 
needs, thus reducing fossil-fuel related greenhouse gas emissions.  

Negative Impacts 

SDG 13 ς Climate 
Change 

Low All regions 
Unintended consequences from increased use of data processing, 
requiring energy intensive data centres, could lead to substantial 
additional emissions, if data centres are not powered by clean energy.  

SDG 16 - Peace, 
Justice and Strong 
Institutions 

Low All regions 

Demand response often requires handing over personal or commercial 
data and even control of devices, at which point there are a set of privacy 
and control issues that arise and must be handled with appropriate 
processes and law. There are also ethical considerations regarding the 
loss of individual control of devices or systems due to automation as part 
of demand response systems.280  

Source: Vivid Economics, ASI and Factor 

 

 
278 COWI (2016) Impact Assessment Study on Downstream Flexibility, Price Flexibility, Demand Response and Smart Metering. European Union. 
https://ec.europa.eu/energy/sites/ener/files/documents/demand_response_ia_study_final_report_12-08-2016.pdf  
279 World Bank. (no date). Value lost to electrical outages (% of sales for affected firms).   
https://data.worldbank.org/indicator/IC.FRM.OUTG.ZS?view=map 
280 European Commission. (no date). Data protection impact assessment for smart grid and smart metering environment.  
https://ec.europa.eu/energy/topics/markets-and-consumers/smart-grids-and-meters/smart-grids-task-force/data-protection-impact-assessment-
smart-grid-and-smart-metering-environment_en 

https://ec.europa.eu/energy/sites/ener/files/documents/demand_response_ia_study_final_report_12-08-2016.pdf
https://data.worldbank.org/indicator/IC.FRM.OUTG.ZS?view=map
https://ec.europa.eu/energy/topics/markets-and-consumers/smart-grids-and-meters/smart-grids-task-force/data-protection-impact-assessment-smart-grid-and-smart-metering-environment_en
https://ec.europa.eu/energy/topics/markets-and-consumers/smart-grids-and-meters/smart-grids-task-force/data-protection-impact-assessment-smart-grid-and-smart-metering-environment_en
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Demand in target regions 

Regions such as India, Southeast Asia and South Africa show strong commitment to DSM, evidenced by DSM 
and energy efficiency policies, but effective and successful implementation has been rare.   

Table 21 Demand for DSM 

 Source: Vivid Economics, ASI and Factor 

East Africa: Eight East African nations have introduced National Energy Plans or Policies (NEPs) to meet 
growing energy demand with affordable, sustainable energy services that enable socio-economic 
development. Besides increasing generation capacity and grid coverage, all countries in the region 
would benefit greatly from improving the efficiency and reliability of grids through demand-side 
management ŀƴŘ ǎƳŀǊǘ ƎǊƛŘǎΦ YŜƴȅŀΩǎ ǊŜŎŜƴǘ ƭŀǿǎ ŀƴŘ ǇƻƭƛŎƛŜǎ ǎǳŎƘ ŀǎ ǘƘŜ bŀǘƛƻƴŀƭ 9ƴŜǊƎȅ tƻƭƛŎȅ281 
and the Energy Act282 outline efforts and measures to champion energy efficiency. Kenya has also set 
ǳǇ ǘƘŜ /ŜƴǘǊŜ ŦƻǊ 9ƴŜǊƎȅ 9ŦŦƛŎƛŜƴŎȅ ŀƴŘ /ƻƴǎŜǊǾŀǘƛƻƴΦ 9ǘƘƛƻǇƛŀΩǎ DǊƻǿǘƘ ŀƴŘ ¢ǊŀƴǎŦƻǊƳŀǘƛƻƴ tƭŀƴ LLΣ 
identifies energy efficiency as a vehicle to promote economic growth.283 wǿŀƴŘŀΩǎ 9ƴŜǊƎȅ Policy 
highlights measures that need to be undertaken to promote energy efficiency.284    

India: In India, the focus on DSM varies depending on states, with just over half of 36 states and union 
territories passing regulation while others have issued directives to distribution companies to make it 
part of day-to-day operations.285  However, this is happening in a non-uniform way and there are 
many barriers to state level uptake of effective measures. Industrial sector demand response has 
been addressed more comprehensively, but there is huge need for DSM, specifically demand 
response and efficiency in the agricultural sector.  Utilities in India have previously been mandated to 
draw up cost-effective demand-side management action plans and programmes and prioritise them 
as per their specific needs. The resulting changes have generally been slow and not uniform across 
the utilities and there is significant demand for support that results in practical and implementable 
approaches.286  As India increases its production and generation of energy through solar PV which 

 
281 Republic of Kenya Ministry of Energy. (2018). National Energy Policy. 
https://kplc.co.ke/img/full/BL4PdOqKtxFT_National%20Energy%20Policy%20October%20%202018.pdf    
Republic of Kenya. (2019). Kenya Gazette Supplement: Acts, 2019. 
http://kenyalaw.org/kl/fileadmin/pdfdownloads/Acts/2019/EnergyAct__No.1of2019.PDF   
283 International Energy Agency. (2017). Growth and Transformation Plan II (GTP II) 2016-2020. https://www.iea.org/policies/6372-growth-and-
transformation-plan-ii-gtp-ii-2016-2020  
284 The Rwanda Energy Policy (REP, 2015) highlights measures that need to be undertaken to promote energy efficiency 
285 Chunekar, A. et al (2014) Demand Side Management in India: An Overview of State Level Initiatives. Available at: 
https://www.prayaspune.org/peg/publications/item/281-demand-side-management-in-india-an-overview-of-state-level-initiatives.html  
286 TERI (2015) Demand Side Management in Indian Power Utilities. Available at : : https://www.teriin.org/research-paper/demand-side-management-
indian-power-utilities 

Region Demand Rationale 

India Moderate - High 
Varied and evolving regulation across states with many past initiatives 
that have not had the desired impact but can be learned from.  

East Africa Low - Moderate  
Varied and improving regulatory environment. Kenya and Ethiopia 
appear to be more advanced than other countries in energy efficiency 
policy and strategy.  

South Africa  High 
Strong regulatory environment driven by government evidenced by 
various programmes and favourable policies.  

Southeast Asia   Moderate  
Variable regulatory and policy environment across countries. Efforts by 
Thailand and Malaysia are promising and Vietnam is making rapid 
progress in developing policy and initiatives, often with donor support.  

South America Low - Moderate  
Peru, Colombia, Uruguay and Ecuador have made limited DSM-related 
progress, but this has often been done without proper articulation of 
strategy or coordination between stakeholders. 

https://kplc.co.ke/img/full/BL4PdOqKtxFT_National%20Energy%20Policy%20October%20%202018.pdf
http://kenyalaw.org/kl/fileadmin/pdfdownloads/Acts/2019/EnergyAct__No.1of2019.PDF
https://www.iea.org/policies/6372-growth-and-transformation-plan-ii-gtp-ii-2016-2020
https://www.iea.org/policies/6372-growth-and-transformation-plan-ii-gtp-ii-2016-2020
https://www.prayaspune.org/peg/publications/item/281-demand-side-management-in-india-an-overview-of-state-level-initiatives.html
https://www.teriin.org/research-paper/demand-side-management-indian-power-utilities
https://www.teriin.org/research-paper/demand-side-management-indian-power-utilities
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was higher than all fossil fuel investments in 2018,287 a focus on demand management is going to be 
ǊŜǉǳƛǊŜŘΣ ŀǎ ƎŜƴŜǊŀǘƛƻƴ Ŏŀƴƴƻǘ ƛƴŎǊŜŀǎŜ ƛƴŘŜŦƛƴƛǘŜƭȅΣ ŜǎǇŜŎƛŀƭƭȅ ŀǎ LƴŘƛŀΩǎ ŜƴŜǊƎȅ ǳǎŜ ƛǎ expected to 
more than double by 2040.288  

South Africa: Lƴ нллпΣ {ƻǳǘƘ !ŦǊƛŎŀ ōǊƻǳƎƘǘ ƛƴ ǘƘŜ Ψ9ƴŜǊƎȅ 9ŦŦƛŎƛŜƴŎȅ 5ŜƳŀƴŘ {ƛŘŜ aŀƴŀƎŜƳŜƴǘΩ 
programme, under the Department of Energy. The programme focuses on regulations, institutional 
governance structures and targeted financial incentives.289  South Africa has focused energy 
efficiency (EE)/DSM efforts predominantly on manufacturing as it accounts for around a third of 
energy use. This includes energy management systems, behaviour change, and implementing 
ISO50001. Behavioural changes of household consumers and industry customers are important 
elements of this initiative. DSM initiatives have also been implemented by members of the Southern 
African Power Pool (SAPP), of which South Africa is an influential member, since 2009. These 
generally comprise energy efficiency measures implemented by participating utility companies, such 
as Compact Florescent Lamps, Commercial Lighting, Hot Water Load Control  and Solar Water 
Heaters.290 

South America: several South American countries have National Energy Efficiency Laws in place (Peru, 
Colombia, Uruguay and Ecuador ς Argentina is preparing one). The market in Colombia allows some 
indirect demand response, but it is not a strong example of a DSM programme. While Peru seems to 
have robust, although outdated mechanisms and laws in place to promote energy efficiency, via 
PŜǊǳΩǎ 9ŦŦƛŎƛŜƴǘ ¦ǎŜ ƻŦ 9ƴŜǊƎȅ tǊƻƳƻǘƛƻƴ [ŀǿ, published in 2000. 291 Other measures which Peru has 
in place include Directorate General for Energy Efficiency and its Energy Policy 2010-2040. Argentina 
has taken some recent measures to promote energy efficiency. An example of this is an energy 
efficient labelling regulation for new social housing, which states that the calculation of the Energy 
Performance Index for all social housing built with national government funds must be submitted for 
approval via an online tool provided through the national residential building labelling programme 
Some of the other measures taken by the Argentinian government include the National Programme 
for Rational and Efficient Use of Energy, Argentinean Energy Efficiency Fund and Programme to 
Promote Use of Renewable Energy in Electricity Generation.292 Energy Service Companies (ESCOΩǎύ - 
service providers that help clients to save energy by evaluating their energy use, developing and 
ŘŜǎƛƎƴƛƴƎ ŀ ǇǊƻƧŜŎǘ ǘƻ ƭƻǿŜǊ ǘƘŜ ŎƭƛŜƴǘΩǎ ŜƴŜǊƎȅ ōƛƭƭǎΣ ŀƴŘ ƛƳǇƭŜƳŜƴǘƛƴƎ ǘƘŜ ǇǊƻƧŜŎǘ - are still incipient 
agents in South America as legislation and regulation do not facilitate necessary contracts with the 
public sector, in particular. Other instruments, such as mandatory codes and minimum efficiency 
standards, are still not a common practice in South America, apart from a limited range of electrical 
appliances in Argentina and Ecuador. 

Southeast AsiaΥ ¢ƘŜ ǊŜƎƛƻƴΩǎ growth in electricity demand, at an average of 6% per year, has been among 
the fastest in the world and met largely by fossil-fuel generation. There is a vital role for DSM to play 
an improving the efficiency of electricity distribution and reducing peak load and related fossil-fuel 
generation. Within Southeast Asia, Thailand has made great strides and been an early adopter of 
DSM. It initiated a USD 189m programme in 1993. Since then, the electricity authority has developed 
a portfolio of 19 programmes and substantially surpassed its original targets.293 In Malaysia DSM was 

 
287 IEA (2020) India is going to need more battery storage than any other country. Available at : https://www.iea.org/commentaries/india-is-going-to-
need-more-battery-storage-than-any-other-country-for-its-ambitious-renewables-push  
288 IEA (2020) Energy Efficiency in India. https://www.iea.org/articles/energy-efficiency-in-india  
289 IEA. (2019.) Energy Efficiency and Demand Side Management (EEDSM) Programme. https://www.iea.org/policies/578-energy-efficiency-and-
demand-side-management-eedsm-programme   
290 ESI Africa. (2009), Implementation of Demand Side Management in the Southern African Power Pool. https://www.esi-africa.com/industry-
sectors/energy-efficiency/implementation-of-demand-side-management-in-the-southern-african-power-pool/ 
291 Asia-Pacific Economic Cooperation. (2020). Follow-Up Peer Review on Energy Efficiency in Peru https://aperc.or.jp/file/2020/4/7/Follow-
Up_PREE_Peru.pdf    
292 International Energy Agency. (no date). Policies Database: Argentina. https://www.iea.org/policies?country=Argentina    
293 Electricity Generating Authority of Thailand. Accessed July 2020. Available at: https://www.egat.co.th/en/sustainable-development/demand-side-
management  

https://www.iea.org/commentaries/india-is-going-to-need-more-battery-storage-than-any-other-country-for-its-ambitious-renewables-push
https://www.iea.org/commentaries/india-is-going-to-need-more-battery-storage-than-any-other-country-for-its-ambitious-renewables-push
https://www.iea.org/articles/energy-efficiency-in-india
https://www.iea.org/policies/578-energy-efficiency-and-demand-side-management-eedsm-programme
https://www.iea.org/policies/578-energy-efficiency-and-demand-side-management-eedsm-programme
https://www.esi-africa.com/industry-sectors/energy-efficiency/implementation-of-demand-side-management-in-the-southern-african-power-pool/
https://www.esi-africa.com/industry-sectors/energy-efficiency/implementation-of-demand-side-management-in-the-southern-african-power-pool/
https://aperc.or.jp/file/2020/4/7/Follow-Up_PREE_Peru.pdf
https://aperc.or.jp/file/2020/4/7/Follow-Up_PREE_Peru.pdf
https://www.iea.org/policies?country=Argentina
https://www.egat.co.th/en/sustainable-development/demand-side-management
https://www.egat.co.th/en/sustainable-development/demand-side-management
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given focus in the 11th Malaysia Plan.294 More generally, the Asian Development Bank is focusing on 
boosting investment in user demand energy efficiency.295  

 
294 Eleventh Malaysia Plan (2016-2020) available at: https://policy.asiapacificenergy.org/sites/default/files/11th%20Malaysia%20plan.pdf  
295 ADB (2013) ADB Aims to Accelerate Demand-side Energy Efficiency Investments. Available at: https://www.adb.org/news/adb-aims-accelerate-
demand-side-energy-efficiency-investments  

https://policy.asiapacificenergy.org/sites/default/files/11th%20Malaysia%20plan.pdf
https://www.adb.org/news/adb-aims-accelerate-demand-side-energy-efficiency-investments
https://www.adb.org/news/adb-aims-accelerate-demand-side-energy-efficiency-investments
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Investment need 

Capital investment need for centralised DSM is typically negligible, but significant costs are incurred through 
the payments to curtail power demand and, to a lesser extent, encourage behavioural change.  Centralised 
DSM, such as bilateral contracts with industry and time-of-use pricing will typically require no infrastructure 
investment and can therefore be rolled out with extremely low levels of capital investment (as shown in 
Figure 17). Nevertheless, some investment is typically needed to design an appropriate incentive mechanism 
and ensure appropriate metering and monitoring infrastructure is in place. Further, high costs will often be 
incurred in the delivery of centralised DSM to effect a shift in behaviour of power consumers. In the case of 
bilateral industrial contracts there are often high costs related to contracted payments provided to industrial 
units upon an agreed reduction in their demand. Time-of- use pricing will often need to be complemented 
by investment in behavioural change policies (e.g. energy audits, feedback measures, and educational 
sessions) to effect a change in demand, though associated costs of behavioural policies are small, in the 
hundreds of thousands.296  

Figure 17 Investment need increases the greater the level of flexibility and decentralisation  

 

Source: Vivid Economics, ASI and Factor  

More substantial levels of infrastructure investment will be required to enable decentralised DSM, requiring 
greater deployment of smart metering and smart end-use systems, as well as improved data processing.  
Approximate cumulative investment needs are upwards of USD 2 trillion by 2050.297  This investment is 
necessary to deliver smart grids. The degree to which grids are transformed into smart grids will vary per 
region. Broadly this will be guided by a trade-of between the level of flexibility required, and the cost of the 
necessary infrastructure (see Figure 17). Despite these higher infrastructure costs, smart grids may deliver 

 
296 CƻǊ ƛƴǎǘŀƴŎŜΣ ŀ Ŏƻǎǘ ƻŦ 9¦w ммрΣллл ǿŀǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ 5ǳǊƘŀƳ /ƛǘȅ /ƻǳƴŎƛƭΩǎ ǘǊŀƛƴƛƴg and awareness program on energy conservation, which 
ŀƭƭƻǿŜŘ ǎŎƘƻƻƭǎ ǘƻ ŀŎŎŜǎǎ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ Řŀǘŀ ŀƴŘ ŀǘǘŜƴŘ ŜŘǳŎŀǘƛƻƴŀƭ ǎŜǎǎƛƻƴǎΦ {ŜŜΥ h9/5 όнлмтύΦ ά¢ŀŎƪƭƛƴƎ 9ƴǾƛǊƻƴƳŜƴǘŀƭ Problems with the 
IŜƭǇ ƻŦ .ŜƘŀǾƛƻǳǊŀƭ LƴǎƛƎƘǘǎέΦ  
297 Calculated based on forecŀǎǘ ƻŦ ŎǳƳǳƭŀǘƛǾŜ ƛƴǾŜǎǘƳŜƴǘ ƴŜŜŘ ƛƴ Ǝƭƻōŀƭ ŜƭŜŎǘǊƛŎƛǘȅ ƴŜǘǿƻǊƪǎ ƛƴ ǘƘŜ L9!Ωǎ ōŜȅƻƴŘ н-degrees (B2DS) scenario. To arrive 
at a rough estimate of investment required in smart grids in low- and middle-income regions, this number is a) scaled to reflect investment need in 
low- and middle-income regions and b) multiplied by the share of current investment in smarts grids (https://www.iea.org/reports/smart-grids). As 
this estimate is based on historical spending on smart grid infrastructure it is likely an underestimate of future investment required. 

https://www.iea.org/reports/smart-grids
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flexibility at a lower cost than centralised DSM due to the costs associated with changing consumer 
behaviour outlined above. Amongst others, investments include: 

Consumer infrastructure. To increase demand-side flexibility by consumers will require infrastructure 
that allows the bi-directional flow of information to and from the grid, such as advanced metering 
systems; smart end-use systems that are able to respond in real-time to price signals provided by the 
grid, such as smart heat pumps; and distributed energy resources, including BTM storage systems, 
that allow consumers to provide energy to the grid.  

Grid infrastructure. Required grid infrastructure can broadly be split into two areas: 

Widespread deployment of sensors to allow for real-time monitoring of grid assets. Typically, this is 
already in place at the transmission and high voltage substation levels, but this will also be 
required at the distribution level to enable decentralised DSM.  

Deployment of advanced control systems at the distribution level. This includes digitalised 
transformers and other key smart grid technologies such as fault current limiters.   

IT and Communications. To utilise the flows of information and allow real-time optimisation of the grid 
will require a range of interconnected information systems that gather and process data to create 
signals for the grid electricity network and power consumers. Investments will be needed in machine 
learning algorithms, for instance, that can provide meaningful signals to a grid operator on an 
optimal generation or distribution based on historical performance and current data. The influx of 
information created by communicating equipment (e.g. smart meters) is only as valuable as the 
quality of the data management systems in place.  

Box 12 provides some specific examples of DSM related investments, and their costs.  

Electricity demand and renewable penetration will drive different levels of regional investment in DSM. 
Figure 18 provides a rough indication of the regional investment needed to support DSM. This only coarsely 
considers the different choices different regions can make around flexibility delivery. The scale of investment 
in a region is reflective of the relative size of household electricity consumption - highest in India, which 
could require nearly USD 300 billion in smart grid infrastructure to 2050. South America and Southeast Asia 
are also likely to require relatively larger smart grid investments, approximately USD 150 billion in each 
region. Far lower levels of investment are expected in East Africa and South Africa, due to far smaller 
household electricity networks ς here, investment need is in the tens of billions. 



 

 119 

Figure 18 Scale of investment need is in the order of hundreds of billions within focus regions  

 

Note: Investment need calculations are projected based on a) total investment need required in a 1.5 degrees 
scenario b) current proportion of investment in smart grid infrastructure, and c) relative demand for 
smart grid infrastructure in a region, which is calculated based on the share of household electricity 
demand (TWh) in that region relative to low and middle-income countries as a whole. 

Source: Vivid Economics, ASI and Factor based on IEA Energy Technology Perspectives (2017) and IEA World 
Energy Balances (2019) 

Box 12 Examples of the types and magnitude of investment needed 

Costs of a smart meter rollout have been estimated to be in the tens of billions.  In the UK, costs 
associated with the Smart Metering Implementation Programme, which has overseen the installation of 
17 million smart meters to data, are estimated to be approximately GBP 13 billion (USD 17 billion).298 
CǊŀƴŎŜΩǎ Ǌƻƭƭ-out of 35 million smart meters is estimated to cost EUR 4.5 billion (USD 5.3 billion).299  This 
gives an approximation of the scale of investment needed to initiate a smart meter roll-out, which will, of 
course, vary significantly depending on the scale of residential users and country specific costs of 
installation. Per smart meter installation costs in France are estimated to be EUR 150 to 200 
(approximately USD 180 to 240). Far lower installation costs are likely in low and middle-income countries. 
In India, for example, it is estimaǘŜŘ ǘƻ Ŏƻǎǘ ¦{5 нм ōƛƭƭƛƻƴ ŦƻǊ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǇƭŀƴƴŜŘ нрл Ƴƛƭƭƛƻƴ ƳŜǘŜǊ Ǌƻƭƭ-
out, which would imply costs of around USD 80 per smart meter installed (which would in this case 
include factors besides assets and installation). Similarly, Vinte, a large-scale developer of affordable green 
homes in Mexico, has installed smart meters in its solar-powered residences ς  and each of these meters 
costs Vinte as little as USD 40.  

Historically, most investment has been associated with costs of infrastructure and installation, while a 
smaller share of around 20% has been invested in IT and data management systemsΦ hǳǘ ƻŦ ǘƘŜ ¦YΩǎ 
estimated costs of a smart meter rollout, 56% are expected to be related to installation and asset costs, 

 
298 .9L{ όнлмфύΦ ά{ƳŀǊǘ aŜǘŜǊ wƻƭƭ-out. Cost-.ŜƴŜŦƛǘ !ƴŀƭȅǎƛǎ нлмфέΦ 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/831716/smart-meter-roll-out-cost-benefit-
analysis-2019.pdf 
299 Smart Energy Internatƛƻƴŀƭ όнлмуύΦ ά{ƳŀǊǘ ƳŜǘŜǊǎ млмΥ CǊŀƴŎŜΩǎ [ƛƴƪȅ ŜƭŜŎǘǊƛŎƛǘȅ ƳŜǘŜǊǎέΦ https://www.smart-energy.com/features-analysis/smart-
meters-101-frances-linky-electricity-meters/ 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/831716/smart-meter-roll-out-cost-benefit-analysis-2019.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/831716/smart-meter-roll-out-cost-benefit-analysis-2019.pdf
https://www.smart-energy.com/features-analysis/smart-meters-101-frances-linky-electricity-meters/
https://www.smart-energy.com/features-analysis/smart-meters-101-frances-linky-electricity-meters/
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ŀƴŘ нм҈ ǘƻ ǘƘŜ Ŏƻǎǘǎ ƻŦ ǘƘŜ ¦YΩǎ Řŀǘa and communications company (DCC).300 A similar breakdown has 
been estimated in France, whereby 80% of smart meter roll-out costs are associated with procurement 
and installation of meters, 10% with data concentrators and 10% with an IT system.301 As of early 2019, 55 
million smart meters were installed across 50 emerging countries in Latin America, the Middle East, Africa, 
Central and Eastern Europe, South Asia, and Southeast Asia. Between 2019 and 2023, 270 million smart 
meters or Advanced Metering Infrastructure (AMI) devices will be deployed in emerging markets.302   

In the long term it is likely that data management systems and IT networks take an increasing share of 
investment need. Examples of investment are associated with relatively nascent smart meter systems, 
which have typically chosen to prioritise the physical installations of household metering infrastructure 
rather than the data systems to control and manage information. There is therefore large room to 
increase investment in data management systems in the future, as countries move towards a more 
automated and price-based DSM, at the top right of Figure 18. 

  

 
300 .9L{ όнлмфύΦ ά{ƳŀǊǘ aŜǘŜǊ wƻƭƭ-out. Cost-.ŜƴŜŦƛǘ !ƴŀƭȅǎƛǎ нлмфέΦ 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/831716/smart-meter-roll-out-cost-benefit-
analysis-2019.pdf 
301 {ƳŀǊǘ 9ƴŜǊƎȅ LƴǘŜǊƴŀǘƛƻƴŀƭ όнлмуύΦ ά{ƳŀǊǘ ƳŜǘŜǊǎ млмΥ CǊŀƴŎŜΩǎ [ƛƴƪȅ ŜƭŜŎǘǊƛŎƛǘȅ ƳŜǘŜǊǎέΦ https://www.smart-energy.com/features-analysis/smart-
meters-101-frances-linky-electricity-meters/ 
302 LC/ όнлнлύΦ ά!ǊǘƛŦƛŎƛŀƭ LƴǘŜƭƭƛƎŜƴŎŜ ŀƴŘ ǘƘŜ CǳǘǳǊŜ ƻŦ {ƳŀǊǘ ƘƻƳŜǎέΦ https://www.ifc.org/wps/wcm/connect/6fc5b622-05cb-4ee9-b720-
ab07591ac90e/EMCompass-Note-78-AI-Smart-Homes.pdf?MOD=AJPERES&CVID=n0S3dro  

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/831716/smart-meter-roll-out-cost-benefit-analysis-2019.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/831716/smart-meter-roll-out-cost-benefit-analysis-2019.pdf
https://www.smart-energy.com/features-analysis/smart-meters-101-frances-linky-electricity-meters/
https://www.smart-energy.com/features-analysis/smart-meters-101-frances-linky-electricity-meters/
https://www.ifc.org/wps/wcm/connect/6fc5b622-05cb-4ee9-b720-ab07591ac90e/EMCompass-Note-78-AI-Smart-Homes.pdf?MOD=AJPERES&CVID=n0S3dro
https://www.ifc.org/wps/wcm/connect/6fc5b622-05cb-4ee9-b720-ab07591ac90e/EMCompass-Note-78-AI-Smart-Homes.pdf?MOD=AJPERES&CVID=n0S3dro
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Cost-effectiveness  

DSM is in principle a low-cost measure but there may be a cost associated with overcoming barriers to 
delivery, and this is poorly understood. Centralised DSM requires minimal capital investment, and so in 
theory is relatively cost-effective (on a GBP/tCO2 basis) compared to other energy opportunities, which 
require large amounts of capital infrastructure. This does not imply, however, that there are zero costs of 
DSM. Non-negligible costs associated with the payments to industrial users to curtail demand ought to be 
considered, and these have been high historically. The cost-effectiveness of decentralised DSM will be 
relatively lower, due to substantially higher costs ƻŦ ǎŜǘǘƛƴƎ ǳǇ ŀ ΨǎƳŀǊǘ ƎǊƛŘΩΦ IƻǿŜǾŜǊΣ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ 
energy service provided and the costs of alternative forms of power flexibility on a large scale (such as the 
build out of additional renewable capacity), decentralised DSM is still relatively cost-effective mitigation 
opportunity.  

The benefits of DSM will vary per region, and extend beyond its climate benefits, affecting the cost-
effectiveness of DSM measures. The climate benefits of DSM will depend on the level of variable renewable 
penetration to 2050, and hence demand for power system flexibility. It will also depend on the potential to 
use DSM to encourage greater energy efficiency among consumers. DSM will therefore be most cost-
effective on a GBP/tCO2 basis in regions with lower energy efficiency and higher variable renewable 
generation expected to 2050. Non-climate impacts could also increase the relative cost-effectiveness of DSM 
measures. For example, in regions where grid outages are frequent, such as India and the rest of South Asia, 
DSM is relatively cost-effective for both reducing emissions and improving energy access simultaneously.  

{ƛƳƛƭŀǊƭȅΣ ŘŜŎŜƴǘǊŀƭƛǎŜŘ 5{aΩǎ ǊŜƭŀǘƛǾŜ Ŏƻǎǘ-effectiveness varies across regions depending on the costs 
associated with achieving demand flexibility:  

Alternatives forms of power system flexibility, specifically the availability and costs of storage and firm 
power will affect relative cost-effectiveness of DSM opportunities. South America (particularly Brazil) 
and East Africa are two regions where pumped hydropower could, for example, provide the power 
flexibility required to integrate higher variable renewables. 

Behavioural inertia, with effectiveness of any intervention dependent on the degree to which it can 
encourage significant changes in demand of power consumers. These changes will depend on the 
regulatory incentives to change behaviour, the communication of benefits from DSM and the ease of 
DSM transactions (for example, lengthy contractual procedures are likely to lead to lower uptake). 
For instance, experiments in the USA suggest that non-price interventions could help deliver energy 
savings equivalent to a short-run electricity price increase of 11 to 20%, highlighting that price-based 
interventions will, by themselves, be a costly method to achieved desired changes in behaviour due 
to behavioural inertia.303 Given this inertia, the effectiveness of behavioural change policies will be 
the key driver of cost-effectiveness. A South African company, International Housing Solutions, helps 
ŘŜƭƛǾŜǊ ǎŀǾƛƴƎǎ ŜǉǳƛǾŀƭŜƴǘ ǘƻ ƻƴŜ ƳƻƴǘƘΩǎ ǊŜƴǘ ŜŀŎƘ ȅŜŀǊ ōȅ ŜŘǳŎŀǘƛƴƎ ƛǘǎ ŎǳǎǘƻƳŜǊǎ ƻƴ Ƙƻǿ ǘƻ ǳǎŜ 
pre-installed smart meters.304  

Latent flexibility, with some regions having an inherently larger capacity for providing power flexibility, 
depending on the key sources of consumption. Some industries and businesses, such as data centres, 
can more freely optimise demand without affecting output. On the other hand, some industries 
could find it far more costly to modulate demand, such as textile or manufacturing industries. 
Household appliances will also differ in their ability to optimise demand in response to price signals - 

 
303 The experiment refers to programs run by OPOWER in the USA, to send Home Energy Report letters to residential customers comparing their 
electricity use to that of their neighbours. The average program reduces energy consumption by 2%, but the effect is heterogenous across 
ƘƻǳǎŜƘƻƭŘǎ ƻŦ ŘƛŦŦŜǊŜƴǘ ƛƴŎƻƳŜ ƭŜǾŜƭǎΦ {ŜŜ !ƭƭŎƻǘǘΦ όнлммύΦ ά{ƻŎƛŀƭ ƴƻǊƳǎ ŀƴŘ ŜƴŜǊƎȅ ŎƻƴǎŜǊǾŀǘƛƻƴέΦ 
https://www.sciencedirect.com/science/article/abs/pii/S0047272711000478?via%3Dihub 
304 LC/ όнлнлύΦ ά!ǊǘƛŦƛŎƛŀƭ LƴǘŜƭƭƛƎŜƴŎŜ ŀƴŘ ǘƘŜ CǳǘǳǊŜ ƻŦ {ƳŀǊǘ ƘƻƳŜǎέΦ https://www.ifc.org/wps/wcm/connect/6fc5b622-05cb-4ee9-b720-
ab07591ac90e/EMCompass-Note-78-AI-Smart-Homes.pdf?MOD=AJPERES&CVID=n0S3dro  

https://www.sciencedirect.com/science/article/abs/pii/S0047272711000478?via%3Dihub
https://www.ifc.org/wps/wcm/connect/6fc5b622-05cb-4ee9-b720-ab07591ac90e/EMCompass-Note-78-AI-Smart-Homes.pdf?MOD=AJPERES&CVID=n0S3dro
https://www.ifc.org/wps/wcm/connect/6fc5b622-05cb-4ee9-b720-ab07591ac90e/EMCompass-Note-78-AI-Smart-Homes.pdf?MOD=AJPERES&CVID=n0S3dro


 

 122 

air conditioners, for example, are well suited to modulate demand at regular intervals without 
affecting the service they provide.  

LŜǾŜƭ ƻŦ ǎǳǇǇƻǊǘƛƴƎ ΨǎƳŀǊǘ ƎǊƛŘΩ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ, such as the degree to which a region already has deployed 
advanced metering and management systems. Gradual deployments of infrastructure in some 
regions may increase the cost-effectiveness of future interventions. Brazil, South Africa, and 
Southeast Asian countries (Thailand, Malaysia and Vietnam) are among the countries who have 
begun to use smart grids.305 

Regulatory and policy inertia. More than other energy opportunities DSM requires the creation of a new 
market for flexibility and grid optimisation via concerted policies and regulation. The costs of 
achieving required policy changes will affect the cost-effectiveness of nearly all forms of DSM. 

  

 
305 IEA. (2019). Smart grids https://www.iea.org/fuels-and-technologies/smart-grids 
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Barriers to adoption  

The largest barriers to DSM in regions where the opportunity offers the greatest mitigation potential are 
those related to i) political economy challenges, ii) market failures and iii) enabling environment. These 
barriers are not critical to inhibiting investment, as the potential of DSM is widely recognised and investment 
levels growing in all regions. However, if not addressed they are likely to slow down the potential growth of 
this opportunity. Our typology of barriers is provided in the Methodology chapter in the Synthesis Report. 

Figure 19 Barriers to an opportunity  

 

Source: Vivid Economics, ASI and Factor  

Political economy barriers to implementation are likely to be: 

 Implementing DSM initiatives can require alignment between a wide range of stakeholders including 
regulators, utility companies, distributors and customers. This can be challenging, as demonstrated 
with South AŦǊƛŎŀΩǎ Energy Efficiency and DSM programme. The Standard Offer approach, proposed 
in 2008 and already practised in Australia, India, the U.S., and other countries, would allow Eskom to 
purchase energy savings from ESCOs and customers using a pre-determined and pre-published price. 
However, the first round of negotiations failed to agree on pricing and terms. Since then the model 
has been successfully adopted.306  

 The required leadership and investment by national and municipal governments in providing 
incentives for consumers to engage in DSM can be a critical barrier. Often there is a clear disincentive 
for municipalities to lead or participate in energy efficiency measures, as they are heavily reliant on 
the revenue from the sale of electricity. In South Africa, for example, revenue from electricity sales 
can account for 24 to 35 % of total municipal revenues.307    

 Poor government awareness of the benefits and unintended consequences that could be realised 
from DSM, and how it fits into the wider global goals of increased energy access and reduced 
emissions can be a barrier. Traditionally, most focus in the target regions has been on energy 
generation as opposed to demand-side management. The two are different sides of the same coin 
and must be considered in unity, as DSM can reduce network investment costs and improve 
ǊŜƭƛŀōƛƭƛǘȅ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ǎǳǇǇƭȅΦ IƻǿŜǾŜǊΣ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ΨǊŜōƻǳƴŘ ŜŦŦŜŎǘΩ ƻŦ 5{a ƳŜŀǎǳǊŜǎ Ƴǳǎǘ ōŜ 

 
306 ESMAP. Implementing Energy Efficiency and Demand Side Management: South !ŦǊƛŎŀΩǎ {ǘŀƴŘŀǊŘ hŦŦŜǊ aƻŘŜƭΦ 
http://documents1.worldbank.org/curated/en/763421468008714696/pdf/690330ESM0P1180SouthAfrica0WebFinal.pdf   
307 Covary, T. (2016) Overview and assessment of the energy efficiency and energy conservation policies and initiatives of the Republic of South Africa  

http://documents1.worldbank.org/curated/en/763421468008714696/pdf/690330ESM0P1180SouthAfrica0WebFinal.pdf
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considered as greater efficiency makes an energy-consuming technology less expensive to use, so 
people use it more often. This can offset the energy saved by efficiency measures, which highlights 
the importance of behavioural change interventions to also help reduce electricity usage. This has 
been observed particularly strongly in the Indian context.308  

 There is also often a lack of governance structure for planning, implementing and evaluating DSM 
efforts. In South America, for example, it is common to see that several agencies promote and 
implement DSM efforts without coordination and articulation. This is particularly the case in 
Colombia and Uruguay.309  

 Furthermore, lack of awareness or thorough analysis means that government-led DSM policies that 
are put in place, can miss key sectors or approaches that can yield significant energy savings at 
minimal costs. For example, a recent study showed that while literature suggests that energy-saving 
behaviour could reduce energy demand by a maximum of 21.9 %, .ŀƴƎƭŀŘŜǎƘΩǎ 2015 Energy 
Efficiency and Conservation Master Plan (EECMP) does not consider energy-saving behaviour at all.310   

 Even if DSM policy is implemented at the national level, there is often a lack of government capacity 
at state or regional level to cascade this into local level policy and mandates for utility companies, 
industry and other stakeholders. For example, in India around half of 36 states have passed 
regulations on DSM but only a six or seven have issued directives to distribution companies to make 
it part of day-to-day operations.311   

 There is often a general lack of awareness and understanding of DSM measures in companies and 
industries in the target regions. Most companies do not have dedicated resources to scrutinise 
energy use and potential for efficiency. For example, a study on Ugandan and Indian small 
enterprises found that managers often lacked basic business skills and were thus unable to correctly 
calculate payback periods and savings potential, which presented a strong barrier to energy 
efficiency investments.312  

 As such a rapidly evolving energy sector is challenging for stakeholders to keep up with. As energy 
generation switches to a greater proportion of variable renewables and distributed energy resources, 
DSM programmes will also need to align with distributed energy management and resource flexibility 
goals. Furthermore, even when DSM measures become higher profile, the concepǘ ƻŦ ΨǘǳƴƴŜƭƭƛƴƎΩ Ŏŀƴ 
help explain why managers in business and industry may not engage with them or take them 
forward. This mindset causes changes in decision-making methods, causing people to magnify costs 
while minimising benefits.313  

Severe market failure barriers to investment or adoption are likely to be: 

 Immature and uncompetitive electricity markets that exist in many countries, particularly in East 
Africa and South America, do not incentivise DSM investments by households or the private sector.   

 .ŜƘŀǾƛƻǳǊŀƭ ƛƴŜǊǘƛŀ ŀƴŘ ǘƘŜ ΨŀǘǘƛǘǳŘŜ-ōŜƘŀǾƛƻǳǊ ƎŀǇΩ ŀǘ ƘƻǳǎŜƘƻƭŘ ŀƴŘ ƛƴŘǳǎǘǊȅ ƭŜǾŜƭǎ Ŏŀƴ ōŜ ŀ ōŀǊǊƛŜǊ 
as people tend to stick with what they know and are used to, rather than making changes that could 
be beneficial to their finances and the environment. For example, research by Ofgem in the UK314 
found that UK consumers tend to stick with the default service plan option, even if it is substantially 

 
308 Thapar, S. (2020) Energy consumption behavior: A data-based analysis of urban Indian households. Energy Policy Volume 143 (Link) 
309 DƛƭōŜǊǘƻ 5Ŝ aŀǊǘƛƴƻΣ WΦ όнлмтύ Ψ9ƴŜǊƎȅ 9ŦŦƛŎƛŜƴŎȅ ŀƴŘ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ ƛƴ [ŀǘƛƴ !ƳŜǊƛŎŀΥ tƻƭƛŎƛŜǎ ǘƻǿŀǊŘǎ {ǳǎǘŀƛƴŀōƭŜ 5ŜǾŜƭƻǇƳŜƴǘΩΦ LƴǘŜǊƴŀǘƛƻƴŀƭ 
Area Studies 21 (2): 9ς22. (Link) 
310 Khan, I. (2019)Energy-saving behaviour as a demand-side management strategy in the developing world: the case of Bangladesh. International 
Journal of Energy and Environmental Engineering, 493-510. (Link) 
311 Chunekar, A. et al (2014) Demand Side Management in India: An Overview of State Level Initiatives. Available at: 
https://www.prayaspune.org/peg/publications/item/281-demand-side-management-in-india-an-overview-of-state-level-initiatives.html 
312 Pegels, A, Figueroa, A, Never, B. (2018) The Human Factor in Energy Efficiency: Lessons for Developing Countries. German Development Institute. 
313 Mullainathan, S. and Shafir, E. (2013): Scarcity. Times Books: New York.  
314 Ofgem (2019) !ǇǇƭȅƛƴƎ ōŜƘŀǾƛƻǳǊŀƭ ƛƴǎƛƎƘǘǎ ǘƻ ŦƻǊǿŀǊŘ ƭƻƻƪƛƴƎ ŎƘŀǊƎƛƴƎ ǊŜŦƻǊƳΥ wŜǎǳƭǘǎ ŦǊƻƳ ŀ ƭƛǘŜǊŀǘǳǊŜ ǊŜǾƛŜǿ ōȅ hŦƎŜƳΩǎ .ŜƘavioural Insights 
Unit.  Link 

https://doi.org/10.1016/j.enpol.2020.111571
https://doi.org/10.18327/jias.2017.07.21.2.9
https://link.springer.com/article/10.1007/s40095-019-0302-3#Sec8
https://www.prayaspune.org/peg/publications/item/281-demand-side-management-in-india-an-overview-of-state-level-initiatives.html
https://www.ofgem.gov.uk/system/files/docs/2019/12/behavioural_insights_and_forward_looking_charging_report_0.pdf
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more expensive than the alternatives. Instead, behaviour can be influenced via non-financial 
incentives and clear information and messaging. A study by Never (2014) finds that many of the 
behavioural factors proven to be barriers in developed economies, which may be relevant for energy 
efficiency in developing countries, remain untested at this point.315 Never does highlight some 
relevant examples related to energy efficient lighting in Ghana, Uganda and Rwanda, finding that 
behavioural levers are only likely to work in a policy package that addresses wider technical, market 
and institutional barriers to energy efficiency. Not many developing country behavioural examples 
have been identified in more recent literature, although a study by Tavares da Silva and Gabriela 
Prata Dias (2020)316  on energy efficiency in developing countries provides some useful analysis and 
evidence. Examples from other sectors such as more hygienic practices for drinking water delivery in 
Kenya, can also offer some behavioural change insights.317  

 There are high costs and investment risks (such as currency volatility and political stability particularly 
in East African countries), involved in smart meter roll-out programmes, which is the infrastructure 
that allows consumers to reduce their demand in response to higher prices during peak periods.  

 Internal competition for capital and resources can limit the potential for industry-focused DSM 
measures. Manufacturers often have limited capital available for end-use efficiency projects and 
frequently require very short payback periods (one to three years).318 Financial matters are still the 
driving force behind energy efficiency investment decisions, meaning no- and low-capital 
improvement options, often based on behavioural change strategy, are still preferred.319 
Furthermore volatile energy prices can create uncertainty in investment returns, leading to delayed 
decisions on DSM projects.  

 Unpriced carbon leads to a lack of the true cost being reflected in energy use, reducing incentives for 
generators and consumers to support more flexible and cost-effective solutions.320 This is further 
compounded by continued fossil fuel subsidies. For example, a recent Overseas Development 
Institute (ODI) study highlights how South Africa subsidises coal by USD 3.2 billion per year.321 

 Innovation support is also needed to support inventions related to ICT and digitalisation, including AI 
and blockchain, and linking with smart grids. While many good ideas exist, in relation to smart grids 
and the use of digital innovation, these can sometimes be expensive and difficult to test, and 
therefore never reach full potential, particularly when many stakeholders need to align on the 
process and agree on the rationale for upfront investment.322  

Moderate enabling environment / absorptive capacity barriers to investment or adoption are likely to be: 

Lack of government institutional capacity to develop policy and regulations to enable DSM measures to 
be implemented and enforced, such as in regions like East Africa or much of Southeast Asia. 
Alternatively, existing policy may be in place but is not the most appropriate framework for flexible 
solutions. A lack of regulation of industry to support behaviour change and DSM may present barriers 
to adoption, especially for countries which rely heavily on manufacturing and selling at low cost, such 
as India, The Philippines, Vietnam and Ethiopia. In some cases, this could be mitigated by an ESCO 
model, although in India, EESL, the worlŘΩǎ ƭŀǊƎŜǎǘ 9{/hΣ ƛǎ ǿƻǊƪƛƴƎ ƛƴ ŜǾŜǊȅ ŘƛƳŜƴǎƛƻƴ ƻŦ 99 ŀƴŘ 
DSM and yet inefficiencies and barriers still exist. However, it should be noted that regulation and 

 
315 Never, B (2014) Making Energy Efficiency Pro-Poor: Insights from Behavioural Economics for Policy Design. Deutsches Institut fur 
Entwicklungspolitik. Discussion Paper 11/2014. (Link) 
316 Tavares da Silva, S. and Prata Dias, G. (2020) Energy Efficiency in Developing Countries: Policies and Programmes. Routledge. (Link) 
317 Source: https://www.unenvironment.org/news-and-stories/story/nudge-action-behavioural-science-sustainability 
318 Pegels, et al. (2018) The Human Factor in Energy Efficiency: Lessons for Developing Countries. German Development Institute. 
319 Ibid. 
320 CMS Law Now. (2016). DSR, Energy Storage and Smart Grids: Key proposals for the UK's Smart Energy System 
Available at: https://www.cms-lawnow.com/ealerts/2016/01/dsr-energy-storage-and-smart-grids--key-proposals-for-the-uks-smart-energy-system 
321 ODI. 2019 άG20 Coal Subsidies: South Africaέ https://www.odi.org/publications/11369-g20-coal-subsidies-south-africa 
322 Kappagantu & Arul Daniel. (2018) Challenges and Issues of Smart Grid Implementation: A case of an Indian scenario. Journal of Electrical Systems 
and Information Technology. Volume 5, Issue 3.  
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financial incentives are not the only solutions for DSM and a range of behavioural change methods 
can also be effective, as highlighted in the case studies in Section 0.  

The absence of good and reliable statistical information on electricity customer use, including 
disaggregated load curves, hampers a proper evaluation of DSM interventions and resources, as well 
as the evaluation of DSM programmes. This is a typical constraint in India, East Africa and many 
lower-income Southeast Asian and South American countries. 

In relation to smart grids and enabling technology for some demand response measures, a poor digital 
ecosystem and lack of awareness of ICT -based solutions (including AI and blockchain) is a major 
barrier in many of the target regions, particularly in East Africa and South America. A strong enabling 
environment for ICT innovation and smart grids is important to maximise DSM opportunities. For 
example, a lack of widespread adoption of interoperability and open standards can be a barrier if 
many different devices and systems need to communicate in a robust demand response programme. 
Demand response is hindered if technologies from different vendors do not interoperate seamlessly. 

Weak transmission grids, particularly in East Africa, India South Africa and lower-income countries in 
Southeast Asia such as Myanmar, is a significant barrier to the uptake of smart grids, as well as 
effective demand response measures.  

Lack of an informed workforce or public can be a major barrier to the successful uptake of DSM 
measures, particularly related to industry or household-scale initiatives to shift peak demand with 
TOU pricing or other behavioural change focused incentives. For example, India has found 
widespread consumer awareness to be a key enabler of effective DSM measures in the industrial 
sector, along with measures such as TOU pricing.  
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UK additionality  

The ¦YΩǎ ŀŘŘƛǘƛƻƴŀƭƛǘȅ ƛǎ particularly strong in knowledge sharing from the UK domestic experience 

 The UKΩǎ private sector has extensive experience in smart grid research, development and 
implementation and there are opportunities for partnerships, local assembly and accelerators that 
leverage UK private sector and academic expertise. The UK also convenes an annual forum on smart 
grids, working with Ofgem, and key stakeholders which works across nine workstreams focusing on 
issues including frameworks, networks, and commercial and regulatory challenges.323 

 The UK has focused on demand-side management with increased national campaigns over recent 
years, including the focus on smart meter installations. In addition to encouraging households to 
request smart meters, the government placed targets upon energy suppliers for uptake, which 
encouraged the uptake. This dual approach to both consumer and supplier could be replicated in 
some of the target regions and place strong additionality in helping other governments learn from 
the UK experience.   

 The UK has provided considerable support to innovation in clean and efficient energy, for example 
through Carbon Limiting Technologies, the largest clean tech incubator in the UK, which has 
ǎǳǇǇƻǊǘŜŘ ƻǾŜǊ орл ŎƻƳǇŀƴƛŜǎ ŀǎ ǿŜƭƭ ŀǎ ƳŀƴŀƎƛƴƎ .9L{Ωǎ D.t тнƳ Energy Entrepreneurs Fund for 
the past several years. Establishing funds and extending similar incubation support to companies 
working in, or looking to expand, into other regions could be very valuable and provide strong 
additionality.  

 The Behavioural Insights Unit at Ofgem was established in 2016 to apply behavioural science to the 
regulation of the British energy market.324 Relevant learning and processes of analysis could be 
drawn on in support for target regions.   

 The UK demonstrates strong investment and expertise in energy efficiency, including the Energy 
Company Obligation Scheme (ECO) and efficiency in buildings.  

Donor activity in this opportunity is principally driven by the World Bank, the European Union (EU), the Asian 
Development Bank, United States Agency for International Development (USAID), MCC, Deutsche 
Gesellschaft für Internationale Zusammenarbeit (GIZ), KfW, the Inter-American Development Bank, and 
United Nations Industrial Development Organisation (UNIDO). Some notable interventions include: 

 The World Bank has active programmes that feature DSM to some extent across Asia and Africa,325 
ƛƴŎƭǳŘƛƴƎ ǘƘŜ ά5ŜƳŀƴŘ-Side Management and Energy Efficiency tǊƻƧŜŎǘέ ƛƴ ±ƛŜǘƴŀƳ όUSD 18m),326 as 
well as continued interventions and projects under the the Energy Sector Management Assistance 
Program (ESMAP). 

 The Asian Development BankΩǎ ƛƴǾŜǎǘƳŜƴǘ in large DSM programmes in India, one which is due to 
close in 2021 and the other in 2025. These combine loans for capital expenses with technical 
assistance grants to support the development and implementation of energy efficiency measures.327 

 
323 Ofgem. (no date). DECC and Ofgem Smart Grid Forum. https://www.ofgem.gov.uk/electricity/distribution-networks/forums-seminars-and-working-
groups/decc-and-ofgem-smart-grid-forum  
324 Ofgem (2019) Applying behavioural insights to forward looking charging reform: wŜǎǳƭǘǎ ŦǊƻƳ ŀ ƭƛǘŜǊŀǘǳǊŜ ǊŜǾƛŜǿ ōȅ hŦƎŜƳΩǎ .ŜƘŀǾƛƻǳǊŀƭ LƴǎƛƎƘǘǎ 
Unit.  
325 World Bank. (no date). Projects. https://projects.worldbank.org/en/projects-operations/projects-
list?searchTerm=%22demand%20side%20management%22 
326 World Bank. (2002). Viet Nam - Demand-Side Management and Energy Efficiency Project (English). 
https://documents.worldbank.org/en/publication/documents-reports/documentdetail/434891468780588320/viet-nam-demand-side-management-
and-energy-efficiency-project 
327 Asian Development Bank. (2019a). India: Demand-Side Energy Efficiency Sector Project. https://www.adb.org/projects/48224-002/main#project-
pds and Asian Development Bank (2019b). India: Scaling Up Demand-Side Energy Efficiency Sector Project. https://www.adb.org/projects/52196-
001/main#project-pds 
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 ¢ƘŜ 9¦Ωǎ 9¦w п Ƴƛƭƭƛƻƴ ǇǊƻƎǊŀƳƳŜ ǘƻ ǎǳǇǇƻǊǘ !ǊƎŜƴǘƛƴŀΩǎ 9ƴŜǊƎȅ 9ŦŦƛŎƛŜƴŎȅ tƭŀƴΦ  

 ¦{!L5Ωǎ WƻǊŘŀƴ ά9ƴŜǊƎȅ /ŀǇŀŎƛǘȅ .ǳƛƭŘƛƴƎ !ŎǘƛǾƛǘȅέ όнлмо-2017), which includes a focus on demand-
side mechanisms. 328   

 DL½Ωǎ Ψ{ƳŀǊǘ DǊƛŘǎ ŦƻǊ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ ŀƴŘ 9ƴŜǊƎȅ 9ŦŦƛŎƛŜƴŎȅΩ ǇǊƻƎramme, which includes DSM.329 

In regions with the largest mitigation potential, UK typically has moderate experience in delivering DSM 
related support, with most programmes of support focusing on smart green grids and integration with 
storage.  

 Most programmes of support focus on combining loans for large-scale interventions alongside 
technical assistance. Fewer programmes and donors have focused on smaller scale programmes, 
particularly those that look at AI, smart-grids and behaviour change policies, although an exception is 
an innovation fund on AI solutions run through the ICFΦ DƛǾŜƴ ǘƘŜ ¦YΩǎ ǎǘǊƻƴƎ ŜȄǇŜǊƛŜƴŎŜ ƛƴ 
innovation programming, there could be real additionality in continuing to foster new solutions in 
the smart grid space. 

 For example, the the UK Department for International Development (DFID, now part of the Foreign, 
Commonwealth and Development Office (FCDO)) funds the Africa Clean Energy Programme (2016-
2021, budget of GBP 65 million) works across 14 priority countries to catalyse a market-based 
approach for private sector delivery of solar products and services.330 

 5CL5Ωǎ Ǝƭƻōŀƭ Low Energy Inclusive Appliances Programme is a research and innovation programme 
that seeks to double the efficiency and half the cost of a range of electrical appliances suited for off- 
and weak-grid household, small business, and industrial consumers. It deploys a range of 
interventions from market stimulation to education and awareness raising.  

 The DFID Transforming Energy Access programme in sub-Saharan Africa is also providing relevant 
support in relation to DSM opportunities, mainly increasing the uptake of efficient appliances.331 

 In India, the Supporting Structural Reform in the Indian Power Sector programme which aims to 
support structural reforms in the Indian power sector has created a Smart Grid Readiness Assessment 
Tool, to assess utility readiness.332 

 In a 2016 survey on top ICT for development trends among DFID advisors, household/community-
scale batteries and smart grids were placed second and third, respectively. 333 The Frontier 
Technologies Livestreaming programme has piloted ideas suggested by DFID staff as they relate to 
these overarching areas. 

  

 
328 https://escb-jordan.org/ 
329GIZ. (no date). Smart Grids for Renewable Energy and Energy Efficiency.  https://www.giz.de/en/worldwide/62816.html 
330 FCDO. (2020). Africa Clean Energy Programme (ACE). https://devtracker.dfid.gov.uk/projects/GB-1-204637  
331 DFID (2016) Business Case: Transforming Energy Access for Households and Improved Livelihoods (TEA) 
332 DFID (2019) Annual Review 2019 for Supporting Structural Reform in the Indian Power Sector. Available at : 
http://iati.dfid.gov.uk/iati_documents/46047872.odt  
333 Simpson, L. (2019) Blog: Frontier Technologies Tech Survey Results. Available at:  
https://medium.com/frontier-technology-livestreaming/frontier-technologies-tech-survey-results-24be0eaae18d  
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Intervention opportunities 

To alleviate the barriers set out in Section 0, there is substantial opportunity across all regions for the UK to 
draw on core strengths and areas of additionality, to deliver demand-side management interventions in the 
following areas: 

General support to government to set up appropriate DSM strategy, policy and regulations 

 Help governments define a holistic DSM strategy with a focus on key sectors that are likely to yield 
high energy savings. For example, in India, DSM measures have been applied to heavy industry and 
now the agricultural sector has significant potential to improve efficiency across a wide range of 
appliances including irrigation pumps. Such a strategy requires needs-based research, for example, 
exploring high potential for distributed DSM through off-grid renewables (mini-grids, interconnected 
mini-grids, and standalone home systems) helping to meet significant demand in the micro and small 
and medium enterprises (SME) sector. Data collection surveys are also often necessary to develop a 
robust picture of the existing consumer baseline, such as appliance ownership, equipment models 
and sizes, current practices, etc. Resulting intervention support could include technical assistance to 
national governments on regulatory, financial, or tax-related mechanisms improvement and DSM 
measures, across household, business and industry levels, time-of-use tariffs to shift demand, 
connected with an understanding of behavioural change aspects and industrial energy efficiency. 
These and other interventions are explored below.  

¶ Consider supporting utility companies and grid operators with interventions on tariffs that closely 
reflect the price at any given point in time. This includes time-of-use tariffs that target households 
and-or businesses and help to shift demand away from peak times, reducing the overall grid capacity 
needs. For example, in Tanzania, given the large peak demand in the early evening, when farmers 
return home from the fields, and low demand in the day, mini-grid developer JUMEME has 
attempted to shift commercial demand away from the evening, and stimulate demand in the day.334 
Based on the fact that irrigation pumps used to be used in early morning, through a partnership with 
drinking-water business, water pumps were switched on automatically when there was excess 
supply, and lower rate tariffs given to the business for this energy usage. The impacts of the strategy 
were:  

The time-of-ǳǎŜ ǘŀǊƛŦŦ ΨƴǳŘƎŜŘΩ ŦŀǊƳŜǊǎ ǘƻ ǳǎŜ ƛǊǊƛƎŀǘƛƻƴ ǎȅǎǘŜƳǎ ƛƴ ǘƘŜ Řŀȅ while there is cheaper energy, 
reducing evening demand. 

The productive use partner filled the gaps in electricity demand during the day, and increased demand. 

 Consider support to foster an ESCO market, which can help deliver energy efficiency solutions to 
industrial and commercial customers. It is important that ESCOs are seen as credible and 
trustworthy, if users are willing to invest money upfront and realise energy efficiency gains down the 
line. GIZ helped fund the enabling components for this in South Africa, helping the South African 
National Energy Development Institute to set up the register of accredited ESCOΩǎ. The register 
includes ESCOΩǎ ŀŎǊƻǎǎ ǘƘŜ ǾŀƭǳŜ ŎƘŀƛƴ ƻŦ ŜƴŜǊƎȅ ǎŜǊǾƛŎŜǎ ƻŦŦŜǊŜŘΣ ŜΦƎΦ !ǳŘƛǘing, Measurement & 
Verification, Technology Installers, Consulting Engineers as well as full ESCOΩǎ ǘƘŀǘ ǇǊƻǾƛŘŜ ŜƴŜǊƎȅ 
services and financing. The greater participation of ESCOs will help to advance and attract private 
investments in DSM efforts.  

 If a country does not yet have a conducive environment for ESCOs, consider supporting appliance 
and equipment labelling programs. The US MCC Energy Efficiency and Demand Side Management 
(EEDSM) in Ghana is a good example of this. Project interventions include (1) a rollout of energy 
efficiency standards, (2) implementation of the pre-tertiary school curriculum and public information 
on use of efficient appliances with standards and labels via different media platforms, (3) 

 
334 https://www.energy4impact.org/file/2100/download?token=9k2uhkpD 

https://www.energy4impact.org/file/2100/download?token=9k2uhkpD
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implementation of an energy auditing and retrofitting activity and an intervention to establish two 
sustainable energy services centers (SESCs) that will train and certify energy auditors for the country, 
and (4) installing energy-efficient LED street lights.335 

 Energy efficiency indicators are crucial to measuring the impact of interventions and benchmark the 
level of efforts. A platform should be in place so that the impact of DSM efforts can be monitored, 
and investments can be accounted for as well as to quantify energy savings or emissions mitigation. 

 Industrial DSM initiatives can be high impact in terms of reducing emissions and balancing the grid. 
For industrial EE, high-potential actions include developing and energy management (EnMS), 
equipment standards labelling (for motors in particular), and incentives from local/state/national 
governments and utilities and combined heat and power. Adoption of ISO 50001 by leading 
industries can set examples and help make it an industrial norm, with supporting communications 
and behavioural change inputs. Consider providing support to regional governments to implement 
national regulations that may already be in place but are poorly understood. For example, in India, 
implementation of DSM policy in states and union territories has strong potential for support and 
impact.  

 Enable knowledge sharing programmes, allowing countries to learn from each ƻǘƘŜǊΩǎ ƛƴǘŜǊǾŜƴǘƛƻƴǎ 
and programming to leapfrog in adoption. Leverage UK private sector and academic expertise to 
create or support partnerships, local assemblies and accelerators related to DSM initiatives.  

Specific support regarding behavioural change at the industry and household level 

 Methods to understand and promote behavioural change can be powerful as either the main focus 
or a component of DSM interventions. Interventions could provide advisory support for behaviour 
change programming, assisting government to address knowledge gaps and help to ensure these are 
designed as effectively as possible. For example, support the setting up of behavioural science 
insights in electricity market regulators, as demonstrated by the ¦YΩǎ hŦƎŜƳ .ŜƘŀǾƛƻǳǊŀƭ LƴǎƛƎƘǘǎ 
Unit, to apply behavioural science to the regulation of the energy market. Insights can better 
understand consumer choices, supplier conduct and other business decision-making, which can then 
inform the most effective energy saving initiatives.336 It is important to note that research on energy 
efficiency in Ghana, Rwanda and Uganda finds that behavioural levers are only likely to work when 
included as part of a policy package that addresses wider technical, market and institutional barriers 
to energy efficiency.337 

 Consider supporting voluntary energy efficiency programmes for heavy industry. The aim is to 
demonstrate the value and cost-effectiveness to businesses of adopting more efficient processes, as 
well as the environmental and climate benefits. This could be independent from or integrated with a 
time-of-use tariff that industries can also respond to. A good example of behavioural change in 
industry efficiency is the UNIDO Industrial Energy Efficiency Project (IEEP)Ωǎ support to the steel 
industry in South Africa, where it was found that any meaningful package of DSM measures would 
have to include skills development ŦƻǊ ǘƘƻǎŜ ǿƻǊƪƛƴƎ ƻƴ ǘƘŜ ΨǎƘƻǇ ŦƭƻƻǊΩ. See the case study in 
Section 0. 

 Consider providing advisory support on voluntary energy efficiency programmes for households, 
through implementing strong communication of the rationale for flexible and more efficient energy 
use based on a strong understanding of behavioural change factors. Based on UK experience, Ofgem 
found that the current evidence pointed to three particular strategies of how best to help residential 
consumers be demand-flexible: automated response to price signals; simplicity in tariff design or the 

 
335 Data.Gov. (2019). Ghana - Energy Efficiency and Demand-side Management. https://catalog.data.gov/dataset/ghana-energy-efficiency-and-
demand-side-management 
336 Ofgem (2019) !ǇǇƭȅƛƴƎ ōŜƘŀǾƛƻǳǊŀƭ ƛƴǎƛƎƘǘǎ ǘƻ ŦƻǊǿŀǊŘ ƭƻƻƪƛƴƎ ŎƘŀǊƎƛƴƎ ǊŜŦƻǊƳΥ wŜǎǳƭǘǎ ŦǊƻƳ ŀ ƭƛǘŜǊŀǘǳǊŜ ǊŜǾƛŜǿ ōȅ hŦƎŜƳΩǎ .ŜƘŀǾƛƻǳǊŀƭ Lƴǎights 
Unit.  Link 
337 Never, B (2014) Discussion Paper: Making Energy Efficiency Pro-Poor Insights from Behavioural Economics for Policy Design. Link 

https://catalog.data.gov/dataset/ghana-energy-efficiency-and-demand-side-management
https://catalog.data.gov/dataset/ghana-energy-efficiency-and-demand-side-management
https://www.ofgem.gov.uk/system/files/docs/2019/12/behavioural_insights_and_forward_looking_charging_report_0.pdf
https://www.researchgate.net/publication/261798937_12014_Discussion_Paper_Making_Energy_Efficiency_Pro-Poor_Insights_from_Behavioural_Economics_for_Policy_Design
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user experience; and providing information about price and tips on how to respond.338 This could be 
particularly effective in countries with frequent blackouts and high reliance on generators, such as 
East Africa. 

Specific support on smart and flexible grids and wider smart technologies and digitalisation 

 Build stakeholder awareness on the benefits of smart grids that are smart allow for two-way 
communication between the utility (supplier) and customer (user) of energy, and often utilise digital 
solutions, including artificial intelligence and other mechanisms to predict demand and help regulate 
supply. The main benefits associated with smart grids are increased efficient transmission of 
electricity, and reduced peak demand.339 

 Support government with utilities-led programmes to install metering, including smart metering, to 
help lay the foundations for more smart and flexible grids. For example, in Chile, the Ministry of 
Energy has prioritised the development of a net-metering system that allows interaction of demand 
with the system, allowing in principle: (i) decision making on the demand side, (ii) the sale of energy 
on the demand-side, iii) user awareness in relation to price. Despite this, the current rate structure 
for residential customers does not reflect the cost in peak hours. Apart from this, distribution 
companies themselves have developed demand management programmes based on system 
reliability criteria.340 

 Support government capacity building and catalyse investment in local data management systems, 
that underpin smart grids and demand response. There is large potential for transformational 
ŎƘŀƴƎŜΣ ŀƴŘ ŀōƛƭƛǘȅ ǘƻ ƭŜǾŜǊŀƎŜ ƎǊƻǿƛƴƎ ¦Y ŜȄǇŜǊǘƛǎŜΦ !ǎ ǎŜƎƳŜƴǘǎ ƻŦ ǘƘŜ ƎǊƛŘ ōŜŎƻƳŜ ΨǎƳŀǊǘΩ and 
their data start to flow, questions that  have emerged for operators and regulators in developed 
countries, such as in the UK, include: What should the data processing chain be and what are the 
technological issues associated with each of its stages? How can data aspects (production, security, 
etc.) be better controlled? How can we make best use of the data? What constitutes data quality? 
How does data affect operations?  What staff resources and skills are required for a specific 
context?341 These questions are relevant for a variety of stakeholders in the electricity sector in 
relation to flexible grids and DSM measures: network operators, suppliers, associations and 
regulatory authorities/licensors. Interventions that work with such stakeholders to assess their needs 
can lead to a range of data-related solutions.  

 Support innovators to increase the range of smart technologies focused on metering, appliances and 
integration with communication systems. Enable collaboration on R&D and innovation in relation to 
smart grids, storagŜ ŀƴŘ 5{aΦ 5ŜŎŜƴǘǊŀƭƛǎŜŘ ƛƴƴƻǾŀǘƛƻƴ ƛǎ ǉǳƛǘŜ ΨōƻǘǘƻƳ ǳǇΩΣ ƘŜƭǇƛƴƎ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘŜ 
best solutions in each local context, and is particularly relevant to many of the more advanced target 
regions such as India, Southeast Asia, and South America where there are many opportunities to 
leapfrog traditional stages of centralised grid development.  

 Provide advisory and regulatory support to encourage smart grid implementation, combining 
distributed generation incentives/regulation with tariffs, storage and smart technologies. 

 Consider implementing pilot projects to demonstrate specific techniques and technologies that can 
enable smart grid performance, including digital-based solutions that draw on frontier technologies 
such as AI and blockchain. Special attention can be paid to DSM for local distribution grid congestions 

 
338 Ofgem (2019) Applying behavioural insights to forward looking charging reŦƻǊƳΥ wŜǎǳƭǘǎ ŦǊƻƳ ŀ ƭƛǘŜǊŀǘǳǊŜ ǊŜǾƛŜǿ ōȅ hŦƎŜƳΩǎ .ŜƘŀǾƛƻǳǊŀƭ LƴǎƛƎƘǘǎ 
Unit. https://www.ofgem.gov.uk/system/files/docs/2019/12/behavioural_insights_and_forward_looking_charging_report_0.pdf  
339 US Dept. Of Energy. (no date). The Smart Grid. https://www.smartgrid.gov/the_smart_grid/smart_grid.html  
340 Martinez & Rudnick. (2012). Design of demand response programs in emerging countries.  
http://hrudnick.sitios.ing.uc.cl/paperspdf/PID2455963.pdf 
341 de Buttet et al. (2018). Study: The digital transformation of utilities. https://extranet.thinksmartgrids.fr/?get_group_doc=9/1543222684-
ThinkSmartgrids_report_data_nov2018.pdf 

https://www.ofgem.gov.uk/system/files/docs/2019/12/behavioural_insights_and_forward_looking_charging_report_0.pdf
https://www.smartgrid.gov/the_smart_grid/smart_grid.html
http://hrudnick.sitios.ing.uc.cl/paperspdf/PID2455963.pdf
https://extranet.thinksmartgrids.fr/?get_group_doc=9/1543222684-ThinkSmartgrids_report_data_nov2018.pdf
https://extranet.thinksmartgrids.fr/?get_group_doc=9/1543222684-ThinkSmartgrids_report_data_nov2018.pdf
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and/or isolated-island type of meso-grids. Market design and platforms can be a good opportunity 
for integration of DSM measure in a bottom up approach. 

 Support governments to enable the integration of EVs into flexible grids, with appropriate 
regulations and standardisation of charging infrastructure.  

