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Introduction

This report provides 15 Opportunity Assessment Reportaifiation options for potentidDK Department

for Business, Energy and Industrial Stra@fiS) investment withihe UK International Climate Finance
(ICF)These reports are the output of a research programme that proBE¢S with robust evidence to feed

into the strategic approach to deploying UK ICF in support of global climate mitigh&ainof these

reportsisto support decision making about future BEIS ICF mitigation investments, with a particular focus on
SELI yRAY3 .9L{Qa SOARSYyOS o6l a8 o0& ¥20dzaAy3a 2y I NB
within BEIS was (relatively) limited. For a sd@bafesearch 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-benefits, coseffectiveness, barrietthat hold back
Fdzi2y2Y2dza | OQlGA2y>S FYyR GKS ! YQa O2YLI NI GAGS | ROIY
strengths in providing development assistance. Each opportunity area is considered using a consistent
approach and against a common scorimgric. The results of the assessment were validated through expert
workshops and expert elicitation.

The analysis considezachopportunityareaaccording to six key themes to inform strategic decisiaking
on where and how to prioritise fundinigudividual opportunityreportsare structured aroundsix critical
themes for prioritisatiorof climate financeagreed in consultation with k®EIStakeholdes. These themes
include:

dimate impact The relative importance of an opportunity in leading teduction in greenhouse gas
DI DO SYAaarzyas (KNRdAzZAK (KS 2LILIR2NIdzyAiGeéeQa RAN
support transformational change.

Development impactThe degree to which an opportunity provides significardierefits within a
region through enabling the achievement of 2&DGs

Investmentneed The magnitude of investment need and the degree to whichrikadis likely to be
unmet to 2050 by both public and private sector funding sources

CosteffectivenessThe longterm effectivenes®f investments in reducing greenhouse gas emissions via
an opportunity, in terms of emissions per British Pound Sterling (GBP) of inve&iffengincesin
costeffectivenesgan help to distinguish betwe@atherwise similar opportunityegion
combinations.

Barriers to adoptionThe extent to whiclbusinessasusualsupport foran opportunityis likely taremain
insufficient in the future by judging the strength of barriarthe political economythe strergth of
market failuresand the conditions in the broader enabling environment

UK additionalityThe degree to which UK funding or support specifically is likely to be beneficial, either
because of the ability to harness UK expertise or the existena®of gxisting UK partnerships in
an opportunity area.

In addition to the main criteria assessment, the analysis identifies and pridntewentionsto support
mitigation within each opportunity aredwo final sections within each opportunity repashsider:

Intervention opportunitiesThe most suitable interventions for future ICF investment, based on the
preceding assessment.

Intervention case studieExaminations ofree to threeprevious or ongoingterventionswithin each
opportunity area, to pvide realworld context on potential interventions, and identify how

:vivioeconomics 4



interventions have addressed identified barriers and the lessons that can be taken from these
investments.

The assessment considers climate impact and investment needaitdsdlegreesCelsius scenario, several
2-degrees Celsius scenarios ardtated policie® 0 dzasugudlstenario Scenarios referred to in this
work include:

Thestated policies scenariol f 82 NBFSNNBR (2 | asdili If & SdSWH NR2 0
which only current implemented energy atidnate policies are considered. This scenario is
considered the businesssusual scenario

2-degrees scenario€arbon budgets foktSa S aO0Sy I NA2& FINB &asSid G2 |fAdy
a probability of 66% of staying below 2°C. There areugaplausible pathways to reaching 2
degrees. To capture this uncertainty, eansider the following scenarios:

A& 5 ST I dzt (scenari®iStHis\sBeSatio it is assumed that national climate and energy policies
were implemented unti2020, after which emission reduction measures are implemented in a
costoptimal manner across greenhouse gases, regions, and over time.

AG b 54deg® Saé¢ 3§ idBhich dédagbonisation actions follows current NDCs until 2030, after
which decarbonisain intensifies to meet a 2%@rget.

Adt A FSadie in@Hich dotsGmets blar@e their habits towards a lifestyle that leads to lower
greenhoise gas emissions. This includes a less-meatsive diet, less Géhtensive transport
modes, less intensive use of heating and cooling and a reduction in the use of several domestic
appliances.

AGNBYSgl o0f 924 KEQSHKIASA 2 y26y | a (WBhighedSyaiNI § LIR2g
electrification rates in all endse sectors, in combination witblatively ambitious assumptions
on the integration of variable renewables and on costs of transmission, distribution aagkstor

1.5degrees scenarid 1.5 °@arbon budget is less than half that of the availableb2tget, which
dramatically increases the depth and rate of decarbonisation required. All mitigation options need to
be deployed to (close to) their maximum pdiah

Assessments across each criteria area and intervention assessments are based on quantitative evidence,
literature review, and expert input§hese assessments provide rankings of how individual opportunities
perform in each of the six key criterfietmesc and how individual regions rank within each opportuqity
through consolidation of quantitative and qualitative evidence and elicitation across ekipdetshat these
assessmentaim to capture relative differences within and between prioritigggortunities rather than

provide an absolute assessment across all potential mitigation investment areas.

When considering summary opportunigvel scorings, it is important to bear in mind that scores are
intended to convey an average across diffeiesties There is often higldiversityof strengths and
weaknesses within criteria for individual opportunitiger example, across different regions or intervention
areas.

The full methodology applied in each opportunity assessment is provideddartipanion Synthesis
Report.
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VariableGrid Renewables

Summary

The ongrid variable renewable electricity opportunity considers a range etgnidected variable
renewable energy sources expected to provide large climate impact at higkffeativenessThe
assessment of egrid variable renewables includes ggmhnected onshore wind, offshore wind, solar
photovoltaic{PV) anatoncentrated solar powdCSP). As variable l@arbon power generation
technologies, they deliver similar benefits, and face similar barriers to deployment; amtbmiddle

income counties. Their key benefit is learbon, coseffective, electricity. Variable renewable electricity is
often costcompetitive with norrenewable electricity sources in many regions. There are, however,
significant barriers to deployment, particularly marked institutional structures to deal with intermittency
in supply, and the costs of finance.

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

Financial and technical support to-dsgk investmentsto addresghe higher costs of capital that
renewable energy investments face and the unfamiliafitpaal financial institutions.

Technical assistance to reform electricity market regulatigih currentregulatory systems often not
allowing intermittent renewable energy to compete fairly with other generation sources.

Tablel Variable grid renewablegssessment summary

Criteria Assessmené Notes

9 Critical to power sector decarbonisation in every region, helping to avoid aroun
50% of power sector CO2 emissions (7.3 gigatonnes of carbon d®w@dg])[in
2050 beyond businesssusual (BAU)?

1 Large positive spillovers on all other sectors through the provision -aolsivand
low-carbon electricity, particularly via onshore wind and solar PV which can be
competitive with norrenewableelectricity today.

Climate impact

i

Development impact

i

1  Substantial and lonlgisting positive development impact. Variable renewables a
critical to achieving Sustainable Development GRa(5) 7, access to koarbon
reliable energy, as well as improving progtessrds SDG 3, good health and
wellbeing, and SDG 8, decent work and economic growth.

1 Total hvestmentgapin the opportunityis high,USD9 trillion by 2050given the

Investmentgap
P capital intensity of renewables and scale of deployment required.
'jli 9 Investment will need to double relative to BAU.
o 1  Over 70% of investment required is in solar PV and onshore wind.
Costeffectiveness 1 PV and onshore wind are a higbbgteffective mitigation opportunitacross all

regions, often able to deliver @@missions foGBP at nadditional cost

1 Regional ast-effectiveness impacted by the emissions intensity of the current p
generationmix, natural endowments, local supply chain, and financing costs an
cost of renewable integration for the local grid.

Barriers to adoptio

91 Despite increasing cosbmpetitiveness, several moderate political economy,

market failure, an@nabling environment barriers slow down the adoption of
variable renewables. Most significant barriers include presence of fossil fuel
subsidies, weak or neexistent power transmission infrastructure, and the poor

A5 ~ Medium
772

1 This figure reflects emissions reductions in the IMAGE renewables decarbonisation scenario vs the BAU scenario. Teequkiceobay
emissions is calculated relative to 2050 BAU emissions from the power sector.
2 All figures in this report will reflect mitigation potential beyond B&UK S . ! ! Aa dF 1Sy G2 6S La!D9Qa ySg LRfA
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Criteria Assessmené Notes

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

UK additionalit
Y The UK has leading expertise in feasildbgessmentand financingf variable

renewable energy domestically and internationallpmpared to otheinternational
donors, UK additionality is greatest in offshore wind energies.

Source: Vivid Economics, & Factor
Key lessons for supporting mitigation throwginiable renewables

South Asia (including India), Indonesia, and South Afritikelyeto deliver the largest mitigation
opportunity, due to their high grid emissions intensity and availability efdstvsolar and wind.

Despite declining technology costs, significant barriers continue to reduce the profitability of variable
renewabés for investors, including the risks of a public electricitia&#fr not being able to pay for
the power it purchases over the lifetime of the generation asset

Government intervention can most casffectively crowein private sector investment by:
Takng on marketisks, 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 financingosts, through concessional finarice.

Amongstregionswith the largest mitigation potentiahe UKcan leverage its stror@fficial
Development Assistanc®DA ties with South Asia and Southern Africa.

322 2 NI R .yl ® 6HAwMpdsectonirenoBbilisingRdmEnerdatfindnde Sor- @iiizoyf 306G SR &2f | NE o
https://openknowledge.worldbank.org/bitstream/handle/10986/32185/Faeof-the-PublieSectorin-MobilizingCommerciaFinancefor-Grid
ConnectedSolarProjectsLessond earnedand-CaseStudies.pdf?sequee=1&isAllowed=y
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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

Introduction to the opportunity
Role of the opportunity in decarbonisation of develgpinuntries

The power sector emitted 7.4 Gt &d®low and middleincome countries in 2015, rising to 16 Gi€D

2050 under a BAU scenarithe power sector accounts for approximately 40% of total emissions frem low
and middleincome countries toda¥To reach the 1.5C target, the sector needs to nearly fully decarbonise.
While decarbonising, capacity will also need to substantially expand to meet rising demgrid.v@riable
renewables are will have a critical role in the future of the power sestpected to provide 68% of
electricity by 2050 in our central power decarbonisation scefario.

Currently, annual deployment of @nid variable renewables is far lower thahata world compatible with

the Paris Agreementouldrequire- approximately)220 gigawatt (GW) additions per annum by 2050.
Capacity of wind and solar would need to grow to approximately 7,800 GW by 2050 in the central power
decarbonisation scenariolhis reflects the need to electrify, decarbonise, and meet economic grasvth. A
Table2 shows, this will require around a 3x increase in annual capacity additions.