 These interventions are likely to be particularly relevant to countries and regions that have a more 
advanced energy sector and a more mature ICT infrastructure and digital economy, such as India, 
South American countries such as Colombia and Argentina, and Southeast Asian countries such as 
Malaysia, Thailand and Vietnam. 

General support to addressing Investment and finance needs to enable DSM: 

 Leverage UK private sector and academic expertise to create or support partnerships, local 
assemblies and accelerators related to DSM initiatives.   

 There are opportunities for ODA funding to provide financing support to ESCOs, which rely on the 
payback through energy savings over several years, so rely heavily on cheap loans to make their 
business model work. See for example, a World Bank livewire note on the emerging possibilities of 
ESCOs.342 The same principle applies to aggregators, whose business model relies on paybacks over 
time and hence would be helped by cheap loans.  

 Consider providing grant and incubation support to innovators working in the DSM space, especially 
for application at household and industry level. Supporting blended financing to smart meter 
programmes could be an important aspect of this, helping utilities to overcome initial capital 
expenditure where the benefits lead to substantial energy efficiency gains. For example, the US 
Trade and Development Agency (USTDA) funded the Spark Meter pilot project in Port Harcourt, in 
Nigeria. This could be particularly relevant to urban centres in East Africa and South America. 

 Support governments to explore and implement energy efficiency financing policy, tailored to the 
maturity of the financial market. For example, an energy efficiency fund, which could, be generated 
via a tariff levy established by the energy regulator and collected by the utility via the customersΩ 
bills. Other funding mechanisms have included a tariff levy on electricity consumption, special taxes, 
general state tax revenues, revenue bonds and certification fees, etc.343  

 Providing funding for innovation in the smart grid space, taking full advantage of AI based solutions 
as they develop. 

 Help UK innovators and companies who have received domestic support to expand their offerings to 
new regions, through grant ŀƴŘ ŎƘŀƭƭŜƴƎŜ ŦǳƴŘƛƴƎΦ /ƻƴǎƛŘŜǊƛƴƎ .9L{Ω 9ƴŜǊƎȅ 9ƴǘǊŜǇǊŜƴŜǳǊǎ CǳƴŘΣ 
there are likely to be some ideas which could transfer to other regions and provide true value for 
money.  

 Support government in exploring and utilising the role of new agents (aggregators) which can have 
an impact if they succeed in combining the individual DSM/EE potential of smaller consumers. New 
commercial models and improved regulation can stimulate these initiatives. 

  

 
342 Sarkar, A. and Moin, S. (2018) World Bank Transforming Energy Efficiency Markets in Developing Countries: The Emerging Possibilities of Super 
ESCOs. Livewire Knowledge Note 2018/92 by the World Bank Group. 
http://documents1.worldbank.org/curated/en/536121536259648570/pdf/129781-BRI-PUBLIC-VC-ADD-SERIES-6-9-2018-12-9-31-LWLJfinalOKR.pdf   
343 ESMAP (2011) Implementing Energy Efficiency and Demand Side ManagemŜƴǘΥ {ƻǳǘƘ !ŦǊƛŎŀΩǎ {ǘŀƴŘŀǊŘ hŦŦŜǊ aƻŘŜƭΦ [ƻǿ ŎŀǊōƻƴ ƎǊƻǿǘƘ ŎƻǳƴǘǊȅ 
studies program. Briefing Note 007/11.  
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Intervention case studies  

Box 13 UNIDO Industrial Energy Efficiency Project (IEEP): Support to the steel industry in South Africa via 
behavioural change and process innovation, 2010 ς 2011 

¦bL5hΩǎ L99t ŦƛǊǎǘ ŜƴƎŀƎŜŘ ǿƛǘƘ !ǊŎŜƭƻǊaƛǘǘŀƭ {ŀƭŘŀƴƘŀ ²ƻǊƪǎ ό!a{²ύ ƛƴ {ƻǳǘƘ !ŦǊƛŎŀΩǎ ²ŜǎǘŜǊƴ /ŀǇŜ 
region in 2010. The plant had 548 permanent employees and focused on hot rolled coil (HRC) steel 
products with a thickness of less than 1.6 mm, which are primarily for export to West and East African 
markets.344 The case study demonstrates that behavioural insights, along with process innovation, can 
contribute significant near-term and low-cost opportunities for energy savings and emissions reductions. 

The objectives of the intervention were to: 

¶ 9ƴƘŀƴŎŜ ǘƘŜ ǇƭŀƴǘΩǎ ŎƻƳǇŜǘƛǘƛǾŜƴŜǎǎ ŀƴŘ ŜŦŦƛŎƛŜƴŎȅ ŀƭƻƴƎǎƛŘŜ ƎŜƴŜǊŀǘƛƴƎ ŎƻƴǎƛŘŜǊŀōƭŜ ŦƛƴŀƴŎƛŀƭΣ 
economic and environmental returns.  

¶ Build a sustained institutional culture of energy efficiency, supported from the senior 
ƳŀƴŀƎŜƳŜƴǘ Řƻǿƴ ǘƻ ǘƘŜ ΨǎƘƻǇ ŦƭƻƻǊΩΦ  

Lƴ ǇǳǊǎǳƛǘ ƻŦ ǘƘƻǎŜ ƻōƧŜŎǘƛǾŜǎΣ ǘƘŜ ƛƴǘŜǊǾŜƴǘƛƻƴΩǎ ŀŎǘƛǾƛǘƛŜǎ ǿŜǊŜΥ 

¶ Firstly, the project provided training to the senior management on an energy management system 
(EnMS) along with energy systems optimisation (ESO) measures in line with the international 
energy management standard ISO 50001.  

¶ An Energy Manager was appointed to develop and implement an energy strategy for the plant. An 
energy audit was then initiated to update the list of already identified initiatives with new and 
additional energy saving opportunities. The Energy Manager was later joined by a further three 
ŜƴƎƛƴŜŜǊǎΣ ŦƻǊƳƛƴƎ ŀƴ Ψ9ƴŜǊƎȅ ¢ŜŀƳΩΦ ¢ƘŜ ŜƴŜǊƎȅ ǘŜŀƳΩǎ Ƴŀƛƴ ŦƻŎǳǎ ǿŀǎ ǘƘŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ 
potential energy saving opportunities and the development and implementation of such projects. 
¢Ƙƛǎ ǿŀǎ ƛƳǇƭŜƳŜƴǘŜŘ Ǿƛŀ ŀƴ Ψ9ƴŜǊƎȅ aŀǘǊƛȄ {ǘǊǳŎǘǳǊŜΩ ǘƻ ƛŘŜƴǘƛŦȅ ƴŜǿ ŜƴŜǊƎȅ ǎŀǾƛƴƎǎ 
opportunities and monitor the effectiveness of the initiatives being implemented. Not only was 
the position of Energy Manager crŜŀǘŜŘΣ ōǳǘ нр҈ ƻŦ ǘƘŜ ǇƭŀƴǘΩǎ ōǳŘƎŜǘ ǿŀǎ ŀƭƭƻŎŀǘŜŘ ǘƻ ŜƴŜǊƎȅ 
performance improvement. Thirteen energy saving projects were then implemented, under a 
combination of awareness raising and ESO initiatives, with most of these projects not requiring 
capital investment. 

¶ The project provided AMSW with the tools to introduce and implement a system which integrates 
ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƛƴǘƻ Řŀƛƭȅ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ƻǇŜǊŀǘƛƻƴŀƭ ǇǊŀŎǘƛŎŜǎΣ ŎƘŀƴƎƛƴƎ ǘƘŜ ŜƴǘŜǊǇǊƛǎŜΩǎ 
culture in a simple and sustainable manner. This included idŜƴǘƛŦȅƛƴƎ ΨŜƴŜǊƎȅ ŎƘŀƳǇƛƻƴǎΩ ƛƴ 
different teams, who were made responsible for raising energy awareness and encouraging 
sustained action. The dedicated energy coordinators at each plant helped champions to become 
more capable energy custodians in their respective work areas.  

¶ UNIDO-IEEP assisted AMSW plant engineers to acquire EnMS and ESO expertise by providing 
training, technical and advisory support in the implementation and installation of the EnMS along 
with other energy performance optimisation measures.345 There was a greater emphasis on 
capacity-building over mere instruction in order to empower employees with the ability to identify 
opportunities rather than to simply implement top-down directives.  

¶ The engineers in the plant were technically capacitated with respect to EnMS and ESO 
methodologies implementation, through the IEE Project training courses  

 
344 Pegels, et al. (2018) The Human Factor in Energy Efficiency: Lessons for Developing Countries. German Development Institute. 
345 UNIDO-IEEP (2013) Introduction and implementation of an energy management system and energy systems optimization. 
https://open.unido.org/api/documents/3294411/download/SA%20IEE%20Case%20Study%20-
%20Arcelormittal%20Saldanha%20Works_01%20July%202013.pdf  

https://open.unido.org/api/documents/3294411/download/SA%20IEE%20Case%20Study%20-%20Arcelormittal%20Saldanha%20Works_01%20July%202013.pdf
https://open.unido.org/api/documents/3294411/download/SA%20IEE%20Case%20Study%20-%20Arcelormittal%20Saldanha%20Works_01%20July%202013.pdf
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¶ AMSW implemented a communication strategy through poster drives, hosting competitions for 
innovative savings ideas, replacing light bulbs from home with LEDs, and organising outreach 
events at work. Committing to saving energy was also made public by displaying a poster bearing 
employee signatures. The efforts were designed to create a link between actions and implications 
and elicited greater resolve across the workforce to improve efficiency.  

As a consequence the results of the intervention were: 

¶ AMSW reduced its average energy demand by 5.3% against their 2010 baseline values, including a 
26% reduction in Liquefied Petroleum Gas (LPG) consumption being achieved  

¶ From an initial expenditure of just ZAR 500,000 by AMSW, the intervention resulted in savings of 
approximately ZAR 89 million within one year. This investment was offset in less than four 
production days.   

¶ In the first year, energy savings of 80 GWh was achieved, corresponding to a 77,222 tonnes GHG 
emission reduction.  

¶ The EnMS instilled an energy savings culture across the AMSW workforce, which became closely 
integrated with the company culture, helping to maintain energy efficiency and costs and GHG 
savings during the following years.  

Key risks and the steps taken to mitigate them were as follows: 

¶ Initial process optimisation was implemented in silos and no coordination or overall optimisation 
strategy was in place, limiting the efficiency of the initiatives put in place. The IEE Project assisted 
!a{² ƛƴ ŀƴŀƭȅǎƛƴƎ ǘƘŜ ǇƭŀƴǘΩǎ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ƛƴ ŀ ǎȅǎǘŜƳŀǘƛŎ ŀƴŘ ƘƻƭƛǎǘƛŎ ƳŀƴƴŜǊ ŀƴŘ 
ōǳƛƭŘƛƴƎ ŎŀǇŀŎƛǘȅ ƻŦ ǘƘŜ ǇƭŀƴǘΩǎ ŜƴƎƛƴŜŜǊǎ ƻƴ Ƙƻǿ ǘƻ ƻǇǘƛƳƛse across processes throughout the 
systems. The energy manager also manages projects that cross boundaries ς for example, 
efficiency improvement at the water treatment plant.  

¶ High staff turnover makes it difficult to maintain high skill levels throughout the company. Training 
was therefore instilled as an ongoing process rather than a one-off process delivered by the 
UNIDO project.  

¶ Formal training can be problematic because it takes people out of the workplace and has an 
opportunity cost ς both notable challenges in a production context. UNIDO therefore 
implemented on-the-job and active learning to ŘŜǾŜƭƻǇ ǎǘŀŦŦ ƳŜƳōŜǊǎΩ ǎƪƛƭƭǎ ǘƻ ƛƴŘŜǇŜƴŘŜƴǘƭȅ 
identify energy efficiency opportunities and allow instructors to identify unforeseen training 
opportunities.  

¶ Another obstacle may arise if a technology (such as energy metering devices) is deemed to be an 
unjustified expenditure by financial officers who may not understand its potential impact on 
energy efficiency. However, measurement of performance and impact is key to behavioural 
change. This can be overcome by strong communication to all staff and departments on the 
rationale and process for energy efficiency improvements.  

¶ Constant reporting to top management on the achievements and challenges encountered helped 
reinforce the commitment.  

For BEIS there are several primary lessons of the intervention in determining ICF investment: 

¶ Interventions based on behavioural change and corporate culture transformation can achieve 
significant energy efficiency savings and GHG emissions reduction, particularly in the heavy 
industry sector. However, they should be part of a coherent package of measures which address 
the most important barriers in a holistic manner.  
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¶ The specific intervention factors which impacted energy efficiency at AMSW were the EnMS that 
was established, training, the social norms of AMSW, management involvement, finance, and 
communication.  

¶ Implementing an EnMS was seen as the only way in this context to ensure that the knowledge and 
practices are captured and institutionalised within the corporate culture and not reliant on any 
specific individual.346  

¶ Senior management commitment is vital. behavioural change in a company requires 
demonstrated senior leadership and a range of cascading initiatives that communicate and 
encourage active participation throughout the workforce.  

¶ Knowledge and understanding similarly contribute to ownership. Employees who understand the 
goals, mission, and performance of their organisation may develop psychological ownership, 
whereas imposed change may provoke resistance.  

¶ LŘŜƴǘƛŦȅƛƴƎ ŀƴŘ ƳŀƪƛƴƎ ǳǎŜ ƻŦ ŀ ΨǿƛƴŘƻǿ ƻŦ ƻǇǇƻǊǘǳƴƛǘȅΩ ƛǎ ƛƳǇƻǊǘŀƴǘ ŦƻǊ ŜƴŜǊgy efficiency 
interventions. In 2010, the employees of AMSW were particularly open to changing their energy-
wasting habits since their factory was in a financial crisis.  

¶ The status quo and areas for improvement in energy efficiency are often not visible from within 
an organisation, which often justifies external involvement, such as engagement in a programme 
like UNIDO-IEEP  

Regions/countries where this intervention is likely to be applicable  

¶ The industrial sector accounts for roughly one-third of global final energy consumption and 
related emissions. This proportion is often much higher in industrialising economies, where it may 
exceed 50 %.347  

¶ Energy efficiency that requires management commitment and behavioural change rather than 
capital expenditure can be replicated in a wide range of contexts globally, with particular 
relevance across sub-Saharan Africa, in India, and Southeast Asia.   

 

 

Box 14  Smart Grids for Renewable Energy and Energy Efficiency Project in Vietnam, 2017 ς 2021, 
US$5.5 million  

±ƛŜǘƴŀƳΩǎ ǊŀǇƛŘ ŜŎƻƴƻƳƛŎ ŘŜǾŜƭƻǇƳŜƴǘ ƛǎ ǊŜǎǘǊŀƛƴŜŘ ōȅ ǎƘƻǊǘŀƎŜǎ ƛƴ ǇƻǿŜǊ ǎǳǇǇƭȅΦ LƴŎǊŜŀǎƛƴƎ ǇƻǿŜǊ 
generation, grid capacity and energy efficiency are necessary to solve this problem. Through funding from 
the German government, GIZ has been supporting the Government of Vietnam since 2009 in achieving its 
targets on renewable energy. The Smart Grids for Renewable Energy and Energy Efficiency Project (SGREE) 
project is the latest phase of this support, working closely with Electricity Regulatory Authority of Vietnam 
(ERAV) to support the Vietnamese power sector in developing a smart grid i.e. the digitalisation and 
flexibility of the power supply system, which allows integration of an increasing share of variable 
renewable energy and supports greater energy efficiency.348 The Smart Grid introduces a two-way 

 
346 UNIDO-IEEP (2013) Introduction and implementation of an energy management system and energy systems optimization. 
https://open.unido.org/api/documents/3294411/download/SA%20IEE%20Case%20Study%20-
%20Arcelormittal%20Saldanha%20Works_01%20July%202013.pdf    
347 International Energy Agency (2013) Energy Efficiency Market Report. OECD: Paris.  
348 GIZ. (no date). Smart Grids for Renewable Energy and Energy Efficiency (SGREEE). http://gizenergy.org.vn/en/project/smart-grids-for-renewable-
energy-and-energy-efficiency    

https://open.unido.org/api/documents/3294411/download/SA%20IEE%20Case%20Study%20-%20Arcelormittal%20Saldanha%20Works_01%20July%202013.pdf
https://open.unido.org/api/documents/3294411/download/SA%20IEE%20Case%20Study%20-%20Arcelormittal%20Saldanha%20Works_01%20July%202013.pdf
http://gizenergy.org.vn/en/project/smart-grids-for-renewable-energy-and-energy-efficiency
http://gizenergy.org.vn/en/project/smart-grids-for-renewable-energy-and-energy-efficiency
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interchange where both electricity and information can be exchanged - in both directions - between the 
power utilities and the consumers.  

The objectives of the GIZ intervention are: 

¶ To promote the participatory development of smart grid solutions via three main action areas of 
the intervention: i) legal and regulatory framework, ii) capacity development and iii) technology 
cooperation.349 To contribute to Vietnam's emissions reduction strategy and green growth 
strategy by improving the existing regulatory framework for renewable energy (RE) and EE; 

¶ Increase the professional and organisational capacities of key institutions and stakeholders.350 

¶ Through legal and regulatory framework action area, the programme aims to provide ERAV with 
information for improving the regulatory framework for a Smart Grid, which facilitates RE and 
increases EE. 

¶ Through the capacity development action area, the programme aims to establish a Smart Grid 
Knowledge Hub, which helps Vietnamese experts and stakeholders to exchange knowledge about 
the development and management of Smart Grids, state-of-the-art technologies and 
international approaches.  

¶ Via the technical cooperation action area, the programme aims to promote exchange on 
available technology solutions for an intelligent power supply system, which facilitates the 
integration of RE and improves EE.351 

In pursuit of those objectives, the activities of the programme are to: 

¶ Provide strategic advice on future power system development and establishment of a sector-
wide stakeholder dialogue, to inform appropriate legal and regulatory frameworks 

¶ Support the development of regulations, with the emphasis on the grid integration of renewable 
energies as well. This includes promulgating regulations to incentivise investment; working on 
international co-ƻǇŜǊŀǘƛƻƴΤ ǎŜǘǘƛƴƎ ǳǇ ŀƴ άŜƴŜǊƎȅ ǾŀƭƭŜȅέ ǘƻ ǘŜǎǘ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎΤ ƛƴǎǘŀƭƭƛƴƎ 
smart meters and specifying a quantifiable target; defining minimum operational ranges for 
distributed energy resources; considering international smart grid standardisation roadmaps, and 
aligning the national standardisation activities with international best practices. 

¶ Intensify national research and testing of smart technologies that can increase the flexibility and 
digitalization of the power system. The intervention gave a high priority to renewable energy 
forecasting; smart inverters, virtual power plant tools, and high voltage direct current 
transmission system. Feasibility tests for smart technology system configurations are often 
carried out in laboratories.352 

¶ Establish a Knowledge Network on smart grid technologies for Vietnamese power system 
experts.  

¶ Conduct training on Smart Grid technologies, innovative power system operation and planning 
with high shares of renewable energies. 

¶ Organise the Smart Grid Week Vietnam, a series of events and workshops that deal with specific 
ǘƻǇƛŎǎ ŀƴŘ ǘŀǊƎŜǘ ƎǊƻǳǇǎ ǿƛǘƘƛƴ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŦƻŎǳǎΦ Lǘ ǿŀǎ hosted by MOIT, GIZ and ERAV. 
Government officials, national and international professionals, and partners, as well as 
associations, discuss trends and vision for a future sustainable power system of Vietnam at a 

 
349 GIZ. (2019). Smart Grids for Renewable Energy and Energy Efficiency. 
http://gizenergy.org.vn/media/app/media/GIZ_Smart%20Grids%20for%20Renewable%20Energy_10Apr2019.pdf 
350 http://gizenergy.org.vn/en/ 
351 GIZ. (no date). Smart Grids for Renewable Energy and Energy Efficiency. https://www.giz.de/en/worldwide/62816.html 
352 GIZ. (no date). Utilizing smart grids for optimum power results.  http://gizenergy.org.vn/en/article/utilizing-smart-grids-optimum-power-results 

http://gizenergy.org.vn/media/app/media/GIZ_Smart%20Grids%20for%20Renewable%20Energy_10Apr2019.pdf
http://gizenergy.org.vn/en/
https://www.giz.de/en/worldwide/62816.html
http://gizenergy.org.vn/en/article/utilizing-smart-grids-optimum-power-results
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series of conferences and workshops. Stakeholders recommended smart energy solutions that 
enable high shares of renewable energy and energy efficiency and showcase innovative emerging 
technologies and applications for the power system of the future. The four-day event covered 
different topics nameƭȅ άtƻǿŜǊ {ȅǎǘŜƳ LƴƴƻǾŀǘƛƻƴ 5ŀȅέΣ ά{ƳŀǊǘ DǊƛŘ {ȅƳǇƻǎƛǳƳ ±ƛŜǘƴŀƳέΣ ŀƴŘ 
άCǳǘǳǊŜ [ŀōΥ LƴǘŜǊƴŜǘ ƻŦ 9ƴŜǊƎȅέΦ 

As a consequence, the results that the intervention is aiming to achieve are:  

¶ The introduction of feasible smart grid technologies and solutions for the integration of 
renewable energy sources into the power system of Vietnam.353  

¶ Expert knowledge on Smart Grids will be enhanced and the regulatory framework for Smart Grids 
is expected to be improved, leading to the introduction of Smart Grid solutions, which include an 
advanced metering infrastructure and demand-side management. 

¶ Enable increased integration of variable renewable energies into the existing power grid, helping 
to reduce the reliance on fossil fuel generation. 

¶ Improved efficiency, reliability, and sustainability of electricity services across Vietnam, helping to 
reduce overall need for power generation and reduce GHG emissions.354 

In the course of the programme, key clients and stakeholders are:  

¶ Government and policy makers; Businesses; Research institutes and civil society 

The challenges that project has faced are: 

¶ Several practical challenges have arisen on the topic of implementing smart grids in Vietnam. This 
includes challenges of connectivity and interoperability of smart metering systems for 
households and businesses. These types of challenges are part of the learning experience on 
smart grids that the SGREE is aiming to explore and advise on.  

For BEIS the lesson from the programme in determining ICF investment are: 

¶ Interventions that seek to support government progress on smart grids should ensure that the 
enabling environment is suitable, particularly in terms of government policy (this programme 
builds on a government directive taken in 2012 to push forward smart grids across the country) 
and in terms of ICT infrastructure, as well as other aspects such as a reasonably high level of grid 
reliability.  

 

 
353 DL½Φ όнлмфύΦ tƭŀƴǎ ŦƻǊ ±ƛŜǘ bŀƳΩǎ {ƳŀǊǘ DǊƛŘ 5ŜǾŜƭƻǇƳŜƴǘ ƛƴ нлмфΦ http://gizenergy.org.vn/en/article/plans-viet-nams-smart-grid-development-
2019  
354 GIZ. (no date). Smart Grids for Renewable Energy and Energy Efficiency.  https://www.giz.de/en/worldwide/62816.html 

http://gizenergy.org.vn/en/article/plans-viet-nams-smart-grid-development-2019
http://gizenergy.org.vn/en/article/plans-viet-nams-smart-grid-development-2019
https://www.giz.de/en/worldwide/62816.html
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Glossary 

Acronym / Term Definition 

ADB Asian Development Bank 

Aggregators 
Aggregators are a grouping of agents in a power system (e.g. consumers, producers, 
prosumers) which act as a single entity when engaging in power markets. 

AI Artificial intelligence 

AMI Advanced metering infrastructure 

Ancillary services 
Services that maintain the proper flow and direction of electricity e.g. synchronised 
regulation, contingency reserves, black-start regulation, flexibility reserves  

Baseload The minimum amount of electric power delivered or required over a given period 

BAU Business as-as- usual 

Behind the-the- 
meter storage 

Storage connected at the consumer side of the utility meter for commercial, industrial or 
residential power customers (and is therefore grid-connected). 

BEIS UK government Department for Business, Energy & Industrial Strategy 

BESS Battery energy storage systems 

BMZ DŜǊƳŀƴȅΩǎ CŜŘŜǊŀƭ aƛƴƛǎǘǊȅ ŦƻǊ 9ŎƻƴƻƳƛŎ /ƻƻǇŜǊŀǘƛƻƴ ŀƴŘ 5ŜǾŜƭƻǇment 

BTM Behind the-the- meter 

BUG Back-up generator 

C&I Commercial and Industrial 

CAES Compressed Air Energy Storage 

CIF Climate Investment Funds 

CSP Concentrated solar power 

CTF Clean Technology Fund 

Curtailment 
A reduction in output from a power generator from what it could otherwise produce using 
available resources 

DER Distributed energy resource 

DFID 
UK government Department for International Development (now part of the Foreign, 
Commonwealth and Development Office (FCDO) 

DR Demand response 

DSM Demand- side management 

EE Energy efficiency 

Electrical storage Storage of energy in electrical fields e.g. supercapacitor 

Electrochemical 
storage 

Storage of chemical potential energy e.g. lithium-ion batteries 

Energy storage 
A device that captures energy for later use, with categories of storage including 
electrochemical, electrical, mechanical, and thermal forms of storage 

EnMS Energy management system 

EPC Energy Performance Certificate 

EPSRC Engineering and Physical Sciences Research Council 

ESCO Energy Service company 
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Acronym / Term Definition 

ESMAP Energy Sector Management Assistance Programme 

ESO Energy systems optimisation  

ESRN Energy Storage Research Network 

ESS Energy storage systems 

EU European Union 

EUR Euro 

Flexibility The ability of a power system to respond to changes in electricity demand and supply 

GBP British pound sterling 

GDP Gross domestic product 

GESP Global Energy Storage Program 

GHG Greenhouse gas 

GIZ Deutsche Gesellschaft fur Internationale Zusammenarbeit GmbH 

Grid An electricity grid  

Grid storage 
Storage connected to a distribution or transmission networks, or alongside a power 
generation asset, such as a wind turbine 

Gt CO2 Gigatonnes of CO2 

Gt CO2e Gigatonnes of CO2 equivalent 

GW Gigawatt 

GWh Gigawatt hours 

IADB Inter-American Development Bank 

IEA International Energy Agency 

IESA India Energy Storage Alliance 

IFC International Finance Corporation 

IoT Internet of Things 

IPCC Intergovernmental Panel on Climate Change 

IPP Independent Power Producer 

IT Information technologies 

LEDs Light emitting diode lights 

Load The energy demand experienced on a system 

MAGC Market Accelerator for Green Construction 

Mechanical storage Storage of mechanical potential energy e.g. pumped hydropower 

NDC Nationally Determined Contribution 

NEP National Energy Plans or Policies 

ODA Official Development Assistance 

OECD Organisation of Economic Cooperation and Development 

Ofgem Office of Gas and Electricity Markets 

PPA Power purchase agreement 
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Acronym / Term Definition 

RD&D Research, development and demonstration 

SDG Sustainable Development Goal 

Stationary storage Electrical storage designed for stationary applications 

System costs 
Total costs to the electricity system to supply electricity at a given load and security of 
supply 

TCP Technology Collaboration Programme 

Thermal storage Storage of energy as heat (or cold) for later use, either directly or to generate electricity 

TRL Technology readiness levels 

UNIDO United Nations Industrial Development Organisation 

USAidUSAID United States Agency for International Development 

USD United States Dollar 

Variability 
The changes in power demand and/or output of a generating source due to underlying 
fluctuations in resource or power consumption 

Virtual Power Plants  
VPP operators aggregate DERs to behave like a traditional power plant and engage in a 
power market to sell electricity or ancillary services 

VPP Virtual Power Plant 
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Industrial Decarbonisation Policy 

Summary  

Industrial decarbonisation policy includes policies that incentivise energy intensive industries to decarbonise, 
through supply side incentives as well as through boosting demand for low carbon products, and that help 
ensure industrial decarbonisation does not hinder competitiveness.  Given the heterogeneity of potential 
mitigation measures across industrial sectors, this opportunity does not attempt to prioritise the merits of 
supporting specific technical interventions (e.g. hydrogen use in cement production over hydrogen use in 
steelmaking). Instead, cross sectoral interventions are considered. The opportunity will focus on energy and 
emission intensive industries.  

Policies to enable industrial decarbonisation in focus geographies include: 

 Regulatory standards for industries such as emission standards or requirements on recycled content 
in products; 

 Carbon pricing for industries such as carbon taxes or emissions trading schemes; and,  

 Policy to support low carbon industrial business models.  

Table 22 Industrial decarbonisation policy assessment summary 

Criteria Assessment Notes 

Climate impact 

 

High 

¶ Helps to avoid around 28% of direct industry sector CO2 emissions (3.4 Gt CO2) in 
2050 beyond business as usual  

¶ Though improvements in energy efficiency will be the key mitigation opportunity to 
2030, CCS will become the dominant industrial mitigation opportunity across all 
regions by 2050 

Development impact 

 

Low 

¶ Development impact is greatest in supporting SDG 9, by improving innovation in 
industry, and SDG 12, by helping increase demand for and supply of low-carbon 
production. 

¶ Potential negative impacts on gender equality (SDG 5) could result from automation 
and digitalisation. 

Investment gap 

 

High 

¶ Investment need of USD 39 trillion by 2050, which will vary substantially between 
regions depending on scale of industrial sector and relative split in efficiency 
improvements versus more capital-intensive interventions 

¶ An investment gap of around USD 5 - 6 trillion by 2050 is expected, relative to BAU 
investment levels, which implies an average annual investment of USD 180 billion.  

Cost effectiveness 

 

High 
¶ There are substantial industrial abatement opportunities which are cost effective on 

a marginal £/tCO2 basis.  

¶ CC(U)S is relatively cost effective, within the range of 30-60 £/tCO2 

Barriers to adoption 

 

Medium 

¶ Political economy barriers range from entrenched (fossil fuel) subsidy systems, to 
entrenched vested interests, and limited transparency. 

¶ Market failures include unpriced GHG emissions and investment cycles.  

¶ Enabling environment issues include policy (dis)continuity, workforce and skillsets 
availability, and inadequate knowledge sharing networks.  

UK additionality 

 

Medium 

¶ Moderate-to-high ǎȅƴŜǊƎƛŜǎ ǿƛǘƘ ǘƘŜ ¦YΩǎ ŀǇǇǊƻŀŎƘ ǘƻ ƛƴŘǳǎǘǊƛŀƭ ŘŜŎŀǊōƻƴƛǎŀǘƛƻƴ 
policy, including: designing and negotiating minimum carbon pricing systems, 
voluntary standards and agreements; assessing policy and financial mechanisms to 
address cross-border competitiveness issues; developing climate finance 
accelerators. 
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Source: Vivid Economics, ASI & Factor  

Key lessons for supporting mitigation through industrial decarbonisation policy: 

There is a substantial gap between average industrial energy productivity in low and middle -income 
regions relative to the EU and US - LƴŘƛŀ ŀƴŘ 9ǳǊŀǎƛŀΩǎ ƛƴŘǳǎǘǊƛŀƭ ŜƴŜǊƎȅ ǇǊƻŘǳŎǘƛǾƛǘȅ ƛǎ тр҈ ƭƻǿŜǊ 
than European energy productivity (measured in USD/GJ). 355356 A substantial amount of total 
mitigation potential can be achieved by closing this gap.  

The largest absolute mitigation opportunities are in India and China, due to their large industrial base. 

Which measures are more or less cost effective in regions will heavily depend on the availability of CCS, 
particularly the availability of low-cost storage, and local energy prices. 

The UK has a large opportunity to harness expertise from domestic industrial policy, particularly around 
the deployment of CC(U)S in industry and the design of policy and financial mechanisms to address 
cross-border competitiveness issues.  

 
355 L9! όнлнлύΦ άTracking Industry 2020έΦ https://www.iea.org/reports/tracking-industry-2020  
356 Eurasia includes Russian Federation, Kazakhstan, Uzbekistan, Turkmenistan, Azerbaijan, Georgia, Kyrgyzstan, Tajikistan  

https://www.iea.org/reports/tracking-industry-2020
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Introduction to the opportunity  

Role of the opportunity in decarbonisation of developing countries 

The industrial sector is a major emitter: it currently emits approximately 9 GtCO2 in low and middle-income 
countries, rising to 12 GtCO2 in 2050 under a BAU scenario.357 The industrial sector accounts for about a 
quarter of total emissions from low- and middle-income countries today.358,359As populations grown and 
economies develop, demand for industrial products is expected to grow substantially. For example, demand 
for buildings floor space is expected to increase by 2-3x in developing regions, and the associated 
construction will drive large increases in demand for emissions intensive products such as cement and 
steel.360 In a 1.5-degrees scenario, the industrial sector will need to meet large increases in demand, while 
reducing emissions.  There are a myriad of technologies and business model changes that can accommodate 
this. These can broadly be split into two groups: 

Technologies to reduce industrial emissions including CC(U)S, fuel switching to hydrogen, energy 
efficiency measures, new chemical processes to manufacture cement.361 The technological options 
available for this supply-side mitigation are relatively well understood, and can be captured well in 
techno-economic modelling. Given the scale of industrial emissions, several GtCO2 can be mitigated 
through implementation.  

Technology and business models to reduce demand for emission-intensive products including increased 
recycling, and increased material efficiency (e.g. light weighting vehicles to reduce steel demand). 
Analysis of demand-side mitigation opportunities in developing countries in key downstream sectors 
such as construction (responsible for approx. 50% of steel demand, 100% of cement demand, and 
20% of plastics demand) is at an early stage.362 Economic and market barriers, rather than technical 
ones, are often critical. Nevertheless, technical estimates suggest reductions in the order of 30% are 
feasible, which would imply GtCO2 scale reductions may be achieved through material efficiency.363    

While mitigation opportunities are large, achieving industrial decarbonisation is particularly challenging, and 
lags behind other sectors for several reasons  

There are limited economies of scale compared to other sectors (e.g. in cement kilns compared to wind 
turbines), which increases the cost of decarbonisation. 

Integrated production processes often imply the need for wholesale changes across the production 
process. There is a lack of viable and sustainable business models that incentivise the development of 
new processes and sustainable supply chains.  

Most industrial products are traded internationally, so increased costs due to decarbonisation threaten 
to reduce international competitiveness and raise exposure to trade. Addressing this head on may 
require international policy coordination to develop markets for low carbon products, which is 
currently underdeveloped.  

High industry concentration, including state monopolies, reduce incentives for change and innovation.  

 
357 From IMAGE, NPI scenario 
358 IEA (2017). 9ƴŜǊƎȅ ¢ŜŎƘƴƻƭƻƎȅ tŜǊǎǇŜŎǘƛǾŜǎ нлмтΦ άhttps://webstore.iea.org/download/direct/1058έ 
359 Rissman et al (2020). Technologies and policies to decarbonize global industry: Review and assessment of mitigation drivers through 2070. Applied 
Energy. https://www.sciencedirect.com/science/article/pii/S0306261920303603 
360 IEA (2017). Towards a zero-emission, efficient, and resilient buildings and construction sector. Available from: 
https://www.worldgbc.org/sites/default/files/UNEP%20188_GABC_en%20%28web%29.pdf 
361 ¢ƘŜ L9!Ωǎ /ƭŜŀƴ 9ƴŜǊƎȅ ¢ŜŎƘƴƻƭƻƎȅ DǳƛŘŜ όнлнлύ ǇǊƻǾƛŘŜǎ ŀƴ ŜȄǘŜƴǎƛǾŜ ƭƛǎǘ ƻŦ ǘŜŎƘƴƻƭƻƎƛŜǎ ŦƻǊ ƛƴŘǳǎǘǊƛŀƭ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴ. Available from: 
https://www.iea.org/articles/etp-clean-energy-technology-guide 
362 Based on IEA (2019). Material Efficiency in Clean Energy Transitions; World Steel (2020). World Steel in Figures 2020; Greyer, Jambeck and Law 
(2017). Production, use and fate of all plastics ever made.  
363 Vivid Economics (2020). Technology innovations in industrial decarbonization in developing countries. Forthcoming report for the World Bank. 

https://webstore.iea.org/download/direct/1058
https://www.sciencedirect.com/science/article/pii/S0306261920303603
https://www.worldgbc.org/sites/default/files/UNEP%20188_GABC_en%20%28web%29.pdf
https://www.iea.org/articles/etp-clean-energy-technology-guide
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Scope considered in this assessment 

The Industrial decarbonisation policy opportunity will cover policy which incentivises energy-intensive 
industries to decarbonise, through supply-side incentives as well as boosting demand for low-carbon 
products, and helps ensure industrial decarbonisation does not hinder competitiveness.  Given the 
heterogeneity of potential mitigation measures across industrial sectors, this opportunity does not attempt 
to prioritise the merits of supporting, for example hydrogen use in cement production over hydrogen use in 
steelmaking. Instead, cross-sectoral interventions are considered. The opportunity will focus on the energy 
and emissions-intensive industries. The scope of the activities included in the analysis includes 

 Design of regulatory standards for industries such as emission standards or requirements on recycled 
content in products.  

 Design of carbon pricing for industries such as carbon taxes or emissions trading schemes.  

 Support for developing country specific low-carbon industrial innovation.  

 Design of policy to support low-carbon industrial business models through, for example, subsidies or 
grants for particular low-carbon business models (e.g. payments per tCO2 captured through CCS) or 
government procurement standards to provide baseline demand for low-carbon industrial products. 

 Support to maintain industrial competitiveness  

This assessment focuses on the benefit of supporting the opportunity as a whole and does not aim to 
comprehensively assess the effectiveness of specific investment opportunities or interventions. However, for 
context, case studies on some of the potential investment opportunities are detailed in Section 0. 

The assessment focusses on selected official development assistance (ODA) eligible regions, in consultation 
with the BEIS steering group, and the scale of potential industrial mitigation.  The included regions are 

India, like China, is a large industrial emitter and is expected to see rapid industrial growth 

East Africa, while currently a minor industrial player, is expected to see its industrial sector grow and 
hence has large relative (as a percentage of current industrial emissions) reductions available 

South Africa, which has the largest industrial base in Africa  

Both Southeast Asia and the South Asia (excluding India)Σ όƘŜƴŎŜŦƻǊǘƘΣ Ψ{ƻǳǘƘ !ǎƛŀΩύ are rapidly growing 
manufacturing hubs. They already have major textile industries, and substantial growth in more 
emissions-intensive industry is expected.  
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Climate impact  

Mitigation potential and urgency 

Across low and middle-income countries, industrial decarbonisation can help avoid  around 28% of direct 
industry sector CO2 emissions (3.4 Gt CO2) in 2050 beyond busines-as-usual.364 Direct industrial emissions 
can be categorised as direct energy emissions (from combusting fuel for energy) and process emissions 
(emissions from the chemical reactions in, for example, cement production). For this report, the mitigation 
of indirect emissions (increasing efficiency of electricity use) is captured in opportunities related to the 
power sector. Energy emissions are roughly two-thirds of industrial emissions, and represent the greatest 
mitigation opportunity, across 3 major groups: 

Energy efficiency: Approximately 0.2 ς 1.2, by 2030, and 0.9 ς 1.9 GtCO2, by 2050, of the industrial 
mitigation opportunity comes through energy efficiency.365 Note, many energy efficiency 
opportunities are (in theory) cost saving, and also taken up in BAU.   

Fuel switching, primarily away from coal, accounts for approximately 0.08 ς 0.36 GtCO2 of abatement by 
2030, and up to 0.65 GtCO2 by 2050. Natural gas is expected to play an increasingly large role, as well 
as electricity and biomass (although biomass use in industry may not be the most effective use of this 
scarce resource). Hydrogen is not expected to play a major role in the industrial energy mix in non- 
Organisation for Economic Co-operation and Development (OECD) countries in cost-optimal 
modelling. An expected heavy reliance on CCS, and limited hydrogen, means mitigation potential 
from fuel switching in industry is relatively modest. However, hydrogen clusters could develop in, for 
example,  China, and drive mitigation substantially beyond modelled levels.  

CCUS is the primary driver of mitigation of combustion emissions, and is mostly deployed beyond 2030, 
0.14-0.42 GtCO2 could be captured by 2030, growing to 1.6 ς 2.2 GtCO2 by 2050. Used in 
conjunction with biomass, industry could provide negative emissions (although biomass availablity is 
limited and can have unintended land use consequences).366  

 
364 From IMAGE, reflecting mitigation potential from combustion emissions in the 1.5-degrees scenario. 
365 From IMAGE modelling. The range of estimates reflects differences between 1.5- and 2-degree scenarios. 
366 Use of biomass with CCS in industry is likely one of the most efficient uses of limited biomass particularly if used in applications where high quality 
heat is needed. In these instances, biomass is typically significantly cheaper than alternative abatement options Furthermore, with CCS the negative 
ŜƳƛǎǎƛƻƴǎ ǇǊƻǾƛŘŜ ŀ ΨŘƻǳōƭŜ ŘƛǾƛŘŜƴŘΩ ŦƻǊ ǘƘŜ ǳǎŜŘ ōƛƻƳŀǎǎΦ ¢Ƙƛǎ ŎƻƳǇŀǊŜǎ ŦŀǾƻǳǊŀōƭȅ ǘƻ ƻǘƘŜǊ ǳǎŜǎ ƻŦ ōƛƻƳŀǎǎ ŜΦƎΦ ƛƴ ǊƻŀŘ ǘǊansport. Although 
analysis on optimal biomass use in developing countries is limited, the Committee on Climate Change (CCC) has analysed the comparative value of 
biomass use for the UK extensively in its Biomass in a low carbon economy report (2018).  
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Figure 20 Range of mitigation potential compared to BAU in 2030 and 2050 

    

Source: Vivid Economics, ASI and Factor based on t.[Ωǎ IMAGE model 
Note:  The bars indicate the range of mitigation estimates from IMAGE across the six scenarios run. The national 

ǇƻƭƛŎƛŜǎ ǎŎŜƴŀǊƛƻ ƛǎ ǳǎŜŘ ŀǎ ǘƘŜ .!¦ ǎŎŜƴŀǊƛƻΣ ŀƴŘ ǎƻ άǾǎΦ .!¦έ ƳƛǘƛƎŀǘƛƻƴ ŜǎǘƛƳŀǘŜǎ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ŀǎ ǘƘŜ 
emissions reduction from 2015 in one scenario minus the emissions reductions from 2015 in the national 
policies scenario. 

Abating process emissions often requires immature technologies, and is costly, compared to combustion 
emissions. Although process emissions represent a sizeable share of industrial emissions (approximately one-
third), abatement is often costly as wholesale process changes or CCS are required. For example, in the 
cement industry, responsible for approximately 30% of non-OECD industrial emissions,367 approximately 60% 
of emissions are from the calcination reaction required to produce clinker.368 CCS can be used in instances 
with technoeconomic assessments suggesting an abatement cost of GBP 50/tCO2 is achievable.369 However 
the technology is substantially less mature (with only one demonstration project in the EU) than retrofitting 
post-combustion CCS units in the power sector or combustion processes in industry.370  

To 2030, the key mitigation opportunity across low and middle-income countries is improving energy 
efficiency. CƻǊ ŜȄŀƳǇƭŜΣ LƴŘƛŀ ŀƴŘ 9ǳǊŀǎƛŀΩǎ ƛƴŘǳǎǘǊƛŀƭ ŜƴŜǊƎȅ ǇǊƻŘǳŎǘƛǾƛǘȅ ƛǎ тр҈ ƭƻǿŜǊ ǘƘŀƴ 9ǳǊƻǇŜŀƴ ŜƴŜǊƎȅ 
productivity (measured in USD/GJ). 371  Closing this substantial gap between average industrial energy 
productivity in non-OECD countries and the EU and US provides a large mitigation opportunity. Between 
2015 and 2030, industrial energy use in a 1.5-degrees C=celsius scenario needs to drop by around 20%, while 
industrial value added grows by over 50%, hence industrial energy productivity needs to approximately 
double.372 As shown in Figure 21, the majority of mitigation is provided through energy efficiency in 2030. 
Notably, around 70% of the energy efficiency opportunities are estimated to be in the less-energy intensive 
manufacturing sectors, rather than the traditionally considered energy intensive sectors like iron and steel, 
cement and aluminium.373 Some of this is likely because in the most energy intensive sectors, fuel is a major 
cost, and hence there is a clear profit incentive to improve efficiency. In other sectors, the relative 
importance of fuel costs are lower, leaving (in aggregate) large energy efficiency opportunities. For example, 

 
367 Vivid Economics (2020). Technology innovations in industrial decarbonization in developing countries. Forthcoming report for the World Bank.  
368 OECD (2020). Low and zero emissions in the steel and cement industries. https://www.oecd-ilibrary.org/environment/low-and-zero-emissions-in-
the-steel-and-cement-industries_5ccf8e33-en 
369 De Lena et al. (2017). Process integration study of tail-end Ca-Looping process for CO2 capture in cement plants. Int. J. Greenh. Gas Control, 67 
(2017), pp. 71-92, 10.1016/j.ijggc.2017.10.005  
370 The Leilac project. See https://www.project-leilac.eu/  
371 L9! όнлнлύΦ ά¢ǊŀŎƪƛƴƎ LƴŘǳǎǘǊȅ нлнлέΦ https://www.iea.org/reports/tracking-industry-2020  
372 IMAGE modelling using a 1.5C scenario based on SSP2 pathway 
373 Energy Efficiency Analysis and Outlook 2040. IEA (2018). https://webstore.iea.org/download/direct/2369  

https://www.oecd-ilibrary.org/environment/low-and-zero-emissions-in-the-steel-and-cement-industries_5ccf8e33-en
https://www.oecd-ilibrary.org/environment/low-and-zero-emissions-in-the-steel-and-cement-industries_5ccf8e33-en
https://www.project-leilac.eu/
https://www.iea.org/reports/tracking-industry-2020
https://webstore.iea.org/download/direct/2369


 

 147 

in mining, evidence suggests the gap between the best operators and others is up to 44% for dragline 
operations.374  

By 2050, CCS becomes the dominant industrial mitigation opportunity across all regions.  Despite 
substantially different industrial bases, CCS is expected to be the dominant mitigation technology across all 
regions. Note, this is predicated on the assumption that sufficient storage space is economically available in 
all regions.  

Ensuring new industrial stock is constructed with long term decarbonisation targets in mind will be crucial. 
For example, in the iron and steel sector, steel can be produced using scrap fed electric arc furnaces (EAFs). 
In countries like India, which are expected to see large rises in steelmaking capacity, by far the most cost-
effective abatement strategy will be to support steel recycling and EAFs, rather than the construction of 
emission intensive blast furnaces which will require costly CCS retrofitting.375  

Figure 21 Timing of deployment and mitigation opportunity vs BAU 

 

Note: Abbreviations correspond to the following: MEX= Mexico, CAM = Central America, BRA = Brazil, RSA = 
South America excluding Brazil, NAF = North Africa, WAF = West Africa, EAF = East Africa, ZAF = South 
Africa, EECA = Eastern Europe and Central Asia, IND = India, CHN = China, SEA = Southeast Asia excluding 
Indonesia, IDN = Indonesia, SAS = South Asia excluding India, SAF = Southern Africa excluding South Africa 

Source: Vivid Economics, ASI and Factor ōŀǎŜŘ ƻƴ t.[Ωǎ La!D9 model 

Local conditions will materially affect technology choice. Relative energy costs affect the optimal 
decarbonisation option. For example, low electricity prices (around  35 USD/megawatt-hour (MWh) or 
lower) would make hydrogen use (produced through electrolysis) more attractive than CCS in many 
regions.376 Wholesale electricity prices at this level are significantly below current prices in low- to-middle- 
income countries. However, these levels are plausible in future systems with high renewable penetration.  
Aside from electricity prices, local availability of bioenergy and/or waste may provide an attractive (and high 
Technology Readiness Level (TRL)) means of decarbonising cement production, for example.  

 
374 Awuah-Offei, Kwame. (2016). Energy efficiency in mining: a review with emphasis on the role of operators in loading and hauling operations. 
Journal of Cleaner Production. https://doi.org/10.1016/j.jclepro.2016.01.035  
375 Vivid Economics (2020). Technology innovations in industrial decarbonization in developing countries. Forthcoming report for the World Bank. 
376 McKinsey. (2019). How industry can move toward a low-carbon future. Available from: https://www.mckinsey.com/business-
functions/sustainability/our-insights/how-industry-can-move-toward-a-low-carbon-future 

https://doi.org/10.1016/j.jclepro.2016.01.035
https://www.mckinsey.com/business-functions/sustainability/our-insights/how-industry-can-move-toward-a-low-carbon-future
https://www.mckinsey.com/business-functions/sustainability/our-insights/how-industry-can-move-toward-a-low-carbon-future
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The largest absolute mitigation opportunities are unsurprisingly in India and China, while Africa has large 
relative reduction opportunity.  

The largest emission reductions are available in regions with large industrial basis. Globally, two-thirds of 
industrial emissions are from only three sectors: iron and steel, cement, and chemicals.377 China 
currently produces approximately 50% of global steel, and 50% of global cement, and hence has 
particularly large mitigation opportunities. India has substantial existing industry, and is also 
expected to have large growth in key emitting sectors, providing a potential opportunity to ensure 
these new industrial sites are low-emissions ones.  

The largest relative emission reductions are in Africa. Africa currently does not have much energy-
intensive heavy industry. However, over the coming decades heavy industry is expected to grow on 
the continent. For example, cement is not economic to transport over long distances, hence 
expected large scale construction in Africa will drive substantial growth in the cement industry. 
Mitigating emissions from these new sites will be important to avoid large increases in African 
industrial emissions.  

Box 15 Modelling uncertainty 

Industrial mitigation potential as estimated through integrated assessment models (IAMs) is uncertain for 
several reasons. Fundamentally, an IAM drastically simplifies what is a complex and heterogenous sector 
and as a result cannot capture all the dynamics in an industrial decarbonisation pathway. Three key 
aspects not included are: 

1. Overestimation of energy efficiency opportunities. Energy efficiency is often highlighted as a large 
and cost-effective opportunity. Given that IAMs cost optimise, energy efficiency opportunities 
are always taken up due to their fuel savings. However, this ignores potentially large real-world 
barriers to deployment. For example, some energy efficiency improvements would require 
substantial plant downtime, which implies large costs (not taken into account by IAMs).  

2. BAU assumptions on industrial demand and industry location. IAMs project out demand assuming 
(broadly) BAU, as well as assuming global industrial production patterns remain as they are today 
(i.e. China continues to dominate steel production, and Africa will remain a net importer of 
industrial products). Neither of these assumptions are necessarily true. For example, increased 
material efficiency in construction could substantially lower steel demand, reducing the size of 
the mitigation opportunity in industry as presented here.  

3. Economies of scale and network effects. Some industrial decarbonisation interventions can 
become significantly cheaper if infrastructure (e.g. hydrogen production) is shared across an 
industrial cluster. These spatial effects are not considered in an IAM, and could imply the 
potential for hydrogen uptake, for example, is underestimated.  

 

Transformational change  

Overall, industrial decarbonisation has significant potential for facilitating and inducing transformational 
change. In each of the considered regions, industrial activities constitute a large proportion of overall 
economic activity, account for significant proportions of total energy demand and net consumption of 
industrial products is significant (constituting a large proportion of consumer spend). Industrial 
decarbonisation can yield substantial cost and GHG emission savings, through reducing energy demand and 
switching to low-carbon energy alternatives and encouraging the use of innovative technologies and 

 
377 L9! όнлнлύΦ ά¢ǊŀŎƪƛƴƎ LƴŘǳǎǘǊȅ нлнлέΦ https://www.iea.org/reports/tracking-industry-2020 

https://www.iea.org/reports/tracking-industry-2020
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approaches based on circular economy theory. If adequately designed, industrial decarbonisation policies 
could promote positive change and innovation throughout entire supply and value chains. Table 23 below 
assesses the potential for interventions within Industrial Decarbonisation Policy support to support 
transformational change, within these themes. 

Table 23 Assessment of transformational change  

Transformational change 
criterion 

Interventions to support change Regional potential 

Sensitive intervention points 

Improvement of local 
capacities and capabilities  

Support in upskilling, education and training is needed to 
create the workforce required to facilitate industry 
decarbonisation (e.g. auditors, energy managers, etc.). 
Training recipients acquire new skills and knowledge, 
expand their skillsets, and consequently can undertake 
additional and more specialist tasks (which are key for 
facilitating industrial decarbonisation).  

All regions, and especially 
Indonesia and South Africa.378 

Local ownership and strong 
political will 

Support in strategy development, including industry 
engagement and target setting can help ensure that 
strategies fit local conditions, adequately deal with 
legitimate cross-border competitiveness concerns related 
to carbon pricing, are achievable, have inŘǳǎǘǊȅ άōǳȅ-ƛƴέ 
and that stakeholders understand the potential benefits. 
Political will is likely to be higher when the path to 
decarbonisation is clear, realistic, achievable and industry 
is engaged.    

All regions, especially South 
Africa, East Africa (with the 
exceptions of Ethiopia and Kenya) 
and South Asia where low levels 
of political will and interest to 
decarbonise industry379 can be 
severely limiting.  

Leverage / creation of 
incentives for others to act  

Support in the design and application of carbon pricing 
instruments may result in industry players receiving 
tangible economic signals and incentives to improve 
efficiency and decarbonise, throughout supply chains. 
Incentives can also be created for industry players to 
export low-carbon products to international markets, via 
the reduction or removal of barriers to trade for low-
carbon product manufacturers.      

All regions, including in particular 
those countries of focus with 
large-scale industry bases. India, 
Indonesia, Thailand and Vietnam 
are particularly relevant in Asia. 
As a regional economic centre in 
East Africa, Kenya also shows high 
potential. Similarly, South Africa 
has strong potential, as a hub of 
industrial activity in Southern 
Africa.     

Spillovers 

Broad scale and reach of 
impacts 

Support to stimulate demand for low-carbon products 
(e.g. through standards, labelling, supply chain 
development, promoting reputational advantages, etc.) 
may have scope to incentivise large swathes of industrial 
sectors to decarbonise, whether through compliance 
obligations or through sea-changes in industrial 
competitiveness.   

All regions. Countries with 
particularly high potential include 
India, Indonesia, Thailand and 
Vietnam in Asia, as well as Kenya 
and South Africa in Africa. This is 
due to ǘƘƻǎŜ ŎƻǳƴǘǊƛŜǎΩ ǎǘŀǘǳǎ ŀǎ 
key industrial produce trading 
blocks and regional economic 
centres.  

 
378 On the basis that both Indonesia and South Africa currently have overall reasonable governance capacities (as reflected by their World Bank 
Governance Indicator ranking, for example), and whilst key institutions and industry players also have some capabilities in developing early-stage 
policy and regulation promoting industry decarbonisation, considerable scope remains to improve those capacities, especially in relation to energy 
efficiency, industrial symbiosis, CCUS and other key industrial decarbonisation approaches. The issue of governance is discussed in detail in the 
barriers section of this report, in the context of country-level enabling barriers to the adoption of effective and timely industrial decarbonisation 
policy.  
379 These (low) levŜƭǎ ƻŦ ŀƳōƛǘƛƻƴ ŀǊƻǳƴŘ ƛƴŘǳǎǘǊȅ ŘŜŎŀǊōƻƴƛǎŀǘƛƻƴ ŀǊŜ ƳŜŀǎǳǊŜŘ ŀƎŀƛƴǎǘΣ ŀƴŘ ǊŜŦƭŜŎǘŜŘ ǿƛǘƘƛƴΣ ǘƘŜ ŎƻƴǎƛŘŜǊŜŘ ŎƻǳƴǘǊƛŜǎΩ b5/ ǇƭŜdges. 
(Source: Climate Tracker, 2020. Countries. Accessed via: https://climateactiontracker.org/countries/)  

https://climateactiontracker.org/countries/
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Transformational change 
criterion 

Interventions to support change Regional potential 

Sustainability (continuation 
beyond initial support)  

Support to stimulate demand for low-carbon products 
(e.g. through standards, labelling, supply chain 
development, promoting reputation advantages, etc.) 
ōŜŎŀǳǎŜ άŎǊƛǘƛŎŀƭ Ƴŀǎǎέ ƭŜǾŜƭǎ ƻŦ ŘŜƳŀƴŘ ǿƛƭƭ ƘŜƭǇ 
establish markets of scale, which industry players will be 
incentivised to enter and operate in. Support in upskilling, 
education and training for key decarbonisation facilitation 
roles can help to permanently remove a key barrier to 
decarbonisation progress, as newly trained workers can 
then remain active in the workforce over the mid- to long-
term.   

All regions 

Replicability by other 
organisations or actors 

Support for the design and application of standards for 
(low-carbon) products have considerable scope for 
replicability by other organisations and countries. This is 
especially the case where some countries work to 
harmonise their product standards with those of key 
target export markets.380 Hence, support for product 
standard development in one country can also induce and 
catalyse product standard improvements in other (non-
targeted) countries.   

All countries, and especially those 
with significant imports of 
industrial products and which 
operate as key industrial produce 
trading blocks, such as India, 
Pakistan, Indonesia, Thailand and 
Vietnam, Kenya and South Africa 
in Africa.  

Innovation 

Catalyst for innovation  

Support in the design of carbon intensity limits, standards, 
regulations and rules can lead to markets within which 
industry players have strong incentives to comply, by 
adopting more efficient and lower-carbon technologies 
and processes throughout supply chains.    

All regions, especially in India and 
Southeast Asia, where 
productivity is low and 
requirements to use more 
efficient technologies are often 
absent. 

Evidence of effectiveness is 
shared publicly  

Support in the development of industry reporting 
protocols can ensure that key data, information and 
evidence on the effectiveness of low-carbon systems and 
processes are publicly accessible. Support for projects 
that demonstrate the technical and economic viability of 
key emerging low-carbon technologies (e.g. CCUS, 
hydrogen, digitalisation and automation solutions, etc.), 
can also help demonstrate effectiveness to broad 
audiences. This includes showcasing effective business 
models for such projects through, for example, full 
disclosure of project costs and revenue streams.  

All regions 

Source: Vivid Economics, ASI and Factor  

 
380 This can be observed in the case of various countries which neighbour the EU trading block, and which have worked to replicate product standards 
in force in the EU, to facilitate exports to it.  
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Development impact  

SDG impacts 

Overall, the net overall long-term impact on SDGs is likely to be highly positive, recognising its role in 
decoupling industrial activities and GHG emissions,381 and considering that current industrial activities often 
stymie progress to meeting SDGs (e.g. pollution, human health effects, etc.). In the short term, the 
implementation of industrial decarbonisation policy is expected to create both positive and negative impacts 
on key SDGs. However, the timely uptake of industrial decarbonisation policy will help countries and 
industrial sectors to avoid significant negative impacts and shocks over the longer term.382 Salient positive 
impacts on SDGs include industry, innovation and infrastructure (SDG9), responsible consumption and 
production (SDG12), and climate action (SDG13). Positive impacts on SDGs will accrue over both the short 
and long terms. Short-term negative impacts are expected regarding progress towards gender equality 
(SDG5) and ensuring decent work and economic growth (SDG8). In addition, industrial decarbonisation can 
leverage significant positive impacts on several other SDGs. Table 24 offers a summary of the anticipated 
impacts of Industrial Decarbonisation Policy support on progress towards meeting the relevant SDGs.  

Table 24 SDG impacts 

SDG 
Strength of 

impact 
Most relevant region Rationale 

Positive impacts 

SDG 3 ς Good 
health and well 
being  

Moderate 
All regions, especially in 
India  

Reduced use of fossil fuels has a positive impact 
on air quality 
Large industrial process hubs and coal-fired 
power generation plants are often located close 
to large urban population centres. Hence, air 
and water quality improvements can have 
significant positive impacts for large proportions 
of populations.  

SDG5 ς Gender 
equality  

Moderate 
All regions, especially East 
Africa  

The creation of strong supply chains can 
improve industrial competitiveness, which in 
turn could improve job security, and vice 
versa.383 This could help improve job security for 
women in certain industrial sectors (e.g. 
manufacturing) and contexts wherein women 
tend to undertake less secure roles and receive 
lower remuneration compared to men. 

SDG 6 ς Clean 
water and 
sanitation   

Moderate All regions 

Lower water footprints of certain low-carbon 
energy technologies (e.g. solar and wind 
power), compared to fossil fuel fired energy 
alternatives  

SDG 7 ς 
Affordable and 
clean energy  

Moderate All regions 

Policies that internalise the social cost of GHG 
emissions incentivise the use of low-carbon and 
clean energy sources and promote the efficient 
use of energy (energy savings)  

 
381 Energy cost savings can be achieved when an existing industrial installation is retrofitted with low-carbon technologies, as well as in the event that 
low-carbon technologies are applied in a site or project which had previously planned to use carbon-intensive energy sources and processes. 
382 Key shocks would include, for instance, serious difficulties to comply with increasingly stringent climate change mitigation targets and industry 
standards, mass job losses and a lack of new job creation within emerging low-carbon industries. 
383 ¦b ²ƻƳŜƴΦ όнлмтύΦ ²Ƙŀǘ ǿƻƳŜƴΩǎ ŜŎƻƴƻƳƛŎ ŜƳǇƻǿŜǊƳŜƴǘ ƳŜŀƴǎ ŦƻǊ ŎƻƳǇŀƴƛŜǎ ŀƴŘ ŀŎǘƛƻƴǎ ŦƻǊ ŎƻƳǇŀƴƛŜǎ ǘƻ ŀŘǾŀƴŎŜ ǿƻƳŜƴΩǎ ŜŎƻƴƻƳƛŎ 
empowerment: a brief. https://www2.unwomen.org/-/media/hlp%20wee/attachments/other-materials/briefing-
papers/womens%20economic%20empowerment%20and%20companies_unhlp%20brief_2.pdf?la=en&vs=1938  

https://www2.unwomen.org/-/media/hlp%20wee/attachments/other-materials/briefing-papers/womens%20economic%20empowerment%20and%20companies_unhlp%20brief_2.pdf?la=en&vs=1938
https://www2.unwomen.org/-/media/hlp%20wee/attachments/other-materials/briefing-papers/womens%20economic%20empowerment%20and%20companies_unhlp%20brief_2.pdf?la=en&vs=1938
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SDG 
Strength of 

impact 
Most relevant region Rationale 

SDG 8 ς Decent 
work and 
economic growth 

Moderate 

All regions, and especially 
in South Africa (related to 
high chronic 
unemployment) 

Significant scope for promoting economic 
growth, improved competitiveness, industry 
development, stimulating the creation of low-
carbon jobs of the future 

SDG 9 ς Industry, 
innovation and 
infrastructure 

High All regions 
Policies encourage technology and process 
innovation, improved process control, and 
investments in low-carbon infrastructure  

SDG 12 ς 
Responsible 
consumption and 
production 

High All regions 
Policies stimulate consumer demand, markets 
and supply chains for low-carbon products 

SDG 13 ς Climate 
action  

High 
All regions, and especially 
in India, Southeast Asia 
and South Africa 

Scope for reducing a significant proportion 
(~30%) of total global GHG emissions, and 
decoupling industrial growth from GHG 
emissions   

Negative impacts 

SDG5 ς Gender 
equality  

High 

All geographies, and 
especially those of East 
Africa, South Asia 
(especially Pakistan); India; 
and Bangladesh, Cambodia 
and Myanmar in Southeast 
Asia   

Increased automation and digitalisation will 
replace low-skilled jobs, which overall tend to 
be undertaken by women (as opposed to men).  

SDG7 ς Affordable 
and clean energy  

Medium All regions 

Certain early stage industrial decarbonisation 
technologies (such as CCUS or hydrogen energy 
systems) have energy penalties, thereby 
increasing the overall energy costs for industry 
players that develop such projects384 and/or 
industrial entities that consume energy 
downstream, (e.g. within industry hubs).  

SDG 8 ς Decent 
work and 
economic growth 

High  All regions 

Some industries (e.g. hydrocarbon fuel refining) 
and jobs based on high-carbon industrial 
processes could become increasingly redundant 
(i.e. prohibited or non-cost-competitive), and 
automation and digitalisation will replace low-
skilled jobs.385  
If the workforce and industry transition is not 
carefully planned and managed, there will be 
risks of mass unemployment and social unrest.  
Most initiatives targeting deeper 
decarbonisation can increase costs, especially in 
the short-term with relatively low carbon prices, 
which has a negative impact on economic 
competitiveness.     

Source:  Vivid Economics, ASI and Factor 

 
384 IFRI, 2019. Carbon capture, storage and utilization to the rescue of coal? Global perspectives and focus on China and the United States. Accessed 
via: https://www.ifri.org/sites/default/files/atoms/files/etude_cornot_carbon_coal_2019.pdf  
385 PWC, 2018. Will robots really steal our jobs? An international analysis of the potential long term impact of automation. Accessed via: 
https://www.pwc.co.nz/pdfs/2018pdfs/impact-of-automation-on-jobs-Feb-2018.pdf  

https://www.ifri.org/sites/default/files/atoms/files/etude_cornot_carbon_coal_2019.pdf
https://www.pwc.co.nz/pdfs/2018pdfs/impact-of-automation-on-jobs-Feb-2018.pdf
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Demand in target regions 

The considered countries and regions show varying levels of commitment to industrial decarbonisation.  
/ƻǳƴǘǊƛŜǎΩ ƛƴŘǳǎǘǊƛŀƭ ŘŜǾŜƭƻǇƳŜƴǘ όŀƴŘΣ ǎƻƳŜǘƛƳŜǎΣ ŘŜŎŀǊōƻƴƛǎŀǘƛƻƴύ ǎǘǊŀǘŜƎƛŜǎΣ ōƛƴŘƛƴƎ ǘŀǊƎŜǘǎ ŀƴŘ ǇƻƭƛǘƛŎŀƭ 
commitments (including nationally determined contributions (NDCs)), and strategies to explore and rollout 
decarbonisation technologies such as CCUS suggest different levels of demand for support to promote 
industrial decarbonisation. Table 25 provides a summary, followed by a brief discussion of key indicators of 
demand in respective countries and regions.  

Table 25 Demand in target regions for support to promote industrial decarbonisation policy 

Region Demand Rationale 

East Africa Low-moderate 
Key regional industrialisation strategy contains no measures or targets for 
decarbonisation. Initial steps taken on GHG emission pricing. 

India High 

Clear industry decarbonisation target in NDC (reducing overall gross domestic 
product (GDP) emission intensity by 35% below 2005 levels), and Roadmaps for 
Industrial Decarbonisation, and Hydrogen development. Participation in CCUS 
initiatives. Substantial levels of industry-led initiatives on digitalisation and smart 
solutions (but not driven by binding official targets).  

South Africa Medium 
Recent carbon tax established in law, industrial development strategy has limited 
focus on decarbonisation, coal use remains entrenched. Ambitions to develop 
CCUS and initial testing undertaken.  

Southeast 
Asia 

Medium 
Most countries lack decarbonisation targets for industry, regional interest in 
exploring CCUS development. Initial scoping on CCUS in some countries.  

South Asia Low-moderate 
Fossil fuel consumption remains high and heavily subsidised, very limited binding 
decarbonisation targets. Initial scoping on CCUS in some countries. 

Source: Vivid Economics, ASI and Factor 

In East Africa, several countries are already experimenting with market mechanisms to facilitate 
implementation of their NDCs. Regional industrial development is guided via the East African 
Industrialisation Strategy (2012-2032), which aims to enhance industrial production and productivity and 
accelerate the structural transformation of the economies of the region. The strategy seeks the attainment 
of sustainable wealth creation, improved incomes and a higher standard of living for the Community. 
However, it includes no provisions or targets for decarbonisation.386 The East African Alliance on Carbon 
Markets and Climate Finance was launched in 2019. It seeks to promote a common regional vision on carbon 
markets and climate finance for decarbonisation. Overall, support to maintain industrial competitiveness is 
diverse in East Africa and includes investments in capacity building and research and development (R&D) of 
financial infrastructure and local market development.387 

LƴŘƛŀΩǎ b5/ ŜǎǘŀōƭƛǎƘŜǎ ǘƘŜ ǳƴŎƻƴŘƛǘƛƻƴŀƭ ǘŀǊƎŜǘ ƻŦ ǊŜŘǳŎƛƴƎ ƻǾŜǊŀƭƭ D5t ŜƳƛǎǎƛƻƴ ƛƴǘŜƴǎƛǘȅ ōȅ ор҈ ōŜƭƻǿ 
2005 levels. Whilst remaining heavily dependent on fossil fuel energy sources, India has strong ambitions to 
rapidly scale up its use of renewable and low-carbon energy sources, to help facilitate the decarbonisation of 
its industrial sector, and has recently published a national level Roadmap for Industrial Decarbonisation. 
Whilst India has no official policy or legal requirements on industry for the uptake of digitalisation, smart 
solutions and industrial symbiosis; some industry player-led initiatives are currently underway,388 exploring 
and trialling innovative solutions in these fields.         

 
386 9!/Φ ΨLƴŘǳǎǘǊƛŀƭƛǎŀǘƛƻƴ ŀƴŘ {a9 5ŜǾŜƭƻǇƳŜƴǘΩΦ ƘǘǘǇǎΥκκǿǿǿΦŜŀŎΦƛƴǘκƛƴŘǳǎǘǊȅΦ 
387 9!/Φ όнлмтύΦ Ψ9!/ LƴŘǳǎǘǊƛŀƭ /ƻƳǇŜǘƛǘƛǾŜƴŜǎǎ wŜǇƻǊǘ нлмтΩΦ 
388 Based on the findings of an interview undertaken with a key external expert, as part of the methodological approach used in this present analysis.  



 

 154 

India has had a carbon tax on coal in place since 2010 and is considering the introduction of broader carbon 
pricing measures. Many Indian companies already use an internal carbon pricing system. The country is also 
engaging with and thinking about circular economy in industry,389 which is relatively rare for an 
emerging/developing country.   

Some of the key specific industry sector and decarbonisation technology measures in place in India include: 

LƴŘƛŀΩǎ b5/ ŜǎǘŀōƭƛǎƘŜǎ ǘƘŜ ŎƻƴŘƛǘƛƻƴŀƭ ǘŀǊƎŜǘ ƻŦ ǊŀƛǎƛƴƎ ǘƘe non-fossil fuel share of cumulative power 
generation capacity to 40% by 2030. 

The use of various industry sub-sector level decarbonisation (and sustainable development) roadmaps 
and plans (e.g. the Cement Sector SDG Roadmap).390 

Participation in several international CCUS initiatives, including the Carbon Sequestration Leadership 
Forum. Since 2007, R&D activities are led by the Indian CO2 Sequestration Applied Research 
network.391 

A Hydrogen Roadmap to guide the development of a future hydrogen fuel energy sector. 

The Perform, Achieve and Trade (PAT) scheme is currently the key policy driving efficiency gains in the 
industry sector: it is a market-based mechanism to enhance cost-effectiveness of energy efficiency 
improvements within industrial plants.392  

In South Africa, industrial decarbonisation strongly depends on breaking the link to coal consumption, scaling 
up renewable energy use, and upgrading the power grid infrastructure. 393 Despite recent policy and legal 
measures, government industrial strategy sometimes appears more focused on addressing challenges 
around the concentration of ownership and control; overcoming high private sector input costs; tackling high 
electricity prices; upskilling the workforce; and addressing transport and logistics constraints.394 However, 
there is only limited explicit focus on decarbonisation. A recent push for the uptake of decarbonisation 
incentives and policies can be observed in South Africa. For example, the South African government passed 
its Carbon Tax Act in 2019, which has clear implications for emitting entities in the industrial sector.  

Some of the key specific industry sector and decarbonisation technology measures in place in South Africa 
include: 

The National Energy Efficiency Strategy passed in 2019, focused on improving energy intensity and 
decoupling economic growth from energy demand.  

Historically, South African industry has largely been powered by electricity via coal-powered plant. The 
country has set out a national level energy transition strategy and is pioneering in the African country 
context in the use of renewable energy auctions, with strong focus on achieving a just energy 
transition. Many industrial processes are already electric. Natural gas has only recently been 
introduced into the country (mostly imported).  However, most thermal energy is derived from either 
coal, oil-based fuels or electricity. Politically, South Africa has focused on providing power (and heat 
via small-scale renewable energy, solar thermal) to domestic users rather than industry.395  

 
389 Ellen MacArthur Foundation. (2016). Circular economy in India: rethinking growth for long-term prosperity. 
http://sites.ellenmacarthurfoundation.org/india 
390 WBCSD, 2019. Indian cement Sector Roadmap. https://www.wbcsd.org/Programs/People/Sustainable-Development-Goals/SDG-Sector-
Roadmaps/News/Indian-Cement-Sector-SDG-Roadmap 
391 {Φ  {ƘŀŎƪƭŜȅ ŀƴŘ tΦ ±ŜǊƳŀΣ нллуΦ  ά¢ŀŎƪƭƛƴƎ /hн ǊŜŘǳŎǘƛƻƴ ƛƴ LƴŘƛŀ ǘƘǊƻǳƎƘ ǘƘŜ ǳǎŜ ƻŦ /hн ŎŀǇǘǳǊŜ ŀƴŘ ǎǘƻǊŀƎŜ ό//{ύΥ tǊƻǎǇŜŎǘs aƴŘ ŎƘŀƭƭŜƴƎŜǎΦέ 
392 The goal is to set energy efficiency targets and issue market tradable permits for certification of energy savings. IEA, 2018. Energy efficiency in 
India. https://www.iea.org/articles/energy-efficiency-in-india  
393 SDSN, 2015. Pathways to deep decarbonisation in South Africa.: http://deepdecarbonization.org/wp-content/uploads/2015/09/DDPP_ZAF.pdf     
394 South African Government. (2018). Industrial policy action plan 2018/2019 ς 2020/2021. 
https://www.gov.za/sites/default/files/gcis_document/201805/industrial-policy-action-plan.pdf  
395 This trend of focusing on providing energy to domestic consumers over industry is somewhat driven by the fact that people vote and industry 
ŘƻŜǎƴΩǘΦ ¢Ƙƛǎ Ƙŀǎ ǎƻƳŜǘƛƳŜǎ ƛƴŘǳŎŜŘ ŀǎǎƻŎƛŀǘŜŘ ŜŎƻƴƻƳƛŎ ƘŀǊƳ ōŜŎŀǳǎŜ ǇƻƻǊŜǊ people cannot pay for the energy they consume. 

http://sites.ellenmacarthurfoundation.org/india
https://www.wbcsd.org/Programs/People/Sustainable-Development-Goals/SDG-Sector-Roadmaps/News/Indian-Cement-Sector-SDG-Roadmap
https://www.wbcsd.org/Programs/People/Sustainable-Development-Goals/SDG-Sector-Roadmaps/News/Indian-Cement-Sector-SDG-Roadmap
https://www.iea.org/articles/energy-efficiency-in-india
http://deepdecarbonization.org/wp-content/uploads/2015/09/DDPP_ZAF.pdf
https://www.gov.za/sites/default/files/gcis_document/201805/industrial-policy-action-plan.pdf
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National GHG emissions reporting regulations passed into law in 2017.  

CCUS developments in South Africa are guided by the South African CCS Roadmap.396  

In Southeast Asia, most countries have no long-term economy-wide or industry sector specific 
decarbonisation goals or targets enshrined in law.397 However, most Southeast Asian countries have set NDC 
emission reduction targets for 2030, both conditional and unconditional.398 Overall, industry decarbonisation 
policy is framed around the continued use of coal as a primary fuel source and the progressive decoupling of 
GHG emissions and coal consumption, facilitated by the uptake of CCUS solutions.  There are currently no 
official and binding policy or legal requirements on industry for the uptake of key deep decarbonisation 
solutions, such as digitalisation, smart solutions and industrial symbiosis. 

Some initial scoping work on CCUS has been undertaken in Indonesia and Vietnam via the international CCUS 
programme. The Association of Southeast Asian Nations ό!{9!bύΩǎ tƭŀƴ ƻŦ !Ŏǘƛƻƴ ŦƻǊ 9ƴŜǊƎȅ /ƻƻǇŜǊŀǘƛƻƴ 
explicitly aims to enhance the image of coal through the promotion of clean coal technologies.399 Within the 
programme, countries pledge to share technical capacity to explore CCUS opportunities and deploy low-
emission coal solutions. Some five intensive industrial sectors (cement, chemicals, petrochemicals, paper and 
steel) together account for around 40% of the energy consumption of industry in Southeast Asia.400 

In South Asia, countries diverge substantially with respect to their respective long-term decarbonisation 
targets and NDC ambition levels. Several South Asian countries remain firmly reliant on coal and other fossil 
fuels as energy inputs (to industrial activities, as well as meeting broader electricity demand). As regards the 
use of specific energy sources in industry, ambition on fossil fuel (mainly coal) phase out is often very limited 
or lacking. For example, Pakistan plans to add 35.9 GW of new power generation capacity in the period to 
2025, of which over 30% will be coal-fired capacity.401  

Lƴ .ƘǳǘŀƴΣ ƻƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǘƘŜ ŎƻǳƴǘǊȅΩǎ 5ǊŀŦǘ 9ƴŜǊƎȅ 9ŦŦƛŎƛŜƴŎȅ wƻŀŘƳŀǇ ƛŘŜƴǘƛŦƛŜǎ ƳŜŀǎǳǊŜǎ ƛƴ ǘƘŜ 
industrial sector to further reduce emissions, and the Government launched its National Energy Efficiency 
and Conservation Policy in 2019. The latter emphasises capacity building measures to promote energy 
efficiency in the industry sector, especially through Demand-Side Management (DSM) interventions, the 
development of energy efficiency codes, energy audit capacities, and energy use reporting guidelines. Nepal 
has high demand for decarbonisation via renewables ς especially wind power and hydropower ς and energy 
storage for electricity (in particular, via pumped hydro storage).402 For thermal energy applications in South 
Asian industry sectors, bioenergy is currently the most common renewable energy application. Initial scoping 
work on CCUS has been undertaken in Pakistan and Bangladesh via the international CCUS programme. 

 
396 The key coordinating entity is the South African Centre for Carbon Capture and Storage (SACCCS), and in 2017 it undertook a CO2 test injection 
project wŜōŜŎŎŀ /ŀƳŜǊƻƴΦ όнлмфύΦ άLǎ ŎŀǊōƻƴ ŎŀǇǘǳǊŜ ŀƴŘ ǎǘƻǊŀƎŜ still a feasible option for South Africa? https://www.iea-coal.org/is-carbon-capture-
and-storage-still-a-feasible-option-for-south-africa/  
397 ¢ƘŜ ŜȄŎŜǇǘƛƻƴ ǘƻ ǘƘŜ ǘǊŜƴŘ ƛǎ {ƛƴƎŀǇƻǊŜΣ ǿƘƛŎƘ Ƙŀǎ ŀ ǘŀǊƎŜǘ ǘƻ Ŏǳǘ ŀōǎƻƭǳǘŜ ŜƳƛǎǎƛƻƴǎ ōȅ рл҈ ōȅ нлрлΦ {ƛƴƎŀǇƻǊŜΩǎ [ƻƴƎ-Term Low-Emissions 
Development Strategy (2020), for instance, calls for the significant scale up of CCUS and carbon markets, driven by clear decarbonisation policy and 
strategy. 
398 The exception to the trend is Vietnam, which excludes industry coverage in its targets. 
399 Climate Analytics. Decarbonising south and Southeast Asia. https://climateanalytics.org/media/decarbonisingasia2019-fullreport-
climateanalytics.pdf  
400 REEEP. (2014). Regional energy efficiency policy recommendations. SE Asia. Accessed from: 
https://www.reeep.org/sites/default/files/FINAL_SEA_Recommendations_Brochure.pdf 
401 tŀƪƛǎǘŀƴΩǎ {ǘŀǘŜ ƻŦ ǘƘŜ LƴŘǳǎǘǊȅ wŜǇƻǊǘ ŦǊƻƳ ǘƘŜ bŀǘƛƻƴŀƭ 9ƭŜŎǘǊƛŎ tƻǿŜǊ wŜƎǳƭŀǘƻǊȅ !ǳǘƘƻǊƛǘȅ όb9tw!ύ ƛƴŎƭǳŘes a summary of planned generation 
capacity additions out to 2025. Pakistan plans to add 35.9 GW of generation capacity, of which over 30% is coal-fired capacity, until 2025.  
402 Principally to address the chronic pattern of planning via "flood-drought syndrome" (wherein a single relatively large-scale project was selected 
and built, resulting in immediate excess power; this was then followed a few years later by scheduled load shedding as the excess capacity was 
absorbed by fast growing domestic demand. Some industry players responded by installing inverters and battery backups, rooftop solar PV, etc.  

https://www.iea-coal.org/is-carbon-capture-and-storage-still-a-feasible-option-for-south-africa/
https://www.iea-coal.org/is-carbon-capture-and-storage-still-a-feasible-option-for-south-africa/
https://climateanalytics.org/media/decarbonisingasia2019-fullreport-climateanalytics.pdf
https://climateanalytics.org/media/decarbonisingasia2019-fullreport-climateanalytics.pdf
https://www.reeep.org/sites/default/files/FINAL_SEA_Recommendations_Brochure.pdf
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Investment need  

Industrial decarbonisation will require around USD 5-6 trillion of additional cumulative investment to 2050, 
which implies an average annual investment of USD 180 billion.403 This will be required to reach the absolute 
investment need by 2050, USD 39 trillion. To provide a sense of scale, global industrial capital costs was 
approximately USD 800 billion in 2018.404 There is limited evidence on current industrial decarbonisation 
spending in non ς OECD countries; however, it is reasonable to assume most of the estimated investment 
need will be additional. In other words, the annual investment gap is in the order of USD 180 billion. At the 
same time, decarbonisation investment should be viewed within the context of existing large capital 
investment flows in industry. Broadly a 10-20% increase in annual existing flows would suffice, highlighting 
the importance of supporting policies that encourage this additional investment during natural replacement 
cycles.   

Figure 22 Investment need in industrial decarbonisation 

 

Notes:  LƴǾŜǎǘƳŜƴǘ ƴŜŜŘ ŎŀƭŎǳƭŀǘƛƻƴǎ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ L9!Ωǎ ƛƴǾŜǎǘƳŜƴǘ ƭŜǾŜƭǎ ƻƴ ǊŜƴŜǿŀōƭŜǎ ŎŀǇital costs in a 
BAU and a 1.5-degrees scenarios 

Source: Vivid Economics, ASI and Factor using IEA. (2017). Energy Technology Perspectives 

Industrial decarbonisation investment will vary significantly across regions, driven by the size of industrial 
local industries, as well as the balance of interventions required. As shown in Error! Reference source not f
ound., the size of the cumulative investment need across our focus regions could vary between USD 0.6 
trillion in South Africa to USD 9.5 trillion in India. Naturally, regions with large industrial sectors will require 
substantial investment to decarbonise. However, the make-up of local industry is also important to consider. 
It is helpful to broadly consider 2 types of investment need: 

Energy efficiency and other investments with an existing business case. The vast majority of energy 
efficiency investment has a positive net present value, given the associated fuel savings. However, 
investment often does not happen because payments periods are 10 years or longer. Hence, most 
energy efficiency improvements occur within natural capital replacement cycles, when the additional 

 
403 IEA (2017). Energy Technology Perspectives. Available from: https://www.iea.org/reports/energy-technology-perspectives-2017 
404 S&P (2019). Global Corporate Capex Survey. Available from: 
https://www.spratings.com/documents/20184/1481001/Global+Corporate+Capex+Study+2019+Curbed+Enthusiasm/086812c1-e10f-e2e7-2be0-
89c7e34d8bc7 

https://www.iea.org/reports/energy-technology-perspectives-2017
https://www.spratings.com/documents/20184/1481001/Global+Corporate+Capex+Study+2019+Curbed+Enthusiasm/086812c1-e10f-e2e7-2be0-89c7e34d8bc7
https://www.spratings.com/documents/20184/1481001/Global+Corporate+Capex+Study+2019+Curbed+Enthusiasm/086812c1-e10f-e2e7-2be0-89c7e34d8bc7
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investment need is limited. 405 The primary challenge here is to incentivise earlier action and improve 
financing availability, rather than increasing levels of funding.   

Additional investment need, with no existing business case. On the other hands, CCS retrofits and other 
deep decarbonisation measures are capital intensive and a purely additional investment, and can add 
ǎŜǾŜǊŀƭ ¦{5 млΩǎ ƻŦ Ƴƛƭƭƛƻƴǎ ǘƻ ŀǊƻǳƴŘ ¦{5 нлл Ƴƛƭƭƛƻƴ ǘƻ ǘƘŜ ŎŀǇƛǘŀƭ Ŏƻǎǘ ŦƻǊ ƛƴŘǳǎǘǊƛŀƭ ŦŀŎƛƭƛǘƛŜǎΦ406 
Using CCS deployment as a proxy, Figure 4 provides an indication for the distribution of industrial 
decarbonisation investment needs across the focus regions.  

Figure 23 Forecast investment need across focus regions 

  

Notes: Investment needs based on IEA ETP 2017, scaled by the distribution of IMAGE emissions reductions for 
costly interventions  

Source: Vivid Economics, ASI and Factor using t.[Ωǎ La!D9 model and IEA.(2017). Energy Technology 
Perspectives   

 
405 For example, replacing end-of-life gas turbines with best available technology will typically yield substantial energy efficiency improvements at 
limited extra cost 
406John  Wood Group plc. (2018). Assessing the Cost Reduction Potential and Competitiveness of Novel (Next Generation) UK Carbon Capture 
Technology. Available from: 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/864688/BEIS_Final_Benchmarks_Report_Rev_4
A.pdf 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/864688/BEIS_Final_Benchmarks_Report_Rev_4A.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/864688/BEIS_Final_Benchmarks_Report_Rev_4A.pdf
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Cost-effectiveness  

There are substantial industrial abatement opportunities which are cost-effective on a marginal GBP/tCO2 
basis. Although dependent on local energy prices, energy efficiency measures can often have negative 
abatement costs (i.e. money is saved in the long term). Similarly, some opportunities to abate process 
emissions are very low cost. For example, non-clinkered cement which reduce cement emissions by 40-80%, 
is already cost competitive in some areas (although highly dependent on input costs).407 However, despite 
low or negative marginal abatement costs, implementation can nevertheless be costly. Marginal cost 
estimates neglect the risks of delays to installation and associated downtime, or the costs associated with 
scaling up necessary supply chains (e.g. large volume supply of clinker substitutes in cement).  

CC(U)S is relatively cost-effective, and is expected to be the marginal industrial technology deployed in 
developing countries. Costs vary per sector, but are broadly GBP 30-60/tCO2. Beyond CC(U)S, abatement 
costs typically increase substantially. For example, using hydrogen in industry has an abatement cost of 
around GBP 100-200 t/CO2 (depending on the industry and hydrogen price).408  Based on current technology 
costs, technologies to reach zero industrial emissions (e.g. hydrogen use) are not expected to be taken up at 
scale in developing countries given they substantially exceed CCS costs, and hence they are not considered 
cost-effective.  

Which measures are more or less cost-effective in regions will heavily depend on the availability of CCS, and 
relative local energy prices.   

Availability of CCS: The distribution of global storage availability is uncertain, and some regions 
(particularly India) may not have sufficient low cost storage sites available.409 CCS is widely thought to 
be the most cost-effective measure to achieve deep decarbonisation across large emitting sectors 
including steel, cement, and chemicals. Limited CCS availability would substantially increase the 
average GBP /tCO2 cost.  

Local fossil fuel prices: Local coal and gas deposits and prices (oil is more expensive and less relevant as 
an industrial fuel) impact the attractiveness of decarbonisation measures. High fossil fuel prices make 
energy efficiency and potential fuel switching more attractive. Conversely, low prices make 
decarbonisation less attractive. Furthermore, there are often incentives to maintain industrial fossil 
fuel demand, to support domestic fossil fuel industries.  

Local renewable energy prices: Local electricity prices substantially impact the attractiveness of 
electrification, and (indirectly) hydrogen use in industry. Early and large-scale renewable deployment 
would help lower long-term power prices, and hence potentially make industrial decarbonisation 
more attractive. This is particularly true in regions with high solar potential (and hence low cost).  

  

 
407 Provis (2018). Alkali-activated materials. https://www.sciencedirect.com/science/article/pii/S0008884616307700#s0060 
408 IEA (2019). The Future of Hydrogen. https://www.iea.org/reports/the-future-of-hydrogen 
409 Assessment of CCS Technology in a Climate Mitigation Portfolio (2019). MIT Joint Program. Available from: 
https://globalchange.mit.edu/publication/17251 

https://www.sciencedirect.com/science/article/pii/S0008884616307700#s0060
https://www.iea.org/reports/the-future-of-hydrogen
https://globalchange.mit.edu/publication/17251
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Barriers to adoption  

Barriers to the uptake of industrial decarbonisation policy relate to i) political economy challenges ii) market 
failures, and iii) enabling environment. The five priority regions were selected for their relatively high levels 
of net industrial sector GHG emissions in the international context, their heavy reliance on carbon-intensive 
energy and fuel sources, the prevalence of relatively inefficient industrial processes and technologies; and 
the significant industrial sector growth forecasted within their respective economies. As a result, they may 
respond very positively to UK interventions to support industrial decarbonisation policy uptake, especially 
when there is significant ambition to switch to a low-carbon development path. Most if not all of the barriers 
apply to all the countries under analysis, albeit to varying degrees. 

Figure 24 Barriers to an intervention opportunity     

 

Source: Vivid Economics, ASI and Factor   

The key barriers to industry decarbonisation policy implementation are described below, along with an 
indication of the relative strength of key barriers within the target regions.  

Market failures 

Unpriced GHG emissions are a moderate to critical barrier to encouraging decarbonisation across the 
target regions, with a couple notable exceptions (including South Africa and India).410 South Asia and 
East Africa have virtually no disincentives for GHG emissions. 

Access to affordable capital for energy efficiency and industrial renovation investments can directly block 
ƛƴŘǳǎǘǊƛŀƭ ƻǊƎŀƴƛǎŀǘƛƻƴǎΩ ŎŀǇŀŎƛǘȅ ǘƻ ƛƳǇƭŜƳŜƴǘ ƭƻǿ-carbon technologies and certain energy saving 
measures. At best, capital is often offered under highly unattractive repayment conditions and is 
available only to a select few organisations. Industry players and financial lending institutions are 
often unaware of the various business models and financing options that can be used for industrial 
decarbonisation investments, meaning that those options can be overlooked. This is a critical barrier 
in much of East Africa and South Africa and a moderate barrier in India and South Asia.411 Access to 
capital in South Africa is a low-level barrier due to its relatively advanced financial services sector.  

 
410 South Africa introduced a carbon tax in 2019. India has a carbon tax on coal and is considering the introduction of broader carbon pricing 
measures. Many Indian companies already use an internal carbon pricing system. There is some degree of carbon pricing in Singapore.  
411 In addition to capital costs, it is worthwhile underlining that appropriate models for financing energy efficiency require careful design, tailored to 
the maturity of the market. Source: IPEEC, 2018. G20 Energy Efficiency Finance Task Group. Accessed from: https://ipeec.org/taskgroup/12-
Energy%20Efficiency%20Finance%20Task%20Group%20(EEFTG).html    

https://ipeec.org/taskgroup/12-Energy%20Efficiency%20Finance%20Task%20Group%20(EEFTG).html
https://ipeec.org/taskgroup/12-Energy%20Efficiency%20Finance%20Task%20Group%20(EEFTG).html
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Lack of demand for low-carbon industrial products and services if they entail higher final costs for 
consumers compared to high-carbon alternatives. This can result from several factors, including a 
lack of willingness on the part of purchasers and organisations to pay more for non-substitutable 
commodities. This issue is likely to be further compounded where levels of industrial competition are 
high and where profit margins are tight.412 Overall demand for low-carbon industrial products is 
shaped by the extent to which the social cost of carbon is adequately reflected, through economy-
wide carbon pricing, for example.413 It is also driven by perceptions around exposure to future carbon 
price risks, organisational and corporate social responsibility commitments to use low-carbon 
products, and end-ŎƻƴǎǳƳŜǊǎΩ ǿƛƭƭƛƴƎƴŜǎǎ όŀƴŘ ŀōƛƭƛǘȅύ ǘƻ Ǉŀȅ ŀ ǇǊŜƳƛǳƳ ŦƻǊ ŎŜǊǘŀƛƴ ǇǊƻŘǳŎǘǎΦ  

Overall, the existence of an adequate level of demand for low-carbon industrial products and services is 
an essential pre-requisite for decoupling industrial activities and GHG emissions.414 It is also worth 
underlining that progress towards addressing this barrier (i.e. scaling up demand for low-carbon 
industrial products) would create a more conducive environment to address many of the other 
barriers described in this section. The lack of demand for low-carbon industrial products and services 
if they entail higher final costs for consumers compared to high-carbon alternatives is a critical 
barrier in all regions.    

Long lead times and investment cycles, and low profit margins, may provide few (i.e. infrequent) 
windows of opportunity for technology switching in certain parts of industrial process cycles. If 
technology or process replacement is not undertaken during a given period of industrial process 
άŘƻǿƴǘƛƳŜέΣ ǘƘŜƴ ǘƘŜ ƴŜȄǘ ǊŜǇƭŀŎŜƳŜƴǘ ƻǇǇƻǊǘǳƴƛǘȅ Ƴŀȅ ƴƻǘ ŀǊƛǎŜ ŦƻǊ ŀǊƻǳƴŘ мр-20 years. In 
industries where profit margins are low (e.g. cement manufacture), the limited ability of industry 
players to invest in technology switching may be prohibitive to action. This is a moderate-critical 
barrier in all considered regions.     

Political economy barriers  

Fossil fuel prices are often subsidised by government, meaning that they are not on a level playing field 
with low-carbon energy alternatives. The use of subsidy systems can limit the business case for 
industrial firms to implement process system overhauls, for investments in low-carbon energy supply 
systems, etc. Consequently, there is often a lack of viable and sustainable commercial frameworks 
that enable investment, innovation and cost reductions. A related and important aspect concerns the 
cross-border influence between countries that trade industrial products, but where differences exist 
related to the extent of industrial decarbonisation policy requirements in force in the respective 
countries.415 (Please refer to case studies in Section 0, for a more detailed description of this barrier 

 
412 The issue could be particularly challenging in the context of macroeconomic stagnation (e.g. resulting from economic slow-down related to the 
COVID-19 pandemic). 
413 Within the EU ETS, for instance, it is estimated that carbon prices need to be at least EUR 50/tCO2 in order to generate demand for the use of 
currently-available carbon neutral technologies for cement manufacture, and EUR 60/tCO2 for aluminium production. (Source: IDDRI, 2019. 
Decarbonising basic materials in Europe: how carbon contracts-for-difference could help breakthrough technologies to market. 
https://www.iddri.org/sites/default/files/PDF/Publications/Catalogue%20Iddri/Etude/201910-ST0619-CCfDs_0.pdf)    
414 For example, a 2019 OECD study on the barriers, technologies and policies for low and zero emissions in the steel and cement industries 
underlined the critical role of stimulating market demand for low-carbon industrial products, as a vital component part of overall efforts to 
ŘŜŎŀǊōƻƴƛǎŜ ƛƴŘǳǎǘǊȅΦ ¢ƘŜ ǊŜǇƻǊǘ ŀǳǘƘƻǊǎ ŜƳǇƘŀǎƛǎŜΣ ŦƻǊ ƛƴǎǘŀƴŎŜΣ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ άƳŀǊƪŜǘ ŘŜƳŀƴŘ ŎǊŜŀǘƛƻƴ ŦƻǊ ŜŀǊƭȅ άƎǊŜŜƴέ commercial plants 
through guaranteed markets that reflect the higher production costs and investment risk, for example via green public procurement (e.g. preferred or 
ƳƛƴƛƳǳƳ ƳŀǊƪŜǘ ǎƘŀǊŜǎ ŦƻǊ ƎǊŜŜƴ ƳŀǘŜǊƛŀƭǎύΣ ƭƻǿ ŜƳƛǎǎƛƻƴǎ ƳŀǘŜǊƛŀƭ άŦŜŜŘ-ƛƴ ǘŀǊƛŦŦǎέ όƻǊ άŎƻƴǘǊŀŎǘǎ ŦƻǊ ŘƛŦŦŜǊŜƴŎŜέύ ƻǊ ǇǊƛǾŀǘŜ ōǳȅŜǊ ŎƻŀƭƛǘƛƻƴǎΦέ 
(Source: OECD, 2019. Low and zero emissions in the steel and cement industries. Barriers, technologies and policies. 
https://www.oecd.org/greengrowth/GGSD2019_Steel%20and%20Cemement_Final.pdf).   
415 If not addressed properly, significant differences in carbon content rules and decarbonisation commitments between countries that trade 
ƛƴŘǳǎǘǊƛŀƭƭȅ ǇǊƻŘǳŎŜŘ ƎƻƻŘǎΣ Ŏŀƴ ǊŜǎǳƭǘ ƛƴ ǊŜŘǳŎŜŘ ŎƻƳǇŜǘƛǘƛǾŜƴŜǎǎ ŦƻǊ ǎƻƳŜΣ ŀƴŘ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ Ǌƛǎƪ ƻŦ άŎŀǊōƻƴ ƭŜŀƪŀƎŜέΣ i.e. production moving 
to countries that are less strict about emissions.  In these instances, total global GHG emissions would not reduce but may in fact increase.  
CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ŜŎƻƴƻƳƛŜǎ ƻŦ ǘƘŜ άǊŜǎǇƻƴǎƛōƭŜέ ŎƻǳƴǘǊƛŜǎ ǿƻǳƭŘ ǎǳŦŦŜǊΦ ¢ƛƎƘǘŜǊ ƭŜƎƛǎƭŀǘƛƻƴ όƛƴŎƭǳŘƛng related to energy and the environment), plus 
stricter enforcement, are often cited as a key reasons why many energy-intense industries have moved away from Europe.  

https://www.iddri.org/sites/default/files/PDF/Publications/Catalogue%20Iddri/Etude/201910-ST0619-CCfDs_0.pdf
https://www.oecd.org/greengrowth/GGSD2019_Steel%20and%20Cemement_Final.pdf
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and possible mitigation options). Entrenched subsidies for fossil fuels, and the lack of a level playing 
field between countries, are a moderate barrier in all considered regions.416  

Industry players often enjoy considerable lobbying power over policy makers and government. There can 
be strong resistance to change, especially where industry captains also hold high political positions, 
and resist changes to the status quo. This is a barrier in all considered regions.   

A lack of transparency and the existence of corruption can severely impact the correct and consistent 
enforcement of regulation and rules across a sector, which in turn can lead to an unlevel playing 
field. Industrial organisations are unlikely to engage fully with rules and regulations for 
decarbonisation if they consider that not all market players are held to the same standard of 
compliance with those rules. This is a moderate barrier in South Africa. That country ranks 73rd on 
¢ǊŀƴǎǇŀǊŜƴŎȅ LƴǘŜǊƴŀǘƛƻƴŀƭΩǎ нлму Dƭƻōŀƭ /ƻǊǊǳǇǘƛƻƴ ¢ǊŀƴǎǇŀǊŜƴŎȅ LƴŘŜȄΦ417 This is a moderate 
barrier in India (78th); overall, it is a moderate barrier in Southeast Asia (key countries: Vietnam (33rd), 
Myanmar (132nd), Thailand (99th), etc.), but that region shows significant inter-country variation. It is 
a critical barrier in South Asia (key countries: Pakistan (117th), Afghanistan (172nd)).  

Enabling environment 

IndustǊȅ ǎŜŎǘƻǊǎ Ŏŀƴ ōŜ ƴŜƎŀǘƛǾŜƭȅ ŀŦŦŜŎǘŜŘ ōȅ ƎƻǾŜǊƴƳŜƴǘǎΩ ǇƻƻǊ ŎŀǇŀŎƛǘƛŜǎ ǘƻ ŘŜǾŜƭƻǇ ǇƻƭƛŎȅ ŀƴŘ ǘƻ 
design and implement industrial decarbonisation strategies. Changes in governments can also result 
in major policy shifts over relatively short periods of time. This can create levels of uncertainty for 
industry players with regard to future policy directions, which may cause them to postpone taking 
key decisions related to decarbonisation (e.g. technology switching) and/or can negatively-affect 
investments already made. Poor leadership by governments is often driven by concerns that 
industrial decarbonisation will make sectors less competitive. By contrast, relatively bold policies that 
seek to strengthen industrial decarbonisation could theoretically make industrial sectors more 
competitive.418 

This barrier is compounded by the issue that governments, regulatory authorities and industry 
watchdogs may also lack both sufficient power to implement change and the ability and resources 
needed to adequately enforce regulations and rules and monitor compliance. Governments may 
have poor understanding of commercial frameworks for industrial decarbonisation. The limited 
capacities of the governments is a moderate barrier in South Africa, which scores 66.4% on the 
²ƻǊƭŘ .ŀƴƪΩs Governance Indicator analysis (2018). It is a moderate barrier in India (64%); overall, it 
is a moderate barrier in Southeast Asia (key countries: Vietnam (53.4%), Myanmar (12.5%), Thailand 
(66.8%), etc.), and that region shows very large inter-country variation. It is a critical barrier in South 
Asia (key countries: Pakistan (26.9%), Afghanistan (7.7%)). 

There is a risk of heightened macroeconomic instability in the immediate future, in the context of 
economic stagnation, principally because of the COVID-19 induced economic slowdown effects. This 
Ƴŀȅ ǊŜŘǳŎŜ ŀƳōƛǘƛƻƴ ŦƻǊ ŘŜŎŀǊōƻƴƛǎŀǘƛƻƴΣ ŀ Ƴŀƴȅ ƛƴŘǳǎǘǊƛŀƭ ƻǊƎŀƴƛǎŀǘƛƻƴǎΩ ŦƻŎǳǎ ǎƘƛŦǘǎ ǘƻ ƳŜǊŜƭȅ 
avoiding bankruptcy. On the other hand, recovery packages that prioritise green investments could 
be targeted towards industrial energy efficiency investments. This is a moderate to critical barrier in 
all considered regions.        

 
416 CƻǊ ŜȄŀƳǇƭŜΣ мтΦн҈ ƻŦ ǘƘŜ LƴŘƛŀƴ ƎƻǾŜǊƴƳŜƴǘΩǎ ǊŜǾŜƴǳŜ ƛǎ ŘŜǇŜƴŘŜƴǘ ƻƴ ǘŀȄŀǘƛƻƴ ƻŦ Ŧƻǎǎil fuel production and consumption. India has reduced 
petrol and diesel subsidies, but still subsidises liquefied petroleum gas (LPG). 
417 Transparency International, 2020. Corruption perceptions index. Accessed from: https://www.transparency.org/en/cpi/2018/results/ken  
418 !ƴ ŜȄŀƳǇƭŜ ƻŦ ǎǳŎƘ ŀ ǇƻƭƛŎȅ ƳŜŀǎǳǊŜ ƛǎ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ ŎǳǊǊŜƴǘ ŘŜƭƛōŜǊŀǘƛƻƴ ƻƴ ƛƳǇƭŜƳŜƴǘƛƴƎ ŀ άŎŀǊōƻƴ ōƻǊŘŜǊ ŀŘƧǳǎǘƳŜƴǘ ƳŜŎƘŀƴƛǎƳέΦ 
Under this scheme, EU importers of products with high carbon footprints would have to buy carbon allowances, as EU producers do under the EU 
ETS. The central objective of the policy is to dismantle incentives for EU companies to outsource production to non-EU countries which lack carbon 
content rules. Moreover, goods produced by EU industry could become more competitive, as the mechanism would effectively act as an import tax 
(raising the price of imported good). Please refer to case studies in Section 0, for further background information on this policy mechanism.     

https://www.transparency.org/en/cpi/2018/results/ken


 

 162 

Industry associations and knowledge sharing networks are sometimes undeveloped and uncoordinated, 
which can mean that opportunities and benefits associated with industrial decarbonisation are not 
widely understood and taken up. There is limited development of demonstrably viable innovative 
and sustainable business models to incentivise low carbon processes, products, share risks and 
effectively share by-products between industrial organisations, across the full industrial supply chain 
and processes. Consequently, industry players have limited understanding of, and experience in the 
use of, viable innovative business models can unlock deep decarbonisation of industry. This is a 
moderate to high barrier in most of the considered geographies.   

Policy continuity can be a barrier. Continuity is important not least in order to offer industry players long-
term signals and avoid situations where major policy and decarbonisation changes become a regular 
feature, and wherein major changes to decarbonisation strategy are subject to political election 
cycles (every 4 years for example). Lack of policy continuity is a moderate barrier in most of the 
considered regions.  

Suitable skillsets are critical to unlocking industrial decarbonisation opportunities. Energy efficiency 
policies need to be accompanied by the build-up of a skilled workforce, making use of existing 
institutions, curricula and facilities. Suitably skilled and trained experts (e.g. in energy auditing and 
energy management) are often lacking, or at least not present in sufficient numbers. This can be a 
moderate barrier in South Africa, and a moderate to critical barrier in East Africa, India, Southeast 
Asia, and South Asia.   

A summary of the severity of key identified barriers across target regions is provided in Table 26. 

Table 26 Barriers to industrial decarbonisation: severity across target geographies 

Type of 
barrier 

East Africa  India South Africa South Asia Southeast Asia 

Political 
economy 
barriers 

Critical 
Fossil fuel price 
subsidies, 
industry lobbying 
(blocking 
change), low 
transparency and 
poor regulatory 
enforcement   

Moderate 
Fossil fuel price 
subsidies, 
industry lobbying 

Moderate-critical 
Fossil fuel price 
subsidies, 
powerful 
industry lobbies 
(blocking change) 

Critical 
Fossil fuel price 
subsidies, 
industry lobbying 
(blocking 
change), low 
transparency and 
poor regulatory 
enforcement   

Critical 
Fossil fuel price 
subsidies, 
industry lobbying 
(blocking 
change), varied 
transparency and 
patchy regulatory 
enforcement   

Market 
failures 

Critical 
Unpriced GHG 
emissions, limited 
access to 
affordable capital 
for investments  

Moderate 
Patchy access to 
affordable 
capital, low 
demand for low-
carbon products 

Low-moderate 
Limited demand 
for low-carbon 
products and 
long investment 
cycles 

Critical 
Unpriced GHG 
emissions, limited 
access to 
affordable capital, 
limited demand 
for low-carbon 
products 

Moderate 
Unpriced GHG 
emissions, patchy 
access to 
affordable 
capital, limited 
demand for low-
carbon products 
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Type of 
barrier 

East Africa  India South Africa South Asia Southeast Asia 

Enabling 
environment 
barriers 

Critical 
Missing 
workforce 
skillsets, 
knowledge 
sharing networks, 
and governance 
issues  

Moderate  
Key issue of 
suitable skillsets 
in the workforce 
and government 
leadership  

Moderate 
Macroeconomic 
stability  

Critical 
Limited 
government 
capacity for policy 
and strategy 
development, 
poor knowledge 
sharing networks 
and critical lack of 
skillsets   

Moderate 
DƻǾŜǊƴƳŜƴǘǎΩ 
capacities for 
strategy design is 
variable, limited 
access to 
required skillsets,  

Source: Vivid Economics, ASI and Factor  
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UK additionality   

In the national context, the UK has considerable experience in several areas that are critically important for 
facilitating and promoting industrial decarbonisation through coherent policy.  

The UK has had moderate ties with priority regions in relation to supporting the design and uptake of 
industrial decarbonisation policy. Given the extent of UK relationships in the countries of focus it is likely that 
UK additionality is high. The UK has longstanding ODA relationships with India and South Africa in particular. 
For example, DFID has previously supported private sector uptake of industrial energy efficiency in South 
Africa through the Private Sector Energy Efficiency programme. The UK also participates in the international 
CCUS programme which is supporting CCUS R&D, scoping studies, and demonstration project development 
in several target region countries (e.g., India, Indonesia, Pakistan, South Africa and Vietnam).   

The UK can take advantage of several moderate-to-high synergies with its approach to UK industrial 
decarbonisation policy. The key aspects of relevance are described below. It is important to note that the UK 
industrial base is relatively limited in scale compared to certain industrialised countries and providers of 
development assistance in this opportunity area. 

It is worth underlining that industrial decarbonisation policy is a relatively new area of international 
development support. By comparison, there is substantial and long-term experience in the provision of 
international development support in the field of industrial energy efficiency. To date, most of the assistance 
provided to support industrial decarbonisation policy design and uptake, is understood to have comprised 
relatively minor (sub-component) parts of broader industrial energy efficiency programmes. Overall, 
international donor support activity in the industrial decarbonisation policy opportunity area is driven by 
UNIDO and the World Bank. The key ODA donor countries in the emerging field of industrial decarbonisation 
policy support are understood to include Denmark, Germany (via KfW and GIZ), Sweden and the US (via 
USAID). 

Some aspects of UK additionality are likely to be highest in relation to the industry sub-sectors in which the 
UK continues to have significant ongoing activity (e.g. chemicals production and refining), as well as within 
sectors in which the UK has growing experience (e.g. CCUS).       

The UK has considerable experience in designing and negotiating minimum carbon pricing systems, 
voluntary standards and agreements for UK industry to promote decarbonisation. In this context, the 
UK is well placed to provide guidance and support on stakeholder engagement processes, 
quantifying industry decarbonisation potentials, to communicate benefits and share information.  

Another area of expertise is policy and financial mechanisms to address cross-border competitiveness 
issues. The UK previously addressed this issue at the start of the UK Climate Change Agreement 
(CCA), and then again with the initiation of the EU Emissions Trading Scheme (ETS).419 The UK could 
leverage its experience with Border Carbon Adjustments (BCAs) to support target regions to design 
and implement similar arrangements.  Support in this area could go some way towards providing 
target country governments with some of the tools they need in order to address legitimate 
concerns around industrial competitiveness when creating markets for low-carbon industrial 
products (e.g. implementing emissions trading systems). Whilst the specific contexts of the target 
regions are quite different to the UK-EU context, the UK could provide target regions with valuable 
support around BCA system design (e.g. assessing the benefits, opportunities, difficulties and risks 
associated with BCA system implementation; setting appropriate BCA price / tax levels; and 
consulting and engaging with key industrial sector stakeholders to canvass opinions and obtain 
feedback on proposed system designs, etc.)     

 
419 More recently, BEIS and the UK CCC have revisited the topic of Border Carbon Adjustments (BCAs), in the context of evaluating future UK ETS 
ƻǇǘƛƻƴǎ όƛΦŜΦ ŦǊƻƳ WŀƴǳŀǊȅ нлнм ƻƴǿŀǊŘǎΣ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ¦YΩǎ ŘŜparture from the EU). Source: UK CCC. (2019). The future of carbon pricing in the UK. 
Accessed from: https://www.theccc.org.uk/wp-content/uploads/2019/08/Vivid-Economics-The-Future-of-Carbon-Pricing-in-the-UK.pdf      

https://www.theccc.org.uk/wp-content/uploads/2019/08/Vivid-Economics-The-Future-of-Carbon-Pricing-in-the-UK.pdf
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The UK has considerable strengths in the design of regulation and industry standards. Some of the key 
achievements include CCAs;420 the EU ETS;421 the Carbon Reduction Commitment (CRC) scheme; and 
the Energy Saving Opportunity Scheme (ESOS).422 Further examples include instruments such as the 
ά12L Income Tax for Energy Efficiency SavingsΣέ the Carbon Tax Act and the Carbon Offset 
regulations. 

A further area of UK additionality relates to the design and promotion of markets for low-carbon 
ǇǊƻŘǳŎǘǎΦ hƴŜ ŜȄŀƳǇƭŜ ƻŦ ǘƘƛǎ ƛǎ ǘƘŜ ¦YΩǎ ǎǳŎŎŜǎǎŦǳƭ ŎǊŜŀǘƛƻƴ ƻŦ ǎƛƎƴƛŦƛŎŀƴǘ demand for energy 
efficient products, to help meet some of the (above-mentioned) UK domestic energy efficiency 
targets and comply with binding energy efficiency standards and product labelling requirements, etc. 
The UK successfully grew its market for energy efficient products (reaching GBP  16.7 billion in 2018, 
up from  GBP 12.6 billion in 2015).423 The UK can draw on first-hand experience and lessons learned 
with respect to developing its domestic market for both energy efficiency and other low-carbon 
products; to support target regions in the creation of markets and critical mass levels of demand for 
low-carbon products.  

The UK can build on its experience as an early mover with its national-level decarbonisation strategy and 
successfully developing, negotiating and obtaining industry sector buy-in to binding climate change 
agreements. The UK also has significant experience and capacities related to developing sub-sector 
specific industrial decarbonisation approaches.424 

To help overcome access to capital barriers, the UK can leverage its experience with climate finance 
accelerators, such as the development of the UK Green Investment Group (previously Bank). The UK 
was an early mover in the international context, in developing a Green Investment focused bank.425  

The development of skills sets, education and training in industrial decarbonisation analysis, auditing, 
energy management planning, etc. is a crucial part of unlocking industrial decarbonisation, and this is 
also an area in which the UK can provide additionality, drawing on its experience in setting up and 
delivering industrial decarbonisation skills programmes and training courses. 

The UK has strengths related to developing government platforms promoting industrial decarbonisation. 
One such example is the UK Industrial Decarbonisation Programme (funded with GBP 170 million 
from the Industrial Strategy Challenge Fund)426 which aims to accelerate the cost-effective 
decarbonisation of industry by developing and deploying low-carbon technologies. The programme 
involves planning and coordinating the development of (low carbon) industrial hubs that can 
facilitate large-scale and coordinated industrial decarbonisation. One example is the Clean Growth 
Grand Challenge: Industrial Clusters Mission,427 which has the objective of creating at least one low-
carbon cluster by 2030 and at least one net zero carbon industrial cluster by 2040. 

 
420 The UK was one of the first countries to introduce an emission trading scheme with industrial sectors. CCAs started in 2001 and pre-dates the EU 
ETS; this scheme is ongoing. 
421 IƻǿŜǾŜǊΣ ƛǘ ƛǎ ǳƴŎƭŜŀǊ Ƙƻǿ ǘƘŜ ¦YΩǎ ƛƴǾƻƭǾŜƳŜƴǘ ƛƴ ǘƘŜ 9¦ 9¢{ ǿƛƭƭ ŎƻƴǘƛƴǳŜ ŀŦǘŜǊ .ǊŜȄƛǘΦ 
422 CƻǊ άƭŀǊƎŜέ ¦Y ƻǊƎŀƴƛǎŀǘƛƻƴǎ ς to address the EU EE Directive Article 8 obliging either ISO50001 certification or 4-yearly cycles of site energy audits.   
423 Office of National Statistics, 2020. Low carbon and renewable energy economy, UK: 2018. Accessed via: 
https://www.ons.gov.uk/economy/environmentalaccounts/bulletins/finalestimates/2018 
424 ¢Ƙƛǎ ŜȄǇŜǊǘƛǎŜ ƎƻŜǎ ōŀŎƪ ƴŜŀǊƭȅ пл ȅŜŀǊǎ ǘƻ ǘƘŜ ŜŀǊƭȅ άŜƴŜǊƎȅ-ŜŦŦƛŎƛŜƴŎȅ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ǎŎƘŜƳŜέ ό995{ύΣ ŦƻƭƭƻǿŜŘ ōȅ ǘƘŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ōŜǎǘ-
practice programme and, most recently, the Carbon Trust Programme. More recently, specific activities include 2050 Roadmaps for 9 key industrial 
sectors (by DECC / BEIS); Industrial Heat-Recovery support programme; and UK food and drinks sector decarbonisation action plan (plus other 
sectoral plans). 
425 It has much to offer in terms of sharing the lessons learnt and assisting other countries / regions in designing, setting up and operating similar 
institutions. One key role of such investment banks includes ensuring that capital support mechanisms for low-carbon investments are fit-for-purpose 
in terms of allowing industry players to comply with industrial decarbonisation policies (in a timely and efficient way). 
426 The Programme is expected to be matched by funding of up to GBP 261 million from industry UKRI, 2020. Industrial Decarbonisation. Received 
from: https://www.ukri.org/innovation/industrial-strategy-challenge-fund/industrial-decarbonisation/ 
427 Funded via the Industrial Strategy Challenge Fund. Key industrial clusters will be developed in Grangemouth, Teeside, Merseyside, Humberside, 
South Wales, and Southampton. Decarbonisation will be achieved through well-coordinated strategic planning; the use of market mechanisms; 
maximising economy of scale benefits; and promoting effective collaborations between the public and private sector, local communities and R&D. 

 

https://www.ukri.org/innovation/industrial-strategy-challenge-fund/industrial-decarbonisation/
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The development of low-carbon industrial hubs allows the application of innovative business models for 
low-carbon processes often spanning the full supply chain. Moreover, such developments can yield 
significant economy of scale benefits and help spread investment risks. The UK can draw on its 
growing experience in this topic area, to advise on and help rollout similar initiatives, innovative 
business models, risk-sharing approaches and industrial symbiosis arrangements428 in the 
international context.      

Whilst the development of a zero carbon industrial cluster by 2040 is ambitious and would be a world 
first, it is important to note that the development of low-carbon industrial hubs in the UK is currently 
in a relatively nascent stage compared to in some other locations (e.g. Rotterdam) in the 
international context.   

The UK government and industry partnership, via the new CCUS Council, seeks to put the UK on a path to 
deploying CCUS at scale in the UK, and maximising the associated socio-economic benefits of this 
ƛƴŘǳǎǘǊƛŀƭ ƻǇǇƻǊǘǳƴƛǘȅΦ ¢ƘŜ //¦{ /ƻǳƴŎƛƭ ƛǎ ǘƘŜ ¦YΩǎ ǇǊƛƳŀǊȅ ŦƻǊǳƳ ŦƻǊ ŜƴƎŀƎƛƴƎ ǘƘŜ //¦{ ǎŜŎǘƻǊ ŀƴŘ 
addressing key strategic issues to allow CCUS targets to be achieved. Drawing on this experience, the 
UK can provide support in the establishment of bodies, as well as sharing the benefits of lessons 
learnt, in target geographies.    

In the hydrogen fuel research area, the UK is actively involved R&D, for example through the Network-H2 
project.429 This is a GBP 1million collaboration across government, industry and UK universities, that 
works to advance R&D and act as a forum to maximise impact, communicate, share best-practice, 
and disseminate information and data for research projects. The UK could export its experience, 
develop international level collaborations in these topic areas, and assist other target regions in 
establishing similar such forums.        

The UK can draw on various strengths and capacities, and growing experience, around promoting industrial 
decarbonisation policy uptake internationally. Significant experience has been gained through, for instance:  

The UKΩǎ collaboration with global partners in CCUS to invest in leading CCUS technologies and industrial 
innovation to drive down costs in this technology area. The UK is the largest multilateral ODA 
investor into CCUS globally, having provided GBP 70 million ODA support since 2012. The 
international CCUS programme provides technical assistance for industry and power applications and 
has primarily supported technical assistance activities in Mexico, South Africa, China, Indonesia and 
India, as well as scoping work in Bangladesh, Pakistan, Vietnam and Mongolia.430 Through its 
participation the UK has gained valuable experience that can be leveraged and exported, including in 
relation to planning CCUS demonstration projects, analysing risks, coordinating project development 
and possible business models for projects.431  

¢ƘŜ ¦Y ǇŀǊǘƛŎƛǇŀǘŜǎ ƛƴ ǘƘŜ ²ƻǊƭŘ .ŀƴƪΩǎ Energy Sector Management Assistance Programme (ESMAP), 
and in 2019 made the largest contribution of donor countries (with total ICF support of GBP 41.5 
million, of which GBP 20 million was provided by BEIS). ESMAP works to help scale up the efficient 
use of energy and low-carbon energy technologies (and with certain focus on industrial energy). At 
the time of writing, BEIS is providing a total of GBP 15 million to specifically support industrial 

 
Accessed from: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/803086/industrial-clusters-
mission-infographic-2019.pdf  
428 Industrial symbiosis includes the intelligent linking of industrial processes through supply chains, efficient processing of waste streams and sharing 
industrial process by-products where possible and efficient to do so.  
429 Durham University. (2019). Durham UK lead on hydrogen fuel research. https://www.dur.ac.uk/research/news/item/?itemno=39771  
430 Gov-UK, 2020. CCS Annual report.: https://www.gov.uk/government/publications/crown-commercial-service-annual-report-and-accounts-2019-to-
2020  
431 However, the experience of the CCUS programme has also demonstrated the substantial difficulties encountered in achieving transformation 
change in CCUS in developing countries. On the positive side, such insights can be drawn upon to help inform future work and collaborative initiatives 
in CCUS in developing countries. This may help ensure that future programme objectives are optimally-designed, realistic and achievable and benefit 
from the myriad lessons learned to date.   

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/803086/industrial-clusters-mission-infographic-2019.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/803086/industrial-clusters-mission-infographic-2019.pdf
https://www.dur.ac.uk/research/news/item/?itemno=39771
https://www.gov.uk/government/publications/crown-commercial-service-annual-report-and-accounts-2019-to-2020
https://www.gov.uk/government/publications/crown-commercial-service-annual-report-and-accounts-2019-to-2020
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decarbonisation innovation (technology innovation and technology-agnostic solutions) within the 
ESMAP programme.  

The Clean Energy Innovation Facility is a new programme for accelerating the commercialisation of 
innovative, clean energy technologies in developing countries. The aim is to advance TRLs 3-7)and 
encourage potential scale-up of innovative technologies through RD&D. Within this a GBP 15 million 
ŦǳƴŘ ŦƻŎǳǎŜŘ ƻƴ ƛƴŘǳǎǘǊƛŀƭ ŘŜŎŀǊōƻƴƛǎŀǘƛƻƴ Ƙŀǎ ōŜŜƴ ŜǎǘŀōƭƛǎƘŜŘΣ ǿƘƛŎƘ ƛǎ ƘƻǳǎŜŘ ǿƛǘƘƛƴ ǘƘŜ ².Ωǎ 
ESMAP. 

A considerable part of UK ODA support (recent and ongoing) for the promotion of industrial 
decarbonisation tends to be provided to the European Bank for Reconstruction and Development 
(EBRD) programme and budget. The UK makes an important financial contribution to EBRD initiatives 
promoting industrial decarbonisation, benefits from participating in ongoing regional initiatives for 
industrial decarbonisation and can continue to shape programme activities and share the benefits of 
its growing experience.    

With its expertise in the design and application of industrial decarbonisation policy, the UK is well-placed to 
address critical market failures and enabling environment challenges. It can build on its international 
experience, ongoing partnerships, and key upcoming opportunities (such as hosting the COP26 and holding 
the presidency of the Group of Seven (G7) in 2021), to address political economy challenges to industrial 
decarbonisation. Overall, tƘŜ ¦YΩǎ ƪŜȅ ǎǘǊŜƴƎǘƘǎ ŀƴŘ ŀǊŜŀǎ ƻŦ ŀŘŘƛǘƛƻƴŀƭƛǘȅ Ŧŀƭƭ ƛƴǘƻ ǘƘǊŜŜ ōǊƻŀŘ ŎŀǘŜƎƻǊƛŜǎΦ 
The first relates to the creation of government-led platforms focused on promoting industrial 
decarbonisation, through strategic planning and the promotion of integrated low-carbon industry hubs. The 
second area ŘŜǊƛǾŜǎ ŦǊƻƳ ǘƘŜ ¦YΩǎ ƛƴǾƻƭǾŜƳŜƴǘ ƛƴ ƛƴǘŜǊƴŀǘional partnerships to scale-up and de-risk 
decarbonisation projects (including CCUS). The third key area of ŀŘŘƛǘƛƻƴŀƭƛǘȅ ƛǎ ǘƘŜ ¦YΩǎ ƛƴǘŜǊƴŀǘƛƻƴŀƭ 
collaborative work to address cross-border competitiveness issues and achieve common carbon prices (e.g. 
via BCAs), drawing on its experience in evaluating the impacts of such systems, setting appropriate price 
levels, and consulting with industry on proposals.   
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Intervention opportunities 

There is substantial opportunity across all regions for the UK to address identified barriers and support the 
design and use of effective industrial decarbonisation policy. 

Based on analysis of the core UK strengths and areas of additionality, strong intervention opportunities for 
the UK include:  

Provision of technical assistance to define and negotiate carbon intensity limits, standards, regulations and 
rules.  Specific interventions in this area would include: 

Mapping industrial activities and quantifying the carbon intensities of those activities and sub-sectors. 
Supporting regulatory authorities to define and negotiate carbon intensity limits and standards.  

Strengthening human capacities within enforcement agencies to improve their abilities to enforce, 
monitor, report and verify compliance with carbon intensity regulations and rules.  

Supporting the design and application of industry voluntary agreements on carbon limits.  

This intervention is in demand within each of the considered regions. South Africa and India are 
understood to have made initial progress on several of these topics and therefore support would be 
used to continue strengthening existing measures, whereas in East Africa, and South Asia and 
Southeast Asia, support would be focused on laying the groundwork and undertaking more initial 
steps.  

Support the creation, introduction and application of carbon pricing instruments. Support in this 
intervention area would involve: 

Provision of strategic support to governments in evaluating and screening options for implementing 
carbon taxes, ETSs, and other fiscal measures which incentivise low-carbon and efficient energy use 
in industry.432 Assisting in the design of effective BCAs,433 to support ETS development.   

Creating dedicated platforms to support carbon markets in focus countries. 

Assist industry associations to promote the uptake of company-level internal carbon pricing systems.    

Supporting RD&D on carbon pricing instruments, with particular focus on critical measures such as the 
design of suitable BCA mechanisms, and to help protect industrial competitiveness, avoid carbon 
leakage, and address industry concerns.  

Continuing to support key Multilateral Development Bank (MDB) programmes, ƛƴŎƭǳŘƛƴƎ ǘƘŜ 9.w5Ωǎ 
work on industrial decarbonisation, and the World BankΩǎ tŀǊǘƴŜǊǎƘƛǇ ŦƻǊ aŀǊƪŜǘ wŜŀŘƛƴŜǎǎ (PMR) 
and ESMAP.  

This intervention is understood to be most appropriate for Southeast Asian region countries, which have 
certain ambition for exploring the use of carbon pricing instruments, but which have yet to take 
concrete steps in that direction. South Africa is not considered to be a relevant target region given its 
recent uptake of dedicated carbon pricing instruments.  

Technical assistance for the development of tailor-made industrial decarbonisation hubs, tools and 
strategies. Support in this intervention area would involve: 

Supporting governments and industry to work together to establish and agree strategic objectives, action 
plans, and timelines of industrial decarbonisation strategies. Ensuring that industrial decarbonisation 

 
432 The design of specific instruments always needs to be strongly tailored to the maturity of the specific market.  
433 Support in this field could build on the lessons learned thrƻǳƎƘ ŎŜǊǘŀƛƴ ǎƛƳƛƭŀǊ ƛƴƛǘƛŀǘƛǾŜǎ ǳƴŘŜǊǘŀƪŜƴ ǘƻ ŘŀǘŜΣ ƛƴŎƭǳŘƛƴƎ ŜΦƎΦ ǘƘŜ 9.w5Ωǎ DǊŜŜƴ ¢ǊŀŘŜ 
Facilitation Programme, which is described in Case Study 2 (section 0 of this report).    
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strategy is coherently aligned with other related strategies (e.g. RE and power sector development 
strategy, strategies for industrial development and economic growth, etc.).434  

Supporting RD&D and strategic planning for low-carbon industry hubs,435 including the facilitation, where 
possible, of high rates of (RE-powered) electrification, digitalisation, use of smart systems, industry 
symbiosis, zero-carbon hydrogen and CCUS infrastructure.  

Supporting RD&D on innovative and sustainable business models, commercial frameworks, de-risking 
and risk-sharing approaches, in order to incentivise low-carbon investments.436 Designing and 
applying ad-hoc and country-specific industrial decarbonisation financing models;437 these should be 
accompanied by regulation, institutional capacity, skills, and awareness policies.  

Given their relative lack of industrial decarbonisation strategies to date, the countries of South Asia and 
East Africa are strong candidates for support in this intervention area. India (given its proven interest 
and grass-roots efforts to design and test innovative approaches) and South Africa may be stronger 
candidates for support related to industry hubs, and large-scale CCUS and hydrogen energy projects; 
this is because, in general terms, they already have the key foundations of industrial decarbonisation 
in place.  

Support the design and delivery of industrial decarbonisation upskilling, education and training courses. 
Support in this intervention area would involve: 

Designing and delivering specialised education, training and skills development courses focused on 
(amongst other things) energy auditing, energy management and decarbonisation strategy, to 
prepare the workforce that is needed in order to unlock industrial decarbonisation at scale.   

Promoting just and equitable transitions, characterised by skills retention, by identifying and planning 
ways to support the worst affected industry players, to avoid significant job and competitiveness 
losses, and to maximise new job creation.    

All target regions are considered to be strong candidates for support in this intervention area, as 
significant numbers of workers will need to be trained and educated across industrial 
decarbonisation topics in all regions, ranging from technicians, to policy-makers, and more vocational 
roles such as workers within financial institutions (whom will finance decarbonisation investments).  

Provision of capital investments to support the deployment of demonstration projects. 

Demonstration projects can provide multiple benefits, such as indicating political support for, key 
innovative technologies and approaches. Demonstration projects can also serve to bring together 
different donors and investors and stimulate buy-in from a wide group of stakeholders. Most 
critically, demonstration projects can showcase the functionality and technical viability of key 

 
434 Develop and test frameworks and pathways for resource efficiency, circularity, and integration of natural infrastructure. 
435 Future ICF support for the development of low-carbon industry hubs may draw on examples of best practice and lessons learnt within similar 
initiatives that are currently underway.  
For instance, the Baltic Industrial Symbiosis (BIS) project is a multi-country Baltic Sea region initiative that works to promote and coordinate the 
development of low-carbon industry hubs in the Baltic region. This is undertaken through developing new business and finance models for industrial 
symbiosis; identifying new symbiotic business development opportunities; and providing capacity building and training necessary for the design, 
management and facilitation of low-carbon industrial hubs. (https://symbiosecenter.dk/project/bis/).  
Important lessons and examples of good practice can also be drawn from the programme to decarbonise the port and industrial complex of 
Rotterdam. For instance, one aspect of the wider programme includes the development of CCUS infrastructure that will be accessible to multiple 
industrial actors. Specifically, the port will contain a CO2 transport and storage infrastructure connected to offshore empty gas fields under the North 
Sea. The infrastructure is being developed with a view to being expandable, to eventually be able to transport and store CO2 from other regions of the 
Netherlands (i.e. beyond Rotterdam) and neighbouring countries such as Belgium and Germany. (Port of Rotterdam. (2019). 
https://www.portofrotterdam.com/sites/default/files/por_priorities_energy_transition_european_elections_2019.pdf)   
436 It is recommendable that technical assistance provided within this context be accompanied by grant funding, which could be used to implement 
ǘƘŜ ŦƛǊǎǘ ǎǘŀƎŜ ƻŦ ǘƘŜ ǘŜŎƘƴƛŎŀƭ ŀǎǎƛǎǘŀƴŎŜΩǎ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎΦ CƻǊ ƛƴǎǘŀƴŎŜΣ ƎǊŀƴǘ ŦǳƴŘƛƴƎ ŎƻǳƭŘ ōŜ ǳǎŜŘ ǘƻ ŦƛƴŀƴŎŜ ƻƴŜ ǘǊŀƛƴing scheme, one pilot 
hydrogen or heat capture installation, one pilot energy efficiency network, and one round of grant funding for innovative start-ups, etc.   
437 CƛƴŀƴŎŜ ƳƻŘŜƭǎ ǎƘƻǳƭŘ ōŜ ǎǇŜŎƛŦƛŎŀƭƭȅ ŘŜǎƛƎƴŜŘ ǘƻ Ŧƛǘ ŎƻǳƴǘǊƛŜǎΩ ǇŀǊǘƛŎǳƭŀǊ ŎƻƴǘŜȄǘǎ όŜΦƎΦ ƭŜǾŜƭ ƻŦ ƳŀǘǳǊƛǘȅ ƻŦ ŦƛƴŀƴŎƛŀƭ ƳŀǊkets, governance, etc). 

https://symbiosecenter.dk/project/bis/
https://www.portofrotterdam.com/sites/default/files/por_priorities_energy_transition_european_elections_2019.pdf
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innovative technologies and systems, often alleviating doubts around their effectiveness and 
providing important data that support further improvements through RD&D.    

Support in this intervention area would involve making capital investments in selected industrial 
decarbonisation demonstration projects.  

It is recommended that support for CCUS projects be targeted to countries in which the UK has 
previously supported CCUS uptake efforts, including in Bangladesh, India, Indonesia, Mongolia, 
Pakistan, South Africa, and Vietnam. It is recommended that UK Government capital investment 
support for demonstration projects focused on digitalisation, hydrogen networks, smart systems and 
the development of industrial hubs / symbiosis networks be prioritised for initiatives in India. 

Stimulate demand for low-carbon industrial products. The overall driver for this intervention is to create 
siƎƴƛŦƛŎŀƴǘ όάŎǊƛǘƛŎŀƭ Ƴŀǎǎέύ ƭŜǾŜƭǎ ƻŦ ŘŜƳŀƴŘ ŦƻǊ ƭƻǿ-carbon and industrially produced products. Key activities 
would include: 

Assisting in creating standards and labels (e.g. covering the carbon footprints of industrially made 
products) and accompanied by robust enforcement and compliance systems.  

Developing and rolling out (industry and/or industry sub-sector specific) information and awareness 
raising campaigns on the multiple benefits of low-carbon industrial goods targeted towards end-
consumers, industrial organisations, governments and others. Such initiatives would provide 
evidence-based information around the economic, environmental and social benefits; the business 
opportunities and options to enter and prosper in emerging low-carbon market niches; and any 
measures that can be accessed to support switching to the use of low-carbon processes and systems.      

Strengthening trade networks for low-carbon products, helping those products reach points of 
demand.438 Stimulating the development of low-carbon supply chains; for example, via the 
establishment of integrated low-carbon industry hubs. Low-carbon supply chains can also be 
supported through more detailed analysis and public disclosure of the carbon footprints of processes 
up and down industrial supply chains.    

Promoting the reputational advantages for those industry organisations that decarbonise. Progress in 
this direction can be made, for example, through supporting the design of industrial energy efficiency 
rankings and award schemes.   

Support in this intervention area could be provided in all considered regions, given the significant need 
to stimulate demand for low-carbon products in each.   

 

 
438 If industrial organisations can see a clear downstream demand for low-carbon products, they are more likely to take the necessary steps to be able 
to meet (supply) that demand.   
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Intervention case studies  

Box 16 D9CΩǎ [ƻƴƎ-Term Programme on Technology Transfer: Climate Technology Centres and Networks, 
Pilot Projects. Global Environmental Facility ς 2008 ςongoing. 

Introduction 

While most energy efficiency options are likely to bring about cost savings for firms, certain investments 
associated with industrial decarbonisation (such as CCUS) are likely to reduce the competitiveness of 
emissions-intensive and trade-exposed sectors. 

Innovation and technology-transfer programmes represent one possible approach to addressing cross-
border competitiveness issues, in particular in the context of emerging and developing and emerging 
economies. While it is complex to evaluate their impact, they are potentially complementary to trade-
related policy, such as cross-border regulations and carbon border taxes, which are in themselves very 
challenging to implement and require multi-lateral agreements and action.  

¢Ƙƛǎ ŎŀǎŜ ǎǘǳŘȅ ŦƻŎǳǎŜǎ ƻƴ ǘƘŜ Dƭƻōŀƭ 9ƴǾƛǊƻƴƳŜƴǘŀƭ CŀŎƛƭƛǘȅΩǎ όD9Cύ [ƻƴƎ-term Programme on Technology 
Transfer439, as an instrument that addresses innovation and technology transfer holistically, without a 
specific focus on industrial decarbonisation (though with a strong energy  and energy efficiency focus). 
Although addressing cross-ōƻǊŘŜǊ ŎƻƳǇŜǘƛǘƛǾŜƴŜǎǎ ƛǎ ƴƻǘ ŜȄǇƭƛŎƛǘƭȅ ŀŘŘǊŜǎǎŜŘ ƛƴ ǘƘƛǎ ǇǊƻƎǊŀƳƳŜΩǎ ƎƻŀƭǎΣ ƛǘ 
is considered a useful model of an integrated approach to innovation and technology transfer which could 
address a variety of competitiveness aspects for energy-intensive industry in developing and emerging 
economies. 

Goals of the programme 

Two of the six goals of the GEF climate change mitigation objectives address industrial decarbonisation 
technologies: 

¶ Goal 1: Promote the demonstration, deployment, and transfer of innovative, low-carbon 
technologies. 

¶ Goal 2: Promote market transformation for energy efficiency in the industrial and buildings 
sectors. 

 
Since its inception in 1991, the entire GEF climate change mitigation portfolio has supported innovation 
and technology transfer. Specifically, in its fourth programme cycle the GEF launched the Long-term 
Programme on Technology Transfer. Since then, the GEF has supported and financed a range of priority 
technical assistance activities and pilot projects related to innovation technology transfer. The most 
recently concluded programming cycle of the GEF (GEF-6) prioritised the promotion of innovation and 
technology transfer as a cross-cutting theme. 