Table2  Approximate annual capacity additionsquired across lovand middleincome regions

Annualaveragecapacity additionap to 2050, depending or
Technology 2018 ca;zg(\:/i\t,)y addition scenario (GW] 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 24 56

Source: *A@PAR 902y2YA0ax !'{L YR CIFOG2NIolF&aSR 2y t.[Qa La
additions and International Renewable Energy Agency (IRENA) (2019) for past capacity additions

Scope considered in this assessment

The ongrid variable renewable electricity opportunity is defined asgpithected solar PV, solar CSP,
onshore wind, and offshore win@rid connection implies that energy generation sources are connected to
a nationalor regional electricity transmission grid, through which they supply electricity. In other words, we
do not consider offyrid or minigrid connected renewable powgr.

The assessment considers all @iligible regions, given the large mitigation poterdgfabn-grid renewable
electricity within each of themNonetheless, 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 Gt@Batementfrom variable renewables in 2050 (following
China).

ALYGSNYFGAZ2YFE 9y SNEeE | ISy 0@ o & btsy/mawied.ord/repiri M@ dechr®IOfipérape Va0l S NE LISOG A @ S
5From IMAGE (considering PV, CSP, Wind onshore, and Wind offshore).

8 Under al.5degree scenario, annual additions are 26 GW.

7Under al.5degree scenario, this value is 980 GW.

8 This opportunity also does not consider: a)goid nonvariable energy soaes, such as hydropower and geothermal, byaéf renewable

electricity, which uses wind and solar power to provide energy directly to households. For instance, solar home systantegeation of orgrid

renewable electricity on a grid networka &nergy storage or demassitle response measures. These measures are captured in the Energy System
Flexibility Opportunity Report.

:vivioeconomics 8



https://www.iea.org/reports/energy-technology-perspectives-2017

East Africa, which has the largest relative mitigation potential from variable renewables in 2050 (as a
share of 2015 powegectoremissions).

South AmericaY EOf dzZRAYy 3 . NI T Af 0T KSYyOSTF2NIK W{2dziK ! YSN.
renewable powered electricity in 2050 and is amongst the largest contributors te @&t@&@ment
from the opportunity.

SouthEast Asia, where deployment of variable renewablegpected 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 andbsoluteemissions reduction from variable renewables.

This assessmentdases on the benefit of supporting the opportunity as a whole and does not aim to
comprehensively assess the effectiveness of specific investment opportunities or intervéidioager, for
context, specific investment opportunities are detaile8éactian O.

:vivioeconomics 9



Climate impact
Mitigation potential and urgency

Across lowand middleincome countries, variable renewables can help avoid arb0#aof power sector

CQ emissions (7.3 GtGJdn 2050 beyond BAUW? 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 brequired in a 1.%legrees scenario where negative emissions technologies (e.g.
BECCS) are deployed at scalegfithrenewables will be key to meet growing electricity demand without
increasing emissions, at the same time as displacing emissions frefirecopbwer stations. Some agrid
variable renewables are already costnpetitive 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 beetd by uncertainty in the BAU scenario (Segirel).

Figurel Range of mitigation potential compared to BAU in 2030 and 2050

4.0

2.0

L
0.0

2030 2050

Mitigation potential beyond BAU
(Gt CO2 /year)

-2.0

Note: Thebars indicate the range of mitigation potential estimates across the five IMAGE decarbonisation scenarios.
aAlGAIF A2y LRGSYGALE Ay SIOK &aO0SylINrR2 A& OFft Odz I
national policies scenario. Mitigation pagttial 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 EconomigsASland Factaér  a SR 2y t . [ Q&4 La! D9 Y2RSt

The largesinitigation potential in 2050 occurs in regions with the largest power sector emissions today:
China, India, and Eastern Europe and Central@isiiaa, India, and Eastern Europe and Central Asia are
expected to account for 75% of GtGbated by low and iddle-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 middélteome countries. Nearly 60% of power sector emissions ialuv
middle-income countries result from China alone in 2015. In comparison, the focus regions together account
for around onethird of GtCQ@abated in 2050.

Nevertheless, in every region, variable renewables contribute significantly to local power sector
decarboniation - 85% of GtCO2 abated in the focus regions in 2050 beyond theABRigure2 shows,

variable renewables account for between 30% to 100% of power sector emissioasons beyond BAU in
2050, depending on region. Higher relative mitigation potential in Mexico, North Africa, and South Asia is
influenced by the costompetitiveness 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. Thequhictoitaig
emissions is calculated relative to 2050 BAU emissions from the power sector.
0 Al figures in this report will fiect mitigation potential beyond BAAUL KS . 1} A& Gl 1Sy G2 06S La!D9Qa ySg LRf
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non-variable renewile energy. Hydropower in Brazil results in a smaller role for variable renewables, in
comparison.

Figure2 On-grid variable renewable electricity contributes, on average, to 31% of power sector abatement in 2030,
75% in 2050

2030 2050
100%

=

5 80%

2

o

[=N

5

s — b0%

BE

E

%5 40%

G.J

©

£=

m - I I I I I I I I

| I
X S <€ € L & ouow oz < z v o« X S € € L L L L g 0 Z < 2 VoL
£3£233:332;58833 $2283£15833258833%
M Variable renewables Non-variable renewables Other power sector decarbonisation

Note: ¢KS o6FNB NBFtSOG GKS YAGAIIGA2Y LRGSYGAlLt Ay La!D

YAGATFGAZ2Y | OKAS@OSR Ay La! D9Q&a ySg LRtAOASE aldSyl
following: MEX= Mexico, CAM = Central America, BRA % BR82A = 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 =EasttAsia excluding Indonesia, IDN = Indonesia, SAS =

South!t &Al SEOQOfdzRAYy3a LYRAFZ {!C ' {2dzi KSNYy ! FNRAOI SE
includes energy efficiency and fossil fuel Carbon Capture and Storage (CCS). Mitigation potential from
Nonvariable Renewables (RE) includes hydropogeothermal, and biomass with and without CCS.

Source:  Vivid EconomigASland Fact@  a SR 2y t . [ Qeénewatdes €2énarig)2 RSt 6

To 2030, the absolute mitigation potential is expected to be highest in regions shifting freppwesdd

generation tarenewables, such as in China, Indonesia, and Rdigewable electricity is a significant

contributor to decarbonisation up to 2030 across all regions, as power is a relatively cheap sector to
decarbonise, and lowarbon electricity is required to decariise other sectors. However, the largest

absolute mitigation potential up to 2030 is expected to be in regions with emigsiensive electricity

(proxied by the kilograms of carbon dioxide per kilowwatir [kgC@kWh]), such as China, Indonesia and

Souh Asia, wherecodf A NS R ISYSNI GA2y A& LINBGIHESylo /21fQa &F
in India, 70% in China, and 60% in Indonesia in 20bgether these countries account for nearly 80% of
GtCQabatement in 2030. Notably, theemission A y i Sy aA e 2F {2dzikKQa ! FNA O
coal fired) does not translate to large mitigation in the modetfifidnis could reflect the imperfections of

GKS Y2RSttAy3a Ay TF2NBOFAGAYy I NBIA 290FprovidéddilarggF G A2y @
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 redGctigrse wind and
solar PV will account for most of thbatement by renewable technologies in 2050, with additional
cumulative capacity additions of 1,500 GW and 3,200 GW expected to 2050 resp&cliéyis far greater
than offshore wind or CSP, which are together expected to increase by 2,100 GW. fbh2@e0differences

VL9l d OHAMMBDOD G22NIR 9ySNHe . FflyOSa¢o

12 Relative mitigation potential from variable renewables in South Africa is 6% in 2030. In other words, the mitigatiah gitieved in 2050
beyond the BAU is a small share of 2015 power sector emissions. In comparison, relative mitigation potential fromnewiablesres 60% in
2030.

B These figures reflect a renewables decarbonisation sce@arghore wind and & PV capacity additions under the-tiégree scenario are 25
GW and 805 GW respectively. The 0% emissions reductions relative to 2015 reflects Brazil, which has limited powersgatédodayis

:vivideconomics 11



are primarily driven by expectations on relative technology costs, which are 30% lower for onshore wind and
solar PV than alternative arid renewabled?

Box1l Modelling uncertainty

There is large uncertainty oviie exact magnitude of emissions reduction from the opportunity,
stemming from cost assumptions of-grid renewable electricityCost optimised modelling will rely mo
or less heavily on different renewable technologies depending on cost assumptiahsoftdn do not
reflect changing costs of less mature technologies. For example, ircadbrenewables scenario, the
emissions reduced by solar in 2050 are 6.5 times more than under tdedrées scenario.

The availability of biomass for laergy wih carbon capture and storage (BECCS) as well as assum
on BAU also heavily impact assessments of the abatement potentiabdtioenewablesHigh levels of
BECCS replace the need for renewable electricity generation in tledkdes scenario. Me@ver, levels
of BECCS deployment predicted by IMAGE ought to be treated with caution. They rely on an amb
assumption of bioenergy supply of approximately 200 exajoules (EJ)/year, far higher tha@4he 14
EJlyear predicted by the Committee on Clen@hange (CCE)ptimistic BAU scenarios assume coal
be largely displaced by low cost renewables purely driven by economics. This is likely optimistic (g
other barriers to deployment as well), but the degree of additionality is important to consider both
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 deploy
OK224S (2 dzaS La! D9Qa NBYSsBONI 8§ BSHEdRI0RUMTIDZEN Box
of the Nonvariable Renewables Opportunity Report, elicitation with experts on likely deployment o
variable renewables, as well as research on planned or existing investment, suggest additions of g
wiyR G2 0SS FTFNI KAIKSNI GKFyYy LINBRAOGSR dzy RSNJ L 4

To capture uncertainty over BAU investment, we consider howcoagpetitiveness is expected to evol
under current investment level$o inform our assessment of the BAU we rely arketled assessments
of expected costs of solar and wind, and @stpetitiveness relative to thermal power generation.
9ELF YL S& AyOfdzZRSY Lw9b! Q&8 aCdzidzNB 2F {2f | NJ
well asBloombergNEF (BILLION&# Carbon Tracker estimates of relative caoshpetitiveness®
However, these studies notably do not account for political and market barriers, which we recognis
slow down deployment in the BAU scenario despite increasing competitiveness. EestifBAlds
therefore ought to be viewed as contingent on efforts to decrease batoiestion.