¢ƘŜ ǊƻƭŜ ƻŦ D9CΩǎ ŦƛƴŀƴŎŜ ǿƛǘƘƛƴ ƛǘǎ ǘŜŎƘƴƻƭƻƎȅ ǘǊŀƴǎŦŜǊ ǇǊƻƎǊŀƳƳŜ ƛƴŎƭǳŘŜ440: 

¶ Supporting the Climate Technology Centre and Network (CTCN). 

¶ Piloting priority technology projects to foster innovation and investments. 

¶ Building Private Public Partnership for tech transfer. 

¶ Supporting Technology Needs Assessments (TNAs). 

¶ Positioning GEF as a catalytic supporting Institution for tech transfer. 
 

 
439 GEF. (2020). Technology transfer. Accessed from: https://www.thegef.org/topics/technology-transfer  
440 CTCN. (2019). GEF update on technology transfer. Accessed from: https://www.ctc-n.org/sites/www.ctc-n.org/files/item_4c_-_gef7_update.pdf  

https://www.thegef.org/topics/technology-transfer
https://www.ctc-n.org/sites/www.ctc-n.org/files/item_4c_-_gef7_update.pdf
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Resulting outcomes from the first two elements of the programme (Climate Technology Centre and 
Network, and pilot projects) in the field of industrial decarbonisation are outlined in the next section.  

High level results and outcomes 

The Climate Technology Centre and Network (CTCN) supports country efforts to enhance the transfer of 
low-ŎŀǊōƻƴ ǘŜŎƘƴƻƭƻƎƛŜǎΦ hƴŜ ƻŦ ǘƘŜ /¢/bΩǎ ŎƻǊŜ ǎŜǊǾƛŎŜǎ ƛǎ ǘƘŜ ǇǊƻǾƛǎƛƻƴ of technical assistance (TA) at 
the request of developing countries. This technical assistance is provided up to a value of USD 250,000, at 
local, national, ƻǊ ǊŜƎƛƻƴŀƭ ƭŜǾŜƭǎ ŀƴŘ ŀǘ ŀƭƭ ǎǘŀƎŜǎ ƻŦ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅ ŎȅŎƭŜΦ ¢ƘŜ /¢/bΩǎ ƻǿƴ ŜǾŀƭǳŀǘƛƻƴ 
indicates that the bulk of the requests for TA is for decision-making tools (26%), technology feasibility 
assessment (21%), technology identification and prioritisation (15%), as well as sectoral roadmaps and 
strategies (12.5%)441. 

Some examples of CTCN technical assistance and other technology transfer projects that are relevant to 
industrial decarbonisation include: 

¶ Vietnam: Pilot demonstration of Energy Service Company (ESCO) model for greenhouse gases 
emission reduction in the cement sector (2016) 

¶ Thailand: Benchmarking Energy & GHG Intensity in Thailand's Metal Industry (2015) 

¶ South Africa: Substantial GHG emissions reduction in the cement industry by using waste heat 
recovery combined with mineral carbon capture and utilization (2015) 
 

In addition to the technical assistance request described above, the CTCN provides so-called Fast 
Technical Assistance (FTA) with a limited value of USD 15,000, and a timeframe of up to 2 months. FTA 
also addresses technology prioritisation and technology assessments that are of immediate interest to the 
requesting country.  

²ƛǘƘ ǊŜƎŀǊŘǎ ǘƻ ǘƘŜ D9CΩǎ pilot projects, the GEF ǎǳǇǇƻǊǘǎ άƛƴƴƻǾŀǘƛƻƴ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ ǘǊŀƴǎŦŜǊ ŀǘ ƪŜȅ ŜŀǊƭȅ 
and middle stages, focusing on the demonstration ŀƴŘ ŜŀǊƭȅ ŘŜǇƭƻȅƳŜƴǘ ƻŦ ƛƴƴƻǾŀǘƛǾŜ ƻǇǘƛƻƴǎέΦ ¢ƘŜ 
ŦƛƴŀƴŎƛŀƭ ǎǳǇǇƻǊǘ ŀƛƳǎ ŀǘ άƳƛǘƛƎŀǘƛƴƎ the barriers of technology transfer, and piloting promising 
ŀǇǇǊƻŀŎƘŜǎέΦ ! ǊŜǾƛŜǿ ƻŦ см D9C-6 climate change mitigation projects indicated that over a quarter 
included support for technology transfer442,443. 

These are some examples of finance for projects in industrial decarbonisation in the GEF portfolio, which 
included or will include demonstration of technology (chiefly related to energy efficiency and fuel 
switching): 

¶ China: Environmentally Sustainable Development of the Iron and Steel Industry (2020 start, GEF-
7) 

¶ Brazil: Production of Sustainable, Renewable Biomass-based Charcoal for the Iron and steel 
Industry in Brazil (2012-2015, GEF 5) 

¶ Cambodia: Climate Change Related Technology Transfer: Using Agricultural Residue Biomass for 
Sustainable Energy Solutions (2011ς2015, GEF 4). (Industry relevance: Replacement of diesel oil 
with biomass in industrial captive power generation). 

¶ India: Removal of Barriers to Energy Efficiency Improvement in the Steel Rerolling Mill Sector 
(2003-2015, GEF-3) 
 

 
441 CTCN. (2020). Request visualizations. https://www.ctc-n.org/technical-assistance/request-visualizations  
442 GEF. (2017). Climate change focal study area. https://www.thegef.org/sites/default/files/council-meeting-
documents/EN_GEF.ME_C.53_Inf.02_Climate_Change_F_A_Study_Nov2017.pdf 
443 IISD. (2016). http://sdg.iisd.org/news/unfccc-technology-executive-committee-evaluates-technology-transfer-poznan-programme/ 
https://unfccc.int/resource/docs/2015/sbi/eng/16.pdf  

https://www.ctc-n.org/technical-assistance/projects/pilot-demonstration-energy-service-company-esco-model-greenhouse
https://www.ctc-n.org/technical-assistance/projects/pilot-demonstration-energy-service-company-esco-model-greenhouse
https://www.ctc-n.org/technical-assistance/projects/benchmarking-energy-ghg-intensity-thailands-metal-industry
https://www.ctc-n.org/technical-assistance/projects/substantial-ghg-emissions-reduction-cement-industry-using-waste-heat
https://www.ctc-n.org/technical-assistance/projects/substantial-ghg-emissions-reduction-cement-industry-using-waste-heat
https://www.thegef.org/project/environmentally-sustainable-development-iron-and-steel-industry
https://www.thegef.org/project/production-sustainable-renewable-biomass-based-charcoal-iron-and-steel-industry-brazil
https://www.thegef.org/project/production-sustainable-renewable-biomass-based-charcoal-iron-and-steel-industry-brazil
https://www.thegef.org/project/tt-pilot-gef-4-climate-change-related-technology-transfer-cambodia-using-agricultural
https://www.thegef.org/project/tt-pilot-gef-4-climate-change-related-technology-transfer-cambodia-using-agricultural
https://www.thegef.org/project/removal-barriers-energy-efficiency-improvement-steel-rerolling-mill-sector
https://www.ctc-n.org/technical-assistance/request-visualizations
https://www.thegef.org/sites/default/files/council-meeting-documents/EN_GEF.ME_C.53_Inf.02_Climate_Change_F_A_Study_Nov2017.pdf
https://www.thegef.org/sites/default/files/council-meeting-documents/EN_GEF.ME_C.53_Inf.02_Climate_Change_F_A_Study_Nov2017.pdf
http://sdg.iisd.org/news/unfccc-technology-executive-committee-evaluates-technology-transfer-poznan-programme/
https://unfccc.int/resource/docs/2015/sbi/eng/16.pdf
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This is a high-level analysis of a long-standing and highly integrated programme. Thus, it is challenging to 
reach conclusions on the level of investments that it has leveraged in climate technologies in developing 
ŀƴŘ ŜƳŜǊƎƛƴƎ ŜŎƻƴƻƳƛŜǎΣ ƻǊ ƻƴ ǘƘŜ ŜȄǘŜƴǘ ǘƻ ǿƘƛŎƘ ƛǘ Ƙŀǎ ǎǘǊŜƴƎǘƘŜƴŜŘ ŎƻǳƴǘǊƛŜǎΩ ŎŀǇŀŎƛǘȅ ǘƻ ƛƴƴƻǾŀǘŜ 
and transfer technology. In general, the effect of technology transfer and innovation programmes 
competitiveness at the firm, sector and economy level are difficult to quantify and attribute. Nevertheless, 
ǘƘŜ D9CΩǎ ǘŜŎƘƴƻƭƻƎȅ ǘǊŀƴǎŦŜǊ ǇǊƻƎǊŀƳƳŜ ƛǎ ŀ ƎƻƻŘ ŜȄŀƳǇƭŜ ƻŦ ŀ ƴŜŜŘǎ-driven approach to innovation 
and technology transfer which has provided multiple lessons over the years. Elements of it can be adapted 
to industrial decarbonisation programmes, where technology innovation and transfer are key levers when 
addressing cross-border competitiveness issues. 

Promotion of gender equality 

The GEF has a series of policies on gender and supports the mainstreaming of gender aspects in all its 
projects, including those in its technology transfer programme. In addition, all GEF implementing agencies 
have their own policies related to gender. 

Partnership 

The two technology innovation and transfer elements of the GEF programme examined here have 
different governance, partnership and co-financing models. Some of the key aspects related to 
partnership include (drawing from their 2015 evaluation) include: 

¶ The programme needs-driven approach has proven successful: for example, GEF-supported pilots 
were found to be more effective and smooth-running when they responded to a demand from 
the technology users. Projects that had taken a άǘŜŎƘƴƻƭƻƎȅ-ǇǳǎƘέ ŀǇǇǊƻŀŎƘ ǊŜǎǳƭǘŜŘ ƛƴ ƭŜǎǎ 
relevance for country stakeholders and a difficulty in finding partners willing to invest. 

¶ The existence of regional centres promoted the creation of dialogue with local institutions. 

¶ The programme has succeeded at engaging financial institutions on climate technology issues. The 
regional centres have created strong links with domestic and regional financial institutions.  

 
Main risks of the programme 

{ƻƳŜ ƻŦ ǘƘŜ ǇǊƻƎǊŀƳƳŜΩǎ ƪŜȅ Ǌƛǎƪǎ ŀƴŘ ƭŜǎǎƻƴǎ ƭŜŀǊƴǘ όŘǊŀǿƛƴƎ Ŧrom their 2015 evaluation) include: 

¶ There is a need to complement technical assistance efforts with innovative finance instruments 
that address investment risk. 

¶ Technology transfer projects are complex processes that are subject to changes in political 
conditions, implementation delays and changes to project scope. Flexibility to make amendments 
to plans subsequent to project approval is critical to success. 

¶ The speed of the GEF project cycle can be a barrier to engaging the private sector on technology 
transfer.  
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Box 17 Ongoing initiatives to support the production and international trade of low-carbon products  

The following analysis considers a selection of international level initiatives to support the production and 
international trade of low-carbon products. An initial discussion is provided of the current thinking around 
the possible uptake of carbon border adjustment mechanisms in the EU and North America. The analysis 
then presents two examples of effective initiatives to support the cross-border trade of industrial 
(including low-carbon) products, as undertaken by the EBRD and Asia-Pacific Economic Cooperation 
(APEC), respectively.   

Proposed carbon border adjustments mechanisms 

The authors are currently unaware of any existing cross-border regulations and/or carbon border taxes in 
effect. Some have been considered or are in the late planning stage ς these are discussed later in this 
review. However, no such systems have been in-situ for a suitable period of time and for which an impact 
analysis has been made ς which would naturally be the basis for a Case Study.   

The main idea of carbon border taxes is to protect energy-intensive industries located in countries with 
strict CO2 / GHG emission legislation, by eliminating any competitive advantage enjoyed by exporters from 
ŎƻǳƴǘǊƛŜǎ ǘƘŀǘ ŘƻƴΩǘ ǘŀȄ ŜƳƛǎǎƛƻƴǎΦ LŦ ŀŘƻǇǘŜŘΣ ŎŀǊōƻƴ ōƻǊŘŜǊ ŀŘƧǳǎǘƳŜƴǘ ǎȅǎǘŜƳǎ ŎƻǳƭŘ ƛƴŎŜƴǘƛǾƛǎŜ ƴƻƴ-
carbon taxing countries (or, indeed, those with subsidised energy) to adopt carbon taxes and/or tighter 
environmental contǊƻƭǎΦ  ¢ƘŜ ƛŘŜŀ ƛǎ ǘƻ ŜƭƛƳƛƴŀǘŜ ŀƴȅ άǳƴŦŀƛǊέ ŀŘǾŀƴǘŀƎŜ ƻŦŦŜǊŜŘ ǘƻ ǎǳŎƘ ƛƳǇƻǊǘŜǊǎΦ 

The European Union  

The EU is currently considering the implementation of a carbon border adjustment mechanism.444 Under 
this scheme, EU importers of products with high carbon footprints (generally, energy-intensive sectors 
such as steel, aluminium, cement, glass and others) would have to buy carbon allowances, as EU 
producers do under the EU ETS. In effect, this could be considered an import tax that raises the price of 
imported goods, boosting the competitiveness of similar goods produced in the EU.   

¢ƘŜ Ƴŀƛƴ ǊŀǘƛƻƴŀƭŜ ƛǎ ǘƘŀǘ 9¦Ωǎ ŜŦŦƻǊǘǎ ǘƻ Ǝƻ ŎƭƛƳŀǘŜ-neutral by 2050 could be undermined by a lack of 
ŀƳōƛǘƛƻƴ ōȅ ƻǘƘŜǊǎΦ  Lǘ ŎƻǳƭŘ ŀƭǎƻ ƳŜŀƴ ƛƴŎǊŜŀǎŜŘ Ǌƛǎƪ ƻŦ άŎŀǊōƻƴ ƭŜŀƪŀƎŜέΣ i.e. production moving to 
countries that are less strict about emissions.  In these instances, total global emissions would not reduce 
ōǳǘ Ƴŀȅ ƛƴ ŦŀŎǘ ƛƴŎǊŜŀǎŜΦ  CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ŜŎƻƴƻƳƛŜǎ ƻŦ ǘƘŜ άǊŜǎǇƻƴǎƛōƭŜέ ŎƻǳƴǘǊƛŜǎ ǿƻǳƭŘ ǎǳŦŦŜǊΦ  
Tighter legislation (including on energy, environment and health and safety), plus stricter enforcement, 
are often cited as being key reasons why many originally-European energy-intensive industry market 
players have relocated to countries outside of Europe.  

This new carbon border adjustment mechanism would counteract the risk of relocation of market players 
to countries outside of Europe, mainly by putting a carbon price on imports of certain goods from outside 
the EU.445 However, a key concern is that such a move may risk breaching World Trade Organization 
(WTO) rules, which require equal treatment of similar products and no discrimination between domestic 
and foreign producers. There are also concerns about reprisals and trade-wars. However, other authors, 
including from the ¦{Σ ǎǳƎƎŜǎǘ ǘƘŀǘ ǘƘƛǎ ƛǎ ƴƻǘ ŘƛǎŎǊƛƳƛƴŀǘƻǊȅ ŀƴŘ ƛǎ ƛƴ ŦŀŎǘ άƭŜǾŜƭƭƛƴƎ ǘƘŜ ǇƭŀȅƛƴƎ ŦƛŜƭŘέΦ 

North America 

As mentioned above, professional opinions are divided on whether WTO law would permit border tax 
adjustments for taxable inputs that are not physically incorporated into the final product. Also, it is not 
clear if an import tax could vary based on the amount of CO2 emitted during its production.  For instance, 
in terms of kWh/t or kgCO2/t:  (1) primary steel from ore is substantially more energy intense than (2) 
secondary steel (re-melted scrap), which in turn is more energy-intense than (3) steel rolling mills.  WTO 

 
444 Reuters( 2019). https://www.reuters.com/article/us-climate-change-eu-carbontax-explainer/explainer-what-an-eu-carbon-border-tax-might-look-
like-and-who-would-be-hit-idUSKBN1YE1C4; FT. όнлмуύΦ 9¦Ωǎ ŎŀǊōƻƴ ōƻǊŘŜǊ taxi s risky but needed.  https://www.ft.com/content/28bbb54c-41b5-
11ea-a047-eae9bd51ceba 
445  European Commission. (2020). EU Green Deal (carbon border adjustment mechanism). https://ec.europa.eu/info/law/better-regulation/have-
your-say/initiatives/12228-Carbon-Border-Adjustment-Mechanism 

https://www.reuters.com/article/us-climate-change-eu-carbontax-explainer/explainer-what-an-eu-carbon-border-tax-might-look-like-and-who-would-be-hit-idUSKBN1YE1C4
https://www.reuters.com/article/us-climate-change-eu-carbontax-explainer/explainer-what-an-eu-carbon-border-tax-might-look-like-and-who-would-be-hit-idUSKBN1YE1C4
https://www.ft.com/content/28bbb54c-41b5-11ea-a047-eae9bd51ceba
https://www.ft.com/content/28bbb54c-41b5-11ea-a047-eae9bd51ceba
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12228-Carbon-Border-Adjustment-Mechanism
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12228-Carbon-Border-Adjustment-Mechanism
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ǊǳƭŜǎ ǿƻǳƭŘ ƘŀǾŜ ǘƻ ōŜ ƛƴǘŜǊǇǊŜǘŜŘ ƛƴ ŀ ǿŀȅ ǘƘŀǘ ŎƻƴǎƛŘŜǊǎ ǇǊƻŘǳŎǘǎ ƴƻǘ ǘƻ ōŜ ΨƭƛƪŜΩ ŜŀŎƘ ƻǘƘŜǊΣ ōŀǎŜŘ ƻƴ 
their carbon footprints. 

Several US experts have concluded that WTO trade rules permit countries with carbon taxes to adopt non-
discriminatory harmonising tariffs.446 447 

The US itself already recognises this principle, but on a food source, by prohibiting the import of Thai 
shrimp that ƘŀŘ ōŜŜƴ ŎŀǳƎƘǘ ƛƴ άǘǳǊǘƭŜ ǳƴŦǊƛŜƴŘƭȅέ ƴŜǘǎΦ ¢ƘŜ ²¢h ǎǳǎǘŀƛƴŜŘ ǘƘŜ ǇǊƛƴŎƛǇƭŜ ǘƘŀǘ Ǝƭƻōŀƭ 
environmental concerns are more important than narrow commercial interests, setting a precedent.  
Stiglitz concluded that if one can justify restricting the importation of shrimp in order to protect turtles, 
certainly one can justify restricting imported goods produced by technologies that excessively pollute the 
atmosphere. 

Non-legislative green trade mechanisms 

EBRD ς Green Trade Facilitation Programme 

¢ƘŜ 9.w5Ωǎ Green Trade Facilitation (TFP) Programme supports investments in, and the supply of, climate 
change mitigation and adaption technologies in countries of EBRD focus. The programme aims to promote 
foreign trade to, from and within the EBRD regions and offers a range of products to facilitate this trade, 
indulging guarantees and trade-related cash advances. Under the programme, the EBRD offers access to 
an established network of banks for financing the cross-border supply of key green technologies.  

A key aspect of the TFP is that the EBRD provides guarantees to international confirming banks, taking the 
political and commercial payment risk of international trade transactions undertaken by banks in its 
regions of focus. In particular, guarantees can be used to support the use of several instruments that are 
issued or guaranteed by local banks, including: 

¶ Letters of credit and standby letters of credit. 

¶ Deferred ǇŀȅƳŜƴǘ ŀƴŘ ΨǊŜŘ-ŎƭŀǳǎŜΩ ƭŜǘǘŜǊǎ ƻŦ ŎǊŜŘƛǘΦ 

¶ Advance payment guarantees and bonds, and other payment guarantees. 

¶ Bills of exchange and trade-related promissory notes. 

¶ Bid and performance bonds and other contract guarantees. 

¶ Letters of credit with post-financing to cover the finance of imported capital equipment. 

¶ Other types of trade finance instruments can also be considered.448 

In terms of practicalities, either the issuing bank or the confirming bank may apply for financial support 
(guarantee). If the confirming bank applies, the consent of the issuing bank is required before a 
transaction can be covered.449 Under the programme, the issuing banks are responsible for managing their 
exposure.  

 
446 Carbon Tax Centre, 2020. Border adjustments. Accessed from: https://www.carbontax.org/issues/border-adjustments/(2015) 
447 In 2013, a former WTO officer, Jennifer Hillman, concluded that both the letter and spirit of WTO trade rules would permit countries with carbon 
taxes to adopt non-ŘƛǎŎǊƛƳƛƴŀǘƻǊȅ ǘŀǊƛŦŦǎΦ  IƛƭƭƳŀƴ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘΥ έΧ provided policymakers carefully design a [carbon] tax, keeping in mind the basic 
ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ǘƘŜ ²¢h ƴƻǘ ǘƻ ŘƛǎŎǊƛƳƛƴŀǘŜ ƛƴ ŦŀǾƻǳǊ ƻŦ ŘƻƳŜǎǘƛŎ ǇǊƻŘǳŎŜǊǎ ƻǊ ƛƳǇƻǊǘǎ ŦǊƻƳ ŎŜǊǘŀƛƴ ŎƻǳƴǘǊƛŜǎ ƻǾŜǊ ƻǘƘŜǊǎ Χ ǘhe threat of WTO 
challenges should not present a barrier to policymakers wishing to adopt a carbon tax system now.έ 
9ŀǊƭƛŜǊΣ ƛƴ нллсΣ bƻōŜƭ [ŀǳǊŜŀǘŜ WƻǎŜǇƘ {ǘƛƎƭƛǘȊ ǿǊƻǘŜΣ άNot paying the cost of damage to the environment is a subsidy, just as not paying the full costs 
of workers would beΦέ IŜ ŀƴŘ ƻǘƘŜǊǎ ǳǊƎŜ ŀŘƻǇǘƛƻƴ ƻŦ ŎŀǊōƻƴ ōorder adjustments to eliminate the artificial advantage given to firms that 
manufacture goods or provide services for world markets from countries that fail to tax CO2 emissions.  In fact, Stiglitz was critical of energy subsidies 
for US manufacturers and ǎǳƎƎŜǎǘŜŘ ǘƘŀǘ άother countries should prohibit the importation of US manufactured goods produced using energy intensive 
technologies, or, at the very least, impose a high tax on them, to offset the subsidy that those goods currently are receivingΦέ 
448 EBRD, 2020. Trade Facilitation Programme. Accessed via: https://www.ebrd.com/work-with-us/trade-facilitation-programme/products.html 
449 EBRD, 2020. Trade facilitation programme. FAQ. Accessed via: https://www.ebrd.com/work-with-us/trade-facilitation-programme/faq.html 

https://www.ebrd.com/where-we-are.html
https://www.carbontax.org/issues/border-adjustments/(2015)
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Under the TFP, and in addition to guarantees, the EBRD extends short-term cash advances to selected 
banks and factoring companies in the EBRD regions for on-lending to local exporters, importers and 
distributors. 

A further aspect of the TFP is its trade finance e-learning programme. This programme was launched in 
2010 and is run by the EBRD and the International Chamber of Commerce (ICC), with the objective of 
ƘŜƭǇƛƴƎ ƛǎǎǳƛƴƎ ōŀƴƪǎ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ 9.w5Ωǎ ¢Ct ǘƻ ŀŎƘƛŜǾŜ ōŜǎǘ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ǇǊŀŎǘƛŎŜ ƛƴ ǘǊŀŘŜ ŦƛƴŀƴŎŜΦ 
The e-Learning Programme covers all of the ICC traditional trade finance products and Incoterms® rules. 
These are key features of international commercial contracts involving the shipment of goods and 
provision of services. Since 2010, training has been provided to over 300 trade specialists within around 
80 banks throughout Eastern Europe and Central Asia.  

With the central objective of promoting the trade of industrial products to, from, and within EBRD regions, 
the TFP has significant potential to help facilitate and encourage international trade in low-carbon 
products in a timely and efficient way.  

¢ƘŜ 9.w5 ǊŜŎŜƴǘƭȅ ǊŜǇƻǊǘŜŘ ǘƘŀǘ άŀǎ ƛƳǇƻǊǘŜǊǎ ŀƴŘ ŜȄǇƻǊǘŜǊǎ ƎǊŀǇǇƭŜ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎƭȅ ŎƻƳǇƭŜȄ ǎǳǇǇƭȅ 
routes, there has been a rapid rise in demand for trade finance that is vital to keeping the channels of 
trade oǇŜƴέΣ450 especially during March and April of 2020 during the initial stages of the coronavirus 
pandemic. Amongst other things, this increased demand for trade finance support has shown that such 
mechanisms can make a tangible difference as regards the viability of international trade under 
challenging conditions. Such mechanisms have strong potential to support scaling up international trade 
in emerging low-ŎŀǊōƻƴ ƛƴŘǳǎǘǊƛŀƭ ǇǊƻŘǳŎǘǎΣ ŜǎǇŜŎƛŀƭƭȅ ǿƘŜǊŜ ǘƘƻǎŜ ƳŀǊƪŜǘǎΩ ŘŜǾŜƭƻǇƳŜƴǘ ƛǎ at a nascent 
(and rapidly evolving) stage.    

The TFP was launched in 1999 and has received a variety of awards in recognition of the effectiveness of 
its activities.  

¢ƘŜ ¢Ct ǿƻǊƪǎ ǘƻ ǇǊƻƳƻǘŜ ƎŜƴŘŜǊ Ŝǉǳŀƭƛǘȅ ǘƘǊƻǳƎƘ ŀŘƘŜǊŜƴŎŜ ǘƻ ǘƘŜ 9.w5Ωǎ ƻǾŜǊŀƭƭ ƻǊƎŀƴƛǎŀǘƛƻƴŀƭ 
Strategy for the Promotion of Gender Equality 2016-нлнлΣ ǿƘƛŎƘ ǎŜǘǎ ǘƘŜ .ŀƴƪΩǎ ŎƻƳƳƛǘƳŜƴǘ ǘƻ 
promoting gender equality and equality of opportunities in the countries where the EBRD invests, as an 
important contributor to well-functioning market economies and inclusive societies. 

Measures taken by the Asian-Pacific Economic Cooperation to promote trade in low-carbon and 
environmentally friendly products 

The APEC region covers 21 national economies largely bordering the Pacific Ocean and accounts for 
around 60% of total global energy demand.  In 2016, the APEC economies consumed the equivalent of 
8,043 Mtoe/yr.451   

Following several years of negotiations, in 2012 APEC implemented tariff cuts on a list of 54 
Environmentally-friendly Goods (EGs).452 This initiative was undertaken with the objective to lower the 
purchase costs of EGs, such as solar panels, wind power turbines and air pollution control equipment.  
Alongside efforts to support service providers that utilise clean technologies, those tariff reductions also 
helped position the APEC region to: 

¶ Meet its target of doubling renewable energy by 2030.  

¶ Reduce overall energy intensity by 45% by 2035. 

Transparent, easy-to-access information on tariff cuts help businesses take advantage of new trade 
opportunities while promoting the efficient use of clean and low-carbon energy in the region. The tariff 
reductions on the APEC list of 54 EGs also promoted trade worth around USD 300 billion within the APEC 
region and USD 500 billion worldwide, whilst aƭǎƻ ƎƛǾƛƴƎ ƛƳǇŜǘǳǎ ǘƻ ǘƘŜ ά9ƴǾƛǊƻƴƳŜƴǘŀƭ DƻƻŘǎ 

 
450 EBRD, 2020. Trade facilitation programme: overview. Accessed from: https://www.ebrd.com/work-with-us/trade-facilitation-programme.html 
451 1 million tonnes of oil equivalent = 1 Mtoe = 11.63 MWh 
452 APEC, 2016. APEC cuts environmental goods tariffs. Accessed from: https://www.apec.org/Press/News-Releases/2016/0128_EG.aspx  

https://www.apec.org/Press/News-Releases/2016/0128_EG.aspx
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!ƎǊŜŜƳŜƴǘέ ƴŜƎƻǘƛŀǘƛƻƴǎ ƛƴ ǘƘŜ ²¢hΦ ¦ƴŦƻǊǘǳƴŀǘŜƭȅΣ ǾŜǊȅ ƭƛǘǘƭŜ ǊŜŎŜƴǘ ƛƴŦƻǊƳŀǘƛƻƴΣ ǳǇŘŀǘŜǎ ƻǊ ƛƳǇŀŎǘ 
assessment could be found regarding progress with this initiative from 2016 onwards.  

A second initiative is the APEC Green Supply Chain Cooperation Network. Initiated in 2014, this initiative 
seeks to facilitate the reduction of pollution and environmentally-damaging waste linked to manufacturing 
and logistics networks in the Asia-Pacific region, whilst boosting trade and economic growth.453 

An expert group was formed to help advance the network, through strategically reviewing green supply 
chain practices in specific industry sectors, as well as within key segments of international production and 
supply chains.  

In order to bridge the significant gaps in the uptake of green and low-carbon supply chains between the 
diverse economies across the APEC region, the Green Supply Chain Cooperation Network organises annual 
dialogues and cooperation conferences, capacity building activities (such as stakeholder training 
workshops), and has developed online information resource and dissemination networks.  

Some examples of green supply chain practices include the use of easily disposable and low impact 
materials, recycling infrastructure and networks, and industrial operational efficiency enhancements.  

 

 
453 APEC, 2015. Green trade boosted as network takes shape. Accessed from: https://www.apec.org/Press/News-Releases/2015/0904_green.aspx  

https://www.apec.org/Press/News-Releases/2015/0904_green.aspx
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Glossary 

Acronym / Term Definition 

ADB Asian Development Bank 

AI Artificial intelligence 

APEC Asian-Pacific Economic Cooperation 

BAU Business as usual 

BCA Border carbon adjustment 

BEIS UK government Department for Business, Energy & Industrial Strategy 

BESS Battery energy storage systems 

BMZ DŜǊƳŀƴȅΩǎ CŜŘŜǊŀƭ aƛƴƛǎǘǊȅ ŦƻǊ 9ŎƻƴƻƳƛŎ /ƻƻǇŜǊŀǘƛƻƴ ŀƴŘ 5ŜǾŜƭƻǇƳŜƴǘ 

BTM Behind-the-meter 

BUG Back-up generator 

CCA Climate change agreement 

CCS Carbon capture and storage 

CCUS Carbon capture utilisation and storage 

C&I Commercial and Industrial 

CIF Climate Investment Funds 

CRC Carbon Reduction Commitment scheme 

CSP Concentrated solar power 

CTF Clean Technology Fund 

DER Distributed energy resource 

DFID UK government Department for International Development 

DR Demand response 

EBRD European Bank of Reconstruction and Development 

EE Energy efficiency 

ESMAP Energy Sector Management Assistance Programme 

ESO Energy systems optimisation  

ESOS Energy Saving Opportunity Scheme  

ESRN Energy Storage Research Network 

ESS Energy storage systems 

ETS Emissions Trading Scheme 

EU European Union 

EUR Euro 

GBP British pound sterling 

GDP Gross domestic product 

GEF Global Environmental Facility 

GESP Global Energy Storage Program 

Gt CO2 Gigatonnes of CO2 
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Acronym / Term Definition 

Gt CO2e Gigatonnes of CO2 equivalent 

GHG Greenhouse gas 

GIZ Deutsche Gesellschaft fur Internationale Zusammenarbeit GmbH 

GW Gigawatt 

GWh Gigawatt hours 

IADB Inter-American Development Bank 

ICC International Chamber of Commerce 

IEA International Energy Agency 

IT Information technologies 

NDC Nationally Determined Contribution 

NEP National Energy Plans or Policies 

ODA Official Development Assistance 

OECD Organisation of Economic Cooperation and Development 

PAT Perform, Achieve and Trade scheme 

PPA Power purchase agreement 

RD&D Research, development and demonstration 

SDG Sustainable Development Goal 

TRL Technology Readiness Level 

UKCI UK Climate Investments 

UNIDO United Nations Industrial Development Organisation 

USAid United States Agency for International Development 

USD United States Dollar 

WTO World Trade Organisation 
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Mass Transit 

Summary  

The mass transit opportunity considers all interventions related to the movement of individuals using group 
travel, primarily buses and trains, and is expected to be a cost-effective pathway to decarbonising transport 
in densely populated urban areas. The mass transit assessment will consider the role of group travel in 
ǊŜŘǳŎƛƴƎ ǇŀǎǎŜƴƎŜǊ ǘǊŀƴǎǇƻǊǘ ŜƳƛǎǎƛƻƴǎΣ ŜƛǘƘŜǊ ōȅ ƛƴŎǊŜŀǎƛƴƎ Ƴŀǎǎ ǘǊŀƴǎƛǘΩǎ ǎƘŀǊŜ ƻŦ ǇŀǎǎŜƴƎŜǊ ǘǊŀƴǎǇƻǊǘ 
activity or reducing the emissions intensity of transit by buses and trains. It will focus on buses and trains, as 
they are the most prevalent forms of group travel. The rationale for mass transit relates to its potential to 
deliver emissions reductions at a lower cost than other transport interventions (e.g electrification of 
passenger vehicles) and provide additional development benefits, such as congestion relief. Uptake and 
climate impact are therefore dependent on the local context, and will be highest in densely populated urban 
areas where a high utilisation rate is more likely.  

Interventions to encourage adoption of low-carbon mass transit in the focus regions include financial 
support to subsidise large upfront infrastructure costs and technical assisstance to ensure more effective, 
integrated mass transit solutions. Examples of such interventions include: 

Financial support towards mass transit infrastructure, such as in the purchase of low-carbon bus fleets, 
installation of charging infrastructure and, in fewer cases, financing of rail infrastructure. 

 Technical assistance to improve the planning and design of mass transit systems, with the current 
quality of service delivery often inhibited by ineffective urban planning, non-integrated transport 
solutions, and a limited use of digital technologies to maximise efficiency.   

Table 27 Mass transit assessment summary 

Criteria Assessment Notes 

Climate impact 

 

Low 

¶ Mass transit can help avoid around 11% of passenger transport CO2 emissions (0.7 
gigatonnes of carbon dioxide [CO2]) by 2050, beyond business as usual (BAU), with 
impact potentially greater under more ambitious mode-switching assumptions. 

¶ Climate impact is highest in regions with densely populated urban areas, where mass 
transit is particularly cost-effective at meeting increasing mobility demand, while 
reducing emissions and delivering additional co-benefits e.g. time savings. 

Development impact 

 

High 

¶ Significant potential for mass transit to help achieve several Sustainable 
Development Goals (SDGs), including the ability to create sustainable cities, which 
improve levels of gender equality, economic growth, and help ensure improved 
health outcomes through reductions in local air pollution. 

Investment need 

 

High 

¶ Investment need of USD 63 trillion by 2050 is amongst the largest across the 
opportunities considered, driven by the capital intensity of infrastructure provision. 

¶ An investment gap of around USD 39 trillion by 2050 is expected, relative to BAU 
investment levels, which will vary substantially across regions depending on their 
required infrastructure provision. 

Cost-effectiveness 

 
 

Medium 

¶ Mass transit can be a highly cost-effective opportunity, due to the value of the 
transport service obtained, together with the efficiency in its provision. 

¶ The largest driver of cost-effectiveness will be the subsequent utilisation rate and 
the extent of mode-shifting away from other more polluting forms of transport.  
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Criteria Assessment Notes 

Barriers to adoption 

 

High 

¶ Adoption is slowed by many political economy, market failure, and enabling 
environment barriers, including: lack of public sector capacity to budget and plans 
for mass transport investment, non-existent urban planning frameworks which 
reduce viability of mass transit projects, and capital mismatch from the delayed 
returns to significant, upfront capital costs. 

UK additionality 

 

Low 

¶ Despite relatively lower potential to harness existing UK expertise, UK Official 
Development Assistance (ODA) has been effectively used for building capacity 
related to urban planning. The UK can also readily deploy relevant expertise in bus 
rapid transit (BRT) infrastructure and smart ticketing systems.   

Source: Vivid Economics, ASI & Factor 

Key lessons for supporting mitigation through mass transit: 

Mass transit will deliver the largest climate impact in regions with large, densely populated urban 
agglomerations, due to their ability to achieve higher utilisation rates and deliver co-benefits of 
reduced congestion and air pollution.  

West Africa and India are regions where climate impact (GtCO2 abated) is likely to be largest. 

In nearly all regions, except India (where train travel is more prevalent), interventions ought to focus on 
decarbonising bus travel, which is the most widely adopted mass transit mode. To enable this 
transition, a large share of investment need is expected in enabling infrastructure for electric buses, 
where the private sector is likely to continue to underinvest.  

The full benefits of mass transit interventions are only achieved in a holistic transport and urban 
development strategy, which ensures that pricing and system-wide operational efficiency are 
optimised to encourage mode-shifting.  
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Introduction to the opportunity  

Role of the opportunity in decarbonisation of developing countries 

The transport sector currently emits 1.2 Gt CO2 in low- and middle-income countries, rising to 3.1 GtCO2 in 
2050 under a BAU scenario. Passenger transport accounts for 16% of total emissions from low-and middle-
income countries today.454 Buses and trains represent approximately 5% of total emissions.455 In the  near-
to-medium term, emissions from passenger transport as a whole are expected to grow significantly due to 
an increase in passenger kilometres (km) travelled ς expected to be 4.5x larger in 2050.456 

Bus and train travel account for 20% of total passenger km today, but in a Paris Agreement compatible 
pathway this could increase to 35%.457 Within mass transit, over 90% of total activity occurs on buses in low- 
and middle-income ŎƻǳƴǘǊƛŜǎΦ {ƻƳŜ ǎǘǳŘƛŜǎ ǎƘƻǿ ǘƘŀǘ Ƴŀǎǎ ǘǊŀƴǎƛǘΩǎ ǎƘŀǊŜ ƻŦ ǘƻǘŀƭ ǇŀǎǎŜƴƎŜǊ ŀŎǘƛǾƛǘȅ ƛǎ 
expected to grow to around 35-40% by 2050 in a 1.5-degrees scenario.458 The extent of mode-shift necessary 
to reach 1.5-degrees could be arguably smaller or larger, however, depending on the relative effectiveness 
of using mass transit versus alternative transport interventions to decarbonise urban transport activity (e.g. 
electrification of passenger vehicle fleet, urban planning measures to encourage active travel). As such, the 
opportunity assessment in any region should be considered alongside parallel opportunities in passenger 
vehicles (set out in the Passenger Vehicles opportunity).  

 

Scope considered in this assessment 

Mass transit is defined as the movement of individuals within and between urban areas using group travel, 
primarily buses and trains. Throughout, this report will consider both activities that increase adoption or 
reduce emissions intensity of transit by buses and trains. It will not consider the following: freight transport, 
international transport, aviation, or maritime transport. 

The assessment focusses on a subset of ODA-eligible regions, in consideration of their relatively large 
mitigation potential and in consultation with the BEIS steering group . Selected regions include:  

India, which has the largest absolute mitigation potential in GtCO2 from mass transit, and is one of the 
few regions with higher levels of passenger activity by rail versus buses. 

{ƻǳǘƘ !ǎƛŀ όŜȄŎƭǳŘƛƴƎ LƴŘƛŀύΣ ƘŜǊŜŀŦǘŜǊ Ψ{ƻǳǘƘ !ǎƛŀΩΣ ǿƘŜǊŜ ƭŀǊƎŜ ǳǊōŀƴ ŀƎƎƭƻƳŜǊŀǘƛƻƴǎ ŀǊŜ ƭƛƪŜƭȅ ǘƻ 
increase the cost-effectiveness of mass transit. 

{ƻǳǘƘ !ƳŜǊƛŎŀ όŜȄŎƭǳŘƛƴƎ .ǊŀȊƛƭύΣ ƘŜǊŜŀŦǘŜǊ Ψ{ƻǳǘƘ !ƳŜǊƛŎŀΩΣ ŀ ǾŜƘƛŎƭŜ-oriented region, with large 
potential benefits from mode-shifting.  

Western Africa, which has the third largest absolute mitigation potential in GtCO2 from mass transit 
(after India and China). 

{ƻǳǘƘŜǊƴ !ŦǊƛŎŀ όŜȄŎƭǳŘƛƴƎ {ƻǳǘƘ !ŦǊƛŎŀύΣ ƘŜǊŜŀŦǘŜǊ Ψ{ƻǳǘƘŜǊƴ !ŦǊƛŎŀΩύΣ ǿƘŜǊŜ ǊŜƭŀǘƛǾŜ ŜƳƛssions 
reductions from mass transit are highest, relative to 2015 transport emissions.  

 
454 International Energy Agency. (2019). CO2 Emissions from Fuel Combustion Highlights (2019 edition). 
455 Given that bus and train correspond to 30% of passenger sector emissions, by IMAGE.  
456 Based on Reference Technology (BAU) scenario from New Climate Economy (NCE); adding light duty vehicle (LDV), Bus and Rail. Calculated as 2050 
passenger km divided by 2015 passenger km. 
457 International Energy Agency. (2017). Energy Technology Perspectives 2017. https://www.iea.org/reports/energy-technology-perspectives-2017 
458 Ibid. 
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This assessment focuses on the benefit of supporting the opportunity as a whole and does not aim to 
comprehensively assess the effectiveness of specific investment opportunities or interventions. However, for 
context, potential investment opportunities are detailed in Section 0.  
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Climate impact  

Mitigation potential and urgency 

Across low- and middle-income countries, mass transit can help avoid around 11% of CO2 emissions (0.7 
GtCO2) beyond business as usual in 2050.459,460 In a 1.5-degrees scenario, passenger transport emissions will 
need to decrease by 70% in 2050, relative to BAU. Mass transit could be essential to meeting growing 
mobility demand while reducing total transport emissions. To reach the higher end of abatement would 
require a widespread change in preferences and a shift away from passenger vehicles. As models often 
cannot fully account for the factors that influence consumer behaviour (see Box 18) estimates of mass 
ǘǊŀƴǎƛǘΩǎ ŎƭƛƳŀǘŜ ƛƳǇŀŎǘ ǎƘƻǿƴ ƛƴ Figure 25 are on the lower end of potential climate impact, with only a 
small% (<10%) of mode-switching even in the most optimistic scenario. Some studies suggest that as much 
as 20% of passenger vehicle activity could switch to mass transit.461 In reality, this is likely to vary by region, 
with examples of a cost-effective two-wheeler market in Southeast Asia suggesting limited incentives for 
mode-shift. In comparison, thriving informal markets for group travel, such as in Kenya, suggest large latent 
demand for mass transitς in Nairobi informal minibuses account for around 36% of total traffic.462  

Figure 25 Range of mitigation potential compared to BAU in 2030 and 2050 

 

Source: Vivid Economics, ASI and Factor using t.[Ωǎ IMAGE model 
Note: The bars indicate the range of mitigation estimates from IMAGE across the six scenarios run. Figures 

ǊŜŦƭŜŎǘ ƳƛǘƛƎŀǘƛƻƴ ǇƻǘŜƴǘƛŀƭ ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜ .!¦ ǎŎŜƴŀǊƛƻ όLa!D9Ωǎ ƴŀǘional policies scenario), and so are 
calculated as the emissions reduction in 2030/2050 in one scenario minus the emissions reductions in 
2030/2050 in BAU. 

To 2030, climate impact is expected to be highest in countries with large and growing passenger vehicle 
fleets, where there is a large opportunity for mode-shifting. Across the analysed regions, mass transit 
contributes to between 13% and 100% ƻŦ ŀ ǊŜƎƛƻƴΩǎ ǇŀǎǎŜƴƎŜǊ ǘǊŀƴǎǇƻǊǘ ƳƛǘƛƎŀǘƛƻƴ ǇƻǘŜƴǘƛŀƭ in 2050. The 
most immediate gains will occur in countries where there are significant emissions from internal combustion 
engine (ICE) vehicles and/or mass transit availability is currently very limited.  The largest opportunities are 

 
459 This figure reflects emissions reductions in the IMAGE renewables decarbonisation scenario vs the BAU scenario. The percentage reduction in 
emissions is calculated relative to 2050 BAU emissions from the transport sector.  
460 All figures in this report will reflect mitigation potential beyond BAU ς ǘƘŜ .!¦ ƛǎ ǘŀƪŜƴ ǘƻ ōŜ La!D9Ωǎ ƴŜǿ ǇƻƭƛŎƛŜǎ ǎŎŜƴŀǊƛƻΦ 
461 /ƻƳƳƛǎǎƛƻƴ ƻƴ ǘƘŜ 9ŎƻƴƻƳȅ ŀƴŘ /ƭƛƳŀǘŜ όнлмрύΦ ά!ŎŎŜƭŜǊŀǘƛƴƎ [ƻǿ-Carbon DevelƻǇƳŜƴǘ ƛƴ ǘƘŜ ²ƻǊƭŘΩǎ /ƛǘƛŜǎέΦ 
https://newclimateeconomy.report/2015/wp-content/uploads/sites/3/2015/09/NCE2015_workingpaper_cities_final_web.pdf 
462 b/9Φ όнлмсύΦ ά¦ƴƭƻŎƪƛƴƎ ǘƘŜ tƻǿŜǊ ƻŦ ¦Ǌōŀƴ ¢ǊŀƴǎǇƻǊǘ {ȅǎǘŜƳǎ ŦƻǊ .ŜǘǘŜǊ DǊƻǿǘƘ ŀƴŘ ŀ .ŜǘǘŜǊ /ƭƛƳŀǘŜέΦ 
http://newclimateeconomy.report/workingpapers/workingpaper/unlocking-the-power-of-urban-transport-systems-for-better-growth-and-a-better-
climate/  

https://newclimateeconomy.report/2015/wp-content/uploads/sites/3/2015/09/NCE2015_workingpaper_cities_final_web.pdf
http://newclimateeconomy.report/workingpapers/workingpaper/unlocking-the-power-of-urban-transport-systems-for-better-growth-and-a-better-climate/
http://newclimateeconomy.report/workingpapers/workingpaper/unlocking-the-power-of-urban-transport-systems-for-better-growth-and-a-better-climate/
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thought to be in countries such as China, India, and Western Africa (as shown in Figure 26). Mass transit in 
India is expected to abate 64 MtCO2/year in 2050, 25% of the Ƴŀǎǎ ǘǊŀƴǎƛǘΩǎ ǘƻǘŀƭ mitigation potential across 
all low- and middle-income countries. West Africa also has a large mitigation potential of 25 MtCO2/year.  

Figure 26 aŀǎǎ ǘǊŀƴǎƛǘΩǎ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ ǇŀǎǎŜƴƎŜǊ ǘǊŀƴǎǇƻǊǘΩǎ ǘƻǘŀƭ ƳƛǘƛƎŀǘƛƻƴ ǇƻǘŜƴǘƛŀƭ ǾŀǊƛŜǎ between 2% to 79% in 
2030, and between 13% and 100% in 2050 

 

Source: Vivid Economics, ASI and Factor using t.[Ωǎ IMAGE model 
Note:  The bars reflect mitigation potential in La!D9Ωǎ 1.5-degrees decarbonisation scenario minus mitigation 

achieved in La!D9Ωǎ ƴŜǿ ǇƻƭƛŎƛŜǎ ǎŎŜƴŀǊƛƻ ό.!¦ ǎŎŜƴŀǊƛƻύΦ Dark borders represent focus regions. 
Abbreviations correspond to the following: MEX= Mexico, CAM = Central America excluding Mexico, BRA 
= Brazil, RSA = South America excluding Brazil, NAF = North Africa, WAF = West Africa, EAF = East Africa, 
ZAF = South Africa, EECA = Eastern Europe and Central Asia, IND = India, CHN = China, SEA = Southeast 
Asia excluding Indonesia, IDN = Indonesia, SAS = South Asia excluding India, SAF = Southern Africa 
excluding South Africa. 

Another key driver of mass transitΩǎ ŎƭƛƳŀǘŜ ƛƳǇŀŎǘ ǿƛƭƭ be the urban population size and density in 2050. In 
the longer term, countries could opt to decarbonise their passenger vehicle fleet through electric vehicles 
(EVs) rather than mode-switching. The rationale for mass transit investment will therefore be its cost-
effectiveness relative to vehicle decarbonisation. Cost-effectiveness is particularly high in regions where 
there is a large urban population, today and in 2050, as this increases the utilisation rate of large 
infrastructure investments and reduces per passenger investment need. Urban population density is also a 
strong predictor of urban mobility choices, with denser cities shown to have an increasing proportion of trips 
taken by public transport, walking, and cycling.463 As Figure 27 shows, the urban population in 2050 is 
highest in India, West Africa, and China, regions where mitigation potential is also larger in 2050. Notably, 
these regions also have larger urban agglomerations, where the co-benefits of mass transit are particularly 
ƘƛƎƘΦ Lƴ нлорΣ нп҈ ƻŦ LƴŘƛŀΩǎ ǳǊōŀƴ ǇƻǇǳƭŀǘƛƻƴ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ƭƛǾŜ ƛƴ ǳǊōŀƴ ǎŜǘǘƭŜƳŜƴǘǎ ƎǊŜŀǘŜǊ ǘƘŀn 10 
ƳƛƭƭƛƻƴΦ {ƛȄ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ол ƭŀǊƎŜǎǘ ŎƛǘƛŜǎ ǿƛƭƭ ōŜ ƛƴ LƴŘƛŀΣ ǘƘǊŜŜ ƛƴ {ƻǳǘƘ !ǎƛŀΣ ŀƴŘ ǘƘǊŜŜ ƛƴ ²ŜǎǘŜǊƴ !ŦǊƛŎŀΦ464  

 
463 Union Internationale des Transports Publics. όнлмрύΦ άaƻōƛƭƛǘȅ ƛƴ ŎƛǘƛŜǎ ŘŀǘŀōŀǎŜέ 
https://www.uitp.org/sites/default/files/MCD_2015_synthesis_web_0.pdf 
464 ¦ƴƛǘŜŘ bŀǘƛƻƴǎΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ŎƻƴƻƳƛŎ ŀƴŘ {ƻŎƛŀƭ !ŦŦŀƛǊǎΣ tƻǇǳƭŀǘƛƻƴ 5ƛǾƛǎƛƻƴΦ όнлмуύΦ ά²ƻǊƭŘ ¦Ǌōŀƴƛǎŀǘƛƻƴ tǊƻǎǇŜŎǘǎΥ ǘƘŜ нлму ǊŜǾƛǎƛƻƴΦέ  

https://www.uitp.org/sites/default/files/MCD_2015_synthesis_web_0.pdf
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Figure 27 Mitigation potential will be largest in regions with increasing urban populations 

 

Note: The abbreviations correspond to the following: MEX (Mexico), CAM (Rest of Central America), BRA 
(Brazil), RSA (Rest of South America), NAF (North Africa), WEF (West Africa), EAF (East Africa), ZAF (South 
Africa), EECA (Eastern Europe and Central Asia), IND (India), CHN (China), SEA (Southeast Asia), IDN 
(Indonesia), SAS (Rest of South Asia), SAF (Rest of South Africa).   

Source: Vivid Economics, ASI and Factor using ¦b ǇƻǇǳƭŀǘƛƻƴ ŦƻǊŜŎŀǎǘǎ ŀƴŘ t.[Ωǎ La!D9 model 

.ǳǎŜǎ ŀǊŜ ŜȄǇŜŎǘŜŘ ǘƻ ǇǊƻǾƛŘŜ ƻǾŜǊ фл҈ ƻŦ Ƴŀǎǎ ǘǊŀƴǎƛǘΩǎ ŜƳƛǎǎƛƻƴǎ ǊŜŘǳŎǘƛƻƴǎΣ ǎŜǊǾƛƴƎ ŀǎ ǘƘŜ ǇǊƛƳŀǊȅ 
alternative to vehicle travel across low- and middle-income countries. Buses are the primary provider of 
mass transit in our focus regions today ς they accounted for 91% of mass transit passenger km travelled  in 
2015.465 The preference for bus travel (versus rail) is expected to continue to 2050. Mode-switching to buses 
is expected to deliver 40% of emission reductions from mass transit as a whole, by reducing light duty vehicle 
(LDV) use, specifically for short-distance trips in urban areas.466 Electrification of buses is equally important, 
also delivering around 40% of emissions reductions from mass transit in 2050.  

The exception is India, where large climate mitigation is expected from continued expansion and 
electrification of rail transport. Rail passenger traffic in India has increased by almost 200% since 2000, 
ǊŜŦƭŜŎǘƛƴƎ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǎǘǊƻƴƎ ŎƻƳƳƛǘƳŜƴǘ ǘƻ Ǌŀƛƭ ǘǊŀƴǎǇƻǊǘ ŀǎ ŀ ƳŜŀƴǎ ǘƻ ŎƻƴƴŜŎǘ ǇƻǇǳƭŀǘƛƻns between 
urban centres, and move people within densely populated urban areas.467 India has the second-highest 
absolute level of passenger rail activity today, but only approximately 50 - 60% of rail activity is on electric 
trains.  

Box 18 Modelling uncertainty 

There is large uncertainty over the exact magnitude of emissions reductions from mass transit, due to 
uncertainties surrounding the level of mobility demand and extent of mode-shift to mass transit. The 
mitigation potential of mass transit depends on expectations about how passengers will choose to travel, 
specifically on the extent of mode-shifting away from passenger vehicles. This, in turn, is affected by a 
host of local non-cost considerations, such as the quality of mass transit provision, concerns over safety, 
and the severity of congestion and pollution. It can also be influenced by global, difficult-to-predict 

 
465 International Energy Agency (2017). Energy Technology Perspectives 2017. https://www.iea.org/reports/energy-technology-perspectives-2017 
466 Ibid. 
467 International Energy Agency (2019). The future of rail. https://www.iea.org/reports/the-future-of-rail 

https://www.iea.org/reports/energy-technology-perspectives-2017
https://www.iea.org/reports/the-future-of-rail
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changes in the level of passenger mobility in future, following increasing trends in digitalisation and 
decentralisation of work. 

Integrated assessment models (IAMS) underestimate the potential non-monetary benefits of mass transit 
and subsequently underestimate the extent of mode-shifting. As a cost optimisation model, IMAGE and 
other IAMS only consider cost considerations when estimating the level of mode-shifting, ignoring 
changes in travel preferences due to non-cost factors. Therefore, far greater adoption of mass transit 
could be expected due to consumer preferences for low-carbon transport, changes in the quality of the 
mass transit journey, and increased levels of working from home, among other factors.  

9ȄǇŜŎǘŀǘƛƻƴǎ ƻŦ Ƴŀǎǎ ǘǊŀƴǎƛǘΩǎ ŎƭƛƳŀǘŜ ƛƳǇŀŎǘ ŀǊŜ ǘƘŜǊŜŦƻǊŜ ǘǊƛŀƴƎǳƭŀǘŜŘ ǿƛǘƘ ǿƛŘŜǊ ƭƛǘŜǊŀǘǳǊŜ ǘƻ ƛƴŦƻǊƳ 
more reliable and robust assessments. We rely on a range of modelling results, including International 
Energy Agency (IEA) Energy Technology Perspectives Sustainable Development Scenario and The 
LƴǘŜǊƴŀǘƛƻƴŀƭ ¢ǊŀƴǎǇƻǊǘ CƻǊǳƳΩǎ ¢ǊŀƴǎǇƻǊǘ ƻǳǘƭƻƻƪ ǘƻ ƛƴŦƻǊƳ ŦƻǊŜŎŀǎǘǎ ƻŦ ŦǳǘǳǊŜ ǇŀǎǎŜƴger transport 
activity.468 Further we use insights from the IEA,469 New Climate Economy470 and World Resources 
Institute471,472 to highlight relative potential of different modal options across regions.    

 

Transformational change 

Mass transit offers substantial opportunities for transformational change, as set out in Table 2. With the 
right conditions for planning and rapid delivery of buses in particular, whether conventional ICEs or EVs, 
mass transit can be provided that displaces private vehicle use and greatly reduces emissions, while also 
providing a wide range of co-benefits, such as better access to education and employment and other 
services and amenities. Interventions can also enhance and take forward the opportunities for efficient light 
rail, metro, or full rail infrastructure and services, via technical assistance or concessional financing to 
support project preparation activities. Providing the enabling conditions for private sector delivery of mass 
transit is a particularly vital consideration, supporting procurement of bus fleets or upgrades to zero-carbon 
vehicles for example, much of which is constrained by upfront costs. While such measures are required in all 
of the target regions, there is particular need for mass transit in the rapidly growing cities of India, sub-
Saharan Africa, and South Asia, where there is a danger of chaotic urban planning and poor transport locking 
countries into more carbon-intensive pathways.  

Table 28 Assessment of transformational change  

Transformational change 
criterion 

Interventions to support change Regional potential 

Sensitive intervention points 

Improvement of local 
capacities and capabilities  

Support to governments in integrated urban and transport planning, 
with capacity building related to policy and strategy.  
Enabling the better use of data and digital solutions for planning. 

Southern Africa, West Africa 

 
468 International Energy Agency. (2017). Energy Technology Perspectives 2017. https://www.iea.org/reports/energy-technology-perspectives-2017; 
International Transport Forum. (2019ύΦ ά¢ǊŀƴǎǇƻǊǘ hǳǘƭƻƻƪΦέ https://www.oecd-ilibrary.org/transport/itf-transport-outlook-2019_transp_outlook-en-
2019-en;jsessionid=L-HvhVR5S_N9u1R4twhJilYP.ip-10-240-5-172 
469 LƴǘŜǊƴŀǘƛƻƴŀƭ 9ƴŜǊƎȅ !ƎŜƴŎȅΦ όнлмфύΦ ά¢ƘŜ CǳǘǳǊŜ ƻŦ wŀƛƭέΦ https://webstore.iea.org/download/direct/2434  
470 New Climate Economy. (2016). ά¦ƴƭƻŎƪƛƴƎ ǘƘŜ ǇƻǿŜǊ ƻŦ ǳǊōŀƴ ǘǊŀƴǎƛǘ ǎȅǎǘŜƳǎ ŦƻǊ ōŜǘǘŜǊ ƎǊƻǿǘƘ ŀƴŘ ŀ ōŜǘǘŜǊ ŎƭƛƳŀǘŜέΦ 
https://newclimateeconomy.report/workingpapers/wp-content/uploads/sites/5/2016/04/Unlocking-the-power-of-urban-transport-systems_web.pdf 
471 ²ƻǊƭŘ wŜǎƻǳǊŎŜ LƴǎǘƛǘǳǘŜǎΦ όнлмфύΦ άIƻǿ ǘƻ 9ƴŀōƭŜ 9ƭŜŎǘǊƛŎ .ǳǎ !ŘƻǇǘƛƻƴ ƛƴ /ƛǘƛŜǎ ²ƻǊƭŘǿƛŘŜέΦ https://files.wri.org/s3fs-public/how-to-enable-
electric-bus-adoption-cities-worldwide.pdf 
472 World Resource Institutes. (2010). άaƻŘŜǊƴƛȊƛƴƎ tǳōƭƛŎ ¢ǊŀƴǎǇƻǊǘŀǘƛƻƴέΦ https://files.wri.org/s3fs-
public/pdf/modernizing_public_transportation.pdf 

https://www.iea.org/reports/energy-technology-perspectives-2017
https://www.oecd-ilibrary.org/transport/itf-transport-outlook-2019_transp_outlook-en-2019-en;jsessionid=L-HvhVR5S_N9u1R4twhJilYP.ip-10-240-5-172
https://www.oecd-ilibrary.org/transport/itf-transport-outlook-2019_transp_outlook-en-2019-en;jsessionid=L-HvhVR5S_N9u1R4twhJilYP.ip-10-240-5-172
https://webstore.iea.org/download/direct/2434
https://newclimateeconomy.report/workingpapers/wp-content/uploads/sites/5/2016/04/Unlocking-the-power-of-urban-transport-systems_web.pdf
https://files.wri.org/s3fs-public/how-to-enable-electric-bus-adoption-cities-worldwide.pdf
https://files.wri.org/s3fs-public/how-to-enable-electric-bus-adoption-cities-worldwide.pdf
https://files.wri.org/s3fs-public/pdf/modernizing_public_transportation.pdf
https://files.wri.org/s3fs-public/pdf/modernizing_public_transportation.pdf
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Transformational change 
criterion 

Interventions to support change Regional potential 

Local ownership and 
strong political will 

Engaging with all stakeholders to develop practical solutions, 
including informal paratransit service providers.473  

India, Southern Africa, West 
Africa 

Leverage / creation of 
incentives for others to 
act  

Transformational change can be realised via pre-feasibility studies 
(PFS) and Feasibility Studies (FS) which can evaluate alternatives, 
propose and evaluate a preferred option, and then prepare the 
Business Case for bankability.  
Provision of concessional loans for upgrades to low-carbon fleets or 
tax-based and financial incentives to informal paratransit operators 
to switch to low-carbon vehicles. 

All regions 

Spillovers 

Broad scale and reach of 
impacts 

Support in implementing or upgrading local bus transit (inc. with 
efficient ICE vehicles) in a wide range of urban areas, including 
secondary and tertiary cities. 

India, Southern Africa, West 
Africa 

Sustainability 
(continuation beyond 
initial support)  

Improving institutional capacity and evidence base with data relating 
to the demand for travel, as well as current systems and factors such 
as population density, as well as new methods of data collection such 
as Geographical Information Systems (GIS) can provide the necessary 
basis for planning, regulating, and investing in mass transit solutions.  

Southern Africa, West Africa 

Replicability by other 
organisations or actors 

Demonstration of how public and private sector bus fleets could be 
decarbonised, particularly for informal paratransit services.  

India, South Asia, West Africa, 
Southern Africa 

Innovation 

Catalyst for innovation  

Support on integrated route identification and digital payment 
apps,that could be used by a range of service providers, helping to 
make mass transit more efficient and attractive.  
The powertrain, battery, and motors, for buses can offer a potential 
leapfrog technology with dramatically lower energy consumption.  
Support new mobility innovations in technology and business models 
to provide on-demand and shared mobility services for last mile 
transport, helping provide access to mass transit. 

West Africa, Southern Africa, 
South America 

Evidence of effectiveness 
is shared publicly  

Importance of sharing learning and evidence of what works well and 
what has failed, or could be improved. 

All regions 

Source: Vivid Economics, ASI and Factor  

  

 
473 Paratransit is defined as a transportation service that supplements larger public transit systems by providing individualized rides without fixed 
routes or timetables. Source: https://www.merriam-webster.com/dictionary/paratransit  

https://www.merriam-webster.com/dictionary/paratransit
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Development impact 

SDG impacts 

Increasing the mode-share of low-carbon mass transit helps countries achieve several sustainable 
development goals, as set out in Table 29.  

Table 29 SDG impacts 

SDG 
Strength of 

impact 
Most relevant 

region 
Rationale  

Positive Impacts 

SDG 1 ς No Poverty  High 
South Asia, 
Southern and 
West Africa. 

Increase in access to mass transit would have a positive 
impact on economic growth. Improved and more equitable 
access to education, healthcare, and employment. 

SDG 3 ς Good Health and 
wellbeing 

High 

India, West 
Africa, Southern 
Africa, South 
America 

Air pollution-related deaths are high and will be significantly 
reduced as sustainable mass transit is adopted. With efficient 
mass transit systems, there would likely be a shift from private 
vehicles to mass transit transportation thereby reducing air 
pollution and transport emissions. Road accidents and related 
costs and fatalities should also be significantly reduced.  

SDG 5 ς Gender and 
Inclusion 

High All regions 
Accessible, safe, and comfortable transport that enables 
more efficient urban transit allows the more vulnerable and 
poorer groups to benefit from a wider range of opportunities.  

SDG 11 ς Sustainable Cities 
and Communities  

High All regions 
Mass transit options would improve mobility across and 
within cities, as a key pillar of sustainable cities. It is also 
proven to improve road and pedestrian safety.  

SDG 13 ς Climate Action  High All regions 
Promotion of mass transportation would result in a 
decreased number of vehicles on the road and would also 
result in reducing greenhouse gases (GHG) emissions. 

Negative impacts 

SDG 15 ς Life on Land Low All regions 

Negative environmental impact from mining rare earth 
metals if demand soars for lithium-ion batteries in e-buses 
and other EVs. For example, a recent report by United 
Nations Conference on Trade and Development (UNCTAD) 
reveals that in Chile, lithium mining uses nearly 65% of the 
ǿŀǘŜǊ ƛƴ ǘƘŜ ŎƻǳƴǘǊȅΩǎ {ŀƭŀǊ ŘŜ !ǘŀƳŀŎŀ ǊŜƎƛƻƴ.474 

For new rail routes in particular, the planning and 
construction process must take environmental impact 
considerations into account and provide appropriate 
mitigating measures.   

Note:  Low positive impact on SDGs are not included in this table. 
Source: Vivid Economics, ASI and Factor 

  

 
474 United Nations. (2020). UN highlights urgent need to tackle impact of likely electric car battery production boom. 
https://news.un.org/en/story/2020/06/1067272 

https://news.un.org/en/story/2020/06/1067272
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Demand in target regions 

Table 30 shows the respective levels of demand, by target regions, for support to promote industrial 
decarbonisation policy through strategy development, the design of regulation and carbon pricing 
instruments, and promoting demand for low-carbon products.  

Table 30 Demand in target regions 

Region Demand Rationale 

India Moderate ς High 
IƛƎƘ ŘŜƳŀƴŘ ŀƴŘ ǇƻƭƛŎȅ ŜǾƛŘŜƴǘ ŦǊƻƳ LƴŘƛŀΩǎ ƛƴƛǘƛŀǘƛǾŜs, such as the Smart 
Cities Mission, and recent investment in metro lines across the country.  

South Asia Low ς Moderate  
Variable policy and regulatory environment across countries against as 
measured against Nationally Determined Contributions (NDCs), national 
plans, and policies.  

Southern Africa  Low ς Moderate 
Variable demand across countries, favourable regulatory environment for 
mass transit is just emerging.  

West Africa  Low - Moderate 
Few countries have transport-related policies and plans in place and the 
regulatory environment is still in its infancy.    

South America Moderate ς High 
Variable policy and regulatory environment across counties and progress 
as evidenced by NDCs, Nationally Appropriate Mitigation Action (NAMAs), 
and national plans and policies.  

Source: Vivid Economics, ASI and Factor 

All regions: Of the 166 NDC submissions in 2015, representing 193 countries, 76% highlighted the 
transport sector as a mitigation source, but only 8% included transport-specific greenhouse gas 
mitigation targets. However, it is clear that improved mass transit is widely supported in principle by 
governments across the majority of countries in the target regions, albeit with a particular focus on 
decarbonising the passenger fleet.  

India: In its NDC, India recognises transport as a mitigation pathway. India has a National Urban 
Transport Strategy which aims to ensure safe, affordable, quick, comfortable, reliable, and 
sustainable access for the growing number of city residents to jobs, education, recreation and such 
ƻǘƘŜǊ ƴŜŜŘǎ ǿƛǘƘƛƴ ƻǳǊ ŎƛǘƛŜǎΦ Lƴ ŀŘŘƛǘƛƻƴΣ LƴŘƛŀΩǎ {ƳŀǊǘ /ƛǘƛŜǎ aƛǎǎƛƻƴ Ƙŀǎ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǘƻ ƳŀƪŜ Ƴŀǎǎ 
transit more efficient. LƴŘƛŀ ƛǎƴΩǘ ƛƳǇƭŜƳŜƴǘƛƴƎ ŀ b!a! ŦƻǊ ǘǊŀƴǎǇƻǊǘΦ Despite IndiaΩǎ ǎǘǊƻƴƎ Ǌŀƛƭ 
network and high ridership, almost 90% of movement of passengers in India is currently catered for 
by road transport and a modal shift to low-carbon public transport is increasingly urgent. Increasing 
market share in rail-based passenger transport systems, improved fuel efficiency, use of alternative 
fuels, and promoting electric mobility are key strategies in India. 