Transformational change

Variable renewable energy offers substantial opportunities for transformational charegeentions that

help to create the rightagulatory enabling environment or that canitk 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 termdining 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

“BLwob! ® 6HAMPO P awSy SHI B h BttpsRevBNENDSy SNI A2y [/ 2804 AY
/media/Files/IRENA/Agency/Publication/2019/May/IRENA RenewablerGenerationsCostsin-2018.pdf

B/ 2YYAGGSS 2y [ EAYFGS | KOIYNEDS2Y  HSGuRy e YeE éAdR. ofd. ull/Bublidaifon/ibiombsa-aslow-carbon

economy/

16|RENA. (2GR0 @ & C dzii dzNBtps2VEvwdehd.drghd t + ¢ &

/media/Files/IRENA/Agency/Publication/2019/Nov/IRENA_Future of Solar PV_20REN#(2019).a C dzii dzNB hieF//irand ofgR £ P
/media/Files/IRENA/Agency/Publication/2019/0Oct/IRENA_Future of wind 20I9.pbdfw9b! ® é6unnHn0® aDf 26t wSySgl ot
https://www.irena.orgt/media/Files/IRENA/Agency/Publication/2020/Apr/IRENA GRbakwables Outlook 2020.p@farbon Tracker.

(2020).at 2 6 SNA y 3 hiRa:eatbo@rackel. drareports/coaportal/
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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/

industrial praesses, by providing lesost and lowcarbon electricity. Many of the drivers of

transformational change in nerariable renewable energy are common across the target regions but several

specific aspects can be identified. For example, the decarbonishgmergy can really drive a
transformational uptake of zercarbon vehicles and cleaner industrial processtwdia which will have
significant development spillover in areas such as air quality and health. The support on identifying
renewable resourceand crowding in private sector investment is likely to have a particularly high
transformational impact ikast Africandcertain countries iSouth Americavhere there is strong

potential but a poor enabling environment in terms of financial and a&gylrisk.

Table3

Transformational change assessment

Transformational change
criterion

Interventions to support change

Regional potential

Sensitive intervention points

Improvement of local
capacities and capabilitie

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

East Africa., SoutBast Asia
East Africa, South America

Local ownership and
strong political will

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

East Africa, South America

Leverge / creation of
incentives for others to
act

Support in enabling reliable power purchasing agreements helps
incentivise variable renewables generation.

Supporting the development of a pipeline of bankable projects.
Supporting governments te-risk investment via financial and
policybased measures.

All regions

Spillovers

Broad scale and reach of
impacts

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

India, South Africa

Sustainability
(continuation beyond
initial support)

Establishing durable and wslipported policy measures to enable
renewable investment at scale.

Improving the enabling environment and margehditions, 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
privatesector entities.

India, South America, Soudth
East Asia

Innovation

Catalyst for innovation

Blended finance initiatives to catalyse private sector investment.
Derisking 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
what has failed, or could be improved.

All regions

Source:

Vivid Economics, ASI and Factor
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Development impact

SDG impacts

Improved acces®tongrid clean energy has notable positive impacts on achieving SDGs in all €agions.

grid renewable electricity helps countries achieve several sustainable development goals, as $ebdait in

4.
Table4  SDG impacts
SDG St_rength of Most rglevant Rationale
impact region
Positive Impacts
Access to electricity is a keyiver of income
East Africa, India, | generation, better education, and mo
SDG £, No poverty High South Africa, South : efficient use of time otherwise spent c
America gathering fuel wood etc., all of which help
reduce poverty.
The opportuity has a potential to decrease &
pollution, thereby reducing pollutierelated
SDG % Good Health and well India,SouthEast d'seases S| G Decregsed CoE] Nl @
. Moderate . . fossil fuel power generation, as well
being Asia, South Africa . . )
displacing diesel generators and wood
kerosene burning stoves, would also contrib
to health and wellbeing.
SDG Z Affordable and clean _ _ The opportunity is essential in order to
ener High All regions increase renewable energy in the global ene
ay mix and improve energy efficiency.
The opportunity has potential to create jobs i
SDG & Decent work and economi India, South Africa, s TEmEnELD 1D EETeyy SEBiar | g{tdnnecte_d
Moderate . renewables can reduce power outages, this
growth South America . : Y
would in turn contribute to productivity of
enterprises.
Negative Impacts
If renewable energy is not integrated proper
into grids, it can lead to fluctuations and
SDG €, Industry, Innovation and Low East AfricaSouth blackouts, with severe impacts on industry.
Infrastructure EastAsia For example, the Philippines has historically
avoided renewables due toch energy
security concerns.
PV, wind arrays, and CSP plants require lan
SDG 15 Life on Land Low All regions and can have negative environmental impac
if not managed appropriately.

Note:
Source:

:vivioeconomics

Low positive impacts on SDGs are not included in this table.
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Demand in targetegions

Table5 Summary assessment of demand in target regions

Demand

Rationale

India

High

Ambitious targets and improving regulatory environment evidence
efforts of theNational Institution for Transforming India (NITy@g and
recent investments in the sector.

East Africa

Low¢ Moderate

Variable ambition and plans across countries, increasing sha
renewables only a priority in some.

South Africa

High

Aims to increase renewable energy in the energy mix as evidencec
nationally determined contributions (NDC), national plans, atidigs.

SouthEastAsia

Low- Moderate

The potential to increase egrid renewables is high but varyi

regulatory and policy environment across countries.

Variable policy and regulatory environment across counties. Chilé¢

South America : . I
Colombia are particularly promising.

Lowg High

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
I RRAGAZ2Y YR cn D2 2F gAYR L3 ¢S Nlid@endwhb@ krieyyd ! a
capacity stood at 85.9 gigawatts (GW)Y' R A Y H n msinEnt in yoRAPV Qas griayedtian
in all fossil fuel sources of electricity generation combifiéulia has pledged to promote
renewable energy in its ND€and has very ambitious renewable energy targets, aiming for 450 GW
by 2030, compared to a cunetotal of 369GW installed across all energy souitEke draft
National Energy Policy by NITI Aayog, currently under consultation, is an excellent framework and
should be adopted swiftly to guide politygking, implementation, and enforcement acrossticd
and state governments.

East AfricaAll Eastern African countries mention energigted policies and measures in their NDCs and
the majority have stated their goal to enhance their ambition or action in the 2020°REEX@Ist East
African nationdiave introduced National Energy Plans or Policies (NEPs) to meet growing energy
demand with affordable, sustainable energy services that enableesomiomic developmertt
Kenya and Ethiopia have more developed and ambitious energy policies as conijpandbvs.
QUKAZ2LIALIQa blFdA2ylf 9f SOUNATFAOFGAZ2Y t NRPINI YYS
off-grid and 65% ogrid by 203¢* The present contribution of wind to the total energy mix is
marginal but there is high potentlKenya has one of the highest potentials for wind generation in
Africa andEthiopia aims to increase overall generating capacity by 25,000 megawatt (MW) by 2030,
of which wind would account for 2,000 MW by 20802016, Sudan, Madagascar, Ethiopia, Kenya,
and Mauritius all set wind energy targets. Somalia is considered to have high onshore potential,

VLyadAddziS F2NJ 9y SNHe 902y 2 YIA@®RE wSHRS gyt § Oonyr § StHrég R isefehedwio S1knRign A0 YR 2 Ly F
content/uploads/2020/02/IndiaRenewableéEnergyPolicyHeadwinds Hsruary-2020.pdf

B |EA. (2020). India is going to need more battery storage than any other cotipsy/www.iea.org/commentaries/indizs-goingto-needmore-
battery-storagethan-any-other-country-for-its-ambitiousrenewablespush

¥ Haqueet al.(2019). NDC pledges of South Asia: are the stakeholders onboard? Climatic Change, Vol 155.

VL yRAI Q& awaidRerieNdble Bn@&rgybAccessed July BaRO/mnre.gov.in

21|EA. (2020). India 2020: Energy Policy Relatéve://www.iea.org/reports/india2020

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|RENA. (2015). Africa 2030: Roadmap for a Renewable/ Enguige. IRENA, Abu Dhabi.

24|EA. (2019). Ethiopia Energy Outldutps://www.iea.org/articles/ethiopignergyoutlook

25 Kazimierczuk, Agnieszka H. (2019). Wind energy in Kenya:sfastaipolicy framework review. Renewable and Sustainable Energy Reviews.
Volume 107https://www.sciencedirect.com/science/article/pii/S136403211830861X
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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

followed by Sudan, Madagascar, and Kéhifmwever, @spite progress in several countries (e.g.
Kenya, Ethiopia, Ghana, and Rwanda), current and plannets ¢ff@rovide access to clean energy
barely outpace population growf.

South AmericaAllSouth American countries in the focus region identify energy as a mitigation sector in
their NDCs/intended nationally determined contributions (INDCs). In adttitidentifying it in
NDCs, there are increasingly widleloped energy related national polices and I&Resewable
energy investment has surged recently in the region, with Chile, Colombia, and Argentina leading the
way. Colombia launched its Enerdy I Hnpn AY HAamcX SKAOK FAYa G2
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 electri¢ @tker countries, suchs
Ecuador, Peru, and Uruguay, show strong commitment to encouraging renewable energy in both
their NDCs and national energy policies.

SouthEast AsiaAll SoutkEast Asian countries identify energy as a mitigation pathway in their NDCs.
While, in the firshalf of 2019, approvals of new cdméd capacity were exceeded by capacity
additions of solar PV for the first tiffgthere is still a clear risk that the region will become locked
into a highcarbon development pathwa¥ Despite falling costs, thewatribution of solar PV and
wind remains small, though some markets are now putting in place frameworks to better support
their deployment. Souttast Asia has considerable potential for renewable energy, but (excluding
the traditional use of solid biomgsscurrently meets only around 15% of the region's energy
demand and under current policy the share is forecast to be 20% by 2040. IfESsufksia, the
aKFENB 2F 021t Ay (G(KS LRS6SNI YAE AYyONBlIaSR Ay Hn
is projected to rise steadily over the coming decades, although this is likely to change in light of
rapidly falling costs for renewable enefgy.

South AfricaSouth Africa is seen as a key emerging market for renewaidsts NDC proposes a
signifi@ant increase in renewabldmsed generation from wind and solar, as well asdgasd
generation capacity, by 2030 (an additional 15.8 GW for wind and 7.4 GW fot*snlis).
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 energd’{ 2 dzil K ! F NRA O | cQrée Plary'sét$ dithalditeB&enavdy &nix and
nine policy decisions to ensure the security of its national electricity supply.

26 |bid.

27T|EA. (2019). Africa Energy Outlook 2Qii®s://www.iea.org/reports/africeenergyoutlook-2019

28 International Energy Agendgolombiahttps://www.iea.org/countries/Colombia

22|EA. (2019)Southeast Asia Energy Outlook 201tps://www.iea.org/reports/southeasasiaenergyoutlook-2019
30|bid.