South Asia: In South Asia, all countries cover transport as a mitigation sector in their NDCs/INDCs. 
Despite recognising transport as a mitigation sector in NDCs, most South Asian countries do not have 
defined targets in plans or policies pertaining to mass transit. Bangladesh and Pakistan seem to be 
more developed in terms of existing policies in the sector, ŀǎ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ƻǘƘŜǊǎΦ tŀƪƛǎǘŀƴΩǎ 
National Transport Policy promotes low-carbon ǇǳōƭƛŎ ǘǊŀƴǎǇƻǊǘΣ .ŀƴƎƭŀŘŜǎƘΩǎ 5ǊŀŦǘ LƴǘŜƎǊŀǘŜŘ 
Multi-modal Transport Policy (IMTP) and 20-Year Strategic Transport Plan (STP) for greater Dhaka are 
notable too. Sri Lanka is implementing a NAMA for transport. 475 

Southern Africa: In Southern Africa, all countries except Angola identify transport as a mitigation sector 
in their NDCs/Intended Nationally Determined Contributions (INDCs)Φ [ŜǎƻǘƘƻΩǎ bŀǘƛƻƴŀƭ /ƭƛƳŀǘŜ 

 
475 NAMA Database. Accessed 03/08/2020. Available at: http://www.nama-database.org/index.php/Transport 

http://www.nama-database.org/index.php/Transport
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Change Policy (CCP) promotes low-ŎŀǊōƻƴ ǘǊŀƴǎǇƻǊǘ ǎȅǎǘŜƳǎΦ aŀƭŀǿƛΩǎ bŀǘƛƻƴŀƭ ¢ǊŀƴǎǇort Master 
Plan provides a clear framework for delivering sustainable interventions to enhance the transport 
sector across Malawi for the period between 2017 and 2037. Zambia, Namibia, and Tanzania recently 
launched National Transport Policy frameworks whiƭŜ !ƴƎƻƭŀΩǎ bŀǘƛƻƴŀƭ tƭŀƴ ŦƻǊ ¢ǊŀƴǎǇƻǊǘŀǘƛƻƴ ƛǎ ƛƴ 
draft form. Zimbabwe also has a National Transport Policy in place while Botswana has a Transport 
Master Plan. However, mass transit remains severely underdeveloped across the region.  

West Africa: Nigeria, Ghana, and Sierra Leone identify transport as a mitigation sector in their NDCs, 
while Cameroon, Chad, Republic of the Congo, Mali, Niger, and Togo do not. National transport 
related laws and policies are in place Lƴ ǎƻƳŜ ŎƻǳƴǘǊƛŜǎΣ ƛƴŎƭǳŘƛƴƎ bƛƎŜǊƛŀΩǎ bational Transport, Sierra 
[ŜƻƴŜΩǎ Integrated Transport Policy, Strategy and Investment Plan, and DƘŀƴŀΩǎ bŀǘƛƻƴŀƭ ¢ǊŀƴǎǇƻǊǘ 
Policy, which recognises the important role of intermodal transport for sustainable national 
development but gives very little attention to environmental pollution and adverse human health. 
Sierra Leone is implementing a NAMA for transport.476 Similarly to Southern Africa, mass transit 
remains severely underdeveloped across all countries in West Africa.  

South America: Chile, Colombia, and Uruguay identify transport as a mitigation sector in their NDCs, 
while Ecuador, Bolivia, Guyana, Paraguay, and Peru do not. Colombia, Chile, and Ecuador are 
implementing NAMAs for transport.477 These programmes help to overcome challenges and offer 
valuŀōƭŜ ƭŜǎǎƻƴǎ ŀōƻǳǘ Ƙƻǿ ǘƻ ƭƛƴƪ Ψƻƴ ǘƘŜ ƎǊƻǳƴŘ ŀŎǘƛƻƴǎΩ ǿƛǘƘ ƴŀǘƛƻƴŀƭ DID-reduction 
commitments. South America is a global leader in bus transit, with the highest ridership figures for 
any global region.478 Pioneering BRT schemes have been implemented in the region such as the 
Transmilenio, in Bogota, Colombia, and effective systems in Chile and Argentina. The region also 
boasts a range of metro systems such as in Santiago, Chile and Medellin, Colombia.   

 
476 Ibid. 
477 Ibid. 
478 Red Green and Blue. (2020). Renewable Roundup: Electric buses sweeping South America, equipped with new battery tech. Available at: 
http://redgreenandblue.org/2020/06/10/renewable-roundup-electric-buses-sweeping-south-america-equipped-new-battery-tech/ 
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Investment need  

Across low- and middle-income countries investment will need to scale up to USD 63 trillion by 2050 in a 1.5-
degrees scenario, 60% larger than investment expected in BAU.479 The scale of investment required is very 
high; amongst the highest across all opportunities. The magnitude of rail investment reflects the large 
upfront capital costs of infrastructure expansion, while bus investment need is driven by the high cost of 
fleet turnover (see Box 18 for examples of relative costs of each). Many of these investments would have to 
occur in BAU, where growing passenger transport demand will fuel infrastructure rollouts and purchase of 
ICE bus fleets. Nonetheless, to support mode-switch on the scale expected in a 1.5-degrees scenario will 
require investment of USD 39 trillion by 2050 beyond investment expected in BAU.480 Annual investment in 
rail infrastructure to 2050 is estimated to be 20% of investment in road infrastructure, leading to a 
cumulative investment of USD 10 trillion in rail, and USD 53 trillion in road.481  

Figure 28 Cumulative investment need in mass transit is high compared to other opportunities 

 

Source: Vivid Economics, ASI and Factor using IEA. (2017). Energy Technology Perspectives. 

Across focus regions, the expected investment need is in the order of billions per annum in 2050. Across 
regions, the scale of infrastructure required is consistently large, due to a combination of the low levels of 
provision to date and growing mobility demand that will need to be supported.  

The exact magnitude of the investment need will vary significantly by local construction costs and transit 
preferences. Clear differences in investment need between regions are partially driven by differences in 
current and future level of passenger transport activity, reflecting the scale of economic activity in a region 
and population density. Considering activity levels for passenger transport alone, far higher investment need 
will be expected in India, Western Africa, and South America. However, even when focusing on these regions 
a host of far more local factors will influence the magnitude of investment required, including the highly site-
specific costs of civil works and the current preference for mass transit. Rail costs, for instance, will be 
influenced by local costs of land acquisition, labour, and materials, the number of tracks per line, the need 

 
479 International Energy Agency (2017). Energy Technology Perspectives 2017. https://www.iea.org/reports/energy-technology-perspectives-2017 
480 Ibid. 
481 International Energy Agency (2019). The Future of Rail. https://webstore.iea.org/download/direct/2434  

https://www.iea.org/reports/energy-technology-perspectives-2017
https://webstore.iea.org/download/direct/2434


 

 193 

for tunnels (such as in metro rail), and the operating speed (see Box 18 for indicative costs). Most countries 
already prefer a certain type of mass transit, which must be embedded into cost considerations. 
Furthermore, countries also typically exhibit differing preferences on whether to rely on mass transit to 
decarbonise or whether to simply decarbonise passenger vehicles. Given the high levels of coordination and 
path-dependency associated with mass transit investment, local policy will ultimately be the single largest 
driver of investment need.  

The climate financing need is expected to be smaller than the overall investment need estimates, due to the 
potential to crowd-in private finance towards large infrastructure projects. Though there are high costs of 
infrastructure provision, there are also opportunities for private companies to achieve profits from these 
investments in the long term. Public sector investments can therefore focus on co-financing large 
infrastructure investments and creating reliable demand for mass transit to crowd-in private sector activity. 

Box 18 Illustrative investment needs in mass transit 

Decarbonising bus transport could require approximately USD 900 million for a city the size of Kolkata. 
Kolkata currently has approximately 10,000 diesel-powered buses, equivalent to 0.0003 buses per 
ǊŜǎƛŘŜƴǘ ƻŦ ǘƘŜ ŎƛǘȅΩǎ ƳŜǘǊƻǇƻƭƛǘŀƴ ŀǊŜŀΦ Under ambitious plans to have 5,000 e-buses and 240 charging 
stations in the city by 2030, total upfront investment need is estimated to be USD 900 million.482   

Much of this investment is additional to the BAU scenario, resulting from the large upfront costs of EV 
charging infrastructure and higher costs of e-buses. Costs of an inner-city e-bus today are approximately 
USD 190,000 in India, twice as high as the costs of a comparable diesel bus. For a large fleet, with frequent 
turnover, this divergence in costs creates substantial investment requirements. Further, the transition to 
e-buses requires investment in charging infrastructure ς development of 70 charging stations in Kolkata 
cost approximately USD 120 million. Costs of a charger are USD 13,000 to USD 20,000, hence most costs 
arose from civil and electrical works.  

Costs of rail investment will vary by type of rail and local costs of labour and land. Type of rail in itself will 
have a significant impact on costs for the same scale of infrastructure rollout, shown in Table 31. 

Table 31 Indicative costs of rail 

Type of rail Costs per line-kilometre 
(USD million) 

Conventional rail 0.5 - 20 
Urban light rail 10 - 25 
High speed rail 20 - 80 
Metro rail 50 - 350 

Source: Vivid Economics; IEA. (2019). Future of rail.Vivid Economics; IEA. (2019). Future of rail.Vivid Economics; 
IEA. (2019). Future of rail.Vivid Economics; IEA. (2019). Future of rail.Vivid Economics; IEA. (2019). 
Future of rail.Vivid Economics; IEA. (2019). Future of rail.uture of rail.Vivid Economics; IEA. (2019). 
Future of rail.Vivid Economics; IEA. (2019). Future of rail.Vivid Economics; IEA. (2019). Future of 
rail.Vivid Economics; IEA. (2019). Future of rail.Vivid Economics; IEA. (2019). Future of rail.Vivid 
Economics; IEA. (2019). Future of rail.Vivid Economics; IEA. (2019). Future of rail.Vivid Economics; IEA. 
(2019). Future of rail.Vivid Economics; IEA. (2019). Future of rail.Vivid Economics; IEA. (2019). Future of 
rail.Vivid Economics; IEA. (2019). Future of rail.Vivid Economics; IEA. (2019). F 

Urban rail extension could cost around USD 6 billion for a city like Lima. The Lima Metro Line Two Project 
for Peru project is currently underway, with the objective of providing a mass transit system serving the 
east-west axis of the Lima-Callao Metropolitan Region. In practice, this includes the roll-out of 35 km of 

 
482 The Energy and Resources Institute. (2020). Successful operation of Electric bus fleet ς ά! /ŀǎŜ {ǘǳŘȅ ƻŦ YƻƭƪŀǘŀέΦ 
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new urban rail infrastructure, as well as the construction and integration of 35 new stations; construction 
of approximately 27 km of tunnel; and, the provision and installation of the necessary rolling stock, 
electrical, control, telecommunications, and fare systems for operation of the Metro Line two.483 

Regional rail development in a country such as Tanzania could be achieved for a similar scale of funding 
required, approximately USD 8 billion, despite the larger distances covered.  The Government of Tanzania 
is implementing a major railway revitalisation programme throughout the country, rehabilitating and 
constructing new railway line links. It includes the construction of a Standard Gauge Railway track of 
approximately 1,200km between Dar es Salaam to Isaka. Although still underway, total costs of 
completion are estimated at USD 7.6 billion.484  

  

 
483 ¢ƘŜ ²ƻǊƭŘ .ŀƴƪΦ όнлнлύΦ άtŜǊǳ [ƛƳŀ aŜǘǊƻ [ƛƴŜ н tǊƻƧŜŎǘέΦ https://projects.worldbank.org/en/projects-operations/project-
detail/P145610?lang=en 
484 Kiruga, Morris. (2020). Tanzania: the race for regional rail supremacy.  https://www.theafricareport.com/24195/tanzania-the-race-for-regional-rail-
supremacy/ 

https://projects.worldbank.org/en/projects-operations/project-detail/P145610?lang=en
https://projects.worldbank.org/en/projects-operations/project-detail/P145610?lang=en
https://www.theafricareport.com/24195/tanzania-the-race-for-regional-rail-supremacy/
https://www.theafricareport.com/24195/tanzania-the-race-for-regional-rail-supremacy/
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Cost-effectiveness  

Mass transit is a highly cost-effective mitigation opportunity in transport, from a system perspective, 
particularly when targeting improved utilisation and efficiency of existing networks. It can be highly cost-
effective when focused on encouraging a change in behaviours (e.g. mode-shifting) or a change in operation 
of existing systems (e.g. route optimisation). It is less cost-effective (on a GBP/tCO2 basis,) when it requires 
substantial infrastructural change or rollover of fleets, due to higher capital costs. Subsidising hybrid buses 
results in costs of 100 - 250 USD/tCO2, and this same figure can reach 750USD/tCO2 for electric buses.485 
Nevertheless, the value of the transport service obtained, together with the efficiency in its provision, 
implies even these interventions are cost-effective at reducing emisisons relative to alternative investments 
in transport decarbonisation e.g. household purchase of private electric vehicles. 

Cost-effectiveness varies across regions due to four principal characteristics:  

Existing level of infrastructure. Wherever interventions include infrastructure provision or rollover of 
fleets, costs will increase significantly.  

Cost of urban land. Wherever land purchase is required in urban areas it will be a sizeable cost 
component.  

Cost of civil works. Costs of building new infrastructure can vary across countries and sites within a 
country due to the difficulty or scale of provision. Costs of metro rail, for example, can cost up to 14x 
more per line-kilometre than urban rail - cost differences driven by speed of operation and the need 
for bridges or underground infrastructure in metro rail (see Table 31).   

Behavioural change. The cost-effectiveness of all interventions will be affected by the subsequent 
utilisation rate and the extent of mode-shifting away from more polluting forms of transport. Cultural 
norms and safety concerns could result in vastly different rates of mode-shift across regions. 

 
485 ²ƻǊƭŘ .ŀƴƪ .ƭƻƎǎΦ όнлмтύΦ ά!ǊŜ ƘȅōǊƛŘ ŀƴŘ ŜƭŜŎǘǊƛŎ ōǳǎŜǎ ǾƛŀōƭŜ Ƨǳǎǘ ȅŜǘΚέ https://blogs.worldbank.org/transport/are-hybrid-and-electric-buses-
viable-just-yet 

https://blogs.worldbank.org/transport/are-hybrid-and-electric-buses-viable-just-yet
https://blogs.worldbank.org/transport/are-hybrid-and-electric-buses-viable-just-yet
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Barriers to adoption 

There are barriers to more widespread and efficient mass transit across all three areas of i) political economy 
challenges, ii) market failures, and  iii) enabling environment (Figure 29). These barriers are not critical to 
inhibiting investment, as the potential of mass transit is widely recognised and investment levels are growing 
in all regions. However, if not addressed they are likely to slow down the potential growth of this 
opportunity. Our typology of barriers is provided in the Methodology chapter in the Synthesis Report.  

Figure 29 Barriers to an opportunity   

 

Source: Vivid Economics, ASI and Factor  

A wide range of political economy barriers to investment or adoption constrain mass transit development in 
all of the target regions: 

Lack of public sector coherence on budgeting and planning for urban planning or transport investment, 
as a result of transport services having been taken over by paratransit operators over the past 
decades. There is also a common failure to allow cities to spend the taxes they raise, particularly in 
Southern African and West African countries, leading to a poor level of urban transport investment. 

Personal vehicle dependence is often built into a culture and legal barriers that can exist to prevent the 
building of dense, mixed-use community centres and transit-oriented development (TOD) that 
reduce car dependence.486 This is a significant constraint in West Africa and Southern Africa.  

Successful urban transport investment requires a long-term vision and consistent political support, which 
is often undermined by short-term political cycles and a culture of undoing the legacy of a previous 
political leader, as it often the case in sub-Saharan African politics. Politicians are unwilling to commit 
where there is a high risk of key stakeholder opposition. 

Mass transit reform and investment inevitably affect the roles and livelihoods of incumbent para-transit 
system operators and their unions and associations. Unless these stakeholders are brought into the 
concept design for more formal mass transit projects from the beginning and are offered appropriate 
incentives to participate (or compensation should they choose not to), then they can effectively 
block outcomes. This is a significant barrier in all target regions. In many countries, such as India and 

 
486 Intergovernmental Panel on Climate Change (IPCC). (2014). Climate Change 2014: Mitigation of Climate Change. Contribution of Working Group III 
to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change (Transport chapter). Available at: 
https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_chapter8.pdf 

https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_chapter8.pdf
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those in West Africa and Southern Africa, informal paratransit is likely to continue to provide valuable 
services for last mile connectivity.  

New mobility options such as ride-hailing and car-pooling are causing many decision-makers to question 
the benefits of spending large amounts on mass-transit infrastructure.487 Examples include ride-
hailing apps such as Grab in South and Southeast Asia, Ride in Ethiopia, and SWVL in Kenya. However, 
recent studies have showed that personal vehicle ride-hailing is actually a net contributor to 
congestion.488 While ride-hailing plays an important last mile solution, mass transit is required to 
move significant numbers of people within the required carbon emission parameters.  

There are often low levels of urban autonomy and decision-making in the target regions, particularly in 
South Asia, West Africa, and Southern Africa, with particularly severe impacts on a lack of integrated 
land-use and transport planning. It is important that interventions have the ability to affect change at 
this level of government.  

Inertia in behavioural change in terms of switching to public transport modes. This is particularly 
challenging in countries with high safety concerns related to public transport, such as West Africa, 
Southern Africa, and India and South Asia, or where the personal status demonstrated by a private 
vehicle is a strong cultural phenomenon, in all the target regions.  

The Covid-19 crisis has dealt the mass transit sector a severe blow globally, due to restricted services and 
social distancing, which has greatly reduced capacity. This will hopefully be a short-to-medium-term 
constraint, but must be considered for potential mass transit interventions.  

Moderate market failure barriers to investment or adoption are likely to be: 

The rate of adoption of public mass transit is uncertain. Many people with greater income in the target 
regions prefer to use their own cars as it is associated with status and personal success, as well as the 
advantages of safety and comfort. However, transit solutions could partly overcome this by adopting 
a two-class approach, where a premium service is provided alongside a more affordable but less 
comfortable service. This has been successfully implemented with minibuses in Nairobi in Kenya.  

Infrastructure-heavy projects such as metro or light rail require very high investment costs and often 
yield a slow rate of return, although they do attract the investment support of development 
partners. Their benefits must be quantified in terms of carbon reduction, time efficiencies, and other 
social development factors, which many governments struggle to convey in a typical cost-benefit 
analysis. There are recent examples of capital infrastructure projects in the regions of interest, such 
as the Dhaka metro in Bangladesh, but these are heavily funded by donors such as the Japan 
International Cooperation Agency (JICA) and the World Bank, which ICF support is not designed to 
contribute to.  

Mass transit systems must be affordable to the vast majority of residents in order to achieve related 
sustainable development objectives. As such, to cover the costs of initial investment, operations, and 
maintenance, there is often a need for public sector subsidisation, although other mechanisms exist 
such as public service obligations (PSO) which regulate the subsidisation of a less financially viable 
ǊƻǳǘŜ ōȅ ƳƻǊŜ ŦƛƴŀƴŎƛŀƭƭȅ ǾƛŀōƭŜ ƻƴŜǎ ǿƛǘƘƛƴ ŀ ǇǊƛǾŀǘŜ ǎŜŎǘƻǊ ƻǇŜǊŀǘƻǊΩǎ ǇƻǊǘŦƻƭƛƻΦ  

Public / private partnerships are not required for the structuring of large transport infrastructure projects 
but rather for the harnessing of the advantages of each form respectively in planning, infrastructure, 
and regulation, and in rolling stock investment, operation, and maintenance. Within that scenario, 
rolling stock investment is the greatest challenge as no return can usually be earned on this while 

 
487 McKinsey. (2020) Transit Investments in an Age of Uncertainty. Available at: https://www.mckinsey.com/industries/public-sector/our-
insights/transit-investments-in-an-age-of-uncertainty 
488 See, for example: Hawkins, !ƴŘǊŜǿ WΦ όнлмфύΦ ¦ōŜǊ ŀƴŘ [ȅŦǘ Ŧƛƴŀƭƭȅ ŀŘƳƛǘ ǘƘŜȅΩǊŜ ƳŀƪƛƴƎ ǘǊŀŦŦƛŎ ŎƻƴƎŜǎǘƛƻƴ ǿƻǊǎŜ ƛƴ ŎƛǘƛŜǎΦ !ǾŀƛƭŀōƭŜ ŀǘΥ 
https://www.theverge.com/2019/8/6/20756945/uber-lyft-tnc-vmt-traffic-congestion-study-fehr-peers 

https://www.mckinsey.com/industries/public-sector/our-insights/transit-investments-in-an-age-of-uncertainty
https://www.mckinsey.com/industries/public-sector/our-insights/transit-investments-in-an-age-of-uncertainty
https://www.theverge.com/2019/8/6/20756945/uber-lyft-tnc-vmt-traffic-congestion-study-fehr-peers
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vehicles are under commercial finance without also raising fares above those currently observed. 
This is common to all target regions.  

Mass transit projects are hampered by unpriced GHG emissions, unpriced road space, and capital market 
imperfections, which are prevalent across all countries in the target regions.  

Network effects are particularly strong for mass transit given the need to coordinate provision across 
diverse range of potential customers. Enabling effective and attractive public transport services 
requires coherent implementation of aspects such as inter-modal terminal and stop infrastructure, 
including the integration of feeder and last mile services, real-time digital information on services 
and delays, and the rapid and affordable maintenance of vehicles. This has been done very well in 
cities such as Medellin, Colombia, but is severely lacking in West Africa and Southern Africa.  

In terms of upgrading mass transit fleets to low-carbon vehicles, capital costs often prove prohibitive 
without external support. Many cities do not have the funds to pay for e-buses with higher upfront 
costs, even with additional support from the government. This is currently slowing down e-bus 
adoption in all of the target regions.489 However, once the upfront costs are overcome, there can be 
significant benefits in lessened fuel consumption in urban mass transit, including from hybrid 
technologies for the vehicle powertrain, or EVs, depending on the levels of traffic congestion. For 
now, conventional ICE buses still remain the most effective way of implementing mass transit and 
reducing GHG emissions.  

Legacy vehicles in bus fleets can be a barrier to upgrading to more efficient vehicles. Many operators are 
faced with scarce resources to maintain their vehicles properly. Fleet renewal can replace the oldest 
and dirtiest vehicles in the fleet with new ones, but any such programme will need to take into 
consideration the economic challenges of the low-income population.490 This is a particular barrier in 
West Africa, and Southern Africa and South Asia, whereas many countries in South America are 
starting to scale up the upgrade of fleets to EVs and other low-carbon options.491  

Moderate enabling environment / absorptive capacity barriers to investment or adoption are likely to be: 

Weak planning frameworks and urban development strategies are a significant constraint to the effective 
implementation of mass transit, particularly where there is a failure to guide the integration of land 
use with transport service provision, supporting infrastructure, and a more holistic approach to 
sustainable urban mobility planning. This is a severe constraint in Southern Africa, West Africa, and 
many South Asian countries.     

Institutional weakness in how to catalyse and manage the implementation of mass transit services is a 
barrier at all levels of government in many of the regions, particularly in Southern Africa, West Africa, 
and South Asia, although it is generally not the case in India. This is often a result of a delegation of 
this responsibility to the private or informal transit sector, resulting in large government knowledge 
gaps. In some of the target countries this process is starting to reverse with public transport focused 
departments being established, such as the proposed Kathmandu Valley Transport Authority in 
Nepal, which is likely to require strong capacity building support.  

Chaotic urban planning that enables low-density urban sprawl and reduces the economic viability for 
mass transit projects, as there are fewer potential passengers living near to planned stations. This is a 
severe constraint in the rapidly urbanising countries of Southern Africa and West Africa, for example 
Lagos and Accra, and across India and South Asia. 

 
489 BNEF. (2018). Electric Buses in Cities: Driving towards Cleaner air and lower CO2. Bloomberg New Energy Finance. 
490 Posada et al. (2018). 2018 South America Summit on Vehicle Emissions Control: Summary Report and Regional Workplan. Available at: 
https://theicct.org/sites/default/files/publications/ICCT_SouthAmerSummit2018_rpt.pdf 
491 Red Green and Blue. (2020). Renewable Roundup: Electric buses sweeping South America, equipped with new battery tech. Available at: 
http://redgreenandblue.org/2020/06/10/renewable-roundup-electric-buses-sweeping-south-america-equipped-new-battery-tech/ 

https://theicct.org/sites/default/files/publications/ICCT_SouthAmerSummit2018_rpt.pdf
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There is often little professional integration in all target regions, at the level of government, academia, 
and the private sector, between urban planning, transport planning and engineering, and financing 
infrastructure projects, resulting in lost opportunities to develop cities and transport in a holistic and 
sustainable way.   

To gain the full mitigation potential from mass transit, rail, and ideally BRT systems, they should be 
electrified. However, unreliable power sources in many countries in the target regions severely 
constrain the feasibility of such options. Improving power reliability has been a strong consideration 
for the planned light rail in Colombo, Sri Lanka, which should be operational in 2025.   

There is a lack of robust data or data management and analysis systems, such as GIS, available to help 
decision-makers and planners in many of the target regions to understand the nature of mass transit 
challenges. This is a greater challenge in the lower-income countries of sub-Saharan Africa and South 
Asia. 
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UK additionality 

The UYΩǎ ŀŘŘƛǘƛƻƴŀƭƛǘȅ ƛǎ ǾŜǊȅ ǎǘǊƻƴƎ ƛƴ ƛƴǘŜƎǊŀǘŜŘ ǘǊŀƴǎǇƻǊǘ ŀƴŘ ǳǊōŀƴ ǇƭŀƴƴƛƴƎΣ ŦƛƴŀƴŎƛƴƎ ŀǊǊŀƴƎŜƳŜƴǘǎ ŦƻǊ 
large transport infrastructure projects, research and design for new mass transit technology, and experience 
in commercial operations in developing countries.   

The UK is a European leader in BRT infrastructure, with systems in over 8 cities and active knowledge 
sharing forums such as BRTUK.492  

UK transport planning consultancies have had proven success in many overseas markets that include 
sub-Saharan Africa, South and Southeast Asia, and Eastern Europe and Central Asia in particular. 

The UK provides expertise in fare collection and smart ticketing systems with proven application across a 
ǊŀƴƎŜ ƻŦ ŎƻǳƴǘǊƛŜǎ ǿƛǘƘ ŘƛŦŦŜǊƛƴƎ ƭŜǾŜƭǎ ƻŦ ǘŜŎƘƴƛŎŀƭ ǎƻǇƘƛǎǘƛŎŀǘƛƻƴΦ [ƻƴŘƻƴΩǎ hȅǎǘŜǊ /ŀǊŘ ƛǎ ŀ Ǝƭƻōŀƭ 
standard of best practice in this regard.  

The UK is a global leader in finance and contract management for mass transit infrastructure, including 
Public-Private Partnership (PPP) and Build Operate Transfer (BOT) arrangements.  

The UK is strong in designing and deploying technology for hybrid powertrains in bus mass transit, based 
on proven operating experience in London in particular. 

LƳǇǊƻǾƛƴƎ ƛƴŎƭǳǎƛƻƴ ŀǎǇŜŎǘǎ ƛƴ Ƴŀǎǎ ǘǊŀƴǎƛǘ ŀǊŜ ƪŜȅ ǎǘǊŜƴƎǘƘǎ ƻŦ ǘƘŜ ¦YΩǎ ǇǊƛǾŀǘŜ ǎŜŎǘƻǊΣ ŦƻǊ ŜȄŀƳǇƭŜ 
improving accessibility for persons with disabilities and safety and comfort for women and families.   

The UK has contributed less than 0.5 % of historical bilateral and multilateral donor activity related to mass 
transit between 2015 and 2018. 

According to OECD-DAC data, between 2015 and 2018, DAC members, including the UK, spent 
approximately USD 10,049m out of which the UK has spent USD 51m in sectors related to rail 
transport, road transport, and transport policy and administrative support.  

DAC countries (including UK) have spent approximately USD 8,118m in India from 2015-18 in the 
transport sector, while the UK has spent USD 1.6m.  

In South Asia, DAC members spent USD 1,500m in the transport sector, while the UK spent 
approximately USD 2.9m from 2015-18.  

In West Africa, DAC members spent USD 141m in the sector, while the UK spent USD 0.08m.  

Lƴ {ƻǳǘƘ !ƳŜǊƛŎŀΣ 5!/ ƳŜƳōŜǊǎ ƘŀǾŜ ǎǇŜƴǘ ¦{5 орнƳ ƛƴ ǘƘŜ ǎŜŎǘƻǊΣ ǿƘƛƭŜ ǘƘŜ ¦Y ƘŀǎƴΩǘ ǎǇŜƴǘ ŀƴȅΦ  

In Southern Africa, DAC members have spent approximately USD 61m, out of which the UK has spent 
USD 46m between 2015-2018. 

The World Bank is a leader in funding large capital mass transit projects, whereas the UK is not well set 
up to provide this type of support. Examples include BRT systems in Tanzania and the twin cities of 
Hubballi-Dharwad, the second-largest urban cluster in Karnataka, India;493 light rail in Manila, 
Philippines;494 and urban planning and development programmes in Mumbai. The World Bank also 

 
492 BRTUK website: http://www.brtuk.com 
493 Gupta, Nupur. (2020). India: New Bus Rapid Transit System makes travel faster, safer and more convenient in Hubballi-Dharwad. 
https://blogs.worldbank.org/endpovertyinsouthasia/india-new-bus-rapid-transit-system-makes-travel-faster-safer-and-more 
494 aŎ/ƻǊƳŀŎƪ Ŝǘ ŀƭΦ όнлмтύΦ .ŜǘǘƛƴƎ ƻƴ .ŀƴƪŀōƛƭƛǘȅΥ tƛŎƪƛƴƎ ǳǇ ǘƘŜ ǇŀŎŜ ƻŦ aŀƴƛƭŀΩǎ [ƛƎƘǘ wŀƛƭ ¢Ǌŀƴǎƛǘ ǎȅǎǘŜƳΦ  
https://blogs.worldbank.org/ppps/betting-bankability-picking-pace-manila-s-light-rail-transit-system 

http://www.brtuk.com/
https://blogs.worldbank.org/endpovertyinsouthasia/india-new-bus-rapid-transit-system-makes-travel-faster-safer-and-more
https://blogs.worldbank.org/ppps/betting-bankability-picking-pace-manila-s-light-rail-transit-system
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produces and disseminates useful resources such as the Urban Transport; Fares Collection; Intelligent 
Transport Systems; and Transportation PPP Toolkits.495  

The JICA is also particularly active in mass transit in the target regions, including currently facilitating the 
first phases of the Dhaka metro in Bangladesh and the Colombo light rail in Sri Lanka.  

The Asian Development Bank (ADB) is a key player in sustainable transport in South Asia, helping national 
and municipal governments to incorporate TOD into urban planning and to plan and finance mass 
transit infrastructure and upgrade vehicle fleets to reduce carbon emissions.  

Many other bilateral donors, such as Germany, France, Sweden, the Netherlands, and Australia, provide 
technical assistance related to planning, financing, and delivery of mass transit solutions, as well as 
reducing reliance on personal vehicles and improving the mode share of more sustainable options. 

In regions with the largest mitigation potential (particularly India, South Asia, and West Africa), the UK 
typically has strong ODA ties related to developing sustainable and inclusive transport infrastructure, 
blended finance, and capacity building related to urban transport and urban planning. Some of the most 
notable programmes are: 

¶ The DFID-funded High Volume Transport (HVT) Facility,496 which is focused on applied research to 
contribute to more efficient and low-carbon transport in national and regional corridors and within 
cities in low-income countries in Africa and South Asia.  

¶ ODA-funded facilities, such as the Infrastructure and Cites for Economic Development (ICED)497 and 
Evidence on Demand (both DFID-funded), have provided considerable technical assistance in mass 
transit infrastructure planning and delivery to governments in the target regions.  

¶ UK ODA has supported the Private Infrastructure Development Group (PIDG) in African countries 
since 2004, creating investment-ready, bankable, infrastructure opportunities as well as building 
local capability and capacity, via over USD 3 billion in disbursed blended financing funds.498  

¶ The Foreign and Commonwealth Office (FCO) Prosperity Fund is currently implementing a number of 
programmes relevant to mass transit across the Infrastructure and the Future Cities portfolios. These 
include the Nigeria Future Cities Programme, the Global Future Cities programme, which operates 
across South and Southeast Asia, and the Sustainable Cities for Shared Prosperity in India.  

¶ DFID Cities and Infrastructure for Growth (CIG) programmes operate in several sub-Saharan African 
countries and are likely to start up in Nepal and Bangladesh in 2021.  

Most UK ODA programmes of support focus on technical assistance to governments in integrated city and 
transport planning, gender and inclusion aspects, financing infrastructure and capacity building related to 
maintenance and operations. 

UK ODA has traditionally played a strong role in using public sector funding to leverage private sector 
investment in mass transit.  

UK Government programmes are particularly strong in promoting the sustainability and inclusive 
development aspects of mass transit projects, helping to influence governments as well as 
multilateral donors such as the World Bank, which typically provide larger capital investments.   

  

 
495 Toolkits available here: https://ppp.worldbank.org/public-private-partnership/sector/transportation/toolkits 
496 HVT website: https://transport-links.com 
497 ICED website: http://icedfacility.org 
498 Source: https://infracoafrica.com/pidg/  

https://ppp.worldbank.org/public-private-partnership/sector/transportation/toolkits
https://transport-links.com/
http://icedfacility.org/
https://infracoafrica.com/pidg/
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Intervention opportunities 

To alleviate the barriers set out above, there is substantial opportunity across all regions for the UK to draw 
on core strengths and areas of additionality in order to deliver energy storage interventions in the following 
areas: 

Focus on improving bus transport in urban centres, including secondary and tertiary cities  

Technical assistance and demonstrations of integrated fare collection using electronic payment, vehicle 
location, and communication technologies. 

Support governments to prepare comprehensive sustainable urban mobility plans (SUMP), which can 
provide a fundamental basis for transport infrastructure development and related finance, based on 
broad participation and support. 

Providing support to city governments and stakeholders on the integration of informal and paratransit 
systems with existing or planned formal mass transit systems.  

Promoting a two-class transit approach for bus or minibus transit, in which a premium, more 
comfortable service is provided alongside a more affordable standard service. 

Supporting the planning and implementation of conventional bus service development and BRT-Lite 
applications on a network, rather than corridor, basis. 

These interventions are likely to be particularly effective in all target regions, with specific need in India, 
South Asia, and Southern and West Africa, where urban centres are rapidly growing, often in a 
chaotic way and transport demand is rapidly growing. Interventions should seek to engage primarily 
with city governments, with the buy-in of national or state level governments, to ensure maximum 
support is provided at the level at which transformational change should be achieved 

Focus on decarbonising existing or growing bus fleets and paratransit fleets 

Support governments in designing and implementing mechanisms to scrap and improve highly polluting 
paratransit vehicles to low-carbon models via appropriate policy and financial incentives.  

Support rolling stock operating lease entities, including contract maintenance capability, which will help 
bus transit operators to upgrade vehicle fleets to low-carbon options. 

Support concessional finance to enable government purchase of low-emission bus fleets. This can reduce 
the upfront cost to achieve cost parity with conventional diesel buses, overcoming the cost related 
barrier to uptake. One option is to provide concessional financing directly to city authorities to allow 
purchase of bus assets. Another option is to raise awareness or existing model concessional 
agreements or help to create a new bespoke model for a specific context. For example, in 2019 the 
National Institute for Transforming India (NITI) Aayog created a model concession agreement for 
public-private partnership (PPP) aimed at the operation and maintenance of electric buses in cities 
across India. The objective of the model concession agreement is to provide better Operations and 
Maintenance (O&M) efficiency of city bus fleets for the authority while ensuring bankability of the 
project for the private sector.499 

Raise awareness, or support the implementation of, other initiatives such as battery leasing and long-
term maintenance contracts through Original Equipment Manufacturers (OEMs), to enable 
government purchase of electric bus fleets. These arrangements also reduce the upfront cost to 
achieve cost parity with conventional diesel buses, overcoming the cost-related barrier to uptake. For 

 
499 Prateek, Saumu. (2019).  NITI Aayog Introduces Model Concession Agreement for Electric Bus Fleets in Cities.  https://mercomindia.com/niti-
aayog-model-concession-agreement-electric-buses/ 

https://mercomindia.com/niti-aayog-model-concession-agreement-electric-buses/
https://mercomindia.com/niti-aayog-model-concession-agreement-electric-buses/
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battery leasing, payments for the battery are included in fixed service payments for the lifetime of an 
asset.500  

Provide concessional finance to fund increased use of renewable energy at bus stations, depots, stops, 
and charging points. This should make use of off-grid or on-grid solar photovoltaics energy, 
potentially with the option of feeding excess electricity back into the grid. 

Consider financing lighter infrastructure works related to bus transit, such as implementation of priority 
bus lanes, and bus stop and terminus infrastructure. It is advised that financing of larger 
infrastructure projects such as light rail, metro or rail, is not usually the domain of UK Aid. However, 
financing of the project preparation process, such as feasibility studies and early design work, is a 
possible area of support.  

Support to government with the wider transition to electric buses, which requires proper planning, 
including bus and route selection, fleet and e-charging systems analysis and design, procurement 
support, duty cycle determination, and maintenance. 

Integration of informal and paratransit systems with existing or planned formal mass transit systems. It is 
particularly important to establish or maintain integration with last mile transit services, often 
provided by 2- and 3-wheelers.  

These interventions are likely to be most effective and implementable in more advanced transport 
contexts such as India, South Asia, and South America, although there is also great demand across 
West Africa and Southern Africa.  

Support to governments in demand management to reduce private car use and shift passenger preference 
towards safe and efficient and low-carbon mass transit.  

This could include public awareness campaigns as well as more substantial planning for congestion 
charging zones, low-emissions zones, and improved cycling infrastructure.  

Many areas of synergy with the Passenger Vehicles opportunity.  

These opportunities are likely to be more effective in India and South America, building on strong public 
sector demand to improve mass transit systems, and helping to mitigate rapidly growing personal 
vehicle use. The need is also rapidly growing in South Asia countries, such as Pakistan, and countries 
in West Africa, such as Ghana and Nigeria.  

Interventions to catalyse wider integrated urban development and low-carbon mass transit 

Technical assistance to improve capacity and resources of governments to carry out or manage private 
sector consultancy in mass transit planning, which must be focused on identifying and developing the 
least-cost mode or size of transit.  

Developing sustainable transport strategies and costed implementation plans. The UK has significant 
expertise in transport planning, modelling, and development of integrated strategy. This can be 
combined with advisory services on how to finance and deliver priority sub-projects.  

Support in the design of the legal, regulatory, institutional, organisational, and financial frameworks for 
the operation of mass transit in a region or urban area. 

Support governments to implement and use ICT and GIS and data-based systems for planning, design, 
and operations of cities and mass transit.  

 
500 BNEF. (2018). Electric Buses in Cities: Driving Towards Cleaner Air and Lower CO2. Bloomberg Finance. London.  
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Technical assistance to develop smart city solutions and software that can maximise the efficiency of 
mass transit services and thereby increase popularity, capacity, and uptake.  

Improving the capacity and resources of municipal governments in integrated urban planning and 
transport planning that is based on TOD.  

Expertise in accessible, safe, and comfortable transport can be mainstreamed across all interventions. 
The UK has considerable expertise in designing and enabling transport services that are accessible for 
everyone, including women and persons with disabilities. Promoting accessible and comfortable 
transport will play an important role in enabling a mode-shift to mass transit.  

These interventions could apply in countries that have more advanced urban planning capabilities as well 
as digital infrastructure, such as South America and India. 
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Intervention case studies 

Box 19 C40 Cities Finance CŀŎƛƭƛǘȅΩǎ ǎǳǇǇƻǊǘ ǘƻ .ŀƴƎŀƭƻǊŜ aŜǘǊƻǇƻƭƛǘŀƴ ¢ǊŀƴǎǇƻǊǘ /ƻǊǇƻǊŀǘƛƻƴ ǘƻ 
transition to an electric fleet 

With an estimated 2020 population of over 12 million, Bangalore is the fifth largest city in India and the 
most rapidly growing Indian metropolis. Lǘ ƛǎ ƻƴŜ ƻŦ LƴŘƛŀΩǎ Ƴƻǎǘ ŎƻƴƎŜǎǘŜŘ ŎƛǘƛŜǎ ŀƴŘ ǎǳŦŦŜǊǎ ŦǊƻƳ ƘƛƎƘ 
levels of air pollution, largely from transport-related emissions.501 Bangalore joined the C40 Cities Finance 
Facility (CFF) in the second phase to help realise a range of low-carbon and climate-resilient projects for 
the city. CFF, along with the German Agency for International Cooperation (GIZ), is supporting the 
Bengaluru Metropolitan Transport Corporation (BMTC) by providing technical assistance and capacity 
building to help the city implement a full transition to electric buses by 2031. The bus fleet is projected to 
increase from 6,634 in 2019 to 15,134 by 2031.502 As highlighted by a recent BILLIONEF report, e-buses 
now have lower total cost of ownership than comparable diesel or compressed natural gas (CNG) buses. 
Operational savings are one of the more important arguments supporting e-busesΩ introduction in many 
cities, as well as the environmental outcomes. Noise reduction and reduced maintenance requirements 
are also strong benefits.503 The Cities Finance Facility (CFF) receives its funding from the German Federal 
Ministry for Economic Cooperation and Development (BMZ), BEIS, the United States Agency for 
International Development (USAID) as well as the Children Investment Fund Foundation.  

The objective of the project is:  

¶ To support the replace the whole fleet of 6,500 buses in the next ten years.  

¶ Build the business case to transition the entire bus fleet to electric. 

While the city of Bangalore is leading the ǇǊƻƧŜŎǘΩǎ ǇƭŀƴƴƛƴƎ ŀƴŘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴΣ /CC ƛǎ ǳƴŘŜǊǘŀƪƛƴƎ ǘƘŜ 
following support activities:  

¶ /CCΩǎ Ředicated technical adviser is based within the BMTC administration and advises on capacity 
development in urban development issues and electric mobility with BMTC. 

¶ Financing the feasibility studies needed to make the project bankable. 

¶ Structuring a scalable business model to transition all buses within the city. 

¶ Conducting technology analysis to ensure the right technology is selected for the city. 

¶ Developing technical capacity and knowledge in the city administration, including municipal 
institutions and staff.  

Activities undertaken would contribute to achieving the following results:  

¶ Help to support public transport usage, which is forecast to increase to at least 60% by 2031, by 
providing modern and zero-emissions buses. 

¶ Pollution levels will be reduced by 50 % by 2031 (against 2019 levels). 

¶ USD 700,000 per day in fuel costs will be saved.  

¶ 51,460 metric tonnes of CO2 will be eliminated per year.  

Key stakeholders and clients include:  

¶ City administration, transport, and non-transport departments at city and state levels.  

 
501 Infrastructure Development Corporation. (2019). Bengaluru Comprehensive Mobility Plan. Government of Karnataka. 
https://opencity.in/documents/bengaluru-comprehensive-mobility-plan-cmp-draft-october-2019  
502 C40 Cities Finance Facility. (2019). Bengaluru - Leading the electrification revolution in India.  https://www.c40cff.org/projects/bengaluru-electric-
bus 
503 BNEF. (2018). Electric Buses in Cities: Driving Towards Cleaner Air and Lower CO2. Bloomberg Finance. London. 

https://opencity.in/documents/bengaluru-comprehensive-mobility-plan-cmp-draft-october-2019
https://www.c40cff.org/projects/bengaluru-electric-bus
https://www.c40cff.org/projects/bengaluru-electric-bus
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The challenges that the C40 CFF faced are:  

¶ Changes in senior management at BMTC led to problems associated with turnover and project 
support. 

¶ Existing bus depots, terminals, or bus stops are often located in places where the power supply is 
not adapted to charge bigger fleets of e-buses. It was important to involve local utilities and grid 
operators from the beginning of the process of planning e-bus deployment. 

For BEIS, these are the primary lessons of the C40 CFF programme in determining ICF investment: 

¶ It is important to identify capacity needs adequately before planning capacity development 
exercises to ensure that the technical assistance provided fits the need of the beneficiaries.  

¶ Coordination between different levels of the government is helpful; the C40 CFF project team acts 
as the coordinator between the city and state governments.  

¶ Deploying a technology without factoring in local needs and context defeats the purpose of the 
support. 

 
 

Box 20 The BRT-Lite in Lagos, Nigeria, 2006-2008 

The Ikorodu Road BRT in Lagos was !ŦǊƛŎŀΩǎ ŦƛǊǎǘ .w¢ ǎŎƘŜƳŜΦ Lǘ became operational in March 2008 
following support from the World Bank and a concerted effort between various city and government 
ǎǘŀƪŜƘƻƭŘŜǊǎΦ ¢ŜǊƳŜŘ ά.w¢-[ƛǘŜΣέ ǘƘƛǎ ƴŜǿ ŦƻǊƳ ƻŦ .w¢ ŦƻŎǳǎŜǎ ƻƴ ǘƘŜ ŘŜƭƛǾŜǊȅ ƻŦ ƛƳǇǊƻǾŜŘ ǉǳŀƭƛǘȅ ƻŦ ƭƛŦŜ 
within a modest budget. The implementation programme, from conception to operation, was collapsed 
into a 15-month timeframe; that, together with its delivery cost of USD 1.7m/km, made its development 
unique and its experience relevant to cities throughout the world. Before the service, passengers relied 
purely on 75,000 slow and uncomfortable, highly polluting minibuses and midibuses of low quality, with 
variable fares.504 They plied their transport services over relatively short distances to maximise profit 
rather than serve demand. Significant improvements were needed, and following initial discussion and 
consultation there was a quick recognition that BRT was not necessarily a long-term aspiration but 
something that was readily deliverable.  

The objective of the World Bank Lagos Urban Transport Project (LUTP) was:  

¶ To support the planning and implementation of BRT-Lite along a key 19.2 km radial highway that 
connects Mile 12, a newly emerging central business district (CBD) in the north, to Lagos Island, 
the traditional CBD. 

¶ To take up and move forward concepts identified in earlier studies. 

¶ To build city government capacity to manage the transport system and identify the priority 
actions, investments, and enabling measures for its improvement.  

The intervention undertook the following activities:  

¶ A feasibility study and the design of a low cost, high frequency, high speed, high occupation, high 
safety, low-emissions BRT-Lite system. 

¶ Light infrastructure works along the existing roadway, complemented by new bus shelters and 
ticket kiosks, as well as the design of a simple pre-boarding ticketing system. 

 
504 YŀŜƴȊƛƎ Ŝǘ ŀƭΦ όнлмлύΦ !ŦǊƛŎŀΩǎ CƛǊǎǘ .ǳǎ wŀǇƛŘ ¢Ǌŀƴǎƛǘ {ȅǎǘŜƳΦ WƻǳǊƴŀƭ ƻŦ ǘƘŜ ¢ǊŀƴǎǇƻǊǘŀǘƛƻƴ wŜǎŜŀǊŎƘ .ƻŀǊŘΦ 
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¶ Amendments and additions to policy and regulations for the prohibition of vehicles other than 
those franchised for the BRT-Lite scheme (and certain emergency services) in the designated 
infrastructure. 

¶ Amended regulations designed to facilitate the free movement of traffic in the reduced roadway 
capacity alongside the BRT-Lite running lanes, principally through the restriction of other 
commercial buses to the service lanes only and a total prohibition on heavy commercial traffic in 
the peak hours. 

¶ Stakeholder and public consultation: a wide range of groups were consulted and the scheme 
explained as a means to solve their own particular problemsτnot those problems identified by 
othersτand without the imposition on them of alien solutions. Through this approach a sense of 
local ownership was developed, which resulted in BRT-[ƛǘŜ ōŜƛƴƎ ǎŜŜƴ ŀǎ ŀ ǳǎŜǊΩǎ ǇǊƻƧŜŎǘ. 

¶ Support on procurement of a mix of new and used buses, to be operated by existing transport 
operators, represented by transport unions.  

¶ A public relations strategy was adopted throughout development and construction and consisted 
of advertising within the corridor, in newspapers, radio, and on TV, including a 90-second 
demonstration on how to use BRT (i.e., how to get and pay for a ticket, and how to wait, board, 
and alight).  

Activities undertaken contributed to achieving the following results:  

¶ BRT-Lite runs 7 days a week, from 06:00 a.m. to 22:00 p.m. on weekdays, with reduced hours of 
operation at weekends. Weekday service frequency is approximately 90 seconds.  

¶ Six million people live within the catchment and patronage of BRT-Lite was observed to reach 
195,000 passengers on an average weekday in 2009 and more than 1,150,000 passengers in a full 
week. The system carried 10,000 passengers per hour in the peak direction.505  

¶ The service represented a saving of 25 minutes on the same journey taken before the BRT 
became operational.  

¶ The BRT-Lite currently accounts for more than a quarter of all trips recorded along the corridor, 
although its vehicles make up just 4% of those on the route.  

¶ The majoǊƛǘȅ ƻŦ ǘƘƻǎŜ ǎǳǊǾŜȅŜŘ άǎǘǊƻƴƎƭȅ ŀƎǊŜŜŘέ ǘƘŀǘ .w¢ ǿŀǎ ǎǳǇŜǊƛƻǊ ƛƴ ǘŜǊƳǎ ƻŦ Ƨƻǳrney time, 
safety, reliability, price, and comfort.  

Key stakeholders and clients include:  

¶ The Lagos Metropolitan Area Transport Authority (LAMATA); Lagos State Government inc. 
Ministry of Works; the National Union of Road Transport workers and Transport Industry; and the 
Road Transport Employers Association of Nigeria. 

The challenges faced were:  

¶ Delivery of BRT-Lite involved the cooperation of multiple agencies. First, BRT-Lite needed to be 
considered within the context of land use and spatial development in the state. Ongoing master 
plan development was to feed from - and BRT was to feed off - this plan. To ensure that synergy 
was maximised, appropriate representation was made within the BRT Steering Group. Second, 
transfer of the control of the federal highway, under which BRT-Lite operates, to Lagos State 
would involve the relevant ministries of transportation and of works.  

¶ Public coordination and cooperation with the new scheme was a challenge and to solve this a 
ǎǘŀǘŜ ƛƴƛǘƛŀǘƛǾŜ ŎŀƭƭŜŘ άYƛŎƪ !Ǝŀƛƴǎǘ LƴŘƛǎŎƛǇƭƛƴŜέ ǿŀǎ made available to help with public 

 
505 Ibid. 
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management within the BRT-Lite system, such as to deal with trading and hawking on the 
walkways, and to maintain orderly queuing at the bus stops and vehicle parks.  

¶ Disability access was not considered for the BRT-lite design. While a fully accessibly system would 
require significantly more design, there are a number of cost-effective things that could be done 
to factor universal design at least into the bus stop and terminal infrastructure. 

For BEIS, these are the primary lessons of the programme in determining ICF investment: 

¶ BRT-Lite is rooted in established BRT practice but also grounded in a detailed understanding of 
local user needs, with the key requirement being efficient and rapid delivery, based on a flexible 
approach that works for the local context.  

¶ Existing public transport operators were able to benefit from involvement in delivery of a new 
transport system.  

¶ Success was largely due to a dedicated public transport authority, LAMATA, that has the 
capabilities to plan, regulate, and form relationships to enforce and operate public transport with 
appropriate expertise, energy, and desire to succeed.  

¶ Political commitment and support with a clear focus was vital, especially when difficult decisions 
are required and opposition is felt.  

¶ Transport union support was enabled with stakeholder engagement that educated, defined roles, 
and demonstrated the benefits and links in a cross-sector delivery that involves both public and 
private participation.  
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Glossary 

Acronym / Term Definition 

ADB Asian Development Bank 

Baseload The minimum amount of electric power delivered or required over a given period 

BAU Business as usual 

BEIS UK government Department for Business, Energy & Industrial Strategy 

BESS Battery energy storage systems 

BMZ DŜǊƳŀƴȅΩǎ CŜŘŜǊŀƭ aƛƴƛǎǘǊȅ ŦƻǊ 9ŎƻƴƻƳƛŎ /ƻoperation and Development 

BOT Build operate transfer 

BRT Bus rapid transit 

CIF Climate Investment Funds 

CIG Cities and Infrastructure for Growth 

CNG Compressed Natural Gas 

CSP Concentrated solar power 

CTF Clean Technology Fund 

DFID UK government Department for International Development 

Energy storage 
A device that captures energy for later use, with categories of storage including 
electrochemical, electrical, mechanical, and thermal forms of storage 

EU European Union 

EUR Euro 

EVs Electric vehicles 

FCO UK government Foreign and Commonwealth Office 

GBP British pound sterling 

GDP Gross domestic product 

GHG Greenhouse gas 

GIS Geographic Information System 

GIZ Deutsche Gesellschaft fur Internationale Zusammenarbeit GmbH 

Gt CO2 Gigatonnes of CO2 

Gt CO2e Gigatonnes of CO2 equivalent 

GW Gigawatt 

GWh Gigawatt hours 

HVT High Volume Transport Facility 

IADB Inter-American Development Bank 

ICE Internal combustion engines 

ICED Infrastructure and Cities for Economic Development 

IEA International Energy Agency 

IFC International Finance Corporation 

IoT Internet of Things 
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Acronym / Term Definition 

IPCC Intergovernmental Panel on Climate Change 

IT Information technologies 

MAGC Market Accelerator for Green Construction 

NAMA Nationally Appropriate Mitigation Action  

NDC Nationally Determined Contribution 

NEP National Energy Plans or Policies 

O&M Operations and maintenance 

ODA Official Development Assistance 

OECD Organisation of Economic Cooperation and Development 

PPP Public-private partnership 

PSO Public service obligation 

RD&D Research, development and demonstration 

SDG Sustainable Development Goal 

System costs 
Total costs to the electricity system to supply electricity at a given load and security of 
supply 

TOD Transit-oriented development 

UNIDO United Nations Industrial Development Organisation 

USAid United States Agency for International Development 

USD United States Dollar 
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Passenger Vehicles 

Summary  

The passenger vehicles opportunity considers all low emissions passenger vehicles except those used for 
mass transit and is expected to provide a low climate impact given the scale of electric vehicle (EV) 
deployment already expected under the business-as-usual (BAU) scenario. Broadly, we consider two vehicle 
categories: cars and two-wheelers. Cars includes fuel cell and battery electric vehicles (FCEV/BEVs), and fuel 
efficiency internal combustion engine vehicles (ICEVs). Both two- and three- wheelers are considered, as 
they represent a significant share of passenger kilometres (km) in ODA-eligible countries- often over 60%. 
This includes all motorised two wheelers, ranging from low power e-bikes and mopeds to motorcycles and 
rickshaws. Notably, large emissions reductions are forecast from this opportunity in the BAU scenario due to 
fuel efficiency improvements and increasing uptake of EVs, both cars and two-wheelers.  

Interventions to encourage adoption of low-carbon passenger vehicles in focus regions include financial 
support to install charging stations and technical assisstance to support EV-friendly urban planning. 
Examples of such interventions include: 

¶ Financial support towards enabling infrastructure, specifically the provision of electric vehicle 
charging stations, which is often underinvested in by the private sector until the market is mature. 

 Technical assistance to improve urban planning and help integrate EVs into the smart grid, with poor 
urban planning and concerns over EV charginƎΩǎ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ƎǊƛŘ ƴŜǘǿƻǊƪ ƻŦǘŜƴ ƭŜŀŘƛƴƎ ǘƻ ƭƻǿŜǊ 
levels of uptake or public sector interest.  

Table 32 Passenger vehicles assessment summary 

Criteria Assessment Notes 

Climate impact 

 

Low 

¶ Additional investment in passenger vehicles decarbonisation can help avoid around 
20% of total passenger transport sector emissions by 2050, beyond the BAU. The 
relatively low climate impact is due to already high emissions reductions expected 
under a BAU scenario, due to energy efficiency improvements and adoption of 
electric vehicles. 

¶ In regions with large two-wheeler markets, most notably India, the transition to EVs 
(and the climate impact) could be faster compared to markets with mostly four-
wheelers.  

Development impact 

 

Low 

¶ Largest development impact results from reductions in local air pollution and the 
consequent positive impact on Sustainable Development Goal (SDG) 3, good health 
and wellbeing.  

¶ Potential negative impact on SDG 12, sustainable consumption and production, if 
end-of-life management practices for electric vehicle batteries are not in place.  

Investment gap 

 

Low 

¶ Investment gap is negative, around USD 19 trillion less is required relative to BAU 
due to the considerable investment forecast to occur under BAU and the declining 
costs of EVs, which are expected to become cheaper than ICEVs. 

¶ The key additional investment to support low-carbon vehicles is enabling 
infrastructure e.g. charging stations. 

Cost-effectiveness 

 

Medium 

¶ Cost-effectiveness of EVs improves over time, as they are expected to reach cost 
parity with ICEVs by the mid-2020s; they will soon deliver CO2 abatement at GBP no 

additional cost.506 

¶ Electric two-wheelers are already cost-effective for certain vehicle classes. 

 
506  Jürg et al. (2019). E-Mobility Options for ADB Developing Member Countries. https://www.adb.org/sites/default/files/publication/494566/sdwp-
060-e-mobility-options-adb-dmcs.pdf; BNEF (2020) Electric Vehicle Outlook 2020 https://about.bnef.com/electric-vehicle-outlook/  

https://www.adb.org/sites/default/files/publication/494566/sdwp-060-e-mobility-options-adb-dmcs.pdf
https://www.adb.org/sites/default/files/publication/494566/sdwp-060-e-mobility-options-adb-dmcs.pdf
https://about.bnef.com/electric-vehicle-outlook/
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Criteria Assessment Notes 

Barriers to adoption 

 

Low 

¶ Coordination challenges and network effects associated with the provision of 
enabling infrastructure (e.g. charging stations) for low-carbon vehicles continues to 
be the most significant barrier. 

¶ Though low-carbon vehicles have historically faced barriers related to the unpriced 
carbon externality and policy bias towards incumbent automotive and oil 
distribution sectors, these barriers are reducing in many regions (e.g. India) due to 
EV cost declines and planned ICE phase-outs 

UK additionality 

 

High 

¶ The UK has substantial experience in increasing uptake of low emissions vehicles and 
implementing demand management measures to both reduce personal vehicle use 
and integrate vehicles into the grid network.  

¶ There is substantial international influence that can be leveraged within ongoing 
activities, including work by .9L{Ωǎ /htнс ǘŜŀƳ ƻƴ ƻǾŜǊŎƻƳƛƴƎ ōŀǊǊƛŜǊǎ ǘƻ ǘǊŀƴǎƛǘƛƻƴ 
to EVs across an extensive network of countries.  

Source: Vivid Economics, ASI & Factor  

Key lessons for supporting mitigation through decarbonising passenger vehicles: 

Electric vehicles are expected to be an increasingly cost-effective mitigation opportunity, forecast to 
reach cost parity with internal combustion vehicles in the 2020s. EV deployment could therefore be 
significantly faster than climate modelling suggests. However, to realise the full benefit of cost 
declines will require EV adoption to be paired with rapid renewable deployment by 2030. 

India and South America deliver a particularly large mitigation opportunity, due to their large and fast-
growing passenger vehicle fleets. In India, the mitigation opportunity will be delivered through the 
decarbonisation of the large two-wheeler market, more so than in South America (excluding Brazil).  

Public sector intervention will be most cost-effective when:  

Targeting the provision of enabling infrastructure, such as EV charging stations.  

Supporting low emission vehicle (LEV)-friendly urban planning.  

Ensuring the efficient integration of LEVs into the grid network.  

The UK has a substantial opportunity to harness its expertise in the design and implementation of 
demand management mechanisms, and installation and integration of charging infrastructure.  
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Introduction to the opportunity  

Role of opportunity in decarbonisation of developing countries 

Passenger vehicles (cars and two-wheelers) currently emit 1.2 gigatonnes of carbon dioxide (GtCO2) in low- 
and middle-income countries, rising to 3.1 GtCO2 in 2050 under a BAU scenario. Passenger vehicles account 
for approximately 14% of total emissions in non-OECD countries, and the majority of transport emissions.507 
To reach 1.5 degrees, emissions from passenger vehicles need to reduce to around 0.5 GtCO2 in 2050 (a 70% 
reduction versus BAU), while supporting a large increase (potentially 2-3x increase) in road transport 
demand.508 This large increase in demand is expected to come hand in hand with substantial increases in 
passenger vehicle fleet sizes, with four-wheelers increasing from 0.5 to 0.8 billion in non-OECD countries, 
and two wheelers continuing to play a large role as well.  Given the scale of the vehicle fleet, low-carbon 
pathways with EV adoption will not only have a large direct impact in reducing transport emissions, they will 
also have large indirect impacts, helping to further reduce the cost of batteries and disrupting oil industry 
revenues. 

Two-wheelers currently play a crucial role in road transport in non-OECD countries, but cars are expected to 
gradually become more important. Currently, up to 70% of passenger km in non-OECD countries are 
travelled using 2-wheelers (compared to 10% in the OECD).509 Although their relative importance is expected 
to continue, it is expected to decline to around 50% of passenger km travelled by mid-century. This is driven 
by a structural shift in transport demand, from heavily urban transport to more non-urban road transport, as 
well as increasing wealth making cars more affordable.510 

¢ƘŜ ǇŀǎǎŜƴƎŜǊ ǾŜƘƛŎƭŜ ƳŀǊƪŜǘ ƛǎ ƳŀǘŜǊƛŀƭƭȅ ŘƛŦŦŜǊŜƴǘ ǘƻ ǘƘŜ ¦YΩǎ ƳŀǊƪŜǘ ƛƴ Ƴŀƴȅ ŘŜǾŜƭƻǇƛƴƎ ŎƻǳƴǘǊƛŜǎΣ ǿƘƛŎƘ 
impacts how mitigation opportunities can be achieved. The large expected growth in demand for vehicles as 
populations and wealth grow underscores the importance of decarbonising the sector. However, despite 
rises in demand, the majority of vehicle sales in developing countries are second-hand. Hence, changing the 
make-up of the vehicle stock takes longer than, for example, in the UK. The specific challenges and 
opportunities for low- and middle-income countries to capture the mitigation potential in passenger vehicles 
are set out in this opportunity report.  

 

Scope considered in this assessment 

The passenger vehicle opportunity considers all low emissions passenger vehicles except those used for 
mass transit. Broadly, we consider two vehicle categories:  

Cars: This includes FCEVs and BEVs, and fuel efficiency ICEVs.  

Two wheelers: The passenger vehicles category includes two and three-wheelers, as they are a significant 
share of passenger km in non-OECD countries- often over 60%. This includes all motorised two 
wheelers, ranging from low power e-bikes and mopeds to motorcycles and rickshaws.  

Across both cars and two wheelers, individually owned and rented business models are considered. 

  

 
507 International Energy Agency. (2019). CO2 Emissions from Fuel Combustion Highlights (2019 edition). https://www.iea.org/reports/co2-emissions-
from-fuel-combustion-2019 
508 Measured in passenger km, based on SSP2. Data available from Integrated Assessment Modelling Consortium (IAMC) 1.5C scenario explorer here: 
https://data.ene.iiasa.ac.at/iamc-1.5c-explorer/#/workspaces 
509 International Energy Agency. (2017). Energy Technology Perspectives. Available from: https://www.iea.org/topics/energy-technology-perspectives 
510 International Transport Forum and Organization for Economic Co-operation and Development. (2019). ITF Transport Outlook 2019. Available from: 
https://www.oecd-ilibrary.org/docserver/transp_outlook-en-2019-
en.pdf?expires=1595426275&id=id&accname=ocid75017725&checksum=4F15D0FE09C14B4DB96E31FA1EE5C365 

https://data.ene.iiasa.ac.at/iamc-1.5c-explorer/#/workspaces
https://www.iea.org/topics/energy-technology-perspectives
https://www.oecd-ilibrary.org/docserver/transp_outlook-en-2019-en.pdf?expires=1595426275&id=id&accname=ocid75017725&checksum=4F15D0FE09C14B4DB96E31FA1EE5C365
https://www.oecd-ilibrary.org/docserver/transp_outlook-en-2019-en.pdf?expires=1595426275&id=id&accname=ocid75017725&checksum=4F15D0FE09C14B4DB96E31FA1EE5C365
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The assessment focuses on selected Official Development Assistance (ODA)-eligible regions, based on the 
scale of emission reductions in passenger vehicles expected within these regions. The included regions are: 

India, the largest global market for two-wheelers, and a large potential market for electric two-wheelers 
(following the transition that has already occurred in China).  

South America (excluding Brazil), ƘŜǊŜŀŦǘŜǊ Ψ{ƻǳǘƘ !ƳŜǊƛŎŀΩΣ ƛǎ ŀ ƳƻǊŜ ŎŀǊ-focused region, and has the 
largest absolute mitigation opportunity after China, at 73 MtCO2/year (versus BAU). 

North Africa, where passenger vehicles account for 85% of mitigation potential in 2050 beyond BAU.  

Central America. Like North Africa, passenger vehicles in this region are responsible for most mitigation 
beyond BAU, approximately 90% in 2050.  

Eastern Europe and Central Asia has both a sizeable absolute as well as relative mitigation opportunity, 
of 65 MtCO2/year (versus BAU). 

This assessment focuses on the benefit of supporting the opportunity as a whole and does not aim to 
comprehensively assess the effectiveness of specific investment opportunities or interventions. However, for 
context, potential specific investment opportunities are detailed in Sections 0.  
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Climate impact  

Mitigation potential and urgency 

Across low- and middle-income countries, decarbonising passenger vehicles can help avoid around 20% (0.6 
GtCO2) of CO2 emissions in the transport sector by 2050, beyond BAU.511 Most mitigation up to 2030 is 
expected to come from energy efficiency (0.12 GtCO2), with near zero mitigation from EV or FCEV 
deployment, compared to BAU, until later in the century. The minimal short-term mitigation from EVs is a 
result of limited short-term take-up of EVs (four-wheelers and two-wheelers) in climate modelling, as well as 
the relatively high continued emissions intensity of electricity in non-OECD countries (lowering the mitigation 
potential of EVs). Consequently, EVs are expensive from a GBP/tCO2 perspective in the short term, and 
hence not taken up at scale in most climate models. By 2050, EVs are expected to drive over half of the 
mitigation opportunity in passenger transport. Energy efficiency of ICEs, as well as biofuels, also play a role, 
with little to no deployment of hydrogen expected in passenger transport.  

Figure 30 Range of mitigation potential compared to BAU in 2030 and 2050 

   

 

Note:  The bars indicate the range of mitigation estimates from IMAGE across the six scenarios run. The national 
policies ǎŎŜƴŀǊƛƻ ƛǎ ǳǎŜŘ ŀǎ ǘƘŜ .!¦ ǎŎŜƴŀǊƛƻΣ ŀƴŘ ǎƻ άǾǎΦ .!¦έ ƳƛǘƛƎŀǘƛƻƴ ŜǎǘƛƳŀǘŜǎ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ŀǎ ǘƘŜ 
emissions reduction from 2015 in one scenario minus the emissions reductions from 2015 in the national 
policies scenario. 

Source: Vivid Economics, ASI and Factor using t.[Ωǎ IMAGE model 

EV deployment could be significantly faster than climate modelling suggests, but would need to be paired 
with rapid renewable deployment to support large-scale emissions reductions (several 100 MtCO2) by 2030. 
It is plausible the number of EV sales, and hence the mitigation opportunity, is significantly higher 
(particularly in China) than expected in climate modelling, driven by rapid cost reductions, as well as 
additional policy action motivated by non-climate factors (e.g. industrial strategy and air pollution). Rapid 
policy developments like, for example, planned ICE phase-outs in India, as well as faster than expected cost 
reductions, are not fully captured in the modelling. Bloomberg expects 116 million EVs on the road by 2030, 
which implies approximately 70 million are on the road in non-OECD countries.512 Assuming a rapid coal 

 
511 Measured against BAU, emission reductions are significantly lower. This is because energy (fuel) efficiency is a major driver of the mitigation 
opportunity, and substantial energy efficiency improvements compared to today are expected in BAU as well. 
512 BloombergNEF. (2020). Electric Vehicle Outlook 2020. Available from: https://about.bnef.com/electric-vehicle-outlook/ 

https://about.bnef.com/electric-vehicle-outlook/
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phase-out, this would be equivalent to around 140 MtCO2 annual abatement by 2030.513 Similarly, the 
market for electric two-wheelers is growing very rapidly, driven by cost and the ease of recharging small e-
moped and/or e-bicycle batteries. An earlier switchover to EVs would have a knock-on impact on the EV fleet 
size by 2050, driving the mitigation opportunity up beyond the estimated 0.3 GtCO2/year against BAU as 
estimated in IMAGE.  

FCEVs are not expected to play a major role. Current cost projections suggested FCEVs are likely to be more 
expensive than EVs in the passenger vehicle segment. As a result, FCEVs are not expected to play a major 
role in mitigating passenger emissions.  