2 2 NI R 902y2YAO C2NHzY® duHamcp0od £/ Iy { 2 dzitisSivaniwefbranhorg/adeSds/2019dPMhsaai (0 K I NP |
southeastasiaenergyemissiongenewables/

32]RENA. (2020). Renewable Energy Finance Brief: Institutional Gapitalwww.irena.orgt
/media/Files/IRENA/Agency/Publication/2020/Jan/IRENA RE finanace Institutional capital 2020.pdf

33 ActionClimateTracker: South Africattps://climateactiontracker.org/countries/southfrica/

34 NAMA Database: South Africa. Accessed July RO20/www.namadatabase.org/index.php/South_Africa
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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

Investment need

Investment in the opportunity in lovand middleincome countries will need to scale up to a cumulative

USD 18rtllion by 2050, twice the investment expected under BAk&rall, 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 réggments 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 trilliqrequal to the level of global investment levels withesseDIiL9,

and around 40% higher than current renewables investment levels-anowniddleincome countrieg>3®

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 9.8llion.

Figure3 Despite large investment need in-gmid renewable electricity, only 50% additional investment is required
beyond BAU

USD 18 trillionin the central
power decarbonization scenario
Absolute
investment _—— Other

17
Variable renewables - need in 1.5C
o world by
g 2050 =USD
o 405 trillion
n = 14
o 2
N
P
C O
L n
E=2 11
5 USD 9 trillion beyond
E BAU
8
5

Cumulative investment need by 2050 Cumulative investment gap by 2050

Notes: Ly@dSaaySyd ySSR OIFftOdZ GA2ya ' NB Ol tADuoéstmérS R T NR Y
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 degreéngbnsistency.

Source:  Vivid EconomicsASI and FactarsinglEA. (2017). Energy Technology Perspectives.

Across focus regions, the cumulative investment gap to 2050 is between 11% to 60% of the investment
needed in gathway compatible with the Paris Agment 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 invesaméexpected to be

largest in absolute and relative termsSautheast Asi@excluding Indonesia), over 60% of investment

required (USD 1.3 trillion), reflecting less ambitious stated policies.

BIEA. (20202 2 NI R 9 Yy SNH@ hitpgs@vBndviled Sg/répors/warlderiedyinvestment2020
L9l ® OHAHNUOLD GDf 20 thitpm@wiBigehadoigSa hdzif 221 HAuAé P
/media/Files/IRENA/Agency/Publication/2020/Apr/IRENA_Glebaewables Outlook 2020.pdf
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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

Figured Relative scale of capagiadditions required across regions is one key driver of relative investment needed

20 -

15 ¢

Investment, 2015 -2050
(USD trillion)
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0.0

India

East Africa South America

W Cumulative Investment by 2050 (BAU)

South-East Asia

Investment Gap

South Africa

Notes: C2NBOI ai

Unmet investment need = forecast investmeyinvestment need
Source:  Vivid EconomigsASI and FactarsinglEA. (2017). Energy Technology Perspectives.

AYy@SadySyid A& OFfOdAZFGiSR FNRY L9! Qa4 Ay @S

Over 70% of investment need is in solar PV and onshore Weihs setsout the global investment need

by technology. While there will be small differences at a regional level, thearopttitiveness of solar and
onshore wind imply they will account for the majority of investment need in nearly all regional contexts. A
few exceptions includ&outheast Asjalue to large offshore wind potenti#l.

Table6 Investment need is largest in onshore wind and solar PV globally

Technology Investment need in 2030 (USD billion:  Investment need in 2050 (USillion)
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 ofgold power plant capacity and, to a smaller
degree, the creation of supporting infrastructure and personnel, such as trained techmiiansf the
investment required reflects the physiagastiallation of additional ogrid 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 asel@ageV 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 1,008D/kW, in parts of Africa and South America, respect\@iyen these

371n Southeast Asia, the expected cumulative increase in offshore wind capacity is 19 GW to 2030 and 53 GW to 2050. Gygaaitgragpecase
across regions is 6 GW to 2030 and 20 GW to 2050. All figures correspondewables decarbonisation scenario.
38|RENA. (2018)Renewable power generation costs in 2018
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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 expectedéofar smaller than the overall investment need estimates, due to

the costcompetitiveness of ogrid renewable technologie&iven the cost declines of solar PV and onshore
wind, power generation is increasingly attractive for private sector investaispas 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 faling technology cost8° 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 nedifior 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 etbker being able to pay for the power it purchases over theénfikedf the generation

asset* 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 riskgsuch 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 finant%es a result bthe 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]RENA. (2019). Future of Solar Photovoltdigs://irena.org/publications/2019/Nov/Futuref-Solar
Photovoltaic#:~:text=Solar%20PV%?20project%20costs%2C%20already,solar%20PV%20investment%20until%6202050

40]RENA. (2019). Future of Wihttps://www.irena.org/publications/2019/Oct/Futusef-
wind#:~:text=T0%20fulfil%20climate%20goa3&nd,USD%20100%20billion%20in%202050

“1|EA. (202002 2 NI R 9y SNH & littgsPhvéndviled Sg/réports/wanlderiergyinvestment2020

22 2NI R . Fyl P 6H npubiosectodit ioSilisingcontnergiaf finanéeSor-grid y y SOG SR a2t | NE
https://openknowledge.worldbank.org/bitstream/handle/10986/32185/Faeof-the-PublieSectorin-MobilizingCommerciaFinancefor-Grid
ConnectedSolarProjectsLessond earnedand-CaseStudies.pdf8equence=1&isAllowed=y
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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

Costeffectiveness

Ongrid variable renewable electricity is a highly @ftctivemitigation opportunity Overall cost

effectiveness of ogrid 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 utilitgcale solar PV plants has decreased by nearly 80% since 2010 and is expected to
decrease further, to as low as 0.02/kWh by 2t#3Dnshore wind has also seen large cost declines of 30%
since 2010, with a global weighted average LCOB&/fIKVh in 2018. Its cost is expected to continue
FLffAy3dZ NBOBKNhOA2036{ 5 ndno

Across the focus regions, renewable power is often competitive with thermal power generation today,
delivering Ceemissions for GBP at no additional cbstndia, 17% of operating coal capacity is already
uncompetitive with local renewablésln other words, the longun 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 uncompeditn@peaity is

expected to reach 89% in South Africa, 80% in Vietnam, and 48% in the Philfppines.

Costeffectiveness varies across regions due to four principal characteristics:

Natural endowmentsCosteffectiveness is highest in regions with high onshwand 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 capacityVariable renewables impose coststhe 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 generain investmentsThere are significantly greater mitigation benefits from
shifting away from coal to egrid renewables, resulting in higher ceffiectiveness in regions where
there is a high share of coal electricity generation today, such as Indiawthd8ica. Coal
powered generation was approximately 75% in India and 90% in South Africa th R0OdtAer, the
relative costeffectiveness of variable renewables will depend on the scope fetd@grocost
energy efficiency improvements; wherei@gncy improvements are possible, the relative-cost
effectiveness of renewables is lower.

Supply chaincosts ! & (SOKy2f23&8 0O2aiada RSOfAYySs GKS waz2¥i
costs of capital are an increasingly large cost driver.uth $onerica, supply chain costs are nearly
40% of installed ogrid renewable electricity costs (USD/kW) compared to 25% in parts of South
Asia®*®

“3|RENA renewable energy dashboard, availabletati/resourceirena.irena.org/gateway/dashboard/index.html?topic=4&subTopic=54
“YLwOb! @ OHANMGPO Ditpd:/Ovezil.idzhErosEdia?FileslIRENS®/Agency/Publication/2019/0Oct/IRENA_Future of wind 2019.pdf
Bsw201@ az2dzyldtAy LyadaddzZiSe 6wnunod al2g (G2 NBGANB SIENI&déo

46 Carbon Tracker Initiatide 6 H N My 0 ® Gt 2 GtSNEaPengatkeoywO 2 | £ £ ©
content/uploads/2018/11/CTI_Powering_Down_Coal Report Nov -2qif?fbclid=IWARZIDNSFBhAIXTCVm_KS9hn16RcIR2ZIxj2GgtIQ3M
rS8zLmFuLKc3TPM

4T|EA. (2019). World Energy Balances.

BIRENAHAMY 0D awSySglofS LIoSNI ISYySNIdAzy O2adatd
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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

Barriers to adoption

The largest barriers to egrid renewable electricitin regions where the opportunityffers 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 potentiatgfidiclean energy

is recogniegd 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 <kdtharan Africa. Our typology of barriers is
provided in the Methodology chapter in the 8sis Report.

Figure5 Barriers to oRgrid variable renewable energy.

Political Economy Market failures Enabling environment
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The moderatgolitical economy barriet® 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
delSY RSy id 2y FFF2NRIFIo0fS SySNHE 602y adzySNJ adz &aA R

Decisioamaking inertia towards fossil fuels. The Energy Information Administration (EIA) suggests that
without more transformational change, fossil fuels are etgueto 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 irSouthEast Asia.

The perception that renewables cannot be integrated into an existing grid without significant investment
is a moderate barrier, particularly in Sodhst Asia. While there are technical challenges that must
be overcome, this can usuallg Bchieved 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 ben poorly advised on aspects such as deregulation of the sector with often unintended
consequences. Other sources of fatigue include use of garblate partnership (PPP) vehicles for
investment without mitigating the weinown risks; and indebtednessthe sector creating a moral
hazard problem for governments who cannot afford it to collapse (examples include Eskom in South
' TNAOF YR bAISNALFIQA 5Aa/ 2400
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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 fessil fuel
based plants.

UK Export Finance (UKEF) still providedisamti support for fossil fuddased energy generation
investment in developing countries, sending out mixed messages that may reduce the incentive for
governments in target regions to fully supportloarbon pathway$? However, tackling climate
changes a central part of UK Aid and the Government is committed to aligning UK Aid spending with
the objectives of the Paris Agreement.

Moderatemarket failurebarriers to investment or adoption are likely to be:

Insufficient information amongst investors, bangroject 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, sulslglsnitial 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 dometic renewable energy project developé&?Shis 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 fromergable 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 anditmeare countries in
South-East Asia and South America. If there is a well implementedelongoower purchase
agreement (PPA) with a financially secure counterparty then confidence in consistent future income
would be much stronger.

The unpriced greenhouse gases of the pasestor 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 recen
Overseas Development Institute (ODI) study highlights how South Africa subsidises coal by USD 3.2
OAfEA2Y LISNI @8SIFENE RS&LIAGS O2yaARSNIoOfES SOARSYO
lowestcost energy pathwat.

Moderate enablingnvironment / absorptive capacity barriets 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 fggkionipotential
regions>? This is a significant barrier in mdEgst Africamnd SouthEast Asianountries.

There have not been enough measures by governments to remove tax on imports of the equipment and
parts required for renewable energy plantsisTik a particular problem SouthEast 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 caild be strengthened in all lowémcome countries across the target regions.