Achieving large-scale mitigation in passenger vehicles requires significant changes in the vehicle fleet in the 
short term, and hence high sales penetration of electric vehicles and fuel-efficient vehicles. In non-OECD 
countries, there are approximately 0.5 billion cars on the road today. By 2030, this is expected to increase to  
0.8 billion and to around 1.2 billion by 2050.514,515 While by 2030 EV penetration may still be low in non-
OECD countries, achieving large-scale emissions savings mid-century will require a rapid transition, and 
around 50% (or above) sales penetration by the late 2030s in many markets. Notably, the Indian government 
aims for fast adoption of electric four-wheelers, 30% penetration by 2030, but the ability to achieve 
government targets is called into question by the availability of very low cost cars and consumer readiness.516 
Across most regions, rapidly turning over the vehicle stock will be a substantially larger challenge than in 
developed countries, given the importance of the second-hand market. 

In regions with large two-wheeler markets, most notably India, the transition to EVs could be faster 
compared to markets with mostly four-wheelers. Although short-term climate mitigation from this transition 
is limited (given high grid intensity), electric mopeds and bicycles are relatively cheap, potentially accessible 
through sharing platforms, and easy to charge in the home. This means the technology is relatively well 
positioned (compared to cars) to reach very high penetration rates, as has been demonstrated in China 
already.  

Fleet size, the current average emissions intensity and fuel economy (gCO2/km and Lge/100 km), mode-
switching opportunities, and the likely electrification potential also play a major role in determining the 
mitigation opportunity:  

Fleet size and associated transport demand unsurprisingly drive the mitigation opportunity. The largest 
opportunities in passenger transport occur in regions with the largest passenger fleets. For instance, 
China has a mitigation potential from passenger vehicles of 150 MtCO2/year in 2030 and is expected 
to have a fleet of 200 million vehicles.517 

Current average fleet fuel economy varies substantially by region. For example, in Italy fuel economy is 
approximately 5.2 litres gasoline-equivalent (Lge)/100 km, in China it is 7.6 Lge/100 km, and in Chile 
it is 8 Lge/100 km.518 Regions where fuel economy is currently poor have numerous relatively easy 
mitigation opportunities available.  

Mode-switching opportunities to mass transit vary substantially across regions, as set out in the Mass 
Transit opportunity report. To illustrate, 8% of all passenger transport mitigation in China is expected 

 
513 The yearly mitigated emissions from EVs will vary by make and model, as well as the grid intensity in the country of use. In the UK, the yearly 
emissions saved are estimated at about 2 tonnes of CO2 per EV (Hausfather. 2019. Carbonbrief. https://www.carbonbrief.org/factcheck-how-electric-
vehicles-help-to-tackle-climate-change). 
514 Bloomberg New Energy Finance. (2020). Electric Vehicle Outlook 2020. https://about.bnef.com/electric-vehicle-outlook/ 
515 OECD. (2012). Transport Outlook. https://www.oecd.org/greengrowth/greening-transport/Transport%20Outlook%202012.pdf 
516 https://www.bbc.co.uk/news/world-asia-india-48961525 
517 Bloomberg New Energy Finance. (2020). Electric Vehicle Outlook 2020. https://about.bnef.com/electric-vehicle-outlook/ 
518 International Energy Agency. (2019). Fuel Economy in Major Car Markets: Technology and Policy Drivers 2005-2017. 
https://www.iea.org/reports/fuel-economy-in-major-car-markets 

https://www.carbonbrief.org/factcheck-how-electric-vehicles-help-to-tackle-climate-change
https://www.carbonbrief.org/factcheck-how-electric-vehicles-help-to-tackle-climate-change
https://www.oecd.org/greengrowth/greening-transport/Transport%20Outlook%202012.pdf
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to come through mode-switching to mass transit, compared to just 3% in Eastern Europe and Central 
Asia. 519 

The EV take-up is expected to vary substantially by region. This is driven by likely differences in the 
availability of enabling infrastructure, as well as by characteristics of vehicle markets in different 
regions. For example, EV penetration will be slower in markets which heavily depend on second-hand 
imports (particularly Africa). By contrast, it will likely be faster in large two-wheeler markets 
(particularly Asian regions).  

Box 22 Modelling uncertainty 

The uncertainty around passenger vehicle mitigation is primarily driven by uncertainty around the relative 
costs between EVs and ICEs. EV costs have reduced rapidly in the past years. It is plausible that costs 
reduce below those of ICEs, in which case mitigation potential may become significantly larger than 
estimated. 

Uncertainty around mode switching is also significant but does not substantially change the mitigation 
potential in passenger vehicles. Urban planning policy etc. can discourage the use of passenger vehicles, 
particularly in urban areas.520 This is a sizeable mitigation opportunity (analysed separately), but is likely to 
represent a smaller uncertainty around passenger vehicle mitigation potential.  

 

Transformational change  

The Passenger Vehicles opportunity offers substantial scope for transformational change, as set out in Table 
2. The uptake of zero-carbon vehicles including two- and three-wheelers can be massively scaled up with a 
suitable framework of policy that sets out incentives to purchase and operate such vehicles, as well as 
enabling infrastructure, such as public charging points and building codes that mainstream the provision of 
private charging, as well as behavioural change considerations. This is likely to accelerate faster in India and 
South American countries where the uptake of EVs is gaining speed, but with a range of suitable 
interventions, transformational change can be achieved across the other target regions including Central 
America, North Africa, and Eastern Europe and Central Asia. It is also important to remember that achieving 
the Paris Agreement targets also relies to a significant extent on limiting the uptake of private vehicles and 
instead shifting demand to active transport, such as walking and cycling, and mass transit solutions, such as 
bus and rail. As such, International Climate Finance (ICF) interventions should also consider demand 
management interventions to achieve transformational change via reducing the use of private vehicles.  

Table 33 Assessment of transformational change  

Transformational change 
criterion 

Interventions to support change Regional potential 

Sensitive intervention points 

Improvement of local 
capacities and capabilities 

Capacity building for governments to implement and enforce 
vehicle emissions standards. 
Support policy and regulation that incentivise uptake of zero-
carbon vehicles. 
Strengthening urban planning and building code legislation 
to incentivise EVs.  

North Africa, Central America, 
South America 

 
519 By 2050, under a 1.5°C scenario. 
520 Jones, Peter. (2014). The evolution of urban mobility: The interplay of academic and policy perspectives. 
https://doi.org/10.1016/j.iatssr.2014.06.001 
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Transformational change 
criterion 

Interventions to support change Regional potential 

Local ownership and strong 
political will 

Creating stronger understanding of the rationale and the 
levers to improve the uptake of more efficient and low-
carbon vehicles can improve political will.  

Eastern Europe and Central Asia, 
North Africa, Central America 

Leverage / creation of 
incentives for others to act  

Support financial incentives for EVs or efficient ICEs, such as 
tax rebates and subsidies. 
Support in developing widespread EV charging infrastructure, 
helping to encourage uptake.  
Support for demand management incentives such as low-
emission zones, paired with more efficient mass transit, safer 
cycling lanes, etc. helps reduce reliance on personal vehicles.  

Eastern Europe and Central Asia, 
North Africa, Central America 

Spillovers 

Broad scale and reach of 
impacts 

Supporting disruptive business models for electric vehicles 
and two- and three-wheelers can achieve rapid growth and 
scale.  
Support to integrate EVs in providing grid balancing services, 
as smart and flexible electricity grids are developed.  
Potential for EV deployment to decrease costs of stationary 
storage / provide second life batteries for the grid. 
Charging infrastructure for passenger vehicles can reduce 
future costs of decarbonising heavy duty freight transport 

India, North Africa, Central 
America, South America 

Sustainability (continuation 
beyond initial support)  

Support implementing urban planning measures to help 
integrate EVs and to manage demand for personal vehicle 
use.  

All regions 

Replicability by other 
organisations or actors 

Support the dissemination of demonstration projects or 
pilots to other countries and contexts.  

All regions 

Innovation 

Catalyst for innovation  

Support innovative development of mini-grid solar to power 
EV two- and three-wheelers in off-grid locations.  
Enabling more widespread EV charging infrastructure.  
Encouraging local manufacturing of two- and three-wheelers 

North Africa, Central America 

Evidence of effectiveness is 
shared publicly  

Importance of sharing learning and evidence of what works 
well and what has failed or could be improved.  

All regions 

Source: Vivid Economics, ASI and Factor  
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Development impact  

SDG impacts 

Cleaner passenger vehicles significantly help countries in the target regions achieve several sustainable 
development goals, as set out in Table 34.  

Poor air quality in most cities in the target countries is connected to many thousands of early deaths per 
year and many governments are actively seeking to decarbonise vehicle fleets to reduce this.  

Health-related SDG benefits are likely to be greater in the near-term in countries with large urban 
centres, where negative health impacts of air pollution are concentrated.  

Table 34  SDG impacts 

SDG 
Strength of 

impact 
Most relevant 

region 
Rationale  

Positive Impacts 

SDG 3 ς Good 
Health and 
wellbeing 

High 
All regions 

 

Promoting low emission passenger vehicles would reduce air 
pollution, thereby reducing pollution and contamination-related 
deaths and illnesses.  

SDG 7 ς 
Affordable and 
Clean Energy 

Moderate 
China, South 
America (Chile)  

EVs have an important role to play in smart and flexible 
electricity grids, helping to store power and feed back into the 
grid during times of high demand.  

SDG 9 ς Industry, 
Innovation and 
Infrastructure  

High All regions 

More sustainable passenger vehicles would promote innovation 
and innovative infrastructure, such as EV integration with 
flexible grids. Local battery or two- or three-wheeler production 
could also lead to greater industry and employment.  

SDG ς 10 Equity Moderate 
China, India, 
South America 

Access to mobility options is a key consideration, including the 
role of autonomous vehicles in the longer term.   

SDG 12 - 
Responsible 
Consumption and 
Production 

Moderate All regions 
More sustainably produced passenger vehicles that are more 
efficient or emissions free. 

SDG 13 ς Climate 
Action  

High All regions 
Promotion of energy-efficient passenger vehicles would result in 
reducing greenhouse gases (GHG) emissions. 

Negative Impact 

SDG 12 ς 
Responsible 
Consumption and 
Production / SDG 
15 ς Life on Land 

Low  All regions 

Impacts of EV batteries on the environment need to be carefully 
managed. For instance, mineral extraction for batteries ought to 
meet environmental and ethical standards and batteries should 
be recycled appropriately. The production of land-competitive 
biofuels can also have direct and indirect impacts on 
biodiversity, water, and food. 

Source:  Vivid Economics, ASI and Factor 
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Demand in target regions 

Table 35 Demand in target geographies 

Source: Vivid Economics, ASI and Factor 

India: India has a vision to make EV sales at least 30% of all passenger vehicle sales by 2030, and in April 
2019 the government launched the second phase of FAME (Faster Adoption and Manufacturing of 
Hybrid & Electric Vehicles), although progress against targets during 2019-2020 has been hampered 
by a range of factors, including Covid-19.521 In India more than ten state governments have rolled out 
EV Policy with both fiscal and non-fiscal incentives. The fleet operators across the different segments 
are exploring, and are tying up with, original equipment manufacturers (OEMs) to develop low cost 
and agile solutions for the EV market. Total EV sales surpassed 750,000 vehicles in 2018, including 
electric two-wheelers (growth of 130% year-on-year), electric three-wheelers, and electric passenger 
vehicles.522 Finally, India has recently introduced the BS6 standard for ICE vehicle efficiency, which is 
equivalent to Euro VI.  

Eastern Europe and Central Asia: Six out of nine countries mention transport as one of the mitigation 
sectors in their Nationally Determined Contributions (NDCs) or Intended Nationally Determined 
Contributions (INDCs). Further, seven out nine countries recognise transport in their domestic 
climate laws and policies. However, countries rarely directly refer to EVs. For example, in Central 
Asian countries such as Kyrgyzstan, Kazakhstan, Turkmenistan, Tajikistan, Uzbekistan, no policies or 
incentives exist for EVs.523 In Ukraine, there are value-added tax (VAT) exemptions on imports of 
EVs.524  Many Eastern European countries benefit from knowledge sharing and resources within the 
European Union (EU) and also demonstrate commitment to the uptake of more efficient and less 
polluting passenger vehicles via policy and financial incentives.525 

North Africa: Several North African countries, such as Egypt and Morocco, are actively seeking to 
improve the efficiency of their passenger vehicle fleets and have applied a total ban on the import of 

 
521 Dwivedi, Shivali. (2020). Impact of COVID-19 on the Indian e-mobility sector. https://www.icf.com/insights/transportation/impacts-covid19-
emobility-sector?utm_medium=emp-social&utm_source=linkedin&utm_campaign=1978-India-Next-Energy&utm_content=article 
522 International Energy Agency. (2019). India and IEA hold workshop on EV charging infrastructure. https://www.iea.org/news/india-and-iea-hold-
workshop-on-ev-charging-infrastructure 
523 Grütter and Kim. (2019). E-Mobility Options for ADB Developing Member Countries. 
https://www.adb.org/sites/default/files/publication/494566/sdwp-060-e-mobility-options-adb-dmcs.pdf 
524 Eastern Partnership. (2018). Eastern Partnership 14th Panel on Transport: Electric Vehicles in Ukraine. http://eap-csf.eu/wp-content/uploads/EVs-
in-Ukraine.pdf 
525 See, for example: European Automobile Manufactures Association. (2019). Electric Vehicles: Tax Benefits & Incentives in the EU. 
https://www.acea.be/uploads/publications/Electric_vehicles-Tax_benefits_incentives_in_the_EU-2019.pdf 

Region Demand Rationale 

India Moderate-High 
Recent roll-out of plans and policies by national and sub-national 
governments, sales of Passenger Electric Vehicles PEVs) increasing year 
by year.  

Eastern Europe and 
Central Asia  

Low-Moderate 
Variable regulatory environment and policies across different countries, 
mostly limited to tax exemptions.  

North Africa Low-Moderate  
 Variable regulatory environment and policies across different 
countries. 

Central America  Moderate-High  
Variable policy and regulatory environment, countries are developing or 
have developed targeted EV policies.   

South America  Moderate-High  
Variable policy and regulatory environment, countries are developing or 
have developed EV targeted policies led by Chile and Colombia.  

https://www.icf.com/insights/transportation/impacts-covid19-emobility-sector?utm_medium=emp-social&utm_source=linkedin&utm_campaign=1978-India-Next-Energy&utm_content=article
https://www.icf.com/insights/transportation/impacts-covid19-emobility-sector?utm_medium=emp-social&utm_source=linkedin&utm_campaign=1978-India-Next-Energy&utm_content=article
https://www.iea.org/news/india-and-iea-hold-workshop-on-ev-charging-infrastructure
https://www.iea.org/news/india-and-iea-hold-workshop-on-ev-charging-infrastructure
https://www.adb.org/sites/default/files/publication/494566/sdwp-060-e-mobility-options-adb-dmcs.pdf
http://eap-csf.eu/wp-content/uploads/EVs-in-Ukraine.pdf
http://eap-csf.eu/wp-content/uploads/EVs-in-Ukraine.pdf
https://www.acea.be/uploads/publications/Electric_vehicles-Tax_benefits_incentives_in_the_EU-2019.pdf
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used cars as a first step.526 There is a need for further assistance in improving the regulations and 
standards governing the efficiency of ICEs and the integration of new energy vehicles.  

Central America: Approximately 90% of countries identify transport as a mitigation pathway in their 
NDCs/INDCs.  Generally, there is very little policy in terms of fuel economy, but there are some 
promising moves within electric mobility, partly due to advances in clean grids. To provide a few 
examples: There are comprehensive EV regulations in Costa Rica ς the first in the region - and it has 
set an ambitious target to get 37,000 PEVs on the road by 2022. Guatemala locally produces electric 
three-wheelers. Panama is implementing a National Strategy for Electric Mobility, along with the 
Inter-American Development Bank, and has introduced 1,500 e-taxis. Jamaica is developing an 
Electric Vehicle Policy and a strategic framework for electric mobility to inform policy and support a 
seamless transition to battery electric vehicles.  

South America: Chile, Colombia, and Uruguay identify transport as a mitigation sector in their NDCs, 
while Ecuador, Bolivia, Guyana, Paraguay, and Peru do not. There is significant demand by a range of 
stakeholders from the public and private sectors in South America for a range of policies and 
technologies that reduce vehicle emissions, as demonstrated by the 2018 South America Summit on 
Vehicle Emissions Control, which culminated in a draft regional workplan for more efficient 
vehicles.527 Chile is taking a regional lead in ambition for clean mobility, with targets to increase the 
number of electric vehicle tenfold by 2022 and to transform the private vehicle fleet to 60% electric 
by 2050, 528 as well as shifting modes from private to public transport and increasing the use of green 
hydrogen for buses.529 Chile also made a further commitment in their revised NDC, to reduce total 
carbon emissions by 25% in 2030 compared to 2016 levels.530 In Colombia, the Ministry of Transport 
has taken steps to move the NDC forward by creating a new division called the Group for 
Environmental Affairs and Sustainable Development (GAADS), to coordinate mitigation measures in 
the transport sector. 

  

 
526 Baskin, Ariadne. (2018). Africa Used Vehicle Report. https://wedocs.unep.org/bitstream/handle/20.500.11822/25233/AfricaUsedVehicleReport.pdf 
527 Posada et al. (2018). 2018 South America Summit on Vehicle Emissions Control: Summary Report and Regional Workplan. Available at: 
https://theicct.org/sites/default/files/publications/ICCT_SouthAmerSummit2018_rpt.pdf 
528 Changing Transport: Chile submits New Nationally Determined Contribution (NDC). Available at: https://www.changing-transport.org/chile-
submits-new-ndc/ 
529  Ramos Miranda, Natalia A. (2018). Chasing China: Chile drives Latin America's electric vehicle revolution.  https://www.smh.com.au/world/south-
america/chasing-china-chile-drives-latin-america-s-electric-vehicle-revolution-20181210-p50l7a.html 
530 Climate and Clean Air Coalition. (2020). Chile Increases Climate Change Ambition with Targets that Simultaneously Improve Air Quality and Health. 
https://breathelife2030.org/news/chile-increases-climate-change-ambition-targets-simultaneously-improve-air-quality-health/ 

https://wedocs.unep.org/bitstream/handle/20.500.11822/25233/AfricaUsedVehicleReport.pdf
https://theicct.org/sites/default/files/publications/ICCT_SouthAmerSummit2018_rpt.pdf
https://www.changing-transport.org/chile-submits-new-ndc/
https://www.changing-transport.org/chile-submits-new-ndc/
https://www.smh.com.au/world/south-america/chasing-china-chile-drives-latin-america-s-electric-vehicle-revolution-20181210-p50l7a.html
https://www.smh.com.au/world/south-america/chasing-china-chile-drives-latin-america-s-electric-vehicle-revolution-20181210-p50l7a.html
https://breathelife2030.org/news/chile-increases-climate-change-ambition-targets-simultaneously-improve-air-quality-health/
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Investment need  

Total investment need in decarbonising passenger vehicles is an order of magnitude larger than that for 
renewables; however, much of this investment will occur in BAU. The passenger vehicle market is very large. 
Car sales alone in non-OECD countries accounted for approximately USD 1 trillion revenues in 2017. 531,532 
Data on the full two-wheeler market is less available, but total market value is of a similar magnitude (more 
sales, but lower unit value). Given the market size, even relatively small percentage increases in average 
vehicle costs can have a substantial impact on investment needs. Although these investments are mostly 
distributed across a large number of households, mass market sales for EVs in both cars and two-wheelers 
are not expected before these become cheaper, and hence additional investment is limited.  

Electric cars are expected to become cheaper than ICE cars in the next decade, while some electric 2-
wheelers are already cost-effective to purchase. Electric cars currently represent an additional (upfront) 
investment of approximately USD 10,000/vehicle, however this is expected to reduce to USD 0 in 5-10 
years.533 While electric vehicles remain more expensive now, at the point of mass take-up in developing 
countries, electric vehicles will be at cost parity and do not represent a substantial additional investment. 
Electric two-wheelers, particularly mopeds and e-bikes, are already cost-competitive in many countries, and 
seeing substantial take-up alongside growing wealth. This cost inversion implies investment needs against 
BAU are expected to be negative, as shown in Figure 31.  

Figure 31 Investment needs to turn over the fleet to low-carbon vehicles in a 1.5-degrees scenario could be lower 
than in the BAU, driven by lower EV costs as well as mode-shifting 

 

Notes:  LƴǾŜǎǘƳŜƴǘ ƴŜŜŘ ŎŀƭŎǳƭŀǘƛƻƴǎ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ǘƘŜ LƴǘŜǊƴŀǘƛƻƴŀƭ 9ƴŜǊƎȅ !ƎŜƴŎȅΩǎ όL9!ύ investment 
levels on transport capital expenditure in the BAU and 1.5-degrees scenarios. Investment gap is 
calculated as investment need in a 1.5-degrees scenario minus investment in a BAU scenario. 

 
531 Statista. (2019). Revenue - automotive industry worldwide 2017-2030. https://www.statista.com/statistics/574151/global-automotive-industry-
revenue/ 
532 Bullard, Nathaniel. (2019). BǳƭƭŀǊŘΥ /ƘƛƴŀΩǎ IǳƴƎŜǊ ŦƻǊ 9ƭŜŎǘǊƛŎ ±ŜƘƛŎƭŜǎ ƛǎ 5ǊƛǾƛƴƎ aŀƴǳŦŀŎǘǳǊƛƴƎΦ ƘǘǘǇǎΥκκŀōƻǳǘΦōƴŜŦΦŎƻƳκōƭƻƎκōǳƭƭŀǊŘ-chinas-
hunger-electric-vehicles-driving-manufacturing/ 
533 Grütter and Kim. (2019). E-Mobility Options for ADB Developing Member Countries. 
https://www.adb.org/sites/default/files/publication/494566/sdwp-060-e-mobility-options-adb-dmcs.pdf 
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Source: Vivid Economics, ASI and Factor using IEA. (2017). Energy Technology Perspectives.  

The key additional investment to support low-carbon vehicles is the enabling infrastructure. For example, 
public charging networks will be required to support large-scale EV deployment. Investment needs for this 
will vary by country and depend on local factors such as population density. To give an indication, investment 
requirements for public EV chargers in the UK are estimated at USD 1 billion by 2030.534 Scaling this by fleet 
size suggests approximate investment needs of USD 6 billion across all non-OECD countries.  A key difference 
between regions is the importance of the two-wheeler fleet. Many electric two-wheelers can easily be 
charged using home electricity, whereas the larger battery size of cars requires specialist chargers (to 
achieve practical charging times).535  

 
534 Vivid Economics. (2018). Accelerating the EV transition ς Part 1: environmental and economic impacts. 
https://www.wwf.org.uk/sites/default/files/2018-03/Final%20-%20WWF%20-%20accelerating%20the%20EV%20transition%20-%20part%201.pdf 
535 Rajper & Albrecht. (2020). Prospects of Electric Vehicles in Developing Countries: A literature review. Available from: https://www.mdpi.com/2071-
1050/12/5/1906 

https://www.mdpi.com/2071-1050/12/5/1906
https://www.mdpi.com/2071-1050/12/5/1906
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Cost-effectiveness  

Cost-effectiveness of low-carbon vehicles will improve over time.  

In the short term, direct investment in (FC)EVs is unlikely to be cost-effective given the existing price gap 
between EVs and ICEs and the limited emission savings per EV.  A typical EV saves approximately 10 
tCO2 of carbon compared to ICEs over its lifetime (although this is heavily dependent on the carbon 
intensity of electricity).536 Given that the difference in capital cost between EVs and ICEs is typically 
around GBP 10,000, upfront investment is costly for limited CO2 savings. EVs compare more 
favourably to ICEs on a total cost of ownership basis (and hence on lifetime GBP/tCO2). By contrast, 
measures to encourage fuel efficient ICEs are cost-effective from a GBP/tCO2 point of view, given the 
fuel savings. 

In the long term, as set out above, electric cars are expected to become cheaper than ICE ones (first on a 
lifetime basis, and later on a showroom cost basis), and hence electric cars would have negative 
abatement cost, and measures to support their uptake would typically be highly cost-effective. 

Unlike cars, supporting electric two-wheelers is already cost-effective for certain vehicle classes. E-bikes and 
low power electric mopeds can be cost competitive with two-stroke ICEs (partly because cheap, small 
batteries can be used). Over their lifetime, replacing two-stroke ICEs with electric substitutes saves 
approximately 1 tCO2, hence small cost differences between the alternatives imply cost-effective 
investments.537  

The cost-effectiveness of enabling infrastructure will be context-specific, but is likely to be high. In many 
cases, enabling infrastructure is likely to be a cost-effective investment in terms of GBP/ tCO2. This is 
because, without the enabling infrastructure present, countries would not be able to benefit from high take-
up from EVs when these become cheaper than ICEs.  

 
536 International Energy Agency. (2019). Global EV Outlook 2019. https://www.iea.org/reports/global-ev-outlook-2019 
537 Assuming 50,000 lifetime km driven, approximately 20 gCO2/km difference in emissions and similar material emissions intensity. Detailed lifecycle 
assessments are available from Cherry et al. (2009). Comparative environmental impacts of electric bikes in China. Available from: 
https://www.sciencedirect.com/science/article/pii/S1361920908001387  

https://www.sciencedirect.com/science/article/pii/S1361920908001387
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Barriers to adoption  

The largest barriers to the adoption of cleaner private passenger vehicles in the target regions are related to 
political economy challenges, market failures and the enabling environment. Our typology of barriers is 
provided in the Methodology chapter in the Synthesis Report. 

Figure 32 Barriers to an opportunity  

 

Source: Vivid Economics, ASI and Factor  

Moderate political economy barriers reduce the uptake of more efficient ICE vehicles or EVs and other zero-
emissions vehicles.  

Governments in the target regions can be strongly influenced by the conventional oil distribution sectors, 
particularly if they provide financial support to political parties in advance of elections. This is likely to 
be higher in North Africa and Central Asia, weakening political support for zero-carbon vehicles.  

The cultural dynamics of personal status associated with owning a larger vehicle, such as an sport utility 
vehicle (SUV), can often act as a barrier to the uptake of more efficient vehicles and reduce the 
incentive to cut down personal vehicle use and switch to mass transit. There are now over 200 
million SUVs around the world, up from about 35 million in 2010, accounting for 60% of the increase 
in the global car fleet since 2010. Around 40% of annual car sales today are SUVs, compared with less 
than 20% a decade ago. As a consequence, SUVs have been the second-largest contributor to the 
increase in global CO2 emissions since 2010 after the power sector, but ahead of heavy industry.538 

There may also be affordability and equity issues in some regions, particularly India and North Africa, 
where higher-cost EVs and more efficient ICEs are only accessible to a minority of high-income 
households. However, affordability is to some degree an issue worldwide, and as EVs develop along a 
market penetration curve, costs will come down and a higher share of cleaner and more efficient 
vehicles will become affordable enough for most, which is another reason why shared mobility and 
fleets are key targets for initial electrification. 

Range anxiety for potential buyers of EVs can be a significant barrier to uptake, in all target regions, 
although perceptions are changing rapidly along with development in battery efficiency and the 

 
538 International Energy Agency. (2019). Growing preference for SUVs challenges emissions reductions in passenger car market. Available at: 
https://www.iea.org/commentaries/growing-preference-for-suvs-challenges-emissions-reductions-in-passenger-car-market 

https://www.iea.org/commentaries/growing-preference-for-suvs-challenges-emissions-reductions-in-passenger-car-market
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increased sharing of positive experiences of EV owners. Nevertheless, awareness-raising campaigns 
are essential to make sure that technological advances translate into common knowledge.      

Moderate market failure barriers to investment or adoption are likely to be: 

Battery costs are reducing at a relatively fast pace but still make the price of EVs comparatively higher 
than conventional ICEs. Bridging this gap for consumers, until cost parity occurs, must rely on 
financial and regulatory incentives as well as public awareness and support of the importance of less 
polluting vehicles.539  

High investment costs in implementing charging infrastructure is a significant barrier to the uptake of EVs 
in all of the target regions. There is also often confusion between government and private sector 
entities, such as auto manufacturers and utility companies, over who should take responsibility for 
implementing charging infrastructure and where and for how long in terms of phases of deployment. 
This is an evident problem in regions that are more advanced in pursuing the uptake of EVs, such as 
India and South America.  

Complementary aftermarket supply chains for parts and services is key to increasing the attractiveness of 
EVs and is generally lacking in the target regions until a more coherent policy approach enables 
greater uptake and commercial commitment to specific national or regional markets.  

In terms of managing demand and encouraging a shift away from private vehicles to public transport, a 
critical market failure is unpriced access to urban road space, followed by under-priced access to 
parking space (often taken from road space). The challenge is for funds derived from charging for 
these to be retained at the municipal, rather than national, level so that these can be used for the 
development of clean and efficient urban mobility. 

Moderate enabling environment / absorptive capacity barriers to investment or adoption are likely to be: 

While developing countries have the fastest growing fleets of private passenger vehicles, in terms of cars 
and two- or three-wheelers, many have no, or rather weak, vehicle emissions standards or 
mechanisms to enforce them, which undermines the incentives to invest in EVs. This is particularly 
lacking in Central Asia, Central America, and South America, although the latter region is taking steps 
to implement more robust vehicle efficiency standards.540  

There is very little local data available on emissions and environmental impact of passenger vehicles in 
many countries in the target regions, particularly South and Central America and North Africa, 
reducing the incentive for public sector intervention.  

Many countries in the target regions lack policy frameworks, national roadmaps, and incentives to 
promote zero-emission vehicles, to bring the relevant stakeholders together, and to unlock the 
barriers to their deployment.541 This is particularly the case in North Africa and Central Asia.  

A major barrier to the uptake of EVs is the lack of charging infrastructure. EVs and FCEVs, as well as 
electric two- and three-wheelers, become increasingly attractive as a comprehensive charging 
infrastructure is available, which is currently severely lacking across all regions. For example, Chile, 
which is a frontrunner in terms of ambition and targets for electric vehicle uptake, only has 40 

 
539 McKinsey and Company. (2018). Making Electric Vehicles Profitable: https://www.mckinsey.com/industries/automotive-and-assembly/our-
insights/making-electric-vehicles-profitable 
540 Posada et al. (2018). 2018 South America Summit on Vehicle Emissions Control: Summary Report and Regional Workplan. Available at: 
https://theicct.org/sites/default/files/publications/ICCT_SouthAmerSummit2018_rpt.pdf 
541 UNEP. Why Does Electric Mobility Matter? Accessed 24/07/2020. Available at:  https://www.unenvironment.org/explore-topics/transport/what-
we-do/electric-mobility/why-does-electric-mobility-matter 

https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/making-electric-vehicles-profitable
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/making-electric-vehicles-profitable
https://theicct.org/sites/default/files/publications/ICCT_SouthAmerSummit2018_rpt.pdf
https://www.unenvironment.org/explore-topics/transport/what-we-do/electric-mobility/why-does-electric-mobility-matter
https://www.unenvironment.org/explore-topics/transport/what-we-do/electric-mobility/why-does-electric-mobility-matter
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charging stations in the country, half of which are in the capital, Santiago.542 India, with a population 
of almost 1.4 billion, had under 1,000 public charging points at the start of 2020.543  

Lack of reliable electricity in some less-developed countries is a major constraint to the uptake of electric 
vehicles, where charging is likely to be disrupted and unreliable. There are also significant rural areas 
that remain off-grid, particularly in India and South America, although off-grid renewable energy 
solutions for charging is a potentially high-impact area of new development.544  

Limited public awareness and public debate exists in many of the target regions, particularly in India and 
Central Asia, on the issues of the climate- and air quality-related costs of polluting vehicles, and 
around the benefits of a shift to cleaner transportation. An under-informed public will not have the 
information it needs to judge the benefits or costs of public actions, which is crucial in enabling a 
shift to less polluting private vehicles.545 

Battery swapping initiatives, more predictable to manage and thus often more effective for fleet 
vehicles, including three-wheeler urban freight vehicles, are hindered by a lack of standardisation on 
battery specifications. This has been noted as a barrier in India, where this mode could rapidly be 
implemented, whereas many other regions such as North Africa and Eastern Europe and Central Asia 
have not progressed far in this area.  

  

 
542 Ramos Miranda, Natalia A. (2018). Chasing China: Chile drives Latin America's electric vehicle revolution. https://www.smh.com.au/world/south-
america/chasing-china-chile-drives-latin-america-s-electric-vehicle-revolution-20181210-p50l7a.html 
543 Kwatra, Sameer. (2020). Mobilizing Finance for Electric Vehicle Charging in India. https://www.nrdc.org/experts/sameer-kwatra/mobilizing-
finance-electric-vehicle-charging-
india#:~:text=March%2027%2C%202020%20Sameer%20Kwatra%20Of%20the%20one,finance%20is%20critical%20to%20achieving%20the%20requir
ed%20scale. 
544 Silverstein, Ken. (2020).  Solar-Powered Electric Vehicle Charging Stations Are Just Around The Corner. 
https://www.forbes.com/sites/kensilverstein/2020/02/10/solar-powered-electric-vehicle-charging-stations-are-just-around-the-
corner/#27c0a706320f 
545 Posada et al. (2018). 2018 South America Summit on Vehicle Emissions Control: Summary Report and Regional Workplan. Available at: 
https://theicct.org/sites/default/files/publications/ICCT_SouthAmerSummit2018_rpt.pdf 

https://www.smh.com.au/world/south-america/chasing-china-chile-drives-latin-america-s-electric-vehicle-revolution-20181210-p50l7a.html
https://www.smh.com.au/world/south-america/chasing-china-chile-drives-latin-america-s-electric-vehicle-revolution-20181210-p50l7a.html
https://www.nrdc.org/experts/sameer-kwatra/mobilizing-finance-electric-vehicle-charging-india#:~:text=March%2027%2C%202020%20Sameer%20Kwatra%20Of%20the%20one,finance%20is%20critical%20to%20achieving%20the%20required%20scale
https://www.nrdc.org/experts/sameer-kwatra/mobilizing-finance-electric-vehicle-charging-india#:~:text=March%2027%2C%202020%20Sameer%20Kwatra%20Of%20the%20one,finance%20is%20critical%20to%20achieving%20the%20required%20scale
https://www.nrdc.org/experts/sameer-kwatra/mobilizing-finance-electric-vehicle-charging-india#:~:text=March%2027%2C%202020%20Sameer%20Kwatra%20Of%20the%20one,finance%20is%20critical%20to%20achieving%20the%20required%20scale
https://www.nrdc.org/experts/sameer-kwatra/mobilizing-finance-electric-vehicle-charging-india#:~:text=March%2027%2C%202020%20Sameer%20Kwatra%20Of%20the%20one,finance%20is%20critical%20to%20achieving%20the%20required%20scale
https://www.forbes.com/sites/kensilverstein/2020/02/10/solar-powered-electric-vehicle-charging-stations-are-just-around-the-corner/#27c0a706320f
https://www.forbes.com/sites/kensilverstein/2020/02/10/solar-powered-electric-vehicle-charging-stations-are-just-around-the-corner/#27c0a706320f
https://theicct.org/sites/default/files/publications/ICCT_SouthAmerSummit2018_rpt.pdf
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UK additionality 

The ¦YΩǎ ŀŘŘƛǘƛƻƴŀƭity is strong across the design and implementation of demand management mechanisms, 
financial and tax-based incentives, and installation and integration of charging infrastructure.  

Via the Office for Low Emissions Vehicles (OLEV), the UK is continuing to strengthen its expertise in 
encouraging the uptake of EVs, integrating EVs into the power sector, and rolling out charging 
infrastructure; areas where non-OECD countries require significant assistance.  

The BEIS COP26 team is building extensive international networks to overcome barriers to transition to 
EVs in different countries, which can be leveraged for influence and knowledge sharing.  

The UK has strong experience in designing domestic policy and contributing to EU initiatives and policy 
on financial and tax-based incentives for scrapping old vehicles and encouraging the uptake of more 
efficient ICEs and zero-emissions vehicles.  

In general, there is high potential for UK additionality given the ¦YΩǎ ǊŜŎŜƴǘƭȅ ŀƴƴƻǳƴŎŜŘ Ŧƻǎǎƛƭ-fuel 
vehicle phase-out. This should drive down costs and lead to innovation in solving the challenges of 
the rapid uptake of EVs. 

The UK has strong experience in implementing demand management measures to reduce the use of 
personal vehicles, or increase uptake of low emissions vehicles, including congestion charging zones 
(London is a global study of best-practice) and low emissions zones and attractive mass transit.  

International donor activity in support of passenger vehicles is focused on ICE efficiency and the uptake of 
EVs: 

The United Nations Environmentŀƭ tǊƻƎǊŀƳƳŜΩǎ ό¦b9tύ Electric Mobility Programme supports electric 
mobility for developing and transitional countries.546 The UNEP, supported by the IEA and several 
other partners, is also implementing the Global Fuel Economy Initiative,547 which aims to help 
stabilise greenhouse gas emissions from the global light duty vehicle fleet through a 50% 
improvement of vehicle fuel efficiency worldwide by 2050.548  

The EV30@30 Campaign, implemented by the Clean Energy Ministerial, to which the UK government 
contributes to the budget, sets a collective aspirational goal to speed up deployment and reach a 
30% sales share for electric vehicles by 2030 among the participating countries.549 The campaign 
supports the market for electric passenger cars, light commercial vans, buses, and trucks (including 
battery-electric, plug-in hybrid, and fuel cell vehicle types). It also works towards the installation of 
charging infrastructure to supply sufficient power to the vehicles deployed.  

In the five regions with the largest mitigation potential, the UK typically has strong ODA ties with India, 
Colombia, Ukraine, and the British Overseas Territories in the Caribbean but limited ODA links with most of 
the other high-potential countries, such as in North Africa or Eastern Europe. 

Very few UK Government ODA programmes focus specifically on increasing the uptake of EVs and more 
efficient passenger vehicles. A greater number have focused on reducing private vehicle use through 
promoting active transport, such as walking and cycling, as well as supporting the implementation 
and improvement of mass transit. Several notable examples include: 

 
546 UNEP. Why Does Electric Mobility Matter? Accessed 24/07/2020. Available at:  https://www.unenvironment.org/explore-topics/transport/what-
we-do/electric-mobility/why-does-electric-mobility-matter 
547 GFEI Website: https://www.globalfueleconomy.org 
548 UNEP. Global Fuel Economy Initiative: https://www.unenvironment.org/explore-topics/transport/what-we-do/global-fuel-economy-initiative 
549 Clean Energy Ministerial website: http://www.cleanenergyministerial.org/campaign-clean-energy-ministerial/ev3030-
campaign#:~:text=The%20EV30%4030%20campaign%20aims%20to%20gather%20commitments%20from,private%20sector%2C%20and%20the%20i
nvolvement%20of%20civil%20society%3B 

https://www.unenvironment.org/explore-topics/transport/what-we-do/electric-mobility/why-does-electric-mobility-matter
https://www.unenvironment.org/explore-topics/transport/what-we-do/electric-mobility/why-does-electric-mobility-matter
https://www.globalfueleconomy.org/
https://www.unenvironment.org/explore-topics/transport/what-we-do/global-fuel-economy-initiative
http://www.cleanenergyministerial.org/campaign-clean-energy-ministerial/ev3030-campaign#:~:text=The%20EV30%4030%20campaign%20aims%20to%20gather%20commitments%20from,private%20sector%2C%20and%20the%20involvement%20of%20civil%20society%3B
http://www.cleanenergyministerial.org/campaign-clean-energy-ministerial/ev3030-campaign#:~:text=The%20EV30%4030%20campaign%20aims%20to%20gather%20commitments%20from,private%20sector%2C%20and%20the%20involvement%20of%20civil%20society%3B
http://www.cleanenergyministerial.org/campaign-clean-energy-ministerial/ev3030-campaign#:~:text=The%20EV30%4030%20campaign%20aims%20to%20gather%20commitments%20from,private%20sector%2C%20and%20the%20involvement%20of%20civil%20society%3B
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The Department for International Development (DFID)-funded High Volume Transport (HVT) Facility is 
focused on applied research to contribute to more efficient and low-carbon vehicles in national and 
regional mass transport corridors and within cities in low-income countries in Africa and South 
Asia.550 

The Foreign and Commonwealth Office (FCO) is currently implementing a range of interventions in India 
via the Prosperity Fund, several of which relate to smart cities, sustainable urban development, and a 
low-carbon economy.  

In Colombia, the FCO Prosperity Fund is focused on sustainable agriculture and some sustainable cities 
and infrastructure support.551  

  

 
550 HVT website: https://transport-links.com 
551 Foreign and Commonwealth Office. (2020). Annual Review for the Colombia Prosperity Fund Programme 2019-2020. Whitehall, London. 

https://transport-links.com/
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Intervention opportunities 

Global intervention opportunities 

To alleviate the barriers set out in above, there is substantial opportunity across all regions for the UK to 
draw on core strengths and areas of additionality in order to deliver passenger vehicles interventions in the 
following areas: 

Supporting the uptake of zero-emissions vehicles: 

Technical assistance to develop a national zero-emissions vehicle strategy.552 There is often strong value 
in setting governments a roadmap with a series of coordinated targets and recommendations, 
especially to help bring together the relevant stakeholders to start the necessary discussions. 
Complementary to a roadmap would be implementing guidelines to help answer on-the-ground 
questions of what implementation looks like in reality. ICF can build on .9L{Ωǎ world-class OLEV to 
help build the capacity of governments in the target regions. OLEV provides an innovative and 
effective institutional model to help incentivise the uptake of ultra-low emissions vehicles.  

Support governments on the implementation of appropriate financial incentives, helping to make the 
cost of electric vehicle ownership and use cheaper than conventional vehicles by enabling 
appropriate price differentials in the capital and operating costs of these vehicles. 

Support the development of new business models for deployment of EVs, particularly for fleet vehicles. 
Without the emergence of new business models that create novel relationships between private 
drivers, fleet managers, city managers, energy providers, the auto industry, and central government, 
it will be difficult to scale up the ownership of electric vehicles.553 Examples include demand 
aggregation or bulk procurement for adoption of electric vehicles for a public or private fleet. Car 
sharing models can also significantly reduce the payback period.  

Technical assistance for accelerating the roll-out of charging infrastructure. There is high potential to 
leverage UK experience in successfully establishing country-wide charging networks, which can help 
to address a critical barrier to greater EV deployment. This could include support on standardisation 
of infrastructure, setting up interoperable networks and concomitant business models, or catalysing 
investments in charging infrastructure, until the industry reaches a commercial scale. 

Support innovative solutions, such as linking off-grid solar to charging infrastruture. In areas that are 
remote from grids and have strong renewable energy potential, there is an opportunity to leapfrog 
more conventional routes and provide decentralised clean energy for electric vehicles, particularly 
two- and three-wheelers that require less electricity per charge. This is particularly promising in India, 
North Africa, and Central and South America.  

Technical assisstance towards EV-friendly urban planning. There is strong value for money in designing 
urban centres to encourage low emissions vehicles, through zoning for instance, with clear co-
benefits to local communities, such as in air quality improvements and noise reduction. This should 
also include engaging with utilities to enaōƭŜ ōǳƛƭŘƛƴƎ ŎƻŘŜǎ ǘƻ ōŜŎƻƳŜ ά9± ǊŜŀŘȅέΣ ǇŀǊǘƛŎǳƭŀƭǊȅ ǘƻ 
enable charging at home, or other destinations. This could be achieved through supporting National 
Urban Mobility Programmes (NUMPs) as recently done in Colombia and India, and currently in 
Uruguay tƘǊƻǳƎƘ ŀƴ άŜ-b¦atέΦ554 

{ǳǇǇƻǊǘƛƴƎ ǎƳŀǊǘ ƎǊƛŘ ŀƴŘ 9± ƛƴǘŜƎǊŀǘƛƻƴΦ 5Ǌŀǿ ƻƴ ǘƘŜ ¦YΩǎ ƎǊƻǿƛƴƎ ŜȄǇŜǊǘƛǎŜ ƛƴ ǘƘƛǎ ŀǊŜŀΣ ōǊƛƴƎƛƴƎ 
together aspects of smart and flexible grids, energy storage, demand side management, and EVs. 
This will be feasible in countries or cities where there is a more developed digital ecosystem, which is 

 
552 IEA. (2019). Global EV Outlook 2019. Available at: https://www.iea.org/reports/global-ev-outlook-2019#executive-summary 
553 United Nations Industrial Development Organization. (2020). Best Practices in Electric Mobility. 
https://www.unido.org/sites/default/files/files/2020-08/UNIDO_Electric_Mobility_Paper.pdf  
554 Euroclima+. Uruguay: electric urban mobility. http://euroclimaplus.org/movilidadurbana/item/221-nump-uruguay  

https://www.iea.org/reports/global-ev-outlook-2019#executive-summary
https://www.unido.org/sites/default/files/files/2020-08/UNIDO_Electric_Mobility_Paper.pdf
http://euroclimaplus.org/movilidadurbana/item/221-nump-uruguay
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necessary as an enabling factor for distributed, smarter, and more flexible grids that draw on frontier 
technologies such as artificial intelligence (AI) for demand management and blockchain for peer-to-
peer trading of electricity.555 

Promote the recently accepted methodology for selling carbon credits from electric vehicle charging.556 
This could be used to offset the costs of building and maintaining the infrastructure network 
required. 

Support governments to increase domestic innovation and production of batteries for EVs. There could 
also be synergies with the energy storage sector.  

The potential for these interventions is likely to be greatest in India, North Africa and some Central 
American and South American markets. 

Electric two- and three-wheeler interventions: 

Support governments to implement appropriate policy and financial incentives to encourage the uptake 
of electric two- and three-wheelers.  

Support governments in planning and implementation of safe and segregated road space for two- and 
three-wheelers. There is strong correlation between safe cycling infrastructure and the penetration 
of e-bikes. Examples of dedicated cycle highways could be drawn upon, including in Beijing.557  

Support the development of building codes to integrate weatherproof parking and charging for electric 
two-wheelers.  

Support the development of policy and initiatives to enable battery swapping, which is most effective for 
three-wheeler urban freight, where fleet vehicles can swap batteries at a depot. This is most suitable 
for India, North Africa and Central and South America.  

Encourage and support governments to create the right conditions to develop manufacturing or 
assembly for two- and three-wheelers in the target regions, with spill-over linkages to local economic 
growth.  

There is an opportunity to incentivise the uptake of electric two-wheelers to reduce car use as a 
replacement for restricted mass transit during the time of Covid-19. This has been deployed in Italy 
following the Covid-19 crisis, with successful initial results.  

Overall, these interventions could be particularly valuable in India (helping to overcome challenges in the 
current relevant initiatives), North Africa, and Central and South America. 

Demand management to reduce private ICE vehicle use: 

An important area of policy support is to focus on a reduction in the use of private passenger vehicles via 
demand management. Possible measures include supporting governments to undertake initial 
consultation and planning for congestion charging and parking control and payment initiatives.  

However, these are only politically possible where there are attractive mass transit or cycling alternatives 
ς and this provides a synergy with Mass Transit opportunities under ICF. Interventions could include 
promoting the use of electric two- and three-wheelers to help solve the first/last mile problem and 
connecting to public transit corridors. Another is to support better integration between public 

 
555 Green, Jemma. (2020). The distributed grid explained. https://www.forbes.com/sites/jemmagreen/2020/08/27/the-distributed-grid-
explained/#10e741716518 
556 Verra ς Verified Carbon Standards. VM0038 Methodology for Electric Vehicle Charging Systems, v1.0. Accessed 24/07/2020. Available at: 
https://verra.org/methodology/vm0038-methodology-for-electric-vehicle-charging-systems-v1-0/ 
557 {ǳǎǘŀƛƴŀōƭŜ ¢ǊŀƴǎǇƻǊǘ ƛƴ /ƘƛƴŀΦ όнлмфύΦ .ŜƛƧƛƴƎΩǎ CƛǊǎǘ /ȅŎƭŜ IƛƎƘǿŀȅΦ !ŎŎŜǎǎŜŘ лрκлуκнлнлΦ !ǾŀƛƭŀōƭŜ ŀǘΥ 
https://www.sustainabletransport.org/archives/7269 

https://www.forbes.com/sites/jemmagreen/2020/08/27/the-distributed-grid-explained/#10e741716518
https://www.forbes.com/sites/jemmagreen/2020/08/27/the-distributed-grid-explained/#10e741716518
https://www.sustainabletransport.org/archives/7269
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transport and land use planning, which could yield transit-oriented development and thus obviate 
much private car use in the first place. 

Supporting behavioural change interventions to raise public awareness and popularity of zero-carbon 
mobility solutions, including active transport and mass transit that helps switch journeys away from 
private vehicles, should be considered.  

Demand management programmes are likely to be relevant in all regions, and most effective in the 
larger Indian, North African and South American cities.  

Interventions to encourage a transition to clean vehicles: 

Support governments to develop regulations for vehicles efficency and fuel standards, helping to 
encourage the uptake of greener vehicles. Technical assistance can be provided in setting local 
vehicle safety and emissions standards, and structuring import tariffs to penalise the dirtiest vehicles, 
ǿƛǘƘ ŀ ΨŦŜŜōŀǘŜΩ ƳŜŎƘŀƴƛǎƳ, which could be fiscally neutral. Policy support to draft national fuel and 
vehicle standards, to anticipate the phasing out of ICEs, especially for two-wheelers, or to implement 
a fuel economy roadmap and introduce electric mobility.  

Data collection and strengthening the evidence base of vehicle emissions and impact in terms of climate, 
environment, and poor health. Demonstrating how the uptake of zero-emission vehicles can improve 
the baseline will help to support public sector funding to encourage the uptake of zero-carbon 
vehicles, including through investing in charging infrastructure. Implementing robust air quality 
monitoring in relation to the contribution of transportation is also important to demonstrate the 
impact of low-emission vehicles, helping to create further public, private sector, and government 
buy-in to the low-carbon transition.   
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Intervention case studies  

Box 21 UNEP Electric Mobility Programme for Two- and Three-wheelers, 2017 ς ongoing 

Two- and three-wheelers are the fastest growing transport mode in many low- and middle-income 
countries. An estimated 270 million motorcycles are on the road today and by 2050 the global fleet of 
motorcycles is projected to account for more than 400 million vehicles, representing a 50% increase. 
However, many of these internal combustion engine two- and three-wheelers are old and inefficient, thus 
emitting substantial amounts of particulate matter (PM) and black carbon (BC), a potent short-lived 
pollutant. Two-stroke scooters, for example, produce more particle emissions than a passenger car.558 In 
India, for instance, two-wheelers account for 60-ср ǇŜǊ ŎŜƴǘ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǘƻǘŀƭ ǇŜǘǊƻƭ ŎƻƴǎǳƳǇǘƛƻƴΦ559 

As such, experts agree that in most developing countries, two- and three-wheelers are the first priority in 
moving to electric mobility.560 The UNEP programme is the first global effort to introduce electric two- and 
three-wheelers in non-OECD countries, and will start the transition from internal combustion engine to 
electric and non-motorised two- and three-wheelers. Currently, with funding from several other 
institutions, the programme is supporting electric two- and three -wheeler projects in eight countries in 
Africa and Asia: Ethiopia, Morocco, Kenya, Rwanda, Uganda, the Philippines, Thailand, and Vietnam. 

The objectives of the programme are to enable transformative integration of electric two- and three-
wheelers into existing urban transport modes via a comprehensive policy framework and a range of other 
technical assistance support.  

In pursuit of those objectives, the activities of the programme are to: 

¶ Understand the lessons learned in other countries throughout the sub-regions, as a first step 
towards a general shift to electric mobility. 

¶ Support to governments on planning and project baseline setting, including the characterisation 
of fleets, and policies to inform the creation of a  state-of-the-art electric grid. 

¶ Use ǘƘŜ ¦b9tΩǎ Ŝaƻō /ŀƭŎǳƭŀǘƻǊ ǘƻ ŜǎǘƛƳŀǘŜ Ŏƻǎǘǎ ŀƴŘ ōŜƴŜŦƛǘǎ ƻŦ ŀ ƭŀǊƎŜ-scale deployment of 
electric motorcycles. This can be used for regional and national assessments of energy reduction 
as well as of the greenhouse gas and air pollutant emission reduction potentials of shifting to 
electric motorcycles. It can also be used by governments to develop a first order of magnitude 
cost-benefit analysis including technology costs as well as fuel and maintenance savings stemming 
from a large-scale introduction of electric motorcycles.561  

¶ Design policy based on technical assessments, leading to bespoke policy development that is 
suitable for each country of a sub-region. 

¶ Pilot the resulting policy initiatives with a process that includes stakeholder engagement and 
mobilisation, awareness raising, and behavioural change initiatives to encourage the uptake of 
electric vehicles.   

¶ Facilitate knowledge management and policy replication ς through communications, global 
studies, training tools development, and policy best practices etc. 

 
558 UNEP. Electric two and three wheelers. https://www.unenvironment.org/explore-topics/transport/what-we-do/electric-mobility/electric-two-and-
three-wheelers 
559 Nangia, Pratishtha. (2019). How Indian two-wheeler market will pan out with electrification of upto 150cc? 
https://auto.economictimes.indiatimes.com/news/industry/how-will-indian-two-wheeler-market-pan-out-with-electrification-of-upto-
150cc/69832001 
560  UNEP. Electric two and three wheelers. https://www.unenvironment.org/explore-topics/transport/what-we-do/electric-mobility/electric-two-and-
three-wheelers 
561 Ibid. 
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Key stakeholders and clients include:  

¶ National and local government departments.  

As a consequence, the expected results of the programme are: 

¶ At a global level, scenario calculations using the UN Environment eMob calculator show that a 
steep shift to 90% battery electric motorcycles sales by 2030 and 100% by 2050 could result in 
CO2 emissions reductions of about 11 billion tonnes between now and 2050.  

¶ At the same time, overall monetary savings stemming from lower fuel and maintenance costs and 
taking into account a higher purchase price of electric motorcycles could amount to about USD 
350 billion by 2050. 

¶ The specific interventions carried out so far have resulted in policy improvements in a number of 
countries, as well as much greater levels of knowledge sharing and awareness between the 
beneficiary governments and other stakeholders, such as donors and the private sector. 

The challenges faced by the programme are: 

¶ A general lack of awareness and understanding of the technologies, both in government and the 
general population, is a challenge when trying to implement e-mobility infrastructure.  

¶ Policy coordination among ministries and key stakeholders can be a barrier, particularly in relation 
to charging infrastructure. 

¶ A lack of infrastructure and standards can constrain the uptake of electric mobility. The 
programme aims to diagnose the specific barriers to each country and help implement the most 
effective solutions. 

¶ High upfront costs of electric two- and three-wheelers remains a constraint. This is slowly being 
alleviated by the market but can also be aided by government tax relief and other incentives.  

Learnings for BEIS include: 

¶ Focusing on two- and three-wheelers is likely to be a high-impact entry point for ICF interventions 
that seek to improve the uptake of electric mobility in the target regions. 

¶ Technical assistance that supports governments to assess and quantify the economic, 
environmental, and social benefits of a transition to electric two- and three-wheelers is valuable 
and can be followed by assistance to implement appropriate policy and other incentives to 
improve uptake.  
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Box 22 EUROCLIMA + and German Agency for International Cooperation (GIZ) Support for Electric 
Three-wheelers in Guatemala, 2018-Ongoing 

EUROCLIMA + is the EU's flagship programme on environmental sustainability and climate change with 
Latin America. Its objective is to reduce the impact of climate change and its effects in Latin America by 
promoting mitigation and adaptation to climate change, resilience, and investment.562 Under EUROCLIMA+, 
GIZ is promoting the uptake of electric three-wheelers for social transport, freight transport, and the 
replacement of units in the municipality of San Juan Comalapa in Guatemala.  

The objectives of the project are to: 

 Support the city to procure and demonstrate the use of zero-carbon transport for passengers and 
freight.  

 Reduce greenhouse gas emissions and improve air quality in the city. 

In pursuit of those objectives, the activities of the programme are: 

 Devising a model to encourage the uptake of electric tricycles. 

 Replacing ΨǘǳŎƪ ǘǳŎƪǎΩ (tricycles that use gasoline) that have exceeded their useful life and are in 
poor condition with electric tricycles. 

 Establishing a series of pilot charging stations for the fleet. 

 Improving the mobility of persons with disabilities and elderly populations through access to electric 
tricycles. 

 Collecting and transporting refuse using electric tricycles in the narrow streets across the city that 
are inaccessible to larger waste collection vehicles.  

 Train electric tricycle drivers and mechanical workshop personnel at the recharging stations. 

Key stakeholders and clients include:  

 Municipality of San Juan Comalapa ς Commission on Urbanism, Security and Infrastructure, Carrier 
trade unions, Council of Urban and Rural Development of the Municipality, Ministry of Education, 
Climate Change Directorate of the Ministry of Environment and Natural Resources. 

As a consequence the expected results of the programme are:563 

 To have supported city to acquire 50 electric three-wheelers: 10 to transport elderly people, 13 to 
transport freight, and 27 to replace old conventional tricycles. 

 To have used the electric three-wheelers for collection and transportation of trash and solid wastes 
in inaccessible sectors (narrow streets). 

Lessons for BEIS include: 

¶ Small-scale pilot projects such as this can raise awareness of the benefits of electric vehicles and 
demonstrate a successful procurement and operation process for a city government or private 
sector fleet.   

 
562 Euroclima+. EUROCLIMA+ : A flagship programme of the European Union in Latin America. http://euroclimaplus.org/en/home-en/about-the-
programme  
563 Euroclima+. Guatemala: Electric tricycles. http://www.euroclimaplus.org/en/projects-urban/item/447-guatemala-electric-tricycles  

http://euroclimaplus.org/en/home-en/about-the-programme
http://euroclimaplus.org/en/home-en/about-the-programme
http://www.euroclimaplus.org/en/projects-urban/item/447-guatemala-electric-tricycles
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Glossary 

Acronym / Term Definition 

ADB Asian Development Bank 

Baseload The minimum amount of electric power delivered or required over a given period 

BAU Business as usual 

BEIS UK government Department for Business, Energy & Industrial Strategy 

BESS Battery energy storage systems 

BMZ DŜǊƳŀƴȅΩǎ CŜŘŜǊŀƭ aƛƴƛǎǘǊȅ ŦƻǊ 9ŎƻƴƻƳƛŎ /ƻƻǇŜǊŀǘƛƻƴ ŀƴŘ 5ŜǾŜƭƻǇƳŜƴǘ 

BOT Build operate transfer 

BRT Bus rapid transit 

CIF Climate Investment Funds 

CIG Cities and Infrastructure for Growth 

CNG Compressed Natural Gas 

CSP Concentrated solar power 

CTF Clean Technology Fund 

DFID UK government Department for International Development 

Energy storage 
A device that captures energy for later use, with categories of storage including 
electrochemical, electrical, mechanical, and thermal forms of storage 

EU European Union 

EUR Euro 

EVs Electric vehicles 

FAME  Faster Adoption and Manufacturing of Hybrid & Electric Vehicles 

FCEV fuel cell electric vehicles  

FCO UK government Foreign and Commonwealth Office 

GAADS Group for Environmental Affairs and Sustainable Development 

GBP British pound sterling 

GDP Gross domestic product 

Gt CO2 Gigatonnes of CO2 

Gt CO2e Gigatonnes of CO2 equivalent 

GHG Greenhouse gas 

GIS Geographic Information System 

GIZ Deutsche Gesellschaft fur Internationale Zusammenarbeit GmbH 

GW Gigawatt 

GWh Gigawatt hours 

HVT High Volume Transport Facility 

IADB Inter-American Development Bank 

ICE Internal combustion engines 

ICED Infrastructure and Cities for Economic Development 
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Acronym / Term Definition 

IEA International Energy Agency 

IFC International Finance Corporation 

IoT Internet of Things 

IPCC Intergovernmental Panel on Climate Change 

IT Information technologies 

LEV Low emission vehicle  

MAGC Market Accelerator for Green Construction 

NAMA Nationally Appropriate Mitigation Action  

NDC Nationally Determined Contribution 

NEP National Energy Plans or Policies 

NUMPs National Urban Mobility Programmes 

ODA Official Development Assistance 

OECD Organisation of Economic Cooperation and Development 

O&M Operations and maintenance 

OEM Original Equipment Manufacturers  

OLEV Office for Low Emissions Vehicles  

PEV Passenger Electric Vehicles  

PM Particulate Matter  

PPP Public-private partnership 

PSO Public service obligation 

RD&D Research, development and demonstration 

SDG Sustainable Development Goal 

System costs 
Total costs to the electricity system to supply electricity at a given load and security of 
supply 

SUV Sport Utility Vehicle 

VAT Value-added tax  

TOD Transit-oriented development 

UNEP United Nations Environmental Programme 

UNIDO United Nations Industrial Development Organisation 

USAID United States Agency for International Development 

USD United States Dollar 

VAT Value-added tax 
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Forests 

Summary 

The forests opportunity considers all interventions that affect rates of deforestation, forest degradation, 
reforestation, restoration of degraded woodlands, and afforestation as well as the use of improved forest 
management techniques. The mitigation potential from this opportunity is very large and primarily in 
avoided deforestation and reforestation interventions. The high cost-effectiveness of the opportunity leads 
to a modest investment need relative to other opportunities considered in this series of reports. However, 
global investment in forest mitigation must still increase substantially under a 2-degree compliant scenario. 
Development impacts are large, driven by the preservation of biodiversity and ecosystem services that come 
with avoided deforestation and the potential to generate these benefits through re/afforestation. Barriers to 
adoption are significant, largely due to difficulties in monitoring interventions and weak property rights in 
many regions experiencing deforestation, and have proven difficult to overcome for a variety of past 
development aid interventions. Some of the many existing programmes in this opportunity space have 
overcome these barriers to have substantial impact, reinforcing the importance of careful, long-term 
intervention design should BEIS choose to pursue investment in this area. 

The interventions considered here to increase forest mitigation activity in focus regions include: 

Transform the political narrative, ensure complementarity rather than competitiveness between forests 
and other land uses and infrastructure, support the enhancement of forests policy and ambition, and 
strengthen the enforcement of the law at national, state, and local levels. 

Support large-scale re/afforestation in regions with sizeable amounts of secondary forest and degraded 
land as well as sustainable forest management via the deployment of bilateral public finances to 
incentivise private investment, and establish comprehensive payment for ecosystem services (PES) 
models and initiatives including all forest goods and services. 

9ƴŀŎǘ ƛƳǇǊƻǾŜƳŜƴǘǎ ǘƻ ǊŜŘǳŎŜŘ ŘŜŦƻǊŜǎǘŀǘƛƻƴ ŀƴŘ ŦƻǊŜǎǘ ŘŜƎǊŀŘŀǘƛƻƴ ΨǇƭǳǎΩ όw955Ҍύ ƛƴ ŀƭƭ Ǌegions, in 
partnership with other donors, including progression towards jurisdictional and national initiatives, 
coordination with other forestry initiatives, measurement, reporting, and verification (MRV), REDD+ 
readiness, and adaptation to dry forest countries. 

Secure and clarify land tenure and land rights between government, business, smallholders, and forest 
and indigenous communities, offer long-term training and capacity development within national, 
state, and local governments, and strengthen decentralised and participatory forest management. 

Where high political economy issues are apparent, channel support to state and local government, 
international and domestic business, civil society, and indigenous and forest communities. 

Support countries, states, and municipalities to form sustainable partnerships with international business 
interests to strengthen deforestation-free commodity supply chains and improve domestic forest 
carbon policies and standards to establish offset markets and increase private investment. 
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Table 36 Forests assessment summary 

Criteria Assessment Notes 

Climate impact 

 

High 

¶ According to IMAGE modelling results, forests may support up to 4 gigatonnes CO2 
equivalent per year (Gt CO2e/year) of land use emissions mitigation in low- and 
middle-income countries by 2050. 

¶ Recent literature suggests the mitigation potential of forests could be even higher. 

Development impact 

 

High 

¶ Impact on Sustainable Development Goals (SDGs) is high, including SDGs 1, 2, 3, 6, 8, 
12, 13 and 15, focused on the non-monetised goods and services that forests 
provide including no poverty, zero hunger, health and air quality, the quality and 
supply of water, jobs and employment, responsible consumption and production, 
and land-based biodiversity. 

¶ If interventions are implemented insensitively there are potential negative SDG 
impacts as well, including loss of livelihoods, food shortages and higher food prices, 
particularly for women and indigenous groups, water availability, and biodiversity via 
monocrop plantations. 

Investment gap 

 

Low 

¶ Global investment in the opportunity will need to scale up to, on average, USD 58 
billioƴ ǇŜǊ ȅŜŀǊ ōŜǘǿŜŜƴ ƴƻǿ ŀƴŘ нлрлΣ ŀƴ ƻǊŘŜǊ ƻŦ ƳŀƎƴƛǘǳŘŜ ŀōƻǾŜ ǘƻŘŀȅΩǎ levels. 

¶ While the cumulative investment gap of USD 1.7 trillion by 2050 appears large, this is 
a comparatively smaller investment gap than many other opportunities, such as 
variable renewables at USD 9 trillion. 

Cost-effectiveness 

 

High 

¶ Forests are one of the most cost-effective mitigation opportunities. 

¶ The cost of reforestation and afforestation is significantly smaller than the present-
day cost of bio-energy with carbon capture and storage (BECCS), the only other 
negative emissions technology with a currently clear potential pathway to at-scale 
deployment. 

Barriers to adoption 

 

High 

¶ In all regions, high political economy barriers, moderate to high market failures, and 
high enabling environment barriers exist 

¶ Barriers include political commitment, entrenched interests, fiscal support, funding 
shortfalls, carbon accounting, lack of carbon price and recognition of forest goods 
and services, REDD+ MRV and transaction costs, REDD+ suitability to dry forests, 
weak and competitive policy, unclear and insecure land tenure, judicial systems and 
law enforcement, technical capacity, horizontal and vertical coordination, fragility of 
benefits to indigenous and forest communities, and REDD+ influence on governance. 

¶ Moreover, competition for land use from agriculture, infrastructure growth, mining, 
and food consumption is a major barriers. 

UK additionality 

 

Moderate 

¶ Domestic value is moderate to high resulting from good technical expertise in 
re/afforestation, sustainable forest management (SFM), support to forest 
governance, markets and private sector engagement, REDD+, and opportunities 
ŀǊƛǎƛƴƎ ŦǊƻƳ ǘƘŜ ¦YΩǎ ƘƻǎǘƛƴƎ ƻŦ the 26th UN Climate Change Conference (COP26). 

¶ The UK has good ties in Indonesia and Southern and West Africa and moderate ties 
in Brazil and South America with recent support focused on REDD+.  

Source: Vivid Economics, ASI & Factor 

Key lessons for supporting mitigation through investment in forests include: 

Combining REDD+, re/afforestation and SFM, forests represent one of the single largest mitigation 
opportunities explored in this series of reports. While the literature presents a wide range of values 
for the exact scale, location, and type of land that needs to be protected or reconverted into 
forested area, scenarios universally agree that much more land area, hundreds of millions of 
hectares, needs to be forested than is the case today. Sources generally also agree that, in principle, 
forests represent some of the cheapest mitigation opportunities available, and that natural forested 
habitats offer a variety of development co-benefits, including biodiversity, disaster resilience and 
water and climatic systems, the scale of which can hardly be overstated. 
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Forest investments and development programmes are not new and seem to have had mixed success 
over their long history due primarily to the scale of barriers faced. Despite the numerous goods and 
services that forests bring, the barriers to improvement are substantial, relating to issues of political 
will, technical capacity, availability of funding, law enforcement, land tenure and the economic 
incentive to keep or restore forests ς as well as wider concerns about political and the influence of 
agriculture, transport and energy systems on forests. 

In response interventions must be well designed and substantially funded, have political buy-in, and 
incorporate a long-term plan. Mitigation efforts in the forests sector take time to mature and yield 
benefits, and one common feature of past interventions with sub-optimal outcomes has been donor 
planning horizons that are too short for the long-lived nature of forest interventions. Experts 
interviewed over the course of this work have suggested that donors must be prepared to make 
long-term commitments of 20 years or more, respecting the long timeframe for forest interventions 
to generate impact. 

The UK has decades of bilateral ODA experience in forested countries and continued presence in all 
priority regions via historic support to forest governance, law enforcement, markets, and indigenous 
and forest communities. Interventions to address barriers should consist of a combination of 
technical assistance and exchange of expertise and of sizeable results-based payments for forests 
mitigation. Programmes should also be aware of technical and financial absorptive capacity issues in 
forest countries, especially in Southern and West Africa. The funding channels for interventions will 
vary ς a combination of bilateral and multilateral channels will be necessary based on UK 
additionality and the strengths of existing multilateral mechanisms. Donor and programme 
coordination need to improve. 