49 See for exampléattps://www.desmog.co.uk/2020/07/09/ukffered-760msupportoverseadossitfuelprojectslastyear

O/ EAYFGS t2fA08 LYAGAIGADESONBaVY PERISNEFROBACRYRYDBILIA NI dzf Sl ¥ Saé @
SSh5L® HaM¢p® aDHA [/ 2| Hitps{/vded &dh drokp Soficktions/2168H R0 coaluNdidiBssoditidafrica
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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

Transmission infrastructure barriers are also very challenging in all regions with high mitigation potential.
Sites of clean energy generation often do not match with curreshicgnfigurations and in many
countries with low energy coverage, such as adeass Africand lowerincome countries iSouth
East Asiand South Americathere are large regions not covered by the grid.

Technical barriers on integrating variable reneleaources 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 stagesliahas made strong progress, while this barrier is still
particularly high irEast Africand SouthEast Asia

Lack of operations and maintenance expertise in many of the target regions, partindiarkast
Africa and lowerincome countries iBouth Americais a barrier to investor confidence as well to the
sustainability of renewables investment.
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UK additionality

¢CKS 'YQ3d FRRAGAZ2YFEfAGE A& LINLGAOdMzZ FNI& AGNRYy3 AY
experience. However, the UK can also harness expertise in international consulting and financing experience
directed to all technologies in this oppanity.

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 powepP%ector.

The UK has substantial sector expertise igrioh rerewables. 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 lithited.

Extensive expertise is provideglthe 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 toon-grid variable renewable energy.

According to OECDevelopment 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 1,158rindia, of which the UK has spent approximdtsp 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 S&iatst Asia, while the UK has spent less than amillio
DAC members spent USD 302m in South America,théilégk 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 Developraekt 8ermany (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 andthe@a SELISNIAaS OFy FRR &l

In the regions with the largest mitigation potential, the UK typically has strong ODA ties with South Asia and
South Africa.
.S8G6SSYy wnmn FYyR HamTI GKS !'YQa h5! adzZJJI2 NI F2NJ
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.

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

B whw! 9y SNHE wSaSIkNOK® é6ununod awSkFOKAY3 GKS 'Y D20SNObNIBY G Qa G NB
Ay @S & thitpS:Hiviing.abiroraer.com/insilt/reaching40gwoffshorewind/
Shttps://assets.publishing.service.gov.uk/government/uploads/sy&tploads/attachment data/file/755218/Renewables Toolkit Web Accessible.

pdfIbid.

5/ iK2EA0 ' 3Sy0e F2NJ hISNESIE S5SOSHRMIVESY i oHnAnmMpOd a! Y adzlJ2 NI F2NJ ¢
https://cafod.org.uk/content/download/49429/623388/version/4/file/lUK%20Support%20for%20Energy%=202010
17%20Policy%20Briefing%20web%20version3.pdf
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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

BEIS and DFID have been the major conduits of the ICF and renexgabied ODA. Twthirds of the
ICF is channelled via ttilateral development banks (MDBSY his includes the GBP 200m BEIS UK
Climate Investment initiative, established in 2015 with ICF funding and with a mandate for
GNI YaF2NXYIFGA2YFE INBSY SySNHe Ay densiieeSghies, Ay a
mobilising additional private sector capital on a sustainable Basis.

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

DFID is currently fundirsgbstantial 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 Rimehte¢he
Infrastructure Development Group (PIDG) and thé\Bli€a Investment SumnitThe 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, forexample the recent GBP 150m investment theorenewable energy platform Ayana in
India, to @velop utilityscale solar and wind generation projects across-tuigivth states?®

% Independent Commission for Aid Im@d oL/ ! LO®d dHAMPOD ALY ISNFINB2YIRSHBSAXILNISy Ca gl yOSY
https://icai.independent.gov.uk/report/internationalimatefinance/

57 Green Inestment Group: UK Climate Investmeiit§ns://www.greeninvestmentgroup.com/whate-do/uk-climateinvestments.html

58 Development Tracker: Aid by Sectudtps://devtracker.dfid.gov.uk/sector/14/projects#pade

9Gov.UK. (20198 'Y O2YYAG& 20SN) mmpn YAt Adpg/wivd.golLik/goSexdmenynidvisiu@@mmitSoyedS@E & |+ Yo A
millionto-powerindias-energyambitions
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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

Intervention opportunities

To alleviate the barriers set out in Section 1.7, there is substantial opportunity atregi&ak for the UK
to draw on its core strengths and areas of additionality, to delivgridnvariable renewable energy
interventions in the following areas:

Opportunities to encourage uptake of variable renewable energy:

Improve renewable energy enaig environments. For example, technical assistance to impaioy
and regulation and overcome market failures, e.g. reducing transaction costs, addressing information
asymmetris, 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-faddriffs, which would be particularly beneficial in
East Africa, South America, and Sdtidist Asia.

Buid the capacity of public and private sector organisations and staff, including assisting governments to
understand and implement the most suitable policy levers to encouragermmsin variable
renewable energy within their local context. This couttuate establishing auctions for developers
to take forward viable sites for solar or wind, as demonstrated by thébetse

Provide support on leveraging andigking private sector green finance. For instance, investing climate
finance to leverage fther 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 regiongeiotihe demand set
out by ambitious renewable energy targets. Blended finance is likely to be most helpful for
investment in solar PV and windmlia, East Africcand South America

Support governments to deésk investment across the lifecycler@hewable 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 riskelating to siting of turbines or PV arrays, bypmarting the development of policy
that can reduce uncertainty, by peening land which has been shown to have strong potential
for wind and solar energy, and engaging stakeholders early.

Helping governmedn set up systems on requirements and timefranoegpérmits 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 AfricaSouth Americaand SouthEast Asian particular.

Support governments to develop green infrastructure bonds, such as that recently developed
Nigeria® helping to provide investment across a wider range of ssnalé 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 stepting in fossil fuel projects (GBP Tllion
invested in 2019) as this reduces the impact of UK support for a green energy transition on the global
stage.

S0DLA Piper. (2019). Renewable Energy in Alftliges://www.dlapiper.com/en/africa/insights/publications/2019/06/renewakleemy-in-africa/
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Influence multilateral investment banks. For example, using substantial UK contributions ttwm MDBs
influence their agendas towards greater uséan guarantees, investment in clean technology, and
backing national bank$The CDC is an important player to consider in this space.

Opportunities to support variable renewable system integration:

Tednical assistance to support improved integration of variable renewable energy to grids and between
renewable and nomenewable sources. This is particularly critical in East Africa, South Africa, and
South America. For example, a workshop facilitate®BNA 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 capacit?. Arange of IRENA guidance on this topic is also #eful.

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) casxperted 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 Inlovernmental Memorandum of Understanding (IGMOU) to

foster power system inteoninectivity. 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 wditgle storage to help grids to maintain a
more even level ofgwer over a 24our 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 engrgytialan
battery energy storage system, and in South Africa there are several examples of CSP plants
constructed in cdocation with molten salt thermal storage plants (See the Energy Storage
Opportunity Report, Sectidhfor case studies).

Support governments and utilities to consider demaite 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 loadchgw@i24hour 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.gfier to the DSM Opportunity Report for examples of smart,
green grid, and demanesponse interventions, SectiOh

61 Overseas Development Institute. (2017). Briefing Paper: Six development finance proposals to expand climate invesaivierst:Avail
https://www.odi.org/publications/10748ixdevelopmerdfinanceproposalsexpandclimateinvestment

2L wOb! ® OHAMTO® a{ 2dzi K ! YSNA Ol httgs:fwhwyl. enafoRyMNadwardoi/prasSefedsed/20 7/8ug/SobBMiERE  C dzi dzNJ
Plansfor-its-RenewableéEnergyFuture

63 See, for example, IRENA. (2017). Planning for the renewable futuréetromgodelling and tools to expand variable renewable power in

emerging economiesittps://www.irena.org/publications/2017/Jan/Plannifuy-the-renewablefuture-Longterm-modellingand-tools-to-expand
variablerenewablepower
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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

Intervention case studies

These case studiesqwide reaiworld insights into intervention design and challen@esh case study
provides an overview of the context, the aim of interventions, and the challenges faced.

Box2 USAID Clean Power Asia Technical Assistance for a Solar Alot@on.& People's Democratic
Republic (PDR), 202019

Lao PDR has set a target to increase the share of renewable energy (RE) to 30% of total energy
consumption in 2025The Renewable Energy Development Strategy specifies individual targets (in
for RE technologies, in which solar power potential is estimated at a 14% share of the energy mix,
less than 1% in 2028In August 2017, the Ministry of Energy and Mines (MEM) and USAID Clean R
Asia entered into a cooperatidramework agreement to provide technical assistance in the promotid
YR AYLX SYSyGlFGA2y 2F NBySslroftS SySNHe Ay [ |
the key activities was developing and formalising the Solar Auction process in i@ dDiRitial pilot.
Solar power auctions are seen as a fundamental process to catalyeffectste solar energy investme
in the country. For example, the auction of a 60MW solar project in neighbouring Cambodia in Aug
2020 has resulted in the l@st PV power purchase tariff reportedly seen in S&iabt Asia to date, at
USD 38.77 per MWA.

With the assistance of USAID, the objectives of the solar auction pilot w#re to:

1 Identify the tariff level that triggers private solar development.
Assist gvernment stakeholders to learn and replicate the auction process.

Engage with the private sector and try to foster a more active domestic market in the gene
of solar power with a potential scalg of the solar PV auction process.

Learn from the prourement mechanism process and assess the potential for scaling up sol
auctions.

Potentially reduce the need for electricity imports near load centres with a focus on increas|
available capacity during the dry season (when there is less hydiwtghpa

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 reg
analysis.

Followed by the policy workshop, an auction design workshop was conducted to design thg
template, undertake a reference price study, and finalise the design of the auction.

Auction documents were prepared by the technical assistance (TA) facilitinglosm
international best practice.

I OARRSNEQ O2yFSNBYyOS O00GKS | dzOGA2Yy AGAST
market prices and gauge the interest of the private sector in solar generation in Lao PDR.
Lastly, a posauction assessmemtorkshop was held to evaluate the process and discuss aud
opportunities with governmentind utility-related stakeholders.

The above activities resulted in:

“l{!L5® 6HAMTO® G5S&AIYAYI wSYySslotsS 9hyfp‘§:bﬂhﬂfﬁvalsfaiti.gb@rﬁif)v[dﬂ)dslﬁﬁ)asw@)pd{ L dzOG A2y &
5t +¢9/ 1 @ OHAMPLD &/ | YO 2 RAI QB gc bRy ip\ktddd.drgdrihg/daghybdisdiNdauatind MBsGe2oNR

low-bid

6! {1 L5d OHAMyOd a5SaA 3Ty Ay itpt/usdileandddetadict agefinerdedginfe@nf/dedigaNdlafpiogaudidhw ¢ d

for-lao-pdr/
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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/

1 The TA facility enabled the government and utility stakeholders to understand and prefare
a2t N dzOGA2Yy LINRPOSaaz RS@GSt2LIAYy3 || GSYL
documentation.