The time profile of the intervention need favours avoided deforestation efforts in the short term, 
transitioning to large-scale re/afforestation efforts in the medium term of 2030 and beyond. In order 
for re/afforestation interventions to be ready at the scale required, intervention design should be 
considered and tested early where possible. 
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Introduction to the opportunity 

Role of the opportunity in decarbonisation of developing countries 

Low- and middle-income countries must radically change their relationship to forests in order to be 
consistent with 1.5- and 2-degree pathways. Deforestation currently contributes emissions of approximately 
3 Gt CO2/year in low- and middle-income countries. In East Africa, West Africa, Southern Africa, and Brazil, 
ŘŜŦƻǊŜǎǘŀǘƛƻƴ ƛǎ ŜǉǳƛǾŀƭŜƴǘ ǘƻ ƻǾŜǊ млл҈ ƻŦ ŜŀŎƘ ǊŜƎƛƻƴΩǎ ŜŎƻƴƻƳȅ-wide emissions.564 565 While current 
commitments in low- and middle-income countries promise to reduce forest sector emissions, zero-
deforestation policy and implementation must be strengthened in order to reach mitigation targets. Model 
results presented here suggest that in a 2-degree scenario a minimum of an additional 0.6 Gt CO2/year of 
mitigation from avoided deforestation is required on top of the commitments already made ς but not yet 
implemented ς by low- and middle-income countries. In parallel, substantial re/afforestation efforts 
sufficient to reduce emissions by between 0.1 and 3.6 Gt CO2/year on average between 2020 and 2050, 
depending on the scenario, are required.566 Re/afforestation efforts will require testing and piloting early but 
will likely be first deployed at scale later in the period. Mitigation through avoided deforestation will likely be 
the focus of most early funding due to the urgency of need and greater donor experience in the area.  

Avoiding deforestation provides greater mitigation at low costs compared to re/afforestation, but the total 
mitigation potential of re/afforestation is greater. Reducing tropical deforestation provides about 55.1 Gt 
CO2 of abatement between 2020 and 2050 at a cost of less than USD 20/t CO2 .567 For this same cost, 
re/afforestation gives only 5.7 Gt CO2 of mitigation over this same period.568 However, IMAGE modelling 
results, as well as Griscom et al. (2017), suggest that the maximum mitigation potential of re/afforestation is 
much higher than avoided deforestation. In tropical and subtropical regions, Griscom et al. (2017) find that 
reforestation has a mitigation potential of 8.0 Gt CO2/year, more than double that of avoided deforestation, 
at 3.6 Gt CO2/year.569 However, the authors also find that the uncertainty in these estimates are much higher 
for reforestation, having a 95% confidence interval of 2.7 ς 17.9 Gt CO2/year, than for avoided deforestation, 
with a 95% confidence interval of 3.0 ς 4.2 Gt CO2/year.570 This high uncertainty comes from concerns over 
the permanence of new forests, related to climate tipping points, as well as land competition with 
agriculture and energy crops. Additionally, in a subsequent paper, Griscom et al. (2020) highlight that only 
slightly over 1 Gt CO2/year of this reforestation potential is available at under USD 100/t CO2 in tropical 
regions.571 

The exact mitigation contribution of forests, however, will be significantly influenced by the development of 
the bioeconomy and potential improvements in agricultural productivity. Significant growth of the bioenergy 
sector would increase competition for forested land or land with the potential to be re/afforested. This 
would increase land value, making forest interventions more expensive. By contrast, increases in agricultural 
productivity have the potential to have the opposite effect. Greater productivity means less land is required 

 
564 bƻǘŜ ǘƘŀǘ ŘŜŦƻǊŜǎǘŀǘƛƻƴ Ŏŀƴ ŀŎŎƻǳƴǘ ŦƻǊ ƻǾŜǊ млл҈ ƻŦ ŀ ǊŜƎƛƻƴΩǎ ŜƳƛǎǎions because forests that are not cut down act as carbon sinks, making net 
emissions substantially lower than total positive emissions. 
565 Calculated using net forest conversion data from FAOSTAT (2020) and economy-wide emissions data from the World Bank (2020). Using emissions 
from net forest conversion may underestimate emissions from deforestation if forests are expanding in areas where deforestation is not taking place. 
566 Differing assumptions on food demand and agricultural productivity lead to large differences in land used for agriculture across scenarios, which 
leads to large differences in the area available for re/afforestation. There are also notable differences across scenarios in the amount of land used for 
cultivating biofuel crops; however, this range is notably smaller than the range in agricultural land demand across scenarios. 
567 While this report considers forests in all low- and middle-income countries, not just tropical forests, the vast majority (>80%) of forested land in 
official development assistance (ODA)-eligible countries lies in tropical regions. Additionally, the regions considered in this report include nearly all of 
ǘƘŜ ǿƻǊƭŘΩǎ ǘǊƻǇƛŎŀƭ ŦƻǊŜǎǘǎ όŜȄŎŜǇǘ ƴƻǊǘƘŜǊƴ !ǳǎǘǊŀƭƛŀ ǿƘƛŎƘ ŀŎŎƻǳƴǘ ŦƻǊ ƭŜǎǎ ǘƘŀƴ т҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǘǊƻǇƛŎŀƭ ŦƻǊŜǎǘύ ŀƴŘ ǎƻ results from the literature 
on tropical forests can be considered a minimum bound for the regions considered here. Subtropical regions are also discussed occasionally in this 
report. These regions partially overlap with forest in the United States, Japan, and Australia, but the vast majority still lie in ODA-eligible countries. 
568 Busch et al. (2019). Potential for low-cost carbon dioxide removal through tropical reforestation. https://www.nature.com/articles/s41558-019-
0485-x. 
569 Griscom et al. (2017). Natural climate solutions ς supporting information appendix. 
https://www.pnas.org/content/pnas/suppl/2017/10/11/1710465114.DCSupplemental/pnas.1710465114.sapp.pdf 
570 The Intergovernmental Panel on Climate Change (IPCC)  (2019) Special Report on Climate Change and Land finds a similar difference in uncertainty 
between reforestation and avoided deforestation mitigation potential estimates. 
571 Griscom et al. (2020). National mitigation potential from natural climate solutions in the tropics. 
https://royalsocietypublishing.org/doi/10.1098/rstb.2019.0126.  

http://www.fao.org/faostat/en/#data/GF
https://data.worldbank.org/indicator/EN.ATM.CO2E.KT
https://www.nature.com/articles/s41558-019-0485-x
https://www.nature.com/articles/s41558-019-0485-x
https://www.pnas.org/content/pnas/suppl/2017/10/11/1710465114.DCSupplemental/pnas.1710465114.sapp.pdf
https://www.ipcc.ch/site/assets/uploads/sites/4/2020/07/03_Technical-Summary-TS_V2.pdf
https://royalsocietypublishing.org/doi/10.1098/rstb.2019.0126
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per tonne of crops, reducing land competition. However, productivity enhancements can also lead to 
additional deforestation if legislation and enforcement to constrain further agricultural expansion are not 
put in place. The impact of growing the circular economy to reduce demand for timber products, increasing 
agricultural productivity, and reducing demand for forest-risk commodities are covered in more detail in the 
Sustainable consumption and Agricultural productivity reports. 

 

Scope considered in this assessment 

The Forests opportunity includes all interventions that affect rates of deforestation, forest degradation, 
reforestation, restoration of degraded woodlands, and afforestation as well as the use of improved forest 
management techniques. Aquatic ecosystems, such as mangroves, are not assessed in this opportunity. The 
definitions of forests and forest intervention types used throughout the report are aligned with Griscom et 
al. (2020) and are summarised below: 

Forest: an ecosystem with greater than 30% tree cover.  

Avoided deforestation: forest loss which occurs in the baseline scenario but does not take place in the 
low-carbon scenarios. 

Re/afforestation: the shift of non-forest cover to forest cover at the 30% tree cover threshold (includes 
afforestation with native trees).572 

Natural forest management: includes reduced impact logging for climate, extended harvest cycles, 
increased post-harvest sequestration rates, and set-asides from logging activity. Does not include 
avoidable illegal logging emissions. 

The assessment focuses on a subset of ODA-eligible regions: Indonesia, West Africa, South America (excl. 
Brazil), Southern Africa (excl. South Africa), and Brazil. These regions were chosen based on IMAGE 
modelling results. Regions with the largest mitigation potential in the forest sector, in terms of both absolute 
mitigation ǇƻǘŜƴǘƛŀƭ ŀƴŘ ƳƛǘƛƎŀǘƛƻƴ ǇƻǘŜƴǘƛŀƭ ǊŜƭŀǘƛǾŜ ǘƻ ǘƻŘŀȅΩǎ ŜƳƛǎǎƛƻƴǎΣ ǿŜǊŜ ǎŜƭŜŎǘŜŘΦ ¢ƘŜ ƻƴƭȅ ŜȄŎŜǇǘƛƻƴ 
to this methodology was in the case of China, where IMAGE results suggested that re/afforestation would be 
extremely large. Due to both uncertainty in this result and a desire to include Indonesia in the list after 
consultation with the steering group China was replaced by Indonesia. This list was created in consultation 
with BEIS ICF stakeholders. 

  

 
572 Note that Griscom et al. (2020) also combine reforestation with afforestation using native trees. Here, this intervention is labelled as 
άǊŜκŀŦŦƻǊŜǎǘŀǘƛƻƴέ ǘƻ ōŜ ǘǊŀƴǎǇŀǊŜƴǘ ŀōƻǳǘ ǘƘŜ ŎƻƴŦƭŀǘƛƻƴ ƻŦ ǘƘŜǎŜ ǘǿƻ ǘŜǊƳǎΦ 
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Climate impact 

Mitigation potential and urgency 

Across all ODA-eligible regions, forest interventions support -0.7 ς 4.0 Gt CO2/year of land use emissions 
abatement in 2050 and -0.1-2.0 Gt CO2/year of abatement in 2030 from current emissions of about 5.7 Gt 
CO2/year.573 574 Mitigation via avoided deforestation is urgent and forests are the cheapest and most readily 
scalable source of negative emissions. Hence, this opportunity is available at scale in the short term, and so 
mitigation potential in the more ambitious land scenarios is relatively high by 2030. Other literature 
identifies a similar or higher mitigation potential. For example, Griscom et al. (2017) suggest the maximum 
mitigation potential of reforestation alone in tropical regions is about 5.6 Gt CO2/year, although subsequent 
analysis from the same group of authors suggest cost-effective mitigation from tropical forests totals slightly 
over 4.0 Gt CO2/year, at the upper range of IMAGE estimates presented here (Griscom et al. (2020)). 

Figure 33 Land use: range of mitigation potential compared to BAU in 2030 and 2050, which is primarily driven by 
changes in forests. 

    

 

Source: Vivid Economics, ASI and Factor based on t.[Ωǎ IMAGE model results (1.5-degree scenario excluded).  
Note:  The bars indicate the range of land use emissions mitigation estimates from IMAGE across five scenarios. 

The national policies scenario is used as the business-as-usual (BAU) scenario, and so mitigation estimates 
are calculated relative to the national policies scenario. 

The forests mitigation potential calculated by IMAGE is likely underestimated, as the baseline scenario used 
is relatively optimistic and does not account for tipping points. The baseline applied in the IMAGE modelling 
ŀǎǎǳƳŜǎ ǘƘŀǘ ŀƭƭ ŎƻǳƴǘǊƛŜǎΩ ŎƻƳƳƛǘƳŜƴǘǎ ǘƻ ǊŜŘǳŎŜ ŘŜŦƻǊŜǎǘŀǘƛƻƴ ǿƛƭƭ ōŜ ƛƳǇƭŜƳŜƴǘŜŘΣ ƭŜŀŘƛƴƎ ǘƘŜ 
estimated mitigation potential of avoided deforestation, additional to the baseline, to be relatively low. 
However, some countries are not currently on track to meet targets for reductions in deforestation. For 
example, in Indonesia and Brazil current rates of deforestation are 450,000 hectare (ha)/year and 970,000 
ha/year, respectively, whereas the baseline scenario assumes these numbers will fall to an average of 81,000 

 
573 Calculated from 2017 Food and Agriculture Organisation of the United Nations (FAO) land use emissions data. Note that negative mitigation 
potential (positive emissions) can result because current emissions from deforestation are substantial. Interventions that limit net deforestation can 
be useful while still resulting in net carbon emissions. 
574 Unlike in the other energy and land use opportunity reports, the IMAGE results included in the forests report do not include the 1.5-degree 
pathway. This is because in order to get IMAGE to solve for a 1.5-degree pathway, land use assumptions that were more optimistic than in the 2-
degree pathways had to be implemented. Therefore, land use results from the IMAGE 1.5-degree scenario are not comparable with land use results 
from the rest of the scenarios. While other opportunity reports primarily discuss the results of the 1.5-degree pathway, in the forests report, the 2-
degree lifestyle changes pathway is given most attention as it is the most ambitious pathway from a forest conservation perspective.  

http://www.fao.org/faostat/en/#data/GL
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ha/year and 21,000/year between now and 2030, respectively, in line with their Nationally Determined 
Contributions (NDCs) and stated commitments. Additionally, IMAGE does not account for tipping points in 
forest ecosystems. Tipping points, as they pertain to forests, are critical thresholds beyond which irreversible 
change occurs in a forest ecosystem, such as the proposed Amazon forest dieback, where reduced 
evapotranspiration due to deforestation leads to decreased precipitation in the region, which in turn leads to 
additional tree mortality.575  

There is large and urgent mitigation potential from avoided deforestation in West Africa, Indonesia, Brazil, 
and South America. IMAGE provides estimates of net forest cover change but does not produce estimates of 
how much of this forest cover change is due to avoided deforestation versus re/afforestation. However, 
forest cover loss in the baseline scenario gives an indication of the minimum potential mitigation from 
avoided deforestation by region, and the forest cover gain in the mitigation scenarios provides the minimum 
potential of mitigation through re/afforestation in each region. These measures are minimum estimates only 
because in every region there may be, and likely is, both deforestation and afforestation occurring 
simultaneously. These variables are presented in Figure 34 for each of the focus regions. The results suggest 
that the opportunity in avoided deforestation in West Africa is much larger than in the other four focus 
regions. However, the small mitigation potential in Indonesia, Brazil, and South America is likely due in large 
part to the optimistic baselines in these regions, as discussed above. This is corroborated by a comparison 
with other literature. For example, using regional conversion factors from Kindermann et al. (2008) to 
convert these results to Mt CO2e mitigated per year, IMAGE results suggest that Brazil and South America 
have the potential to collectively mitigate 80 Mt CO2e/year through avoided deforestation on average 
between 2020 and 2050. By contrast, Roe et al. (2017) propose that 1,010 Mt CO2e/year should be mitigated 
by 2050 in Latin America.576 Similarly, Griscom et al. (2020) find that there is over 800 Mt CO2e/year of cost-
effective mitigation from avoided deforestation in Brazil alone and over 1,250 Mt CO2e/year in Latin 
America. Combining all the above evidence together, and given current high rates of deforestation in the 
focus regions, it is clear that the mitigation potential from avoided deforestation is substantial and urgent. 

The mitigation potential of re/afforestation is potentially large but highly uncertain, particularly in Brazil and 
South America. Figure 34 suggests that in all but West Africa, the mitigation potential of re/afforestation in 
some or all scenarios is higher than that of avoided deforestation. However, it also illustrates the uncertainty 
of these estimates. While in Southern Africa and Indonesia there is significant re/afforestation in all 
scenarios, in South America, Brazil, and West Africa there is a large amount of re/afforestation in the 2-
degrees lifestyle changes scenario but zero re/afforestation in other scenarios. The results from Griscom et 
al. (2017) also suggest that reforestation potential is highest in South America and Brazil; 577 although they 
are much higher than the results presented here. IMAGE results indicate that Brazil and South America 
combined have a maximum mitigation potential of about 1.2 Gt CO2e/year, whereas results from Griscom et 
ŀƭΦ όнлмтύ ǎǳƎƎŜǎǘ ǘƘŜ ǊŜƎƛƻƴǎΩ ǊŜŦƻǊŜǎǘŀǘƛƻƴ ƳƛǘƛƎŀǘƛƻƴ ǇƻǘŜƴǘƛŀƭ ƛǎ ŀǎ ƘƛƎƘ ŀǎ нΦр Dǘ CO2e/year. However, 
Griscom et al. (2020), looking only at cost-effective reforestation, suggest there are about 500 Mt CO2e/year 
worth of mitigation in Latin America. 

Natural forest management provides smaller mitigation potential than avoided deforestation and 
reforestation and is heavily concentrated in Indonesia. IMAGE does not provide estimates of the mitigation 
potential of natural forest management. Estimates from Griscom et al. (2020) suggest that Indonesia has the 
largest cost-effective mitigation potential from natural forest management out of all tropical countries, at 
approximately 200 Mt CO2/year. West Africa and South America have natural forest management mitigation 
potentials of 81 and 30 Mt CO2/year, respectively. 

 
575 Reyer et al. (2015). Forest resilience and tipping points at different spatio-temporal scales: approaches and challenges. 
https://besjournals.onlinelibrary.wiley.com/doi/pdf/10.1111/1365-
2745.12337#:~:text=A%20tipping%20point%20describes%20a,Friend%201999%3B%20Cox%20et%20al. 
576 Roe et al. (2017). How improved land use can contribute to the 1.5C goal of the Paris Agreement. 
https://www.climatefocus.com/sites/default/files/CIFF%20Report.pdf. 
577 Griscom et al. (2017) estimates reforestation potential only (not afforestation) but uses a fairly broad definition of reforestation. The authors 
include expanding forests on grazing land as reforestation, as long as it takes place in a forested ecoregion. They do not differentiate grazing lands, 
and whether they can be reforested, based on how long ago they were cleared. 

https://besjournals.onlinelibrary.wiley.com/doi/pdf/10.1111/1365-2745.12337#:~:text=A%20tipping%20point%20describes%20a,Friend%201999%3B%20Cox%20et%20al.
https://besjournals.onlinelibrary.wiley.com/doi/pdf/10.1111/1365-2745.12337#:~:text=A%20tipping%20point%20describes%20a,Friend%201999%3B%20Cox%20et%20al.
https://www.climatefocus.com/sites/default/files/CIFF%20Report.pdf
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Figure 34 Change in re/afforestation and deforestation of forest cover in 2050 compared to BAU. 

    

Source: Vivid Economics, ASI and Factor based on t.[Ωǎ IMAGE model 
Notes:  Forest cover loss in the baseline scenario gives an indication of the minimum potential mitigation from 

avoided deforestation by region, and the forest cover gain in the mitigation scenarios provides a 
minimum potential of mitigation through re/afforestation in each region. These measures are minimum 
estimates only because in every region there may be, and likely is, both deforestation and afforestation 
occurring simultaneously.  

Box 23 Modelling uncertainty 

There is large uncertainty over the pathway of forest cover change and associated land use change 
emissions, largely due to uncertainty over what land competition will look like in the future.  

¶ The amount of BECCS deployed in the power system has a strong impact on forest cover change. 
In scenarios where BECCS provides cheaper negative emissions than forestry, bioenergy crops are 
planted instead of forests in some regions, leading to substantially less forest cover. However, 
levels of BECCS deployment predicted by IMAGE ought to be treated with caution. In the most 
ambitious BECCS scenario, it relies on an ambitious assumption of bioenergy supply of 
approximately 200 exajoules (EJ)year, far higher than the 14-84 EJ/year predicted by the 
Committee on Climate Change (CCC).578  

¶ Forest cover is also heavily impacted by competition from food production. Forest cover in the 2-
degrees lifestyle changes scenario, which sees a significant curtailment of meat consumption per 
capita, is substantially higher than in the rest of the 2-degree scenarios. 

Assumptions on BAU also heavily impact the abatement potential of forests.  

¶ The BAU scenario used here assumes countries implement current climate legislation. In some 
regions, particularly Southeast Asia, this is likely optimistic as countries are currently not on track 
to meet deforestation goals set by domestic policy.  

 

 
578 UK Committee on Climate Change. (2018). Biomass in a low-carbon economy. https://www.theccc.org.uk/publication/biomass-in-a-low-carbon-
economy/. 

https://www.theccc.org.uk/publication/biomass-in-a-low-carbon-economy/
https://www.theccc.org.uk/publication/biomass-in-a-low-carbon-economy/
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Transformational change  

Transformational change involves actions that themselves catalyse further change, leading to broader, 
faster, or more ambitious climate action. Interventions may deliver transformational change in a number of 
ways: 

They may target sensitive interventions points to encourage further changes in socioeconomic/ 
technological/ political systems to advance climate change mitigation by improving the enabling 
environment. 

They may create spillovers that increase efficiency of the overall system, either nationally or globally, and 
so increase the speed or depth of mitigation action. 

They may support innovation in new or improved ideas/methods/products that reduce costs or increase 
mitigation impact within opportunity areas. 

Forests are both an outcome and a potential driver of transformational change. Increased forest cover is a 
likely outcome of interventions that spark virtuous circles in the agriculture and food system, or in improved 
governance. Forest interventions that successfully increase the range and health of forest cover can help 
prevent substantial negative spirals related to biodiversity and ecosystem loss, as both are susceptible to 
tipping points at which they are unable to sustain themselves. 

Table 37 Assessment of transformational change 

Transformational change criterion Interventions to support change Regional potential 

Sensitive intervention points 

Improvement of local capacities and 
capabilities  

Raising national capabilities to undertake 
integrated, long-term, forest sector planning can 
reconcile trade-offs between different land uses 
and promote national objectives aligned with 
forest preservation and restoration. 
Overcoming constraints in carbon accounting, 
e.g. in quality, scope, and accuracy, and reducing 
the costs of MRV in all forest types will ensure 
current forest preservation models are scalable 
and can attract private investment. 

All regions 

Local ownership and strong political will Given the dearth of political will in many forested 
countries, the alignment of plans and policies for 
reducing deforestation and degradation, 
re/afforestation and SFM with plans for 
agriculture, transport, mining, and energy, and 
the reduction or elimination of perverse fiscal 
and regulatory incentives would transform forest 
sector ambitions and effectiveness. 

All regions 

Leverage / creation of incentives for 
others to act  

Establishing broad consensus between national 
and sub-national government, large and small 
businesses, and forest communities can alter 
norms around forests and raise ambition 

All regions 

Spillovers 

Broad scale and reach of impacts Donor willingness to fund comprehensive 
reduced deforestation, re/afforestation, and SFM 
initiatives at scales far higher than exist presently 
will transform ambition and effectiveness 

All regions 
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Transformational change criterion Interventions to support change Regional potential 

Sustainability (continuation beyond initial 
support)  

Designing and implementing PES models that can 
adequately compensate for a range of forest 
goods and services ς including those commercial 
products such as timber, pulp, and paper, as well 
as undervalued services such as carbon 
sequestration, water, air quality, and medicines ς 
at scale would enable sustainable and 
comprehensive action 
Related to this, understanding the true 
opportunity cost of avoided deforestation, 
degradation, and re/afforestation in terms of 
alternative land uses will enable sustainable 
initiatives 

All regions 

Innovation 

Catalyst for innovation  Accessing credible and transparent oversight of 
forest product supply chains and enacting 
standards and certification of products within 
supply chains will incentivise businesses, as well 
as national and sub-national government, to 
reduce deforestation and SFM  

All regions 

Evidence of effectiveness is shared 
publicly 

Raising awareness of the relationship between 
consumer products and forests via standards, 
certification and labelling can change consumer 
demand and offer commercial incentives for 
reducing deforestation and SFM 

All regions 

Source: Vivid Economics, ASI and Factor 
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Development impact 

Sustainable Development Goal impacts 

Forests have substantial net positive impacts on achieving SDGs across the focus countries: 

Impact on SDGs is likely to be high, focused on the non-monetised goods and services that forests 
provide. These include no poverty (SDG 1), zero hunger (SDG 2), supporting health and air quality 
(SDG 3), the quality and supply of water (SDG 6), jobs and employment (SDG 8), responsible 
consumption and production (SDG 12), climate action (SDG 13), and the substantial benefits to land-
based biodiversity (SDG 15). 

However, if interventions are implemented insensitively and without regard to a just rural transition 
there are potential negative SDG impacts as well. Reduced access to forests and the conversion of 
agricultural land to forests could lead to loss of livelihoods, food shortages, and higher food prices 
(SDGs 1 and 2). Limitations on local population access to forests can also lead to the loss of 
livelihoods (SDG 8), particularly for women and indigenous groups. Re/afforestation can have 
detrimental effects on water availability (SDG 6) and biodiversity (SDG 15) via monocrop plantations, 
the use of non-native trees, and the conversion of biomes into forests. 

Table 38 SDG impacts 

SDG Impact 
Most relevant 

region 
Rationale  

Positive Impacts 

SDG 1 ς No poverty Moderate 

All regions, 
especially Indonesia, 
Southern Africa, 
West Africa 

Positive potential of forestry exists in providing local livelihoods, 
employment, and agricultural productivity from the provision of 
forest goods and services. 

SDG 2 ς Zero hunger Moderate 

All regions, 
especially Indonesia, 
Southern Africa, 
West Africa  

Forests support agriculture by providing fodder for livestock, 
nutrients for crops, rainfall, prevention of soil erosion, insect and 
bird pollination, and regulation of local climatic conditions. 
Agroforestry offers direct benefits to food security. 

SDG 3 ς Good health 
and well-being 

High All regions  

Forests offer products for both Western and traditional medicines, 
prevent infectious diseases such as malaria, reduce air pollution as 
a cause of death, including that caused by use of wood and 
charcoal for fuel, and improve well-being, including mental well-
being. 

SDG 6 ς Clean water and 
sanitation 

High All regions 
Forests have the capability to improve quality of water, control 
water cycles and rainfall, reduce cost of water treatment, prevent 
floods, and diminish the risk of drought. 

SDG 7 ς Affordable and 
clean energy 

High 
All regions especially 
Southern Africa and 
West Africa 

Wood is an essential fuel, contributing 6% of global energy supply 
and 33% in developing countries. Two billion people globally 
depend on wood for heating and cooking.579 Forests store water 
used in hydropower generation. 

SDG 8 ς Decent work 
and economic growth 

Moderate All regions 

Forests create well-paying jobs, e.g. on plantations, and are 
sources of livelihoods at all stages of forest value chains. At least 
54 million people globally are employed in the sector, 28% of 
income of communities in or near forests comes from forestry 

 
579 FAO. (2018.) Forests Pathways to Sustainable Development. http://www.fao.org/policy-support/tools-and-publications/resources-
details/en/c/1144279/  

http://www.fao.org/policy-support/tools-and-publications/resources-details/en/c/1144279/
http://www.fao.org/policy-support/tools-and-publications/resources-details/en/c/1144279/
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SDG Impact 
Most relevant 

region 
Rationale  

sectors, and 1.5 billion people depend on forests for some 
aspects of their livelihood.580 

SDG 12 ς Responsible 
consumption and 
production 

Moderate All regions 
Better treatment of forests and recognition of the value of forest 
products and services can improve the sustainability of natural 
resources and food. 

SDG 13- Climate action High All regions 
Forest services to water quality, soil quality, climate stability, 
flood prevention, and drought management, as well as livelihood 
provision, make societiesΩ economies more resilient. 

SDG 15 ς Life on land  High All regions 

тр҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀƴŘ-based biodiversity lives in forests. 
Degradation of forests results in loss of biodiversity and adverse 
effects on the micro- as well as macro-climate. Restoration of 
forest habitats can have positive impacts. 

Negative Impacts 

SDG 1 ς No Poverty Low 

All regions, 
especially Indonesia, 
Southern Africa, 
West Africa 

Forest mitigation could limit agricultural land, reduce food 
supplies, and raise food prices, especially with growing global 
populations, and result in loss of livelihoods, especially amongst 
women and those that depend on forests for livelihoods. This 
raises the need for a just rural transition. 

SDG 2 ς Zero hunger Moderate 

All regions, 
especially Indonesia, 
Southern Africa, 
West Africa  

Forest mitigation could limit agricultural land, reduce food 
supplies, and raise food prices, especially with growing global 
populations, and result in loss of livelihoods, especially amongst 
women and those that depend on forests for livelihoods. This 
raises the need for a just rural transition. 

SDG 6 ς Clean water and 
sanitation 

Low All regions 
Re/afforestation using trees with high water needs and 
absorption capacity can have detrimental effects on water 
supply.  

SDG 8 ς Decent work 
and economic growth 

Moderate All regions 
Forest mitigation could result in loss of livelihoods, especially 
amongst women and those that depend on forests for 
livelihoods. This raises the need for a just rural transition. 

SDG 15 ς Life on land Low All regions 
Re/afforestation can, in cases of monoculture plantations, have 
detrimental effects on biodiversity. 

Source: Vivid Economics, ASI and Factor 

 

Demand in target regions 

The five regions show generally low to moderate commitment to forests evidenced by NDCs and national 
level policies. Globally 55 countries mention REDD+ in their NDCs and 50 countries have initiated national 
REDD+ programmes. All countries have forest strategies, policies, and laws, often developed in partnership 
with multilateral and bilateral donors. Despite the strength of forest policy across target countries, the 
extent of political commitment and the translation of policy into practice are significant dampeners on 
demand, and the long track record of forestry development assistance with mixed records of success further 

 
580 C!hΦ όнлмпΦύ {ǘŀǘŜ ƻŦ ǘƘŜ ²ƻǊƭŘΩǎ CƻǊŜǎǘǎΥ 9ƴƘŀƴŎƛƴƎ ǘƘŜ {ƻŎƛƻŜŎƻƴƻƳƛŎ .ŜƴŜŦƛǘǎ ŦǊƻƳ CƻǊŜǎǘǎΦ http://www.fao.org/3/a-i3710e.pdf  

http://www.fao.org/3/a-i3710e.pdf
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subdue demand for assistance. In some countries, Brazil above all, political will significantly diminishes policy 
commitments. 

Table 39 Demand in target regions 

Region Demand Rationale 

Brazil Low ς Moderate 
Robust policies and commitments are in place but, despite ambition at 
the sub-national level, there is declining political will under the present 
government.  

Indonesia  Moderate ς High Ambitious policies and targets and some progress in meeting them. 

Southern Africa  Moderate Early states of implementation of national plans and policies. 

South America Moderate 
Ambitious policies and targets in place and progress towards meeting 
them. 

West Africa  Low ς Moderate Policies and plans in place and progress in meeting them. 

Source: Vivid Economics, ASI and Factor 

Brazil demonstrates robust NDC and policy commitments but political will is low. уф҈ ƻŦ .ǊŀȊƛƭΩǎ b5/ 
emission reductions are expected to derive from reduced deforestation and degradation via an 80% and 40% 
reduction in deforestation in the Amazon and Cerrado respectively.581 As per its NDC, Brazil aims to restore 
and reforest 12 million hectares of forests by 2030.582 The National Policy on Climate Change and the Forest 
Code of 2012 set the policy framework, whilst a National REDD+ Strategy, ENREDD+, was instituted in 
2015.583 Brazil has committed to zero illegal deforestation in Amazonia by 2030. However, deforestation in 
Brazil's Amazon in the first three months of 2020 rose 51% from a year earlier and deforestation on 
indigenous land increased by 74% from 2018 to 2019.584 Recent political decisions are indicative of declining 
interest in climate action. Under the government of President Jair Bolsonaro the political cimate has tilted in 
favour of deforestation for agriculture, agribusiness, and mining. The influence of the Ministry of 
Environment and other forestry bodies such as the National Space Research Institute has diminished, 
regulatory and budgetary measures have loosened .ǊŀȊƛƭΩǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƭŀǿǎ, and funding to .ǊŀȊƛƭΩǎ 
National Policy on Climate Change has fallen by 40%.585 586 Civil society and indigenous groups also have less 
purchase and influence under the present government. However, running counter to national trends are 
decisions and actions at the state level. States such as Acre, Amazonas, Mato Grosso, and Para have 
committed to maintain plans for reducing deforestation and degradation, implementing re/afforestation and 
SFM, forged international agreements under the Governors Climate and Forests Taskforce and international 
business, and established jurisdictional REDD+ programmes in partnership with multilateral donors.587 588 

Indonesia has ambitious policies and targets and is making progress in meeting them. There is coverage of, 
and reliance on, reduced deforestation in the NDC, in which Indonesia has committed to reforest 12 million 
hectares of degraded land. In 2011 the country introduced a forest moratorium policy, made permanent in 
2019, that banned clearing primary forests and peatlands. A second moratorium bans palm oil licences for 

 
581 Gallo, Patrícia, Brites, Alice and Micheletti, Tatiane, (2020). REDD+ achievements and challenges in Brazil: Perceptions over time 2015-19. CIFOR. 
https://www.cifor.org/publications/pdf_files/infobrief/7628-infobrief.pdf  
582 UNFCCC. (2015). Federal Republic of Brazil Intended Nationally Determined Contribution. 
https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/Brazil%20First/BRAZIL%20iNDC%20english%20FINAL.pdf  
583 May, Peter, et al. (2016). The Context of REDD+ in Brazil: Drivers, Actors and Institutions ς 3rd Edition. CIFOR and CGIAR. 
http://www.cifor.org/knowledge/publication/6338/ 
584 DW. (2020). 5 deadly countries for environmental defenders. https://www.dw.com/en/5-deadly-countries-for-environmental-defenders/a-
54298499  
585 Gonzales, Jenny. (2020). Mongabay. https://news.mongabay.com/2020/08/brazil-end-runs-environmental-laws-via-huge-surge-in-executive-acts-
study/  
586 Angelo, Mauricio. (2020). Reuters. https://www.reuters.com/article/us-brazil-deforestation-climate-change-a/brazil-slashes-budget-to-fight-
climate-change-as-deforestation-spikes-idUSKBN2392LC  
587 Gallo, Patrícia, Brites, Alice and Micheletti, Tatiane, (2020). REDD+ achievements and challenges in Brazil: Perceptions over time 2015-19. CIFOR. 
https://www.cifor.org/publications/pdf_files/infobrief/7628-infobrief.pdf  
588 Insight from expert interview. (2020). 

https://www.cifor.org/publications/pdf_files/infobrief/7628-infobrief.pdf
https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/Brazil%20First/BRAZIL%20iNDC%20english%20FINAL.pdf
http://www.cifor.org/knowledge/publication/6338/
https://www.dw.com/en/5-deadly-countries-for-environmental-defenders/a-54298499
https://www.dw.com/en/5-deadly-countries-for-environmental-defenders/a-54298499
https://news.mongabay.com/2020/08/brazil-end-runs-environmental-laws-via-huge-surge-in-executive-acts-study/
https://news.mongabay.com/2020/08/brazil-end-runs-environmental-laws-via-huge-surge-in-executive-acts-study/
https://www.reuters.com/article/us-brazil-deforestation-climate-change-a/brazil-slashes-budget-to-fight-climate-change-as-deforestation-spikes-idUSKBN2392LC
https://www.reuters.com/article/us-brazil-deforestation-climate-change-a/brazil-slashes-budget-to-fight-climate-change-as-deforestation-spikes-idUSKBN2392LC
https://www.cifor.org/publications/pdf_files/infobrief/7628-infobrief.pdf
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three years from 2018. In 2018 there was a пл҈ ŘŜŎǊŜŀǎŜ ƛƴ ŘŜŦƻǊŜǎǘŀǘƛƻƴ ƛƴ LƴŘƻƴŜǎƛŀΩǎ ǇǊƛƳŀǊȅ ŦƻǊŜǎǘǎ 
compared to the average annual rate of loss from 2002 to 2016.589 Over the past two decades Indonesia has 
decentralised the forests sector to provinces, giving them greater powers of governance and 
management.590 Provinces such as East and North Kalimantan, Maluku, and West Papua have enacted 
measures to protect primary forests and slow deforestation and are affiliated with the Governors Climate 
and Forests Taskforce.591 592 In 2014, the government pledged to hand over 12.7 million hectares of state 
forests to rural communities as part of measures to reform land rights and reduce deforestation. 
Nonetheless, ǘƘŜ ŎƻǳƴǘǊȅΩǎ нлнл hƳƴƛōǳǎ [ŀǿ ǊŀƛǎŜǎ ŎƻƴŎŜǊƴ ǘƘŀǘ ŦƻǊŜǎǘǎ ǿƛƭƭ Ǉƭŀȅ ƭŜǎǎ ƻŦ ŀ ǇǊƛƻǊƛǘȅ ǘƘŀƴ 
other economic sectors and President Joko Widodo has announced plans to delay and dilute Indonesia's 
forest commitment as part of its Covid-19 stimulus.593 594 LƴŘƻƴŜǎƛŀΩǎ ǘƻǘŀƭ ŀǊŜŀ ƻŦ ǇǊƛƳŀǊȅ ŎƻǾŜǊ ŘŜŎǊŜŀǎŜŘ 
by 0.36% in 2018 and by 0.35% in 2019.595 

Southern African countries are beginning to implement national plans and policies to protect forests. In 
Southern Africa, eight of ten countries identify broader land use change and forests as a mitigation pathway 
in their NDCs. Forestry policy and strategy is included in a majority of national climate change plans. 
aŀƭŀǿƛΩǎ bŀǘƛƻƴŀƭ /ƭƛƳŀǘŜ /ƘŀƴƎŜ aŀƴŀƎŜƳŜƴǘ tƻƭƛŎȅ ŀƛƳǎ ŀǘ ǊŜŘǳŎƛƴƎ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ŘŜŦƻǊŜǎǘŀǘƛƻƴ ŀƴŘ 
forest degradation and fostering carbon sinks, Zambia has a National Investment Plan to reduce 
Deforestation and Forest, while Mozambique has a National Strategy and Action Plan of Biological Diversity 
(2015-2035), which encourages sustainable management of ŦƻǊŜǎǘǎΦ !ƴƎƻƭŀΩǎ bŀǘƛƻƴŀƭ .ƛƻŘƛǾŜǊǎƛǘȅ ŀƴŘ 
Strategy Action Plan (2019 ς 2025) aims to restore one million hectares of degraded forest by 2025. 
Similarly, Madagascar has adopted a National Biodiversity Strategy and Action Plan (2015 ς 2025). From 
2013 to 2019, the total area of primary forest in Malawi decreased by 3.5%, in Mozambique by 6.4%, in 
Zambia by 5.2%, in Angola by 3.1%, and in Madagascar by 11%.596 

South American nations generally have ambitious national level policies in place and are showing progress 
and political will in meeting them. In South America, 83% of countries mention land use change and forests 
in their NDCs. Bolivia and Colombia set specific forest-related targets in their NDCs. Chile has doubled its 
commitments and made its forest management and reforestation targets unconditional. Colombia plans net 
zero deforestation by 2020 and to increase forested land area more than 2.5 million hectares.597 Bolivia aims 
to achieve zero illegal deforestation by 2020 and to increase the surface of forested and reforested areas to 
4.5 million hectares by 2030.598 There are several national level plans and policies, ƛƴŎƭǳŘƛƴƎ !ǊƎŜƴǘƛƴŀΩǎ 
bŀǘƛƻƴŀƭ !Ŏǘƛƻƴ tƭŀƴ ƻƴ CƻǊŜǎǘǎ ŀƴŘ /ƭƛƳŀǘŜ /ƘŀƴƎŜΣ /ƘƛƭŜΩǎ bŀǘƛƻƴŀƭ CƻǊŜǎǘ tƻƭƛŎȅΣ /ƻƭƻƳōƛŀΩǎ National 
Strategy for REDD+, ŀƴŘ tŜǊǳΩǎ bŀǘƛƻƴŀƭ 9ƴǾƛǊƻƴƳŜƴǘŀƭ !Ŏǘƛƻƴ tƭŀƴΦ599 600 From 2013 to 2019, the total area 
of primary forest in Argentina decreased by 3.1%, in Bolivia by 3.1%, in Colombia by 1.4%, in Ecuador by 
0.81%, in Paraguay by 9.1%, and in Peru by 1.5%. 

West African nations have national level policies in place and are showing progress in meeting them. In West 
Africa, 14 out of 17 countries identify land use change and forests as a mitigation pathway in their NDCs 
though specific forest-related targets are absent. An exception is Ghana, which intends to increase 

 
589 Global Forest Watch. (2018). Map. https://www.globalforestwatch.org/  
590 Thung, Paul Hasan. (2019). Decentralisation of government and forestry in Indonesia. CIFOR and CGIAR. 
https://www.cifor.org/publications/pdf_files/Books/BBarr0601.pdf 
591 Insight from expert interview. (2020). 
592 Wijaya, Arief, et al. (2019). Indonesia Is Reducing Deforestation, but Problem Areas Remain. WRI. https://www.wri.org/blog/2019/07/indonesia-
reducing-deforestation-problem-areas-remain 
593 Jacques, Harry. (2020). Indonesia inches forward on community forest goal, hobbled by pandemic. Reuters. https://www.reuters.com/article/us-
indonesia-forests-communities-trfn/indonesia-inches-forward-on-community-forest-goal-hobbled-by-pandemic-idUSKCN252194 
594 Insight from expert interview. (2020). 
595 Ibid. 
596 Ibid. 
597 UNFCCC. (2015). Government of Colombia Intended Nationally Determined Contribution. 
https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/Colombia%20First/Colombia%20iNDC%20Unofficial%20translation%20Eng.pdf  
598 UNFCCC. (2015). State of Bolivia Intended Nationally Determined Contribution. 
https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/Bolivia%20(Plurinational%20State%20of)%20First/INDC-Bolivia-english.pdf  
599 Forest Legality Initiative. (2020). A tool to help companies buy legal forest products. https://forestlegality.org/risk-tool/  
600 KfW and GIZ. (2015). Rewarding REDD+ Action and Supporting Low-deforestation Development in the Colombian Amazon. https://www.kfw-
entwicklungsbank.de/PDF/Entwicklungsfinanzierung/Themen-NEU/REM-Colombia-agreement-resumen_english_final.pdf  

https://www.wri.org/blog/2019/04/world-lost-belgium-sized-area-primary-rainforests-last-year
https://www.wri.org/blog/2019/04/world-lost-belgium-sized-area-primary-rainforests-last-year
https://www.globalforestwatch.org/
https://www.cifor.org/publications/pdf_files/Books/BBarr0601.pdf
https://www.wri.org/blog/2019/07/indonesia-reducing-deforestation-problem-areas-remain
https://www.wri.org/blog/2019/07/indonesia-reducing-deforestation-problem-areas-remain
https://www.reuters.com/article/us-indonesia-forests-communities-trfn/indonesia-inches-forward-on-community-forest-goal-hobbled-by-pandemic-idUSKCN252194
https://www.reuters.com/article/us-indonesia-forests-communities-trfn/indonesia-inches-forward-on-community-forest-goal-hobbled-by-pandemic-idUSKCN252194
https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/Colombia%20First/Colombia%20iNDC%20Unofficial%20translation%20Eng.pdf
https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/Bolivia%20(Plurinational%20State%20of)%20First/INDC-Bolivia-english.pdf
https://forestlegality.org/risk-tool/
https://www.kfw-entwicklungsbank.de/PDF/Entwicklungsfinanzierung/Themen-NEU/REM-Colombia-agreement-resumen_english_final.pdf
https://www.kfw-entwicklungsbank.de/PDF/Entwicklungsfinanzierung/Themen-NEU/REM-Colombia-agreement-resumen_english_final.pdf
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re/afforestation of degraded lands by 10,000 hectares annually and REDD+ on 20,000 hectares.601 There is a 
high presence of forests in national policy and strategy. This includes the Central African Forest Code, the 
5ŜƳƻŎǊŀǘƛŎ wŜǇǳōƭƛŎ ƻŦ ǘƘŜ /ƻƴƎƻΩǎ ό5w/ύCƻǊŜǎǘ /ƻŘŜΣ DŀōƻƴΩǎ CƻǊŜǎǘ /ƻŘŜΣ DƘŀƴŀΩǎ CƻǊŜǎǘ ŀƴŘ ²ƛƭŘƭƛŦŜ 
PolicyΣ bƛƎŜǊƛŀΩǎ bŀǘƛƻƴŀƭ CƻǊŜǎǘ tƻƭƛŎȅ, and {ƛŜǊǊŀ [ŜƻƴŜΩǎ /ƻƴǎŜǊǾŀǘƛƻƴ ŀƴŘ ²ƛƭŘƭƛŦŜ tƻƭƛŎȅ.602 /ŀƳŜǊƻƻƴΩǎ 
Forest Code has been awaiting government approval for over 20 years.603 West African countries except 
Mauritania have joined the Forestry Partnership Carbon Facility and UN-REDD+ programme. From 2013 to 
2019, the total area of primary forest in Cameroon decreased by 2.3%, in the DRC by 2.9%, in the Gabon 
0.61%, in Ghana by 5.1%, in Nigeria by 4.1%, and in the Republic of Congo by 0.96%.604 Covid-19 has added 
impetus to deforestation in the DRC.605   

 
601 UNFCCC. (2015). Republic of Ghana Intended Nationally Determined Contribution. 
https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/Ghana%20First/GH_INDC_2392015.pdf  
602 Ibid. 
603 Insight from expert interview. (2020). 
604 Ibid. 
605 DW. (2020). WWF: Rainforest deforestation more than doubled under cover of coronavirus. https://www.dw.com/en/wwf-rainforest-
deforestation-more-than-doubled-under-cover-of-coronavirus/a-53526064  

https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/Ghana%20First/GH_INDC_2392015.pdf
https://www.dw.com/en/wwf-rainforest-deforestation-more-than-doubled-under-cover-of-coronavirus/a-53526064
https://www.dw.com/en/wwf-rainforest-deforestation-more-than-doubled-under-cover-of-coronavirus/a-53526064
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Investment need 

In the most ambitious of the 2-degree scenarios, global investment into forests in low- and middle-income 
countries will need to scale up to, on average, USD 37 bn per year between now and 2050, an order of 
magnitude higher than investment today. IMAGE does not produce investment need estimates for forestry 
and so investment cost estimates presented here ŀǊŜ ƎŜƴŜǊŀǘŜŘ ōȅ ŎƻƳōƛƴƛƴƎ La!D9Ωǎ ŦƻǊŜǎǘ ŎƻǾŜǊ ǊŜǎǳƭǘǎ 
with per hectare cost estimates for avoided deforestation and re/afforestation from the literature.606 This 
results in an estimated cumulative investment gap by 2050 of approximately USD 1.7 trillion or, equivalently, 
an average annual investment of USD 58 billion/year up to 2050. Although this number appears large, 
relative to other opportunities the scale of required investment is small. For example, annual investment 
requirements for on-grid renewables are multiple hundreds of billions, although generating only about two 
times the mitigation. This estimate is slightly larger than the range of cost estimates in the literature for 
achieving similarly ambitious forest targets. Kindermann et al. (2008) estimate that reducing deforestation 
by 50%, resulting in 1.5-2.7 Gt CO2/year in mitigation, would cost USD 17.2-28.0 billion/year.607 New York 
Declaration on Forests Assessment Partners (2017) estimates that achieving the New York Declaration on 
Forests, which aims to end deforestation and restore 350 Mha by 2030, delivering 4.5-8.8 Gt CO2/year in 
mitigation, would cost USD 837-1,208 billion.608 609  

Figure 35 Investment need in forests is large, but low compared to other opportunities 

 

Source: Vivid Economics, ASI and Factor. Calculation using t.[Ωǎ IMAGE output and reforestation/avoided 
deforestation costs per hectare from the literature. 

Notes:  BAU investment assumes a continuation of current annual investment levels. The current investment 
level used is USD 2.2 billion/year from the European Commission (2018) report on REDD+ financing and 

 
606 More specifically, investment need is calculated by multiplying the avoided deforestation and re/afforestation potential presented in Figure 34, by 
per hectare cost estimates that vary by region and between avoided deforestation and re/afforestation. The cost of avoided deforestation is taken 
from the national costs of foregone land uses from Grieg-Gran (2008), inflated to USD 2019. Where data is not provided for a country of interest, we 
take the cost from the closest country for which there is data. Due to a lack of data on reforestation costs by region, we use an average global cost of 
tropical reforestation per hectare of USD 4,100/ha, from TEEB (2009) inflated to USD 2019.  
607 Kindermann et al. (2008). Global cost estimates of reducing carbon emissions through avoided deforestation. 
https://www.pnas.org/content/105/30/10302.short. 
608 NYDF Assessment Partners. (2019). Protecting and Restoring Forests: A Story of Large Commitments yet Limited Progress. New York Declaration on 
Forests Five-Year Assessment Report. https://forestdeclaration.org/images/uploads/resource/2019NYDFReport.pdf. 
609 UNDP. (2017). Global platform for New York Declaration on Forests launched. https://www.undp.org/content/undp/en/home/news-
centre/news/2017/new-york-declaration-on-forests-global-platform-launched.html.  

https://pubs.iied.org/pdfs/G02489.pdf
http://www.teebweb.org/media/2009/09/TEEB-Climate-Issues-Update.pdf
https://www.pnas.org/content/105/30/10302.short
https://forestdeclaration.org/images/uploads/resource/2019NYDFReport.pdf
https://www.undp.org/content/undp/en/home/news-centre/news/2017/new-york-declaration-on-forests-global-platform-launched.html
https://www.undp.org/content/undp/en/home/news-centre/news/2017/new-york-declaration-on-forests-global-platform-launched.html
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so does not include re/afforestation. 610 The Climate Policy Initiative (2019) calculates that total climate 
finance going to forestry and agriculture is approximately USD 11 billion.611 Even if this number is used as 
the baseline annual investment there is a large investment gap. 

Across focus regions, the cumulative investment gap between now and 2050 ranges between USD 43 billion 
and USD 326 billion in the 2-degrees lifestyle scenario. The calculated investment gap is greatest in South 
America at USD 326 billion in the 2-degrees lifestyle scenario,612 largely due to the regions high potential for 
re/afforestation. However, in other scenarios, where no re/afforestation occurs, the investment gap in this 
region is very low at only USD 2 billion. This low estimate is likely largely driven by the ambitious assumptions 
on avoided deforestation in the baseline scenario, as discussed above. In contrast, the investment need in 
West Africa is relatively high across all scenarios. This is because the opportunity in avoided deforestation is 
large across all scenarios in this region. In addition to the magnitude of avoided deforestation and 
re/afforestation mitigation potential, variation in investment need across regions is also driven by the 
differing opportunity cost of avoided deforestation across regions. The opportunity costs of avoided 
deforestation in West Africa, Southern Africa, and Brazil, are about half the opportunity cost in Indonesia, 
while the opportunity cost in South America is in between.613 The large opportunity cost of deforestation in 
Indonesia is due to the high profitability of palm oil plantations.614 

Figure 36 Range of cumulative investment need estimates across focus regions. 

 

Notes: Investment need estimates account for regional variation in the opportunity cost of avoided 
deforestation and in the difference in cost of avoided deforestation and re/afforestation. 

Source: Vivid Economics, ASI and Factor using IMAGE outputs and literature.  

 

 
610 European Commission (2018). Study on EU financing of REDD+ related activities, and results-based payments pre- and post-2020. 
https://op.europa.eu/en/publication-detail/-/publication/6f8dea1e-b6fe-11e8-99ee-01aa75ed71a1. 
611 Climate Policy Initiative. (2019). Global Landscape of Climate Finance 2019. https://climatepolicyinitiative.org/wp-content/uploads/2019/11/2019-
Global-Landscape-of-Climate-Finance.pdf  
612 IMAGE results suggest the cumulative investment need in China is over USD 400 billion in the 2-degrees lifestyle scenario. However, China was not 
selected as a focus region, in part because this large investment need is driven by large re/afforestation efforts that are do not arise in other 
scenarios. 
613 The opportunity cost numbers used in the calculations are adapted from Grieg-Gran (2008). 
614 Ibid. 

https://op.europa.eu/en/publication-detail/-/publication/6f8dea1e-b6fe-11e8-99ee-01aa75ed71a1
https://climatepolicyinitiative.org/wp-content/uploads/2019/11/2019-Global-Landscape-of-Climate-Finance.pdf
https://climatepolicyinitiative.org/wp-content/uploads/2019/11/2019-Global-Landscape-of-Climate-Finance.pdf
https://pubs.iied.org/G02489/
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Cost-effectiveness 

Forests are one of the most cost-effective mitigation opportunities, and re/afforestation provides a cheap 
source of potential negative emissions. The first 500 Mt CO2e/year of abatement from avoided deforestation 
in tropical regions costs on average USD 3/t CO2. The first 500 Mt CO2e/year of re/afforestation in tropical 
regions costs about USD 33/t CO2, on average.615 However, within this first 500 Mt CO2/year of abatement 
there is large variation in the cost of re/afforestation projects with a range between close to USD 0/t CO2 and 
about USD 70/t CO2. Even though the cost of re/afforestation is, on average, notably higher than avoided 
deforestation, it is significantly cheaper than the present-day cost of BECCS, the only other negative 
emissions technology with a currently clear potential pathway to at-scale deployment.616 

Cost-effectiveness varies across regions due to four principal characteristics: 

Potential for mitigation through avoiding deforestation vs. re/afforestation. Regions with large forests 
currently under threat from expanding agriculture and logging intuitively have higher potential for 
abatement through avoided deforestation. Given the higher cost-effectiveness of avoided 
deforestation, forests mitigation investments in these regions will be more cost-effective. Hence, 
IMAGE results suggest that forest mitigation in West Africa will be particularly cost-effective. 

Competition from other land uses. Growth in global demand for bioenergy and food will increase the 
value of forested land, increasing the cost of interventions in regions where forested land could be 
used for bioenergy and food production. Overmars et al. (2014) estimate the differences in 
opportunity cost of avoided deforestation in Sub-Saharan Africa, Central and South America, and 
Southeast Asia. 617 They find that the cost of mitigation through avoided deforestation in Southeast 
Asia is substantially higher than in the other two regions, while the cost in Sub-Saharan Africa is 
lowest amongst the three regions. Phan et al. (2014) similarly find that the cost-effectiveness of 
avoided deforestation interventions is significantly higher in Africa than in Latin America and 
Southeast Asia. 618 

Strength of government institutions to monitor and enforce protected areas. Regions where technology, 
technical know-how, and enforcement ability are stronger will allow for more cost-effective forestry 
interventions. The strength of government institutions, as measured by the World Development 
IndicatorǎΩ DƻǾŜǊƴƳŜƴǘ 9ŦŦŜŎǘƛǾŜƴŜǎǎ ǎŎƻǊŜΣ ƛǎ ƘƛƎƘŜǎǘ ƛƴ LƴŘƻƴŜǎƛŀ ŀƴŘ {ƻǳǘƘ !ƳŜǊƛŎŀΣ ŀƴŘ ƭƻǿŜǎǘ ƛƴ 
West Africa, Southern Africa, and Brazil619. 

Climatic conditions. The climate of certain regions supports higher carbon density forests, resulting in 
cheaper per tonne abatement. This is usually true of tropical forests relative to temperate forests. 
The vast forested peatlands in Indonesia mean that the forest carbon density here is particularly 
high. Therefore, all else equal, protecting one hectare of forested land in Indonesia is more cost 
effective per t CO2 than in most other regions.620 However, the practical implementation of varying 
the per tonne cost of abatement with climatic conditions requires having MRV and pricing systems in 
place to accurately assess these conditions in each potential intervention area. See section 0 for 
discussion on how the difficulty of implementing MRV and pricing systems varies across the focus 
regions. 

 
615 Busch et al. (2019). Potential for low-cost carbon dioxide removal through tropical reforestation. https://www.nature.com/articles/s41558-019-
0485-x. 
616 Fuss et al. (2018). Negative emissions ς Part 2: Costs, potentials and side effects. https://iopscience.iop.org/article/10.1088/1748-9326/aabf9f/pdf  
617 Overmars et al. (2014). Estimating the opportunity costs of reducing carbon dioxide emissions via avoided deforestation, using integrated 
assessment modelling. https://www.sciencedirect.com/science/article/abs/pii/S0264837714000799. 
618 Phan et al. (2014). The economic costs of avoided deforestation in the developing world: a meta-analysis. 
https://www.sciencedirect.com/science/article/abs/pii/S1104689913000263. 
619 World Bank (2020). Worldwide Governance Indicators. https://databank.worldbank.org/source/worldwide-governance-indicators 
620 Overmars et al. (2014) and Phan et al. (2014) assess regional cost-effectiveness in terms of dollars per t CO2 abated. Hence, their results account 
for regional differences in the carbon density of forests. 

https://www.nature.com/articles/s41558-019-0485-x
https://www.nature.com/articles/s41558-019-0485-x
https://iopscience.iop.org/article/10.1088/1748-9326/aabf9f/pdf
https://www.sciencedirect.com/science/article/abs/pii/S0264837714000799
https://www.sciencedirect.com/science/article/abs/pii/S1104689913000263
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Table 40 Summary of cost-effectiveness by region and influencing factor. 

Region 

Ratio of avoided 
deforestation vs 
re/afforestation 

potential 

Competition from 
other land uses 

Strength of government 
institutions 

Climatic conditions 

Brazil Moderate Moderate Moderate Moderate 

Indonesia  Moderate Low High High 

Southern 
Africa  

Low High Moderate Moderate 

South 
America 

Moderate Moderate High Moderate 

West 
Africa  

High High Low High 

Note: This table summarises which regions have the highest forest intervention cost-effectiveness when 
evaluated along four influencing factors. High indicates high cost-effectiveness as assessed along the 
influencing factor given in the corresponding column, while low indicates low cost-effectiveness. 

Source: Vivid Economics, ASI and Factor 
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Barriers to adoption 

The largest barriers to governance for low-carbon transitions faced are those related to i) political economy 
challenges, ii) market failures, and iii) enabling environment (Figure 37). Each of these barriers are then 
mapped to regions and potential solutions below. The greatest drivers of greenhouses gases (GHG) 
emissions from forests may lie in agricultural production and commodity supply chains (in beef, soy beans, 
cocoa, palm oil, logging, paper and pulp), transport and urban infrastructure expansion, mining, and food 
consumption patterns, and lack of access to affordable energy ς and in the policies and market forces that 
drive them. Between 2001 and 2015 large-scale agriculture was responsible for about 25% of global 
deforestation, smallholder agriculture for about 21%, extraction of forest products, timber primarily, for 
about 31%, and urban growth for about 1%.621 Commercial agriculture was the largest driver in Latin 
America and smallholder agriculture the highest driver in Africa and Asia. This section equally identifies the 
barriers that exist within the forests sector itself.  

Figure 37 Barriers to an opportunity 

 

Source: Vivid Economics, ASI and Factor 

In Brazil, Indonesia, Southern Africa, the South America, and West Africa high political economy barriers to 
investment or adoption are likely to include the following: 

In all regions there is, at best, fragile political commitment for forest action, and often governmental 
priorities lie with other sectors, resulting in weak, competing, and contradictory enforcement and 
policy implementation. Enforcement of the Brazilian Forest Code has varied in recent decades 
alongside the strength of promotion of agriculture and livestock expansion, and since 2018 the 
ƎƻǾŜǊƴƳŜƴǘΩǎ de facto relaxation of laws and its public messaging have led to a surge in 

 
621 Chaturvedi, Rohini, et al. (2019). Public-Sector Measures to Conserve and Restore Forests: Overcoming Economic and Political Economy Barriers. 
WRI. https://www.wri.org/publication/folu-overcoming-economic-and-political-barriers 
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deforestation.622 623 LƴŘƻƴŜǎƛŀΩǎ aƛƴƛǎǘǊȅ ƻŦ !ƎǊƛŎǳƭǘǳǊŜΣ ǿƘƛŎƘ ŎƻǾŜǊǎ ǘƘŜ ǇŀƭƳ ƻƛƭ ǎŜŎǘƻǊΣ ŀƴŘ 
aƛƴƛǎǘǊȅ ƻŦ 9ƴŜǊƎȅ ŀƴŘ aƛƴŜǊŀƭ wŜǎƻǳǊŎŜǎ ƘŀǾŜ Ǉƭŀƴǎ ǘƘŀǘ ŎƻƴǘǊŀŘƛŎǘ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŦƻǊŜǎǘ 
objectives.624 

In all regions, powerful lobbies exist in logging, charcoal, agriculture, livestock, and mining, all of which 
are interests leading to high rates of deforestation and degradation.625 LƴŘƻƴŜǎƛŀΩǎ ŜŎƻƴƻƳȅ ǊŜƭƛŜǎ 
heavily on palm oil for its rural economy and exports and politically influential companies and 
individuals have been shown to gain hold of forest concessions for profitable purposes.626 In 
Colombia, Guyana, and Peru illegal logging and mining are pervasive.627 Countries in Southern Africa 
have an entrenched fuelwood and charcoal industry.628 In West Africa, agriculture and timber 
concessions are dispensed to private actors without oversight and transparency.629 

In all regions, weakness of government institutions is common, leading to unclear and insecure land 
tenure, corruption, and poor law enforcement with regards to forestry, and therefore resulting in de 
facto immunity for those in breach of the law.630 631 632 There is a correlation between deforestation 
and countries with high levels of corruption. 

Fiscal policies such as agricultural or commodity subsidies, often offered under popular pressure and 
under the influence of powerful interests, exist at either the producer or consumer end in all regions 
and encourage deforestation and degradation and discourage re/afforestation.633 

Moderate to high market failures to investment or adoption exist in all regions. Failures relating to all forest 
mitigation pathways are as follows: 

In all regions, funding for forest mitigation falls short of required levels and neither donor countries nor 
the private sector have yet demonstrated the willingness and ability to provide funds at the level 
envisaged by the Paris Agreement.634 635 The lack of confidence in the availability of compensation 
has not yet incentivised the necessary scale of change.636 Globally, annual agriculture sector 
investments have totalled USD 55 billion compared to USD 2.2 billion for REDD+.637 Brazil, for 
example, received USD 1 billion for REDD+ credits between 2009 and 2013, which was less than one 
tenth of the value of the REDD+ credits it had earnt ς the remainder emerging from federal and state 
budgets.638 The USD 5 price for a tonne of CO2e determined by REDD+ is likely too low.639 Due to 
barriers such as land tenure and the absence of both a project pipeline and MRV, the private sector 

 
622  May, Peter, et al. (2016). The Context of REDD+ in Brazil: Drivers, Actors and Institutions ς 3rd Edition. CIFOR and CGIAR. 
http://www.cifor.org/knowledge/publication/6338/  
623 Chaturvedi, Rohini, et al. (2019). Public-Sector Measures to Conserve and Restore Forests: Overcoming Economic and Political Economy Barriers. 
WRI. https://www.wri.org/publication/folu-overcoming-economic-and-political-barriers 
624 Insight from expert interview. (2020). 
625  May, Peter, et al. (2016). The Context of REDD+ in Brazil: Drivers, Actors and Institutions ς 3rd Edition. CIFOR and CGIAR. 
http://www.cifor.org/knowledge/publication/6338/  
626 Chaturvedi, Rohini, et al. (2019). Public-Sector Measures to Conserve and Restore Forests: Overcoming Economic and Political Economy Barriers. 
WRI. https://www.wri.org/publication/folu-overcoming-economic-and-political-barriers 
627 Ibid. 
628 Insight from expert interviews. (2020). 
629 Insight from expert interview. (2020). 
630 Chaturvedi, Rohini, et al. (2019). Public-Sector Measures to Conserve and Restore Forests: Overcoming Economic and Political Economy Barriers. 
WRI. https://www.wri.org/publication/folu-overcoming-economic-and-political-barriers 
631  May, Peter, et al. (2016). The Context of REDD+ in Brazil: Drivers, Actors and Institutions ς 3rd Edition. CIFOR and CGIAR. 
http://www.cifor.org/knowledge/publication/6338/  
632 Mpoyi, Augustin, et al. (2013). The context of REDD+ in the Democratic Republic of Congo: Drivers, agents and institutions. CIFOR. 
https://www.cifor.org/knowledge/publication/4267/ 
633 Insight from expert interviews. (2020). 
634  Angelsen, Prof Arild, et al. (2018). Transforming REDD+: Lessons and new directions. CIFOR. https://www.cifor.org/knowledge/publication/7045  
635 Forest Carbon Partnership Facility. (2019). Forest Carbon Partnership Facility Annual Report 2019. 
https://forestcarbonpartnership.org/system/files/documents/FCPF_Annual%20Report_2019.pdf  
636 Insight from expert interview. (2020). 
637 Angelsen, Prof Arild, et al. (2018). Transforming REDD+: Lessons and new directions. CIFOR. https://www.cifor.org/knowledge/publication/7045  
638 Angelson, Prof A. (2017). REDD+ as Result-based Aid: General Lessons and Bilateral Agreement of Norway. 
https://onlinelibrary.wiley.com/doi/full/10.1111/rode.12271 
639 Insight from expert interview. (2020). 

http://www.cifor.org/knowledge/publication/6338/
http://www.cifor.org/knowledge/publication/6338/
http://www.cifor.org/knowledge/publication/6338/
https://www.cifor.org/knowledge/publication/7045
https://forestcarbonpartnership.org/system/files/documents/FCPF_Annual%20Report_2019.pdf
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has not yet contributed sizeable volumes either via carbon market mechanisms (REDD+ or earlier 
mechanisms such as the Clean Development Mechanism) or supply chain initiatives.640 Reliance on 
limited and unpredictable results-based payments and the absence of a global forest carbon market 
ς nascent and voluntary market initiatives such as the Carbon Offsetting and Reduction Scheme for 
International Aviation (CORSIA), Architecture for REDD+ Transactions ς The REDD+ Environmental 
Excellency Standard (ART-TREES), and the California Tropical Forest Standard notwithstanding ς 
means the potential supply of emissions credits exceeds demand.641  

In all regions, carbon accounting is a significant barrier to effective and affordable MRV and to the 
establishment of result-based finance mechanisms and carbon markets for deforestation and forest 
degradation, as well as for reforestation and afforestation. Problems lie in ensuring the permanence 
of carbon sequestered and stored in forests and internalising the uncertainty of permanence over a 
number of decades; in proving the additionality of forest mitigation; in the risk that forest mitigation 
can lead to leakage of carbon in other regions or sectors; and in measurement systems that are 
sufficiently accurate over time. The increase in Brazilian deforestation between 2012 and 2016 after 
eight years of progress reveals, at a national level, the difficulty of accounting for the permanence of 
forest carbon sequestration.642 Brazil has also experienced leakage issues.643  

In all regions, the lack of recognition and value given to forest carbon and other goods and services puts 
the economic feasibility of reducing deforestation and degradation, as well as re/afforestation and 
SFM, into question.644 Competitive factors driving alternative land uses are the value of agricultural 
commodities, land values, access to markets, and capital availability.645 If the non-forests benefit to 
land is high and the return on forests is low the incentive is against the preservation and/or 
expansion of forests.646 

In all regions, difficulties in valuing forest goods and services such as biodiversity, rainfall, climatic 
protection, water quality, and flood prevention often mean that the non-market and intangible 
benefits from forests are ignored or undervalued.647 /ƻǎǘŀ wƛŎŀΩǎ ƭƻƴƎǎǘŀƴŘƛƴƎ t9{ ǇǊƻƎǊŀƳƳŜ ǎƘƻǿǎ 
how to consider a wider array of forest goods and services, but its case is an exception and there 
have been no examples of scalable PES initiatives to date.648  

In all regions, and especially with regards to re/afforestation, there is a disparity between the length of 
time required to overcome barriers in forests and to see results in carbon sequestration and other 
forest goods and services and the shorter timelines associated with government planning and 
investment cycles. Related to this is the fact that discount rates tend to penalise forest interventions 
that require longer time periods for benefits to accrue compared to alternatives. 