Increased private sector awareness and confidence in the opportunities to bid for solar po
generation prospects.

Relevant stakeholders invotievere:
I Lao PDR government and utilities, private sector independent power producers.
The risks and challenges include:

9 High upfront transaction costs, such as for feasibility studies and land use permits, need to
carried by the government or utilitp 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 g
auction.

There is a risk of undéidding and delays. For example, the auction may result in an agieed
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 programmet@rghining ICF investment is:

9 Auctions are being adopted by an increasing number of countries, becoming a preferred pq
tool for catalysing costffective renewable energy generation with remarkable rates of
adoption®” There is a role for ICF support to foster auctions in countries where they are not
taking place.

Box3 CDC Concessional Financing for Solar PV in Malindi, Keny

YSye@l Qad LISNJ OFLIAGE St SOG SibSehaiah avéragy and24 Ipkr dedt Yelo
the level that would be expected for its gross domestic product (GDP) per®aitacver, the
O2dzy i NE Q& LRGSYOGAlIf G2 3ASYSNIGS LR2SSNI FNRY
geothermal. One such project is the Malindi solar PV array in the East of Kenya, near the coastal
Malindi. The Malindi plant is digned to provide 52 megawatt peak (MWp) of clean generation capa
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 estimaathe power
generated will support the creation of jobs through direct employment and indirect job creation dug
more consistent supply of electricity.

The project, which is being taken forward as the Malindi Solar Group, has received USD 52m in d
FAYFYOAY3I FTNRY (KS ! YQ&a RB3Bdugds 39 @omTcantfibuyo®io
the German Development Finance Institution (DEG). Together with the commercial partner, Globe
amounts to a USD 66 million debt investment adili Solar Group. The lotgym, 16year 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 ware

87 Sourcehttp://usaidcleanpowerasia.aseanenergy.org/resource/ovengéarsolarpilot-auctiorrin-lac-pdr/
68 CDC. (2019Malindi Solar Projechttps://www.cdcgroup.com/en/ouimpact/investment/malindsolarproject/

:vivioeconomics



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/

I Raise public and private finance, sign a PPA with the appropriate utility in Kenya, and reac
financial close of the Malindi Solar Power plant, enabling the construction phase to begin.

Provide a stable, loAgrm involvement to give confidence tohetr private sector investors and
to provide additional technical expertise in address planning and construction challenges, 4
as interaction with government and utility stakeholders.

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

I The financing allowed Malindi Solar Group to progress with feasibility studies and prepare
technical reports, such as the Environmental Impact Assessment on the firafeat,
prerequisite for government planning approval and entering into a PPA.

A 20year PPA was signed with the Kenya Power and Lighting Company (KPLC) in 2019,
provides the public electricity service in Keffya.
The Malindi plant was able to movednhe construction phase; engineering, procurement, a
construction contractors moved on site during 2019 with the company having already starte
LINE2S0GQa OAQGAEf |yR St SOGNROIE O2yaidNHO
and mantenance of the power plant

Relevant stakeholders involved were:

I KPLC, Government of Kenya, local communities, anrgowarnmental organization (NGOS).
The challenges faced were:

1 Governanceand regulatoryrelated risks, such as complex bureaucramypption, changing
regulations, and political risks, like low political stability or the risk of conflict, are challenge;
affect renewable energy generation in East Africa, including Malindi. This has been mitigatj
proactive approach from theDL 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 Ke
firm to sell its share of the project without coveritine costs of an international consultancy
working on the feasibility studies. These were resolved with a mix of legal action and inter
agreement’?

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

1 Providing concessional, equity, or grant financing can have a transformational impact in en
variable renewable energy projects to progress. This is particularly crucial during the early
preparation phase, where funding can cover feasibititytachnical studies that are necessary
a PPA to be signed.

Relatively high upfront costs, compared to fossil fuel plant, can be a challenge for financing
energy in Africa. However, once in place, the operation and maintenance costs aredow. T
emphasises the importance of concessional or equity financing support from institutions lik
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/EIRA01249/EIA1244 %20Malindi%20solar%20power%20study%20report.pdf

0 2yaidNHZOGAZ2Y WSOASSG hytAySd oHnampod G/ 2yaiNHzOGA2Yy 2F nn
https://constructionreviewonline.com/2019/06/constructianf-40-mw-malindisolar hotovoltalc rojectin-kenyabegins/

1Dt 265t Sljd aDf 20 SEISYSY&FIRY / ;

72 Sourcehttp://karibu.mambozuri.com/2018/02/sh6bmalindisolarpower-planriskcom
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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/

Glossary

Acronym / Term

Definition

ADB Asian Development Bank
Aggregators are a grouping of agents in a paystem (e.g. consumers, producers,
Aggregators . : . A
prosumers) which act as a single entity when engaging in power markets.
Al Artificial intelligence
AMI Advanced metering infrastructure

Ancillary services

Services that maintain the proper flow and direction of eleityre.g. synchronised
regulation, contingency reserves, blatart 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 conneet at the consumer side of the utility meter for commercial, industrial o
residential power customers (and is therefore grashnected).

BEIS UK government Department for Business, Energy & Industrial Strategy

BESS Battery energy storage systems

BMZ DSNXIy&Qa CSRSNIf aAyAadNE FT2NI 902y 2YA

BTM Behind the meter

BUG Backup generator

cal Commercial and Industrial

CCcC Committee on Climate Change

CIF Climate Investment Funds

CSP Concentrated solar power

CTF CleanTechnology Fund

Curtailment A re_duction in output from a power generator from what it could otherwise produce us
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 electrig energy production whose output can be switched off or on or othe
moderated according to demand.

DR Demand response

DSM Demand side management

EE Energy efficiency

EIA Energy Information Administration

EJ Exajoules
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Acronym / Term

Definition

Electrical storage

Storage of energy in electrical fields e.g. supercapacitor

Electrochemical
storage

Storage of chemical potential energy e.g. lithiom 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

Glz Deutsche Gesellschaft fur Internationale Zusammenarbeit GmbH
Grid An electricity grid

Grid storage

Storage connected to a distribution or transmission networkalomgside 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 Energytorage Alliance

IFC International Finance Corporation

IGMOU Inter-Governmental Memorandum of Understanding
loT 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 MarketAccelerator 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 Bolicies

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 Reic

PIDG Private Infrastructure Development Group

PJ Petajoule

PPA Power purchase agreement

PPP PubliecPrivate 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 'SI'SE)aE)II ;osts to the electricity system to supply electricity at a given loaskandty of
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 forternational 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 beliewe traditional power plant and engage in a
power market to sell electricity or ancillary services
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NonvariableGridRenewables

Summary

Thenon-variable renewable electricity opportunity considers a range ofvadiable renewable energy
sources, which could provide large climate impact, but are subject to high levels of uncértainty.
assessment afon-variablerenewable electricity includegid-connected smalto mediumscale

hydropower, geothermal generatipand biomasdired power (with and withoutarbon capture and

storage CCY. Asfirm low-carbon power generation technologiescommorbenefitwithin each region is
low-carbon, rekble, electricity competing with alternative forms of firm generation, demdaittk

response, and nucleaBiomass energy with CCS (BECCS) also provides a further benefit: negative emissions.
As a result, BECCS could be key to driving higher climate fropathe 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 geotmtmal
smalt to mediumscale hydropower potential.

Interventions to encourage adoption of-grid nonvariable renewable electricity in focus regions include
provision of better data on resource potential and policy support on electricity market designthe
largest barriers to adoption, exampigerventionsinclude:

Policy supportor the design of electricity market regulatitivat recognises the value of firamd
dispatchablé low-carbon energyto address the lack of clear revenue streamgéwer system
flexibility or baseload generation.

Technical assistance in resourcing mapping and feasibility assesswitntslack of spatially fine data
inhibiting investment by the privasectorand impairing the capacity of local policy makers toamak
effective policy roadmaps.

Table7  Nonvariablegrid renewables assessment summary

Criteria Assessment Notes
1 Importance to power sector decarbonisation is highly variable, helping to avoid
Climate impact between 3% to 4% of power sector G@missions in 2050 beyortmisinessas
usual (BAU), depending on the mitigation sceri?o.
Medium : T Increasing BECCS deployment by 2050 is both the main sourceeafi€€on
abatement, as well as the driver of high uncertainty. Upper bound estimates of

emissions reduction should be treated with cauti@xplaining the medium climate
impact assessment.

9  Significant positive contribution to achieving Sustainable Development Goal (S
access to lovearbon, reliable energy, SDG 3, good health and wellbeing and SL

Development impact . . . .
P P decent work and economic growth. However, impact is more variable across re

-y Medium and les certain than in the case of variable renewables.

1 Potential negative impacts on SDG 15, life on land, where use of land for geott
energy, hydropower, and biomass crops displaces local communities and exist
industries.

Investmentgap 1  Cumulative investment gap ranges between USIQ 3.7 trillion by 2050, as
ej‘ Medium |nvestm§nt r_1eed is 1.5x3x the investment expected undlgu;lnessa_susygl.
llll 1 Uncertainty in the levels of BECCS deployment and declining availability of cos

competitive lydropower are key sources of uncertainty.

35 §F A y OFor relating tod source of electric energy production whose output can be switched off or on or othverdésated according to

demand @ { AtgeENIWBwYthefreedictionary.com/dispatchable

74 This figure reflects emissions reductions in the IMAGE renewables decarbonisation scenario vstbeaBidlUThe 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 BSUK S . '} A& G 1Sy G2 0SS La!D9Qa yS¢g LRt/
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Criteria Assessmené Notes

Costeffectiveness 1 Smalscale hydro and geothermal power can be highly-effettive, but costs are
Medium highly variable by region.
1 BECCS, as an immature technology, is likely to see cost reductions which mak

increasingly effective mitigation method by 2050.

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

Barriersto adoption L . . . . ;
1 Significant market failures relating to lack of information on resourcenfiake

LIG)L! capital mismatch between high capital costs and delayed returns, and a missin
W24 market for firm or dispatchable power.

1  Enabling environment barriers include the poor financial capacity of local utiliti
enter into power purchase agreements (BRA

UK additionality 1  Strong expertise in developing regulatory frameworks to incentiviseariable
% Medium low-carbon power and financing gf reneyvablies domestigaIIyAand jnternatiqnally
"-i T Amongsttheno®dl NA | 06t S NBYSglo0ftS SYSNHASAEZ
BECCS deploymte

Source: Vivid Economics, ASI & Factor
Key lessons for supporting mitigation througim-variable renewables
To realise the potentially large climate impact from-mariable renewables will require:
Better data on resourggotential for small to medium scale hydropower and geothermal.
Regulatory frameworks &t recognise the value of firm or dispatchable power.

The costeffectiveness 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 generatiofdateliver emissions reductions at a lower
GBP/ton of carbon dioxide (t&€D

China, Indipand Brazil are expected to deliver the largest absolute mitigation potential due to their
economically exploitable hydropower endowments and large power sectorsqoaagbly, more
information is required to understand the split in satallmediumscaé 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. Meanwhildpmestic 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

Nonvariable renewables will play a substantial role in decarbonisingptiker sector, although their share

of electricity generated is substantially lower than variable renewalitespower sector emitted 7.4

gigatonnes of carbon dioxid&t{ CQ) in low and middleincome countries in 2015, rising to 16 Gt€0O

2050 under 8AU scenaridn a 1.5degrees scenariq the power sector needs to act as a major emissions

sink (providing several Gteegative emissions through BECC®&)rid non-variablerenewables are

expected to providaroundl15- 62% of electricitywith the range mostly driven by uncertainty in BECCS
deployment® Nevertheless, it is worth noting that the share of wamiable enewablesn electricity

generation is expected to be substantially lower than that of variable renewables (around 70% in the central
power decarbonisation scenario).

Estimates of the scalgp in nonvariable renewables capacity required fav@rld compatible with théaris
Agreement with large differences in the expectations of the future deployment of BEET®|e8
highlights, annual deployment of neariable renewables in adegree (high renewable) decarbonisation
scenario is not vastly different to that withessed ia&0approximatell 7 gigawatt GW) additions per
annum to 2050. However, in most 4Bgree scenarios (including the IMAGE one used in this project),
BECCS needs to scale up rapidly to supply$aaje negative emissiafisSeeBox4 for further details on
the differences between scenarios.

Table8  Approximate annual power capacity additions required under a Renewables and 1.5 degrees scenario
across lowand middleincome regions

Annualaveragecapacity additionap to 2050, depending on
2018 capacity scenario (GW] forecast
Technology "
additions (GW) Renewables
BAU 1.5 degrees
(2degrees)
Geothermal 0.4 0 2 0
Largescale hydro 15 11 10.5 11
Smal and Medium 5 4 35 4
scale hydro
Biomasgower (without
ccs) 4.2 6 0.13 0
Biomasgowerwith CCS 0 0 0 25
Note: IMAGE does not model the breakdown of largemedium- and smakscale 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 lartygdropower is approximately 75% of total
capacity. This is based s Department of Energy figures for 2087
Source: *A@GAR 902y2YA0ax !'{L FYyR CIFOG2NI dzaAy3a t.[ Q& La! D9

" From IMAGE, under renewables scenario, considering hydropower, biomass, and other renewables.

7From IMAGE: Annual capacityddidns under 1.5legree scenario (40GW) relative to annual capacity additions under the renewable scenario

aGcw).

B { BSLINIYSYyld 2F 9ySNHE&® O6HAMTO® aHaMT | @8RNBLIZ2GESNI al N SG wSLR NI ¢ @
https://www.energy.gov/sites/prod/files/2018/04/f51/Hydropower%20Market%20Report.pdf
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Scope considered in this assessment

Thenon-variablerenewable electricity opportunity is defined as grahnectedsmalt to mediumscale
hydropower geothermal generatigrand iomassfired power (with and without CCShe assessment
excludes potential smadkcale hydro mini grids, as well as lasgale hydropower, >100 megawatt (MW),
due to its potential negative social and environmental impddtslso excludes detailed msiderations
around the supply of biomass feedstock. Biomass from waste is considered in the Wagtestmveater
Opportunity Report and bioenergy crops were excluded after consultations withtfepartment of
Business, Energy and Industrial Stra{@§yS) International Climate Finance (ICF). Similarly, it excludes
considerations on the development of CCS technologies and supporting infrastructure following these
consultationsAs in the Variable Renewable Energy Opportunity Repioigonnection impés that energy
generation sources are connected to a national or regional electricity transmission grid, through which they
supply electricity®

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

i China, whiclnasthe largest absolute emissions reductions froon-variablerenewablespartially
as nonvariable renewables will help shift the country away from coal power generation, which
accounts foi70%power generation currentl§*

1 India, which has the thirhrgest absolute emissions reduction frapn-variablerenewables (after
Chhna and Brazil), around 75% of current generation from coal pawelis expected to see power
generation increase by 200% to 2G4t

i East Africa, which has the largest relative mitigation potential fimmvariablerenewables in 2050
(as a share of 2B 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 policié$.

1 West Africawhich has relatively largaitigation potential frormon-variablerenewables in 2050,
similar to East Africa, due to growing demand for-goighected power.

i Eastern Europe and Central Asihich has the fourthargest absolute emissions reduction from
non-variable renewables bepd BAU (after India).

This assessmefdcuses on théenefit of supporting the opportunitys a wholeanddoes not aim to
comprehensively asset® effectiveness of specific investment opportunities or interventidnaever, for
context, potential invesbhent opportunities to support nemariable renewable electricigre detailed in
Sectiorn0.

PLYGSNYFdA2ylE wSySghofS 9ySNHe& ! 3Sy0e o6LwI9b! 0d 6nHnmMHUOU® awSySgl of S ¢
80 This opportunityalso does not consider: a)-gnid variable energy sources, such as solar and wind ordrjdfforrvariable renewable electricity,

which uses noivariable renewables to provide energy directly to households.

8 |nternational Energy Agency (IEA). (20d®.2 NI R Sy SNHe& ol f I y0Sas¢ o

82 |bid.

B . td OHAMPO P aLyaAITKGE FNRY REES\OSGERD@doncht/dindp/yudidessA 2y a OSy I NA 2
sites/en/global/corporate/pdfs/energgconomics/energputlook/bp-energyoutlook-2019-country-insightindia.pdf

BLYGSNYFGA2y Lt 9y SNHe | 3Sy 08 https/@iwied ord/attinles/heny@nedgyodigod | Sy SNH& 2dzif 221 ¢ @
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Climateimpact
Mitigation potential and urgency

Across lowand middleincome countries, nomariable renewables can help avoid around 3% of power
sector C@emissions (0.5 GQ)in 2050beyondbusinessasusual®® Nonvariable grid renewables are
important to meet growing electricity demand in a low carbon way and help displacedalgemissions
from coalfired power stations. However, they are often higher tloah solaphotovoltaic(P\Vj and wind
energy As a result, itigation potential to 2050 ithe central power scenaris modeate, 91% lower than
the abatement provided byariablerenewable$® Figure6 shows, howevetthat there issignificant variation
in mitigation potential achievable by neariable renewablesetween scenariosseeBox4 for an
explanatioron the differencesn mitigation potentiabetween scenarios amelationship with the analysis in
the Variable Renewables Opportunity Repor instance, in a high BECCSdédgrees scenarimon-
variablerenewables can help to avoid around 40% (6.7 Gt@@ower sector C£emissions in 2050
beyond BAU.

Figure6 Range of mitigation potential compared to BAU in 2030 and 2050
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Note: The barsndicate 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! D9Qa ylraAz2ylt Lkt AOA 8305 h8eforeNacalabed ashemnidsdrisi A 2y LI2
reductions in 2030 in one decarbonisation scenario minus the emissions reductions in 2030 in the national
policies scenario.

Source:  Vivid Economi¢sASI and Factarsingt . [ Q& modell D9

Estimates ofleploymentand hencenitigation potentialare uncertain.

9 Uncertainty around BECi8$he major driver of uncertainty in mitigation potentBx4 sets out
the uncertainties related to expectations of BECCS deployment, which drive differences in the
climate impact between scenarios.

i Hydro and geothermal deployment is uncertain due teilititude in resource potential, as well as
the uncertainty around the value of neariable power. The scale of economically exploitable
resource is not thoroughly mapperthis reflects a lack of information bath resource availability
and the highly loation-specific nature of costs, as well as the benefits (and hence valua)-of
variablepower compared to variable generation. Typicalfimates of potential resource

85 This figure reflects emissions reductions in the IMAGE renewables decarbonisation scenario vs the BAU one. The paictatageamissions

is @lculated relative to 2050 BAU emissions from the power sector.

81n a 1.5degrees decarbonisation scenario, mitigation potential fromvasiable renewables is 10x higher than from variable renewables due to
largescale deployment of BECCS.
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availability do suggest it to be far smaller than for variable renewables. lashefcsmalscale
hydro, there is around 230 GW potential estimated,-thicds of which is not yet utiliséd.

Box4 Uncertainty in BECCS deployment

There is significant variation in the magnitude of mitigation potential frmmvariablerenewable power
across modelling scenarios, stemming largely from different expectations of BECCS depiayfngne
6 shows estimates of mitigation potential fromon-variablerenewables varies from close to 0 GO
2050 (versus BAU) to nearly 7 Gi@Q highlighted in the Variable Renewable Opportunity Report,
variation béween power scenarios tolarge degree reflects assumptions on the availability of bioma:
for BECCS and cost declines in BECCS.

InL a ! D195degrees scenario, high levels of BERp®yment drives higher abatement potenfralm
the nonvariablerenewablesopportunity as a whole and displaces other forms ofvamable/variable
renewable powerl. a ! D 9 degreas gtpnario estimates approximately 850 GW additions of BECi
2050, which provide approximately 6.5 Gi@@atement in 2050 (versus BAUje emissions reductions
provided by BECCS reduces the need for other forms afddwen power. Estimates of variable
renewablecapacity additions are only 30 GW per year on average indedrées scenario, for instance
Ay 02 YLI NA a2y ewdbjeRssedarit, astinia@iricredsdsty 220 GW per year.

Levels of BECCS deployment predicted by IM®&@é&io be treated with cautionEstimates of BECCS
deployment are always subject to uncertainty due to the technological immaturity of BECCS and
uncertadnty over the availability of sustainable biomass feedstock. IMAGE relies on an ambitious
assumption of bioenergy supply of approximately @djoule EJ/year, far higher than the 184 EJ/year
expectedby the] Y Qammittee on Climate Chan@@CQ28 Notably, much of this biomass will face
competition from transport and industry, implying even greater limits to the quantity of finite biomas
feedstock available for powét.

To capture the far higher expected rolevafiablerenewables, and the undainty of future BECCS
RSLX 283YSyildz S OK224S (2 dzAS La! D9Qa NBYSIH&!
renewables decarbonisation scenario, BECCS deployment is minimal (around 5 GW). The vast m:
capacity additions to 2050 irestd come from solar PV and wiapproximately 220 GW per year to
2050. Though neither scenario perfectly represents the future of BECCSandawiddleincome
countries, the renewables scenario is generally more reflective of expert opinion orathe nalitigation
potential from variable versus nemriable renewables as a whole. It is used as the central power sci
in all power sector Opportunity Reports.