Moderate market failures relating to REDD+ are as follows: 

In all regions, for example Brazil, the DRC, Indonesia, and the Republic of Congo, REDD+ has proven it can 
make a difference to forest carbon mitigation. But to date it has not yet led to a rapid, cheap, and 
lasting reduction in GHG emissions from deforestation and degradation.649 This is due, in part, to high 
transaction costs resulting from MRV, weaker than intended financial incentives, low ambition of 

 
640 Chaturvedi, Rohini, et al. (2019). Public-Sector Measures to Conserve and Restore Forests: Overcoming Economic and Political Economy Barriers. 
WRI. https://www.wri.org/publication/folu-overcoming-economic-and-political-barriers 
641 Ibid 
642 Ibid. 
643 Ibid. 
644 FAO. (2016). Forests for a low-carbon future. http://www.fao.org/3/a-i5857e.pdf  
645 Ibid. 
646Chaturvedi, Rohini, et al. (2019). Public-Sector Measures to Conserve and Restore Forests: Overcoming Economic and Political Economy Barriers. 
WRI. https://www.wri.org/publication/folu-overcoming-economic-and-political-barriers 
647 FAO. (2018.) Forests Pathways to Sustainable Development. http://www.fao.org/policy-support/tools-and-publications/resources-
details/en/c/1144279/  
648 IIED. (2012). Payments for environmental services in Costa Rica: from Rio to Rio and beyond. https://pubs.iied.org/17126IIED/  
649 Chaturvedi, Rohini, et al. (2019). Public-Sector Measures to Conserve and Restore Forests: Overcoming Economic and Political Economy Barriers. 
WRI. https://www.wri.org/publication/folu-overcoming-economic-and-political-barriers 
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ǎƻƳŜ ŎƻǳƴǘǊƛŜǎΩ ōŀǎŜƭƛƴŜǎ ŀƴŘ ǇǊƻƧŜŎǘƛƻƴǎΣ ŀƴŘ ƛǎǎǳŜǎ ƻŦ ǇŜǊƳŀƴŜƴŎŜ ŀƴŘ ƭŜŀƪŀƎŜ ς as well as 
enabling environment issues laid out below.650 651 652 But, as described in Section 0, domestic 
financial contributions have risen, sizeable bilateral and multilateral REDD+ results-based payments 
have been awarded to the likes of Brazil, Guyana, and Indonesia, and several other countries have 
agreed to results-based finance initiatives with multilateral donors.653 

REDD+, as currently designed, is better suited to closed, moist forests in the tropics than to regions home 
to dry forest savanna and dry deciduous forests, such as Angola, Bolivia, Mozambique, and Zambia.654 
This is due to the denser forest canopy cover in the former, their more clearly defined boundary, 
their high carbon content, and the resulting (relatively) greater simplicity and cost-effectiveness of 
MRV.655 Dry forest types tend to have more fluid boundaries, lower carbon content, and are often 
more fragmented. REDD+ readiness is, nonetheless, proceeding in a number of dry forested 
countries in Southern and West Africa and South America, from which the results are yet to be 
determined.656 

High enabling environment / absorptive capacity barriers to investment or adoption are common across five 
regions and are as follows: 

The absence, insecurity, and lack of transparency of land tenure is a powerful driver of deforestation and 
degradation and a deterrent of re/afforestation in all regions.657 Land tenure concerns enable 
deforestation by contesting land use demarcations and permissions, by permitting widespread illegal 
occupation of public and community land and protected areas, by limiting the dependability of 
contracts for REDD+ or SFM, by diminishing individual, community and indigenous rights, by 
incentivising untitled smallholders to search for more reliable tenure and continue deforestation, and 
by making it difficult to identify individuals responsible for deforestation.658 Challenges to effective 
land tenure include incomplete or unreliable land registries, lack of integrated databases, and 
institutional, policy and regulatory complexity.659 Brazil and other South American countries have, in 
the past, retroactively given rights to those who have illegally occupied land.660 

In all regions, weak judicial systems and sparsely applied law enforcement mechanisms at national, state, 
and municipal levels of government, serve to prevent illegal land use changes, facilitate the issuance 
of licences and permits in protected and indigenous areas, and remove an important impediment to 
deforestation and degradation.661 662 663 

Technical and administrative capacity for preparing strategy and policy, for running land registration and 
forest information systems, for complex MRV of carbon emissions and sequestration, and for the 

 
650 Angelsen, Prof Arild, et al. (2018). Transforming REDD+: Lessons and new directions. CIFOR. https://www.cifor.org/knowledge/publication/7045  
651 Ibid. 
652 World Rainforest Movement. (2020). The GCF Board must refrain from approving more REDD+ funding requests.  https://wrm.org.uy/actions-and-
campaigns/support-this-open-letter-the-gcf-board-must-refrain-from-approving-more-redd-funding-requests/ 
653  Angelsen, Prof Arild, et al. (2018). Transforming REDD+: Lessons and new directions. CIFOR. https://www.cifor.org/knowledge/publication/7045  
654 Insight from expert interviews. (2020). 
655 Insight from expert interview. (2020). 
656 Forest Carbon Partnership Facility. (2019). Forest Carbon Partnership Facility Annual Report 2019. 
https://forestcarbonpartnership.org/system/files/documents/FCPF_Annual%20Report_2019.pdf 
657 Insight from expert interviews. (2020). 
658 May, Peter, et al. (2016). The Context of REDD+ in Brazil: Drivers, Actors and Institutions ς 3rd Edition. CIFOR and CGIAR. 
http://www.cifor.org/knowledge/publication/6338/  
659 Gallo, Patrícia, Brites, Alice and Micheletti, Tatiane, (2020). REDD+ achievements and challenges in Brazil: Perceptions over time 2015-19. CIFOR. 
https://www.cifor.org/publications/pdf_files/infobrief/7628-infobrief.pdf  
660 Chaturvedi, Rohini, et al. (2019). Public-Sector Measures to Conserve and Restore Forests: Overcoming Economic and Political Economy Barriers. 
WRI. https://www.wri.org/publication/folu-overcoming-economic-and-political-barriers 
661 Duchelle, Amy, et al. (2019). Forest-based Climate Mitigation: Lessons from REDD+ Implementation. WRI. https://www.wri.org/publication/forest-
based-climate-mitigation  
662 Mpoyi, Augustin, et al. (2013). The context of REDD+ in the Democratic Republic of Congo: Drivers, agents and institutions. CIFOR. 
https://www.cifor.org/knowledge/publication/4267/  
663 Insight from expert interview. (2020). 
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implementation of forest policies and programmes is highly uneven between priority regions.664 
Brazil has a reliable and transparent technology-based forest monitoring system in the form of 
PRODES but implementation skills fall short.665 In Southern and West Africa, in countries from the 
DRC and Liberia to Madagascar and Malawi, ministries of forestry and associated government 
departments generally contain few people with scientific and technical knowledge who are 
responsible for a high number of functions and vast areas of public and community land.666 667 
Capacity constraints are particularly acute at the level of states and municipalities affecting the 
effectiveness of their mandates. With a small human resources pool, the loss of people through 
emigration or to donor programmes has a substantial effect. 

The involvement of multiple institutions of government ς amongst them ministries of forests, 
environment, agriculture, and transport ς at national and sub-national levels leads to horizontal and 
vertical coordination failures, duplications, and competition in the design and delivery of policy and 
regulation.668 Effective coordination between government, private sector stakeholders, civil society, 
and indigenous groups is also lacking. Such failures are particularly apparent in countries such as 
Brazil and Indonesia with federal, devolved, or decentralised systems of government. Equally, vertical 
coordination in unitary or centralised systems, as in much of Southern and West Africa, can impede 
jurisdictional or state level forest efforts.669 

Forest and indigenous communities are often the greatest victims of deforestation and degradation, for 
example through lack of land tenure, weak law enforcement, or lack of valuation of forest goods and 
services. Indigenous and forest communities have recognised tenure for just 10% of the forest land 
that they occupy.670 For these reasons, forest and indigenous communities have risked exclusion and 
damage to livelihoods from the benefits that REDD+ as well as re/afforestation and SFM initiatives 
may bring.671 672 Their participation is, nonetheless, essential for conserving forests and for MRV and 
their opposition can be an impediment to success.673 Successful forest initiatives have adequately 
involved indigenous communities in consultation and planning, offered greater right and security of 
tenure, apportioned a role in forest monitoring and reporting, and provided economic benefits to 
those that depend on forests for livelihoods. Others have struggled to design participatory processes 
and give greater security and social and economic returns.674 675 Inclusion can be equally a concern 
with jurisdictional and national approaches, which may be further removed from communities, as 
with project approaches, which are likely to be closely related to communities. 

Moderate enabling environment / absorptive capacity barriers relating to REDD+ are as follows: 

REDD+ has a mixed but improving record in addressing governance barriers and drivers of deforestation 
and degradation.676 On the one hand, REDD+ has been a valuable driver of progress in forest policy, 
horizontal coordination, land tenure and rights, technical capacity and skills, forest and indigenous 

 
664 Sills, Erin, et al. (2014). CIFOR. REDD+ On the ground: A case book of sub-national initiatives across the globe. 
http://www.cifor.org/knowledge/publication/5202/  
665 May, Peter, et al. (2016). The Context of REDD+ in Brazil: Drivers, Actors and Institutions ς 3rd Edition. CIFOR and CGIAR. 
http://www.cifor.org/knowledge/publication/6338/  
666 Insight from expert interview. (2020). 
667 Mpoyi, Augustin, et al. (2013). The context of REDD+ in the Democratic Republic of Congo: Drivers, agents and institutions. CIFOR. 
https://www.cifor.org/knowledge/publication/4267/  
668Duchelle, Amy, et al. (2019). Forest-based Climate Mitigation: Lessons from REDD+ Implementation. WRI. https://www.wri.org/publication/forest-
based-climate-mitigation  
669 Ibid. 
670 Ibid. 
671 Gallo, Patrícia, Brites, Alice and Micheletti, Tatiane, (2020). REDD+ achievements and challenges in Brazil: Perceptions over time 2015-19. CIFOR. 
https://www.cifor.org/publications/pdf_files/infobrief/7628-infobrief.pdf  
672 Insight from expert interviews. (2020). 
673  Duchelle, Amy, et al. (2019). Forest-based Climate Mitigation: Lessons from REDD+ Implementation. WRI. https://www.wri.org/publication/forest-
based-climate-mitigation  
674 Sills, Erin, et al. (2014). CIFOR. REDD+ On the ground: A case book of sub-national initiatives across the globe. 
http://www.cifor.org/knowledge/publication/5202/  
675 Angelsen, Prof Arild, et al. (2018). Transforming REDD+: Lessons and new directions. CIFOR. https://www.cifor.org/knowledge/publication/7045  
676 Ibid. 
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and community rights and livelihoods, civil society mobilisation, and international collaboration.677 678 
However, the persistence of issues in land tenure, vertical coordination, law enforcement, and 
stakeholder engagement point to the limitations of REDD+ influence at the national level of 
government.679 680 

Becoming ready for REDD+, which carries greatest potential for success, has absorbed more time than 
anticipated, particularly at jurisdictional and national levels, and in all regions there remain gaps in 
regulation, funding, participation, and transparency.681 682 REDD+ readiness consists of planning and 
policy, stakeholder engagement, monitoring systems, and safeguarding and just transition actions 
against social and environmental consequences. Readiness has advanced in a majority of countries in 
priority regions, though only in the last two years have a handful of countries officially turned to 
implementation and results-based payments.683 The demands of REDD+ readiness have proven 
taxing in some countries and in the likes of Angola, the Central African Republic, Malawi, and the 
Republic of the Congo policy, institutional and technical capacity barriers and smaller domestic 
funding sources have inhibited effective participation in REDD+ to date. 684 685 686 In others, for 
example Cameroon, the DRC, Guyana, and Peru, readiness exists in certain pockets of government, 
for example in the ministry of forests, but relevant government departments lack focal points and 
organisation and capacity has not spread to wider government bodies or cascaded to state or 
municipal levels.687 

Table 41 Barriers per region 

Region Political economy barriers Market failures Enabling environment barriers 

Brazil High 
Political commitment, 
entrenched interests (in 
logging, charcoal, 
agriculture, livestock, and 
mining), corruption, fiscal 
support. 

Moderate to high 
Funding shortfalls, carbon 
accounting, lack of carbon 
price and recognition of 
forest goods and services, 
REDD+ MRV and transaction 
costs. 

High 
Weak and competitive policy, unclear 
and insecure land tenure, judicial 
systems / law enforcement, technical 
capacity, horizontal / vertical 
coordination, benefits to indigenous / 
forest communities, REDD+ influence on 
governance. 

Indonesia High 
Political commitment, 
entrenched interests (in 
logging, charcoal, 
agriculture, livestock, and 
mining), corruption, fiscal 
support. 

Moderate to high 
Funding shortfalls, carbon 
accounting, lack of carbon 
price and recognition of 
forest goods and services, 
REDD+ MRV and transaction 
costs. 

Moderate to high 
Weak and competitive policy, unclear 
and insecure land tenure, judicial 
systems / law enforcement, technical 
capacity, horizontal / vertical 
coordination, benefits to indigenous / 
forest communities, REDD+ influence on 
governance. 

 
677  Gallo, Patrícia, Brites, Alice and Micheletti, Tatiane, (2020). REDD+ achievements and challenges in Brazil: Perceptions over time 2015-19. CIFOR. 
https://www.cifor.org/publications/pdf_files/infobrief/7628-infobrief.pdf  
678  Forest Carbon Partnership Facility. (2019). Forest Carbon Partnership Facility Annual Report 2019. 
https://forestcarbonpartnership.org/system/files/documents/FCPF_Annual%20Report_2019.pdf 
679  Angelsen, Prof Arild, et al. (2018). Transforming REDD+: Lessons and new directions. CIFOR. https://www.cifor.org/knowledge/publication/7045  
680 Mpoyi, Augustin, et al. (2013). The context of REDD+ in the Democratic Republic of Congo: Drivers, agents and institutions. CIFOR. 
https://www.cifor.org/knowledge/publication/4267/  
681 Duchelle, Amy, et al. (2019). Forest-based Climate Mitigation: Lessons from REDD+ Implementation. WRI. https://www.wri.org/publication/forest-
based-climate-mitigation  
682 Insight from expert interview. (2020). 
683 Duchelle, Amy, et al. (2019). Forest-based Climate Mitigation: Lessons from REDD+ Implementation. WRI. https://www.wri.org/publication/forest-
based-climate-mitigation  
684 Insight from expert interview. (2020). 
685 BEIS. (2019). Forest Carbon Partnership Facility Carbon Fund Annual Review 2019. https://science-and-innovation-network.s3.eu-west-
2.amazonaws.com/BEIS+ICF/FCPF/FCPF+Annual+Review+2019.pdf  
686  Angelsen, Prof Arild, et al. (2018). Transforming REDD+: Lessons and new directions. CIFOR. https://www.cifor.org/knowledge/publication/7045  
687 Insight from expert interviews. (2020). 
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Region Political economy barriers Market failures Enabling environment barriers 

Southern 
Africa 

High 
Political commitment, 
entrenched interests (in 
logging, charcoal, 
agriculture, livestock, and 
mining), corruption, fiscal 
support. 

Moderate to high 
Funding shortfalls, carbon 
accounting, lack of carbon 
price and recognition of 
forest goods and services, 
REDD+ MRV and transaction 
costs, REDD+ suitability to dry 
forests. 

High 
Weak and competitive policy, unclear 
and insecure land tenure, judicial 
systems / law enforcement, technical 
capacity, horizontal / vertical 
coordination, benefits to indigenous / 
forest communities, REDD+ influence on 
governance, slow REDD+ readiness. 

South 
America 

High 
Political commitment, 
entrenched interests (in 
logging, charcoal, 
agriculture, livestock, and 
mining), corruption, fiscal 
support. 

Moderate to high 
Funding shortfalls, carbon 
accounting, lack of carbon 
price and recognition of 
forest goods and services, 
REDD+ MRV and transaction 
costs. 

Moderate to high 
Weak and competitive policy, unclear 
and insecure land tenure, judicial 
systems / law enforcement, technical 
capacity, horizontal / vertical 
coordination, benefits to indigenous / 
forest communities, REDD+ influence on 
governance. 

West 
Africa 

High 
Political commitment, 
entrenched interests (in 
logging, charcoal, 
agriculture, livestock, and 
mining), corruption, fiscal 
support. 

Moderate to high 
Funding shortfalls, carbon 
accounting, lack of carbon 
price and recognition of 
forest goods and services, 
REDD+ MRV and transaction 
costs, REDD+ suitability to dry 
forests. 

High 
Weak and competitive policy, unclear 
and insecure land tenure, judicial 
systems / law enforcement, technical 
capacity, horizontal / vertical 
coordination, benefits to indigenous / 
forest communities, REDD+ influence on 
governance, slow REDD+ readiness. 

Source: Vivid Economics, ASI and Factor 
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UK additionality  

Historical donor activity in this opportunity has been driven by a handful of countries in Europe and the USA. 

In the past 15 years global support for forests has largely been driven through REDD+ initiatives and the 
Forest Law Enforcement, Governance and Trade (FLEGT) approach to forest governance, anti-
corruption, and markets. By comparsison, relatively little bilateral or multilateral assistance is 
channelled to re/afforestation and SFM, where Germany is, nonetheless, a major funder.  

Norway, the UK, Germany, and the USA (in this order) have been the major funders of forest mitigation, 
REDD+ especially.688 Norway channels most of its funding bilaterally into results-based payments, 
whereas the UK, Germany, and the USA contribute more to broader multilateral initiatives. The UK, 
Germany, and Norway have a Germany, Norway, UK (GNU) Partnership to offer GBP 5 billion in 
forests funding. 

Global multilateral REDD+ programmes deploy a combination of technical assistance and finance in 
forested countries with most funding devoted to REDD+ preparedness and results-based payments 
at jurisdictional and project levels. ThŜȅ ƛƴŎƭǳŘŜ ǘƘŜ ²ƻǊƭŘ .ŀƴƪΩǎ CƻǊŜǎǘ /ŀǊōƻƴ tŀǊǘƴŜǊǎƘƛǇ CŀŎƛƭƛǘȅ 
(FCPF), the Bio-Carbon Fund ISFL, the REDD+ Readiness Programme, the Green Climate Fund, the 
Forest Investment Programme of the Climate Investment Funds, and the UN REDD Programme. The 
Bio-Carbon Fund ISFL further links REDD+ to commodity supply chains in jurisdictions. Regional funds 
include the Amazon Fund, the Congo Basin Forest Fund, and the Central Africa Forest Initiative. 

Notwithstanding the barriers mentioned in Section 0, recent developments may indicate an acceleration 
of REDD+ progress and payments.689 There are at least 350 REDD+ projects in 53 tropical countries 
and analyses of jurisdictional approaches in 39 states in 12 tropical countries point to a reasonable 
degree of commitment and sustainability.690 The FCPF has 47 countries in its Readiness Fund, 19 in its 
Carbon Fund, and in the past two years has signed four emission reduction payments agreements 
ό9wt!ǎύ ƛƴ /ƘƛƭŜΣ ǘƘŜ 5w/Σ DƘŀƴŀΣ ŀƴŘ aƻȊŀƳōƛǉǳŜΣ ǿƘƛƭǎǘ ƛƴ /ƻǘŜ ŘΩLǾƻƛǊŜΣ LƴŘƻƴŜǎƛŀΣ aŀŘŀƎŀǎŎŀǊΣ 
Peru, and the Republic of Congo ERPA preparations are proceeding.691 The REDD Early Movers 
Programme has recently completed a suite of results-based payments in Colombia. 

In the past decade Brazil has received about half of the total multilateral REDD+ finance and Latin 
America 56%, of which the Amazon Fund is the major funder. Just under a quarter of multilateral 
funding goes to Sub-Saharan Africa, primarily the DRC. Indonesia, which receives relatively little 
multilateral finance, receives a large volume of bilataral finance from Norway and Australia.692 

In priority regions, the UK has typically had good ties in Indonesia and Southern and West Africa and 
moderate ties in Brazil and South America with most recent programmes of support focusing on REDD+.  

The UK is politically committed to supporting forests mitigation and REDD+ globally in recognition of the 
high mitigation potential, the nexus between mitigation and SFM, accompanying social and 
sustainability benefits, and the potential for building country capacity. The UK has been an important 
promoter of REDD+ in international climate negotiations, in particular in ensuring that it was 
incorporated into the Paris Agreement and promoted by the UNFCCC. 

 
688 ODI. (2016). Climate Finance Thematic Briefing: REDD+ Finance. https://www.odi.org/publications/10610-climate-finance-thematic-briefing-redd-
finance  
689 BEIS. (2019). Forest Carbon Partnership Facility Carbon Fund Annual Review 2019. https://science-and-innovation-network.s3.eu-west-
2.amazonaws.com/BEIS+ICF/FCPF/FCPF+Annual+Review+2019.pdf  
690  Angelsen, Prof Arild, et al. (2018). Transforming REDD+: Lessons and new directions. CIFOR. https://www.cifor.org/knowledge/publication/7045  
691 Forest Carbon Partnership Facility. (2019). Forest Carbon Partnership Facility Annual Report 2019. 
https://forestcarbonpartnership.org/system/files/documents/FCPF_Annual%20Report_2019.pdf 
692 ODI. (2016). Climate Finance Thematic Briefing: REDD+ Finance. https://www.odi.org/publications/10610-climate-finance-thematic-briefing-redd-
finance  
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The UK has decades of bilateral ODA experience in forested countries and continued Department for 
International Development (DFID), now the Foreign, Commonwealth and Development Office 
(FCDO), and/or BEIS presence in all priority regions via historic support to forest governance, law 
enforcement, markets, and indigenous and forest communities. Current major programmes are the 
Forests, Governance, Markets and Climate Programme, which supports the FLEGT approach; 
Investments in Forests and Sustainable Land Use, which concerns public-private partnerships and 
supply chains; and Partnership for Forests, which encourages private investment into forests and 
demand for sustainable forest products. Strong FCDO partnerships exist in Indonesia, Southern 
Africa, and West Africa where the former DFID placed its efforts on forest governance and land 
rights. BEIS has a high-level partnership with Colombia and relationships with Brazil, Indonesia, and 
Peru. BEIS and DEFRA have, in the most recent ICF, offered £330 million to forestry programmes, 
namely the FCPF, the Bio-Carbon Fund ISFL, and the REDD Readiness Programme. 

¢ƘŜ ¦YΩǎ ŀŘŘƛǘƛƻƴŀƭ ǾŀƭǳŜ ƛǎ ƳƻŘŜǊŀǘŜ ǘƻ ƘƛƎƘ ǊŜǎǳƭǘƛƴƎ ŦǊƻƳ /htнс ŀƴŘ ƎƻƻŘ ǘŜŎƘƴƛŎŀƭ ŜȄǇŜǊǘƛǎŜΦ There is 
moderate to high potentual for UK additionality in forested countries given domestic technical expertise in 
forests, particularly in re/afforestationΣ {CaΣ ōǳǘ ŀƭǎƻ ƛƴ ǘƘŜ ¦YΩǎ ŀŘǾƛŎŜ ƻƴΣ ŀƴŘ ǎǳǇǇƻǊǘ ǘƻΣ ŦƻǊŜǎǘ 
governance, markets, and private sector engagement, and multilateral and bilateral REDD+ initiatives. The 
¦YΩǎ ŜȄǇŜǊǘƛǎŜ ƛƴ ŎƭƛƳŀǘŜ ŦƛƴŀƴŎŜ ŀƴŘ ŦƛǎŎŀƭ ƳŜŀǎǳǊŜǎ is also an asset. 

¢ƘŜ ¦YΩǎ ƘƻǎǘƛƴƎ ƻŦ /htнс ŀƴŘ ǘƘŜ ōǊŜŀŘǘƘ ƻŦ ƛǘǎ ŘƛǇƭƻƳŀǘƛŎ ƴŜǘǿƻǊƪǎ ƛƴ ŀƭƭ ǊŜƎƛƻƴǎ ǿƛƭƭ ƎƛǾŜ ƛǘ ƭŜǾŜǊŀƎŜ ǘƻ 
enhance political ambition, address political economy constraints, and channel assistance to address 
policy and market barriers. 

There is substantial domestic expertise in re/afforestation and SFM to draw on, despite variations in UK 
domestic ambition and performance since the 1970s, and the UK has set a target to plant 30,000 
hectares of new forest every year. 

UK experience in advising and funding SFM, REDD+, forest governance, and forest market initiatives in 
forested countries, including tropical forest countries, has built up a body of expertise within BEIS, 
DEFRA, and FCDO as well as within the consultancy sector. 

¢ƘŜ ¦YΩǎ ŜȄǇŜǊience in developing strong standardised domestic forestry carbon offset markets and its 
broader financial sector strength can lend itself to the development of international carbon markets 
that have the confidence of financial institutions. 

Despite limitations in uptake due to similar market failures, enabling environment barriers, and financial 
hurdles as in prioritised regions, the Woodland Carbon Code sets a high policy standard in 
afforestation and reforesation and can be valuable as countries develop forest carbon policies. 

The Commonwealth Forestry Association, an international forum for foresters, the Forestry Commissions 
in England, Wales, Scotland, and Northern Ireland, the department responsible for the sustainable 
management of UK forests, and UK Forestry Standards, which sets sustainable forests standards, can 
be a model for UK support to the promotion and expansion of SFM and re/afforestation in all 
regions. 
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Intervention opportunities 

Global intervention opportunities 

There is substantial opportunity for the UK to support forests in all prioritised regions while noting the high 
complexity of delivering support successfully. Due to high levels of need and mitigation potential and the 
ability to focus on specific countries and intervention there is high potential to provide additional support 
despite a number of other actors in the space. The barriers, however, are substantial ς particularly those 
related to political commitment, corruption, and capacity ς and the current level of funding and type of 
international mechanisms deployed for reducing deforestation and degradation, re/afforestation, SFM, and 
PES are yet to reach the scale and design required. 

Forest mitigation pathways depend to a large extent on ambitions in other sectors, notably livestock and 
agriculture; logging, pulp and paper; food consumption; and energy and transport infrastructure ς 
these are explored in related reports on Agriculture and Food Productivity Enhancement, Mass 
Transit, Passenger Vehicles, Variable Renewables, Non-Variable Renewables, Demand-side 
Management, and Energy Storage. There will need to be transformational shifts in national 
development planning, policy, and coordination with regards to these sectors. 

Influential non-forest interventions could include joint agriculture and forests programmes with 
emphasis on productivity, agroforestry, and climate-smart agriculture; reforming agricultural 
subsidies and fiscal incentives; tightening agricultural credit systems, including penalising financial 
institutions involved in deforestation; and conducting behavioural change campaigns in Europe, 
Brazil, China, and North America to reduce meat and dairy consumption. 

Within the forests sector the most critical barriers to deployment are: 

The lack of political will to address deforestation and degradation, particularly currently in Brazil, 
alongside powerful interests in agriculture, mining and commodities, and conflicting government 
plans in forests, agriculture, and infrastructure. 

Insufficient and unreliable funding for reduced deforestation and degradation, re/afforestation and SFM, 
across all regions, from public sources and private carbon markets. 

The absence of a comprehensive and scalable PES model for both carbon and other goods and services. 

The absence, insecurity, and lack of transparency of land tenure, weak judicial capacity, and poor law 
enforcement. 

Slow progress in REDD+ in some countries, due to design complexities, and lack of REDD+ suitability in 
others. 

Low technical and administrative capacity, particularly in Southern and West Africa. 

Interventions to address these barriers will consist of a combination of technical assistance and exchange of 
expertise and of results-based payments for forests mitigation. The UK should be prepared to make long-
term commitments of 20 years or more, respecting the long timeframe for forest interventions to generate 
impact. Interventions should balance improvements at policy and institutional levels with more tangible 
programmes in the conservation and restoration of forests. Programmes should also be aware of technical 
and financial absorptive capacity issues in forest countries, especially in Southern and West Africa. The 
funding channels for interventions will vary ς a combination of bilateral and multilateral channels will be 
necessary based on UK additionality and the strengths of existing multilateral mechanisms. Coordination 
between all donors and programmes needs to improve. 
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Re/afforestation and SFM interventions could include the following. 

In regions with sizeable amounts of secondary forest and degraded land, such as Brazil, Ghana, 
Indonesia, Malawi, and Uganda, support large-scale re/afforestation via a results-based grant funding 
model, appropriate MRV, and drawing on the lessons of REDD+ preparedness and implementation. 
In recognition of the multiple benefits of forests, re/afforestation support should have several 
purposes, both commercial, for timber and agroforestry for example, as well as for non-monetised 
benefits like carbon sequestration and biodiversity. These benefits will appear in varying proportions 
depending on the project, some primary and some secondary. The type of deforestation would vary 
according to country and forest, tree, and soil type. Bilateral public funds could be used over the long 
term to design and pilot interventions, forge durable commitments with countries, generate best 
practices and lessons learned, and incentivise private sector participation and sustainable forest 
practices. Gender and social inclusion, indigenous and other community and business participation, 
and livelihoods generation will be vital. 

Support SFM and associated socio-economic benefits in all regions via the deployment of bilateral public 
finances to incentivise private investment. In addition to carbon sequestration and biodiversity, this 
could include a variety of measures including mixed plantations, controlled use of fast-growing and 
exotic species, agroforestry, harvesting, and reduced-impact logging, increased tree rotation lengths, 
enhancing soil carbon, watercourse management, management of pests and diseases, and fire 
management. 

To support reduced deforestation and degradation, interventions could include the following: 

Enact improvements to REDD+ in all regions and in partnership with Germany, Norway and multilateral 
donors such as the World Bank and UN to make it more impactful and effective and to align it with 
other types of forests interventions. This would include: 

Adjusting the readiness process for low-capacity environments in countries in which political 
economy, market failures, and enabling environment barriers continue to inhibit REDD+, 
including offering further capacity development on policy, property rights, inclusion, livelihoods, 
and conflict sensitivity, and consider how the MRV system can be adapted to the country 
context. 

Advancing the system of MRV to reduce transaction costs, for example via scientific and technology 
developments, in countries in which capacity is improving and that are launching and/or 
receiving results-based payments. 

Devising methods of MRV in dry forested countries like much of Southern Africa, identified based on 
forest canopy cover or proxies for carbon content, that are less suited to REDD+ due to forest 
types. 

Support the enhancement of forests policy, strategy, and ambition with a focus on preventing policies for 
the conversion of forests to agricultural or other land uses, placing moratoria on forest conversion as 
Indonesia has done, and establishing protected areas. 

Recognising that the presence and participation of indigenous and forest communities is one of the most 
effective barriers to deforestation and degradation, strengthen decentralised and participatory forest 
management through programmes to reduce deforestation and degradation and manage forests 
that involve them. They can be involved in MRV, monitoring land use concessions, and combatting 
commercial and illegal drivers of deforestation whilst supporting small and medium-sized enterprises 
and entrepreneurship and raising the benefits that these communities receive.  

Support countries, states, and municipalities to form sustainable partnerships with international business 
interests to strengthen deforestation-free commodity supply chains and alter consumer demand. 
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¢Ƙƛǎ Ŏŀƴ ƭŜǾŜǊŀƎŜ ¦Y ŘƛǇƭƻƳŀǘƛŎ ƛƴŦƭǳŜƴŎŜ ŀǊƻǳƴŘ /htнс ŀƴŘ ōǳƛƭŘ ƻƴ ƛƴƛǘƛŀǘƛǾŜǎ ǎǳŎƘ ŀǎ ǘƘŜ C/5hΩǎ 
ŀƴŘ .9L{Ωǎ tŀǊǘƴŜǊǎƘƛǇ ŦƻǊ CƻǊŜǎǘǎΣ C[9D¢ ŀƴŘ .ƛƻ-Carbon IFSL Programme as well as, weaknesses 
notwithstanding, the Consumer Goods Forum, the New York Declaration on Forests, the Tropical 
Forests Alliance, and the Cocoa and Forests Initiative. There need to be more companies and 
financial institutions making deforestation-free supply chain commitments, greater implementation 
of commitments already made, and efforts to avoid leakage. 

To address enabling environment barriers and market failures, interventions could include the following: 

Use BEIS and broader UK leverage and expertise, including via COP26, to ensure complementarity rather 
than competitiveness between forests and other land use and infrastructure policies and plans and 
transform the political narrative. Emphasis should be on national development plans and strategies, 
involvement of ministries of finance and planning, coordination between ministries of forests, 
environment, agriculture, energy, and transport, removal of competing agricultural and other 
subsidies, increasing agricultural productivity, land use planning, and transport and urban planning. 
Coordination and planning should also involve the state and local levels of government, as well as 
agriculture, logging, and mining businesses and associations, financial institutions, and forest and 
indigenous communities. 

Enforce the law and strengthen judicial oversight at national, state, and local levels of government by 
bolstering judicial capacity via funding and training, putting remote sensing tools in place to detect 
and prosecute deforestation in protected areas, increasing transparency about land use changes, 
penalising individuals and businesses that are responsible for land use changes as well as financial 
institutions that fund them, seizing illegally converted land, and appointing forest law enforcement 
champions. Law enforcement should be fair in pursuing those responsible and avoid penalising 
marginalised communities, and efforts should be internationally coordinated with FLEGT. 

Secure and clarify land tenure and land rights between government, business, smallholders, and 
communities, with particular attention to the rights of indigenous and forest communities and those 
that depend on forests for their livelihoods and live near forests. Important measures include the 
resolution of disputes between owners, effective and transparent land registries, and mapping of 
land boundaries for different types of community land, in partnership with FLEGT. 

Where high political economy and commitment issues are apparent, as in all regions but particularly in 
Brazil, channel support on policy and institutional coordination, enforcement, and land tenure to 
state and municipal government, international businesses, national business associations, civil 
society, and indigenous groups and forest communities to strengthen coordination, implement 
jurisdictional and project approaches, and exert leverage on national governments. International 
partnerships of sub-national actors, such as the Governors' Climate and Forests Taskforce and 
Cities4Forests, can also be influential. 

Offer long-term training and capacity development within national, state, and local governments, 
especially in Southern and West Africa, on issues of REDD+, re/afforestation, SFM, and PES, policy 
implementation, MRV, GHG emissions inventories, remote sensing technologies, law enforcement, 
partnership with indigenous and forest communities, and stakeholder engagement. Partnerships 
with national universities and forest and agriculture colleges will raise effectiveness and 
sustainability. 

To increase funding to forests, interventions could include the following: 

In all regions, establish comprehensive PES models and initiatives including all forest goods and services, 
encompassing biodiversity, flood prevention, water quality, and others in order to raise their value to 
economic actors dependent on forests or land conversion and increase the economic incentive to 
avoid deforestation and return land to forest. This will involve, firstly, understanding the full value of 
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goods and services and the opportunity cost of forested land vis-à-vis other land uses in all regions, 
secondly, incorporating these values into public accounts, and thirdly committing sufficient public 
funds. Placing a value on a greater number of forest goods and services will need to be sensitive to 
affordability and access in the context of the needs, income, and livelihoods of local populations. 

In Brazil, Indonesia, and South America, develop and improve domestic forest carbon policies and 
standards to establish standardised offset markets and increase private investment into forests, 
building on nascent and voluntary market initiatives such as CORSIA, ART/TREES, and California 
Tropical Forest Standard and the work of organisations such as Plan Vivo. Effective and transparent 
forest carbon policies, incentives, standards, and codes in alignment with financial market and credit 
risk regulation will strengthen offset markets and improve local capacity to adjust policies in the 
future, for example integrating into regional or global carbon markets or PES.  
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Intervention case studies 
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Box 24 Uganda Sawlog Production Grant Scheme (SPGS)693 

By 1998, following a long period of internal instability, exacerbated by refugees from neighbouring 
ŎƻǳƴǘǊƛŜǎΣ ¦ƎŀƴŘŀΩǎ ŦƻǊŜǎǘǎ ǿŜǊŜ ǎŜǾŜǊŜƭȅ ƻǾŜǊ-exploited with a concurrent severe shortage of sawn 
timber. Plantation resources had been inefficiently liquidated and seed stands destroyed, while field 
technical competence had been seriously eroded. The tree seed centre was unable to produce high 
quality seed that was true to type. The climate and soils are generally conducive to productive wood 
plantations: large grassland areas of degraded and, in forest reserves, were available for plantations. 

The objectives of SPGS were to: 

¶ Establish a rapidly maturing resource of utility timber to reduce pressure on natural forests; 

¶ Engage a wider range of actors in growing timber to provide employment and income; 

¶ Demonstrate good practices in plantation silviculture and inculcate required skills. 

In pursuit of those objectives, the activities of SPGS were to: 

¶ Define operating standards and register approved nurseries and contractors; 

¶ Provide guidance on species choice, simple plan development, and training opportunities for field 
tasks ς initially, only robust species were planted until skills levels rose; 

¶ Visit all scheme participants to provide advice and check standards prior to payments, supported 
by an informative newsletter and simple technical publications. 

As a consequence, the results of SPGS were: 

¶ More than 45,000 hectares of high-quality plantations established within 15 years; 

¶ Substantial forestry benefits accruing from well-manged planted trees, opportunities for 
diversification; 

In the course of the programme, important clients and stakeholders were: Self-formed groups, larger 
ŦŀǊƳŜǊǎΣ ŎƻƴǘǊŀŎǘƻǊǎΣ ǘǊŜŜ ƴǳǊǎŜǊȅ ƻǿƴŜǊǎΣ ¢ǊŜŜ DǊƻǿŜǊǎΩ !ǎǎƻŎƛŀǘƛƻƴΣ ŎƻƳƳŜǊŎƛŀƭ ŦƻǊŜǎǘǊȅ ŎƻƳǇŀƴƛŜǎΤ 
National Forestry Authority (NFA), Ministry of Finance, and donors.  

Key risks managed during SPGS included: 

¶ Elite capture, undermining of core strategy, and subsumption by government agency; 

¶ Pests and disease risks, which were minimised by good nursery hygiene and correct species 
choice; 

¶ Limited strategic level planning by NFA, which the project could not fully remedy; 

¶ Exposure to tenure disputes amongst leaseholders in forest reserves; 

¶ Lack of attention to road planning for extraction and group marketing opportunities. 

SPGS provided multiple lessons and practical experiences which are: 

¶ Results-based grant payments can deliver high quality plantations, i.e. there is no need for cash 
up-front; 

¶ Most field tasks are within the capacity of average farmers if practical skills training is given; 

¶ Regular contact with forest extension advisers is crucial for strong motivation and success; 

¶ Commercial-scale companies can provide useful demonstrations of good practice, but grant levels 
must be reduced compared with those for small-scale planters; 

¶ Low-growing intercrops can be grown by the tree owners, without conflict from differing owners, 
to increase early benefits. 
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Box 25 Bolsa Floresta Programme, 2007-2018 

The Bolsa Floresta Programme (BFP) was launched in 2007 by the State of Amazonas, Brazil, in order to 
implement incentive-based forest conservation. It was one of the first initiatives in Brazil to rely on direct, 
conservation-conditional incentives to protect forests at large scale.694 It is operated by a non-governmental 
organization, the Sustainable Amazonas Foundation (Fundação Amazonas Sustentável, FAS), which is co-
financed by Amazonas State and the Amazon Fund, and has also been supported by multiple domestic and 
foreign private donors over the years.695 

The objectives of Bolsa Floresta are to reduce deforestation and conserve biodiversity by improving 
livelihoods and increasing income of local residents with forestry and biodiversity products and by 
empowering residents of communities living in supported Conservation Units (CUs). It is important to note 
that the programme was aimed at meeting livelihoods with a consequence of reducing pressure on forest 
resources and achieving forest protection. It is also intended to promote involvement of communities in 
reducing deforestation and enhancing local appreciation of the standing forest.696 

FAS established four modalities within the Bolsa Floresta Programme: (i) Family Bolsa Floresta, with a 
monthly payment of R$50 for the women of families living in CUs contingent on signing a zero-deforestation 
commitment (and not tied to complex conditions); (ii) Bolsa Floresta Association, earmarked for residents 
associations of the CUs to strengthen capacity and social organisation and increase community involvement; 
(iii) Bolsa Floresta Income, destined for the support of sustainable production to add value to and increase 
revenue of forest and biodiversity products; and (iv) Bolsa Floresta Social for collective actions aimed at 
improving education, health, communication and transportation.697 

As a consequence, the results of BFP were: 

¶ There are 35,000 participants from 15 protected areas covering roughly 10 million hectares;  

¶ Over 90% of the families that participated in the educational workshops signed the formal 
commitment to zero deforestation;698 

¶ Deforestation at the aggregate regional scale between BFP-implementing and comparable non-BFP 
reserves suggests that deforestation in BFP reserves has been reduced by 12% compared to the 
comparison group.699 
 

In the course of the programme, important clients and stakeholders were local communities and leaders, 
Amazonas State Secretariat of the Environment and Sustainable Development,  State Centre for Protected 
Areas, State Centre on Climate Change and the State Secretariat of Planning and Economic Development. 
And private sector actors.  

 
Key risks and challenges which the BFP faced and managed follow: 

¶ There is debate as to the extent of, and limitations in, enforcement of the conditionalities of 
conservation compliance associated with the programme; 

 
694 Forest Compass. (2007). The Bolsa Floresta Programme: direct incentive payments for forest conservation. https://forestcompass.org/case-
studies/bolsa-floresta-programme-direct-incentive-payments-forest-conservation.html 
695World Bank. (2019). Impacts of conservation incentives in protected areas: The case of Bolsa Floresta, Brazil. 
http://documents1.worldbank.org/curated/en/963101576773519234/pdf/Impacts-of-Conservation-Incentives-in-Protected-Areas-The-Case-of-Bolsa-
Floresta-Brazil.pdf 
696 Brazilian Development Bank. (2019) Effective Evaluation Report. Bolsa Floresta Project 
http://www.fundoamazonia.gov.br/export/sites/default/en/.galleries/documentos/monitoring-evaluation/impact-evaluations-ex-post/Bolsa-
Floresta_Effectiveness_Evaluation_Report.pdf 
697Ibid.   
698 Viana M. (2010). Sustainable Development in Practice: Lessons Learned from Amazonas. https://pubs.iied.org/pdfs/17508IIED.pdf 
699  Borner Jan et al. (2013). Promoting Forest Stewardship in the Bolsa Floresta Programme: Local Livelihood Strategies and Preliminary Impacts 
https://www.cifor.org/publications/pdf_files/Books/BBorner1301.pdf 

https://forestcompass.org/case-studies/bolsa-floresta-programme-direct-incentive-payments-forest-conservation.html
https://forestcompass.org/case-studies/bolsa-floresta-programme-direct-incentive-payments-forest-conservation.html
http://documents1.worldbank.org/curated/en/963101576773519234/pdf/Impacts-of-Conservation-Incentives-in-Protected-Areas-The-Case-of-Bolsa-Floresta-Brazil.pdf
http://documents1.worldbank.org/curated/en/963101576773519234/pdf/Impacts-of-Conservation-Incentives-in-Protected-Areas-The-Case-of-Bolsa-Floresta-Brazil.pdf
https://pubs.iied.org/pdfs/17508IIED.pdf
https://www.cifor.org/publications/pdf_files/Books/BBorner1301.pdf
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¶ There were no mechanisms to manage outside pressures on reserves and communities; 

¶ Buy-in from stakeholders and ensuring local participation and buy-in from local communities was 

a risk during design and implementation; 

These are the primary lessons from the BPF programme for BEIS. 

¶ Benefit-sharing mechanisms within REDD+ programmes can simultaneously benefit the poor and 
protect forests. Results were achieved at relatively low cost, with strong support and engagement 
of local communities, and in an open, transparent and democratic process. 

¶ The programme provides an example of how money can be disbursed through a combination of in-
kind and cash payments. The system is a simple one, especially if it involves financially weaker 
section of the community,  and can be adapted for other regions of the developing world.  

¶ BFP implied a change both in actor and institutional structures. Engaging with the community, 
empowering and training community associations, and expanding general participation among 
households at all levels was key for the project to achieve impact.700 

¶ Engaging stakeholders and local groups and empowering them to make decisions that contribute 
to sustainability of the programme is important. BFP was established by engaging the public ς 
leaders of social organisations, public officials and researchers ς in identifying and developing 
solutions that most help them and the forests. In cases where there were conflicts between urban 
and forest stakeholders, the project tended to favour those coming from communities. 

Though the programme lacked sanctions, local peer pressure and behavioural change served to help with 
the issue of compliance, but when deforestation pressures are higher peer pressure may not be a 
sufficient incentive. 

 

 
700 Salviati V et al. (2017). Management regimes for REDD+An analysis of the regime in the RDS Rio Negro REDD+ pilot. 
https://www.eldis.org/document/A102073 

https://www.eldis.org/document/A102073
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Glossary 

Acronym / Term Definition 

ART-TREES Architecture for REDD+ Transactions ς The REDD+ Environmental Excellency Standard 

Avoided 
deforestation 

Forest loss which occurs in the baseline scenario but does not take place in the low-carbon 
scenarios. 

BAU Business-as-usual  

BECCS Biomass energy with carbon capture and storage  

BEIS UK Department of Business, Energy and Industrial Strategy  

BFP Bolsa Floresta Programme 

COP26 The 26th UN Climate Change Conference  

CORSIA The Carbon Offsetting and Reduction Scheme for International Aviation 

CU Conservation Unit 

DAC Development Assistance Committee 

DFID Department for International Development 

EJ Exajoule 

FAO Food and Agricultural Organisation of the United Nations 

FAS Fundação Amazonas Sustentável 

FCDO The Foreign, Commonwealth & Development Office 

FCPF Forest Carbon Partnership Facility 

FLEGT Forest Law Enforcement, Governance and Trade 

Forest An ecosystem with greater than 30% tree cover. 

GHG Greenhouse gas 

Gt CO2e/year Gigatonne carbon dioxide equivalent per year 

ha Hectare 

ICF International Climate Finance 

IPCC Intergovernmental Panel on Climate Change 

MRV Measurement, Reporting and Verification 

Natural Forest 
Management 

Includes reduced impact logging for climate, extended harvest cycles, increased post-
harvest sequestration rates, and set-asides from logging activity. Does not include avoidable 
illegal logging emissions. 

NDC Nationally Determined Contribution 

NFA National Forest Authority 

NGO Non-governmental organizations  

ODA Official Development Assistance  
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Acronym / Term Definition 

PES Payments for Ecosystem Services 

RD&D Research, design and development 

Re/afforestation 
The shift of non-forest cover to forest cover at the 30% tree cover threshold (includes 
afforestation with native trees). 

REDD+ 
Reducing emissions from deforestation and forest degradation in developing countries, and 
the role of conservation, sustainable management of forests, and enhancement of forest 
carbon stocks in developing countries. 

SDG Sustainable Development Goal  

SFM Sustainable Forest Management 

SPGS Uganda Sawlog Production Grant Scheme 
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Agricultural Productivity 

Summary 

The agricultural productivity opportunity ς encompassing agriculture and food production productivity 
enhancements ς considers all mitigation measures in agriculture which have a demonstrable impact on 
productivity. The mitigation potential of this opportunity is large, being highest in regions with low 
agricultural productivity and/or high current rates of deforestation. Investment need is large in absolute 
terms, but moderately sized relative to energy opportunities assessed in the other companion opportunity 
reports. The cost-effectiveness and positive development impacts of the productivity-enhancing 
interventions considered in this analysis are generally high, due to measures often being cost-saving or 
income-boosting, leading to increased income security and reduced hunger. Barriers to adoption are 
significant, largely due to difficulties disseminating information amongst many small landholders, agricultural 
lobbies wielding significant political influence in many of the focus regions, and inadequate infrastructure 
existing in most of the focus regions. UK additionality is moderate due to the UK having strong historical 
support of agricultural development, but the agriculture development space already being crowded. 

Interventions to encourage adoption of agricultural productivity enhancements in focus regions include: 

Technical assistance and capacity building for the construction of new infrastructure, application of 
natural solutions, and use of climate-smart agriculture practices.  

Collection and distribution of data for improved farm management decisions. 

Developing effective dissemination strategies that resonate with target farmers. 

Table 42 Agricultural productivity assessment summary 

Criteria Assessment Notes 

Climate impact 

 

High 

¶ The mitigation potential of agricultural productivity enhancements is large by 2050 
at well over a few gigatonne carbon dioxide per year (Gt CO2/year). 

¶ Precise estimates of the mitigation potential of productivity enhancements are not 
prevalent in the literature as they are difficult to quantify and depend heavily on 
uncertain projections over how crop yields will evolve in a baseline scenario. 

Development impact 

 

High 

¶ Significant potential to achieve immediate and lasting impacts on most Sustainable 
Development Goals (SDGs), and particularly in addressing hunger and malnutrition; 
reducing poverty and promoting sustainable and equitable livelihoods; as well as 
building climate resilience, and promoting the sustainable use of water resources, 
soils, and the environment.  

Investment need 

 

Medium 
¶ The absolute magnitude of the cumulative investment need is substantial at over 

USD 4 trillion to 2050, however, this figure is only moderately sized relative to the 
investment need assessed in the companion energy opportunity reports. 

Cost-effectiveness 

 

High 

¶ Many agriculture productivity enhancement measures are cost-saving, leading to 
negative or close-to-zero marginal abatement costs. Measures that are necessary to 
couple with productivity enhancement measures, such as forest protection, are also 
relatively cheap in the regions assessed, at under 10 USD/t CO2. 
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Criteria Assessment Notes 

Barriers to adoption 

 

High 

¶ Significant market failure-related barriers exist, including poor information 
dissemination networks, key knowledge gaps, and unpriced greenhouse gases (GHG) 
emissions.  

¶ Key political economy barriers exist, including powerful agricultural lobbies; these 
can stymie progress, as can productivity enhancement interventions that are overly 
simplistic and focus on technocratic or managerial solutions.  

¶ Significant enabling environment barriers include inadequate (food storage and 
distribution) infrastructure and limited agricultural data collection systems. 

UK additionality 

 

Medium 

¶ Strong ongoing ties and historical track record in supporting agriculture sector 
development, especially within various target regions.  

¶ Leadership roles and collaboration building within multilateral programmes; albeit 
that the agriculture sector is a very crowded development space.  

¶ Significant donor funding provider, and solid track record in both Research, Design 
and Development (RD&D) and leveraging private sector participation.   

Source: Vivid Economics, ASI & Factor  

Key lessons for supporting mitigation through improving agricultural productivity: 

 The development impacts associated with agricultural productivity enhancements are likely the, or 
one of the, highest among the 15 mitigation opportunities assessed. This is because these 
interventions can directly lead to both positive outcomes for farmers, through larger and more 
secure incomes and food sources, as well as for the surrounding environment, through reduced 
fertiliser use and the expansion and protection of forests. 

 The full benefits of agricultural productivity increases will only be realised if productivity enhancing 
interventions focus on promoting climate-smart agriculture over conventional agriculture, and if 
forest protection policies are implemented to prevent productivity enhancements from leading to 
increased deforestation. 

 Agriculture is a crowded development space and so interventions must be carefully selected to 
ensure that they have value in addition to programmes already in place. 

West and East Africa likely have the largest mitigation opportunities due to rapidly growing populations 
and low current productivity. 
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Introduction to the opportunity 

Role of the opportunity in decarbonising developing countries 

Agricultural emissions are large today and expected to increase further unless significant productivity gains 
are made across developing regions. According to the Intergovernmental Panel on Climate Change (IPCC), 
between 2007 and 2016, Agriculture, Forestry and Other Land Use (AFOLU) activities accounted for around 
23% of total net anthropogenic GHG emissions.701 Approximately half of these emissions came directly from 
agriculture, with the sector emitting over 5.4 Gt CO2e/year in 2017, about 11% of global emissions.702 As 
agriculture and food production activities are increasing internationally, emissions from agriculture are 
increasing further, especially in developing economies, as shown in Figure 38. While world agricultural 
emissions grew by 14% between 2000 and 2016, agricultural emissions in low income countries grew by 
44%. This increase in agricultural emissions is driven by significant population growth as well as a growing 
demand for more emissions-intensive animal products in diets as countries get wealthier. A recent report 
from the World Resources Institute (WRI) estimates that, due to these drivers and without additional 
productivity gains, agricultural and associated land use emissions could increase from the 12 Gt CO2e/year 
recorded in 2010 to over 37 Gt CO2e/year in 2050. However, the report also concludes that almost all of this 
increase can be avoided through productivity enhancing investment. 

Figure 38 Historical relationship between agricultural production and agricultural emissions in low income countries. 

 

Source: Vivid Economics calculation from UN Food and Agriculture Organization (FAO) data. 
Note:  The data presented in this figure does not include emissions from agriculture-driven deforestation. Only 

data past 1990 is presented here as the FAO emissions calculation methodology changed in 1990, adding 
two new sources of GHG emissions. 

The increasing carbon footprint of the agricultural sector in developing countries is due to both increasing 
direct agricultural emissions and indirect emissions through land use changes. Direct emissions from 
agriculture include emissions from livestock and their pastures, cropland management, and manure and 
fertiliser management. Mitigation of these emissions can be achieved through adopting climate-smart 
agriculture (CSA) or regenerative practices, many of which are productivity enhancing, as well as investments 

 
701 IPCC. (2019). Climate change and land: Summary for policymakers. https://www.ipcc.ch/site/assets/uploads/2019/08/4.-
SPM_Approved_Microsite_FINAL.pdf  
702 Calculated from FAO (2019)., European Commission (2019) and Centre for Climate and Energy Solutions (2019). 

https://www.ipcc.ch/site/assets/uploads/2019/08/4.-SPM_Approved_Microsite_FINAL.pdf
https://www.ipcc.ch/site/assets/uploads/2019/08/4.-SPM_Approved_Microsite_FINAL.pdf
http://www.fao.org/faostat/en/#data/GT
https://ec.europa.eu/jrc/en/news/global-fossil-co2-emissions-increased-2017#:~:text=Global%20anthropogenic%20fossil%20CO2%20emissions,and%20Czech%20Republic%20put%20together.
https://www.c2es.org/content/international-emissions/#:~:text=Global%20Manmade%20Greenhouse%20Gas%20Emissions%20by%20Gas%2C%202015&text=CO2%20accounts%20for%20about%2076,6%20percent%20to%20global%20emissions.
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to directly increase crop and livestock yields. Indirect land use emissions come from the conversion of land 
from its natural, often forested, state to make it agriculturally productive. Between 2001 and 2015, five 
mega hectare (Mha) of forest were lost each year globally, with over 50% of this deforestation being driven 
by commodities such as beef, soy, and palm oil as well as from shifting agriculture.703 704 Hence, emissions 
from deforestation can theoretically be reduced by increasing crop and livestock yields through RD&D, 
irrigation, and other infrastructure investments, to decrease the use of emissions-intensive inputs, such as 
land.705 

 

Scope considered in this assessment 

The agricultural productivity opportunity covers interventions that directly increase crop and livestock yields 
as well as CO2 mitigation measures in agriculture which have a demonstrable impact on productivity. 
Therefore, the opportunity encompasses on-farm investments such as improved irrigation, improved 
product distribution infrastructure, research and development, and data-driven farm management practices 
as well as natural solutions, CSA, and regenerative measures which have a clear impact on productivity. 

The assessment focuses on a subset of official development assistance (ODA)-eligible regions: West Africa, 
East Africa, Brazil, South America (excl. Brazil)Σ ƘŜƴŎŜŦƻǊǘƘ Ψ{ƻǳǘƘ !ƳŜǊƛŎŀΩΣ and India. These regions were 
chosen considering the total agricultural production, agricultural productivity, agricultural emissions, land 
use emissions, agricultural emissions intensity, land use emissions intensity, public agricultural RD&D 
spending, share of agricultural land that is irrigated, projected population growth, government effectiveness, 
and regulatory quality of each region. These indicators were selected as they are likely to represent the 
absolute and relative mitigation potential of investments in agricultural productivity enhancements and the 
likelihood of success of interventions in each region. This regional list was created in consultation with BEIS 
ICF stakeholders. 

This assessment focuses on the benefit of supporting the opportunity as a whole and does not aim to 
comprehensively assess the effectiveness of specific investment opportunities or interventions. However, for 
context, potential specific investment opportunities to support productivity could include: 

Provision of support to agriculture productivity enhancement RD&D, especially in India and West Africa.  

Promotion and facilitation of private sector engagement (commercial sustainability) with initiatives to 
enhance agriculture productivity. This intervention is especially recommended for India and Eastern 
African countries.  

Provision of support and expertise for comprehensive rural infrastructure development planning and roll 
out. This could involve analysing the different options (and their respective merits and limitations) for 
scaling up food and agricultural product collection, processing, storage and distribution to market, 
and environmentally sustainable irrigation systems. It is recommended to focus on the regions of 
East Africa and West Africa.  

Support for the design and operation of data collection and dissemination systems for climate-smart and 
optimal farming and production decision-making, (including agriculture extension services, climate 
and weather data, service providers, and market demand and pricing data) and which could help 
optimise coordination and best practice dissemination. The Climate Intelligence and Data 
opportunity provides an in-depth assessment of data collection and dissemination interventions in all 
sectors, including agriculture. Prioritised regions for support include East Africa, West Africa, & India.  

 
703 Curtis et al. (2018). Classifying drivers of global forest loss. https://science.sciencemag.org/content/361/6407/1108 
704 Shifting agriculture is defined by Curtis et al. (2018) as small- to medium-scale forest and shrubland conversion for agriculture that is later 
abandoned and followed by subsequent forest regrowth. 
705 See Section 0 for discussion on why productivity enhancements on their own may not lead to reduced emissions from deforestation. 

https://science.sciencemag.org/content/361/6407/1108
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Case studies on some of the potential investment opportunities are detailed in Section 0.  
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Climate impact 

Mitigation potential and urgency 

The mitigation potential of agricultural productivity enhancements is large. A recent report by the WRI finds 
that investments into agricultural productivity enhancements are required to avoid growth of emissions from 
agriculture of around 25 Gt CO2e/year by 2050.706 The report suggests that continuing agricultural 
productivity increases at historical rates will result in approximately 90% of this mitigation. However, it 
should be noted that these historical gains were largely achieved through expanding industrial agriculture, 
which often have had detrimental environmental effects. In addition, historical productivity gains were 
largely funded by public investments into agricultural RD&D and, in developing regions, development 
assistance into productivity-enhancing infrastructure such as irrigation systems. Hence, without significant 
international public funding into both RD&D and expanding existing climate-smart management practices, it 
is unlikely that historical productivity gains will be continued in the future and deliver the large mitigation 
potential estimated by the WRI.  

Investments in infrastructure, RD&D, and CSA measures and natural solutions will all likely contribute 
significantly to agricultural emissions reductions. Valin et al. (2013) investigate the differences in productivity 
enhancement mitigation potential delivered via improvements to infrastructure, RD&D, and climate-smart 
agriculture.707 708 ¢ƘŜȅ ŦƛƴŘ ǘƘŀǘ ŎƭƻǎƛƴƎ рл҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ȅƛŜƭŘ ƎŀǇ Ǿƛŀ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƛƳǇǊƻǾŜƳŜƴǘǎ ŀƴŘ 
conventional intensification can lead to about 450 Mt CO2e/year of mitigation relative to a scenario where 
historical crop yield improvements continue. Delivering the same productivity gains through RD&D can lead 
to mitigation of about 300 Mt CO2e/year. Productivity increases delivered via climate-smart agriculture 
measures are found to lead to the largest mitigation, of over 600 Mt CO2e/year, while also avoiding many of 
the deleterious environmental side effects of conventional agriculture, such as agrochemical pollution and 
destruction of biodiversity. Unlike the WRI report, these estimates take into account feedbacks such as 
enhanced productivity leading to decreased prices, which stimulates demand, increasing production and 
emissions. Ignoring these feedbacks and accounting for the baseline used lead to estimates closer in 
magnitude to the WRI numbers.709  

The mitigation opportunity is high and urgent across all focus regions, but how this mitigation is likely to be 
achieved varies across them. As illustrated in Figure 39, West and East Africa currently have very low 
agricultural productivity and high projected population growth rates over the next three decades. Without 
productivity enhancements, this suggests there will be large strains on local land systems and that emissions 
will increase to meet increases in local food demand.710 Given the current low share of irrigated agricultural 
land in these regions, a large portion of the required mitigation from productivity enhancements will likely 
come from irrigation improvements. In Brazil and South America, the land use emissions intensity of 
agriculture is large due to high rates of commodity-driven deforestation, particularly from cattle ranching. 
Further, agricultural systems in Latin America are relatively emissions-intensive. This is in part due to the fact 
that the primary purpose of cattle ranching is often occupying land or storing value as a financial asset.711 712 
Therefore, much of the mitigation potential in this region will likely be achieved through the adoption of 
livestock productivity enhancing measures, CSA, and regenerative measures, but also legislation and 
enforcement that address issues related to land tenure and access to financial services. India has one of the 

 
706 World Resources Institute. (2019). Creating a sustainable food future. https://wrr-food.wri.org/sites/default/files/2019-07/creating-sustainable-
food-future_2_5.pdf 
707 Valin et al. (2013). Agricultural productivity and greenhouse gas emissions: trade-offs or synergies between mitigation and food security? 
https://iopscience.iop.org/article/10.1088/1748-9326/8/3/035019/meta. 
708 Valin et al. (нлмоύ ƭŀōŜƭ ƻƴŜ ƻŦ ǘƘŜƛǊ ǇŀǘƘǿŀȅǎ άǎǳǎǘŀƛƴŀōƭŜ ƛƴǘŜƴǎƛŦƛŎŀǘƛƻƴέΣ ǿƘƛŎƘ ƭŀǊƎŜƭȅ ƻǾŜǊƭŀǇǎ ǿƛǘƘ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ŎƭƛƳŀǘŜ-smart agriculture 
employed here as it includes productivity gains/abatement from optimised rotation, crop-livestock system integration, and precision farming. 
709 The World Resources Institute (2019) estimates that agricultural productivity enhancements can deliver about 2 Gt CO2e/year of mitigation in 2050 
relative to a baseline where yields increase at historical rates. When ƛƎƴƻǊƛƴƎ ŦŜŜŘōŀŎƪǎΣ ±ŀƭƛƴ Ŝǘ ŀƭΦ όнлмоύ ŦƛƴŘ ǘƘŀǘ ŎƭƻǎƛƴƎ ǘƘŜ ǿƻǊƭŘΩǎ ȅƛŜƭŘ ƎŀǇ ōȅ 
50% via sustainable intensification will lead to about 1.6 Gt CO2e/year by 2050, relative to a baseline where yields increase at historical rates. 
710 This is assuming imports cannot sustainably support this growth, given food security and poverty concerns. 
711 Monga Bay. (2019). Brazil fails to give adequate public access to Amazon land title data, study finds. https://news.mongabay.com/2019/03/brazil-
fails-to-give-adequate-public-access-to-amazon-land-title-data-study-finds/ 
712 Thornton, PK. (2010). Livestock production: recent trends, future prospects. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2935116/ 

https://wrr-food.wri.org/sites/default/files/2019-07/creating-sustainable-food-future_2_5.pdf
https://wrr-food.wri.org/sites/default/files/2019-07/creating-sustainable-food-future_2_5.pdf
https://iopscience.iop.org/article/10.1088/1748-9326/8/3/035019/meta
https://news.mongabay.com/2019/03/brazil-fails-to-give-adequate-public-access-to-amazon-land-title-data-study-finds/
https://news.mongabay.com/2019/03/brazil-fails-to-give-adequate-public-access-to-amazon-land-title-data-study-finds/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2935116/
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most emissions-ƛƴǘŜƴǎƛǾŜ ŀƎǊƛŎǳƭǘǳǊŀƭ ǎŜŎǘƻǊǎ ƻŦ ǘƘŜ ŘŜǾŜƭƻǇƛƴƎ ǿƻǊƭŘ ŀƴŘ ǎƻ ƳǳŎƘ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ 
mitigation potential is likely to come through adopting CSA and regenerative practices. Given the rapid 
growth in population, forest-risk commodity exports, and/or consequent rates of deforestation in these 
regions, early investments into productivity enhancements are important to avoid the continued rapid 
expansion of agricultural land and emissions-intensive practices. 

Much of the mitigation potential in Brazil, South America, and West Africa comes via avoided commodity-
driven deforestation, but to achieve this mitigation productivity enhancements must be coupled with strong 
forest conservation policies to prevent productivity increases leading to additional agricultural expansion. 
While agricultural productivity enhancements are likely essential in achieving goals to reduce deforestation,it 
is not guaranteed that improved productivity will automatically lead to reduced deforestation. The opposite 
effect could theoretically hold, due to higher productivity leading to an incentive to further expand 
agricultural land. However, recent research suggests that if zero-deforestation policies are coupled with 
productivity investments, both crop output growth and zero-deforestation goals can be achieved. Assuncao 
and Braganca (2019) find that investments in productivity coupled with forest-protection policies can lead to 
a 79-105% increase in crop output and a 27% increase in beef output without any additional deforestation. 

713 In fact, Koch et al. (2019) find that forest conservation policies may actually induce productivity increases 
as they incentivise farmers to invest in on-farm capital rather than forest-clearing. 714 There is also some 
historic evidence to suggest that productivity enhancements on their own do not lead to increased 
deforestation. Assuncao et al. (2016) assess the deforestation impacts of five productivity shocks, through 
increased electrification, between 1970 and 2006 in Brazil. 715 The paper finds that increased productivity 
leads farmers to expand crop farming but shift away from cattle ranching. On balance, this leads to a net 
decrease in deforestation. 

 
713 Assuncao & Braganca. (2019). Pathways for sustainable agricultural production in Brazil: necessary investments and potential gains of increasing 
efficiency. https://climatepolicyinitiative.org/publication/pathways-for-sustainable-agricultural-production-in-brazil/ 
714 Koch et al. (2019). Agricultural productivity and forest conservation: Evidence from the Brazilian Amazon. 
https://academic.oup.com/ajae/article/101/3/919/5376645 
715 Assuncao et al. (2016). Agricultural productivity and deforestation in Brazil. https://climatepolicyinitiative.org/wp-
content/uploads/2017/06/Agricultural-Productivity-and-Deforestation-in-Brazil-CPI.pdf 

https://climatepolicyinitiative.org/publication/pathways-for-sustainable-agricultural-production-in-brazil/
https://academic.oup.com/ajae/article/101/3/919/5376645
https://climatepolicyinitiative.org/wp-content/uploads/2017/06/Agricultural-Productivity-and-Deforestation-in-Brazil-CPI.pdf
https://climatepolicyinitiative.org/wp-content/uploads/2017/06/Agricultural-Productivity-and-Deforestation-in-Brazil-CPI.pdf
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Figure 39 The relative importance of selected indicators for each of the focus regions. 

 

Source: Vivid Economics, ASI and Factor calculation from FAO, United Nations and World Bank data. Cereals 
productivity and emissions data from 2017 and 2018. Share of irrigated land data is from most recent 
year available. 

Note:  For each indicator above, all 15 ODA-eligible regions were divided into quintiles. This figure shows which 
quintile the five focus regions fall into for selected indicators. For all indicators, quintiles have been 
constructed so that a high quintile (illustrated as being farther from the centre of the diagram) signifies a 
high mitigation potential. For example, if productivity is low, the region will receive a high score as there 
is high potential to improve productivity leading to mitigation. Further, note that West Africa and East 
Africa fall into the same quintile for four out of the five indicators. For these indicators, though the 
quintile is the same, the line on the graph that represents West Africa is shown just below the East Africa 
line so that both are displayed on the graph. 

 

Transformational change  

Enhancing agricultural productivity offers enormous potential for transformational changes in the economy. 
!ƭƳƻǎǘ ŀƭƭ ƻŦ ǘƻŘŀȅΩǎ ŀŘǾŀƴŎŜŘ ŎƻǳƴǘǊƛŜǎ ƛƴŘǳǎǘǊƛŀƭƛǎŜŘ ōȅ ƛƳǇǊƻǾƛƴƎ agricultural productivity, and the 
ΨǾƛǊǘǳƻǳǎΩ ŘŜǾŜƭƻǇƳŜƴǘ ŎȅŎƭŜ ǘƘŀǘ ƛǎ ǳƴƭŜŀǎƘŜŘ ōȅ ƛƴŎǊŜŀǎƛƴƎ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊƻŘǳŎǘƛǾƛǘȅ ƛǎ the quintessential 
example of transformational change in economies. Within the agriculture sector, increasing productivity 
supports rising rural household income, which in turn increases local demand and capacity to invest, which 
stimulates further growth and activity. Agricultural productivity investments also spill over into the wider 
economy by improving labour productivity, which allows rural labour surpluses to move to higher wage jobs 
in industry, which increase incomes and therefore stimulates local economic activity. This economic 
transformation can unlock better outcomes especially for women and children, whose disproportionate 
share of on-farm and household labour can instead be put toward education or outside job opportunities. 

Strategic investments in agricultural productivity now also have potential to create transformational change 
to benefit the environment. Strategic, catalytic investment now, especially in innovative approaches such as 
climate-smart or regenerative agriculture and its enabling environment, could help break the patterns of 
development that expand conventional agriculture. Conventional efforts to enhance agricultural productivity 
(e.g. through intensive fertiliser use) can result in large GHG emissions increases. It is critical that future 
agricultural productivity enhancements are designed to minimise GHG emissions. Hence, climate-smart and 


































































































































































































































































































































