The largest absolute mitigation potential in 2050 occurs in regiithseconomically exploitable

hydropower endowments and large power sectors todzlyina, Indiaand BrazilThese countries are
expected to account for nearly 80% of Gt@kated by lowand middleincome countries in 2050 beyond
BAU. In each of these countries, close to 100% of abatement frowaniable renewables will come from
hydropower. The availability of levast hydropower resources also implies these regions account for most
of the nearterm abatement potential, approximately 60% in 2030. In comparison, the focus regions
together account for 17% of Gte@bated within the opportunityni2050,and40% in 2030.

Non-variablerenewables contribute arountil% of powesector decarbomsiation beyond the BAU in the
focus regions in 2058 AsFigure7 shows, norvariable renewables account for between close%st®70%

SUNIDO. (2@ cp0 @ G2 2NIXI R { YIff | &R NBpsA8@&idRodsi®sdefanBesitleN0205/E ildlg@)Overview.pdf

8/ [/ ® 6unmy L d-Gi. NIB22WE 3330 2Ayy2 Ve éfd2 &

89 Use of biomass in power (without CCS) is typically lessftestive on a GBP/tG@voided basis then biomass use in transport or industry.

% This figure reflects the mitigation fromnghl NA I 6t S NBy Sél o6t S& Ay La! D9Q& NBySslofSad RSOl ND2
variable renewables in BAU.
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of power sector decarbonisation beyond BAU, depending on the region. Higher relative mitigation potential
in Brazil and & Africa is largely influenced by the relative abundance e€ésivhydropower resources in
each country and relative costs of solar and wind.

Hydropower is the dominant technology in 2030 and 286fbss regionsr hough IMAGE does not
distinguish theole of smaland mediursscale hydro vs larggcale hydropower, estimates suggesting
approximately 25% of economicadlyploitable capacity fsom the formersuggest most forecast additions
are in large scale hydrBxcluding largscale hydropower, sniahnd mediumscale hydropower have the
highest forecast capacity additions required amongst the technologies in thisaNable renewables
Opportunity Reportln practical terms, there is estimated to be around 150 GW of small hydropotential
globally, aound 3x smaller than the hydropower capacity which is expectednedased across lovand
middle-income countries by 2058 Geothermalthough competitivén comparison to hydropower, is far
less equally distributed globally. Therefore, ongantheat Asiaare there capacity additions expected.

Figure7 Ongrid nonvariable renewable electricity contributeon average, to 20% of abatement in 2030 and 11%
in 2050 beyond BAU
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following: MEX= Mexico, CAM = Central America, BRA = Brazil, RSA = South America exedildNiyB
= 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 = Sdufife ! FNA OF SEOf dzZRAy 3 { 2dziK ! FNROF ¢
includes energy efficiency and fossil fuel Q@iSgation potential fromnon-variablerenewable energy
(RBincludes hydropower, geothermaindbiomass with and withou€CS

Source:  VividEconomicdased ot . [INASE moddihg (renewables scenario)

Transformational change

Nonvariable renewable energy offers substantial opportunities for transformational change, as set out in
Table9. Interventions that help to create the right regulatory enabling environment, or that ceskder
catalyse private sector investment in resources such as geothermal essatalhydro, 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 realisddrims of enabling thdecarbonisation of other sectors, such
as electric vehicles and many industrial processes, by providiogp$éhand lowcarbon electricityMany of

U ph! S5hd dSHAMPLDd G2 2NI R { YI f fhitps:/BviRuNEnidGoRBied/d2faunBeg/fles/ADSASIE INGAIY0 20 Due riéndp df
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the drivers of transformational change in reariable 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 aéro-carbon vehicles and cleaner industrial procegsé€hina 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 investnigaetysto have a particularly high

transformational impact in East and West Africa, where there is strong potential but anpbbng
environment in terms of financial and regulatory risk.

Table9

Assessment of transformationahange

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
appropriateregulatory frameworks and investment
enabling environment.

Developing integrated strategies for attracting and
deploying norvariable renewables, or specific sectors
such as biomass.

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

Local ownership and strong politic
will

Awareness raising and training for government and
utilities, relating to the potential of nevariable
renewables in the local context.

Developing a database of nwariable renewable energy
resources in the targeegions.

East Africa, West Africa

Leverage / creation of incentives fi
others to act

Support in enabling reliable power purchasing
agreements helps to incentivise geothermal, biomass,
and medium hydro energy generation.

Supporting the development afpipeline of bankable
projects.

Supporting governments to desk investment via

financial and polichased measures.

East Africa, West Africa, Cent
Asia
India, East Africa, West Africa

Spillovers

Broad scale and reach of impacts

Supporting clean energy enables decarbonisation of o
sectors, such as electric vehicles and many industrial
processes, by providing lesest and lowcarbon
electricity.

China, India, East Africa

Sustainability (continuation beyon

Establishing durable and wslipported policy measures
to enable renewable investment at scale.

or actors

replication by other donors and/or private sector entitie

o Improving the enabling environment and market All regions
initial support) - . . .
conditions, allowing more commercially led projects to:
thrive.
- o Demonstration of investment and development proces
Replicability by other organisation ) . ; .
could enable renewable energy installation, results in ; 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 share
publicly

Leveraging relevant communities of practice in which
UK has international presence and influence to

disseminate learning.

All regions
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Source: Vivid Economics, ASI and Factor
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Development impact
SDGAmpacts

Improved access to egrid non-variable renewablenergy has notable positive impacts on achieving SDGs
in allregionswith a particularly high impact in South Asia and Southern Afniegrid nonvariable
renewable electricity has clear linkaggth several sustainable development goals, as set odhiel0.

Tablel0 SDG impacts

SDG St.rength of Most relevantregion Rationale
impact
Positive Impacts
SDG I No _ East Africa, West Accesg to electricity is a.k.ey driver of income gengratlon, b
overt High Africa education, and more efficient use of time otherwise spent
P y gathering fuel wood etc., all of which help éaluce poverty.
The opportunity has a potential to decrease air pollution via
SDG % Good . . . . . .
India, Southeast Asia decreased coal power generation, as well as displacing dies
Health and Moderate - .
. South Africa generators and wood or kerosene burning stoves, thereby
wellbeing . . .
reducing pollution related diseases and deaths.
SDG ¢ Affordable High Allregions The opportunity is essential in order to increase renewable

and clan energy energy in the global energy mix and improve energy efficien

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

SDG & Decent
work and Moderate All regions
economic growth

Negativdmpacts

If renewable energy is not integrated properly into grids it ca
lead to fluctuations and blackouts, with severe impacts on
AYRdAzZAGNE X I f GK2dAaAK { Kigpatchable 2
renewables if there are clear grid connection codes etc.

SDG € Industry,
Innovation and Low All regions
Infrastructure

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 emiss
SDG 15 Life on ) TheUK CCC recommended?i@il 8 that the UK should move
Land Low All regions away from biomass for domestic energy generation, unless
supported bycarboncapture andstoragetechnologies
(becoming a BECCS appro&gh).

Hydropower can also be very damaging to river and water b
ecosystems if notlanned and managed appropriately.

Source: Vivid Economics, ASI and Factor

2/ | ND2Y. NASTFD S6nnmyod &/ / /-0 ¥S & KR 22/ HREs MW@ E&8Isnbné &)/ @uldhMRIdmoiebwdE S
from-largescalebiomassburning
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Commitment by governments and expected demand in taeggbns

Tablell Summary assessment of demand in target regions

Region Demand Rationale

Ambitious targets and demonstrated commitment by natio

Shle aldh government to promote nowariable orgrid renewables.

Variable policy across countries but some ambitious targets in Etk

East Africa Moderate and Kenya on hydro and geothermal.

Eastern Europe and Not many countries in the region prioritise Reariable orgrid RE or
. Low o
Central Asia have ambitious targets for the same.

Ambitious targets set by the national government, improving regule

India High and policy environment.

Variable policy and regulatory environment across countfesr
West Africa Low- Moderate example, Nigeria has more advanced policy and regulatory environ
compared to low levels in countries such as Niger and Sierra Leon

Source: Vivid Economics, ASI and Factor

China A global leader in driving forward the domestic use ofvartable renewable energy, China
attracted 33% of global renewable energy investment (including variable renewables) in 2018. It has
0KS 62NI RQa 3INBIFGSaid akl NBudiggilobaly tecognisdéd prijeck & R N2 L.
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 2@30na is also a leader in biomass energy
generation, includingasteto-enemy. By the end of 2017, China had the largest instalksteto-
energycapacity of any country globallyith 7.3GW across 339 plantéThis lead has been growing
rapidly since then.

East AfricaEight Eas@\frican nations have introduced National EyePlan®r PoliciefNEPS) to meet
growing energy demand with affordable, sustainable energy services that enablecsomimic
development*Kenya and Ethiopia have more developed and ambitious energy policies, compared
to others in the regionOne nm-variable related Nationally Appropriate Mitigation Action (NAMA)
project is being implemented in the region; the facilitatbigridconnected renewable energy
generation through a feeih tariff and through carbon credit generationUgand&® Kenya is the
most advanced country in the region in terms of geothermal power generation.

Eastern Europe and Central Aslauntries in Eastern Europe and Central Asia demonstrate varying
levels of commitment to nemariable renewables, with the strongdéscus on hydropowelAt least
two NAMAs are currentlgeing implemented in the energy sectotlie region, including
constructionof 10 hydropower plants in th€akheti region of Eastern Geortfia

India The Indian government hpkedged to promote neewable energy iits nationally determined
contributions NDC¥” andhas very ambitious renewable energy targets and is aiming for 450 GW by
2030, compared to a current total of 369GW installed across all energy stuncka.hagirafted a

S |EA. (2019). Will energy from waste become the key form of bioenergy in Asia? Aatatéple //www.iea.org/articles/witenergyfrom-waste
becomethe-key-form-of-bioenergyin-
asia#:~:text=Will%20energy%20from%20waste%20become%20the%20key%20form,cities%20must%20rapidly%20develop%20new%20waste%20man
agement%20solutions

%4 ]RENA. (2015). Afrig@30: Roadmap for a Renewable Energy Future. IRENA, Abu Dhabi.

9% NAMA Database. Accessed July 2020://www.nama-database.org/index.php/Special:RunQuery/QueryData

9% |bid.

9”Haqueet al.(2019). NDC pledges of South Asia: are the stakeholders onboard? Climatic Change, Vol 155.

BLYRAIQa aAyAadaNE 2F bS¢ | yRhwSyn&agivint S 9y SNHe&® ! O0OSaaSR WdzZ & HAaHAY

:vivioeconomics 45



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/

nationalgeothermalpolicy, which aims to makea global leader in thgeothermal power sector, by
generating 1,000 MW in its primary phase by the year 202@iaalsodemonstratestrong
commitment to hydropowet®

West Africaln West Africa) A A SNRA I Qa wSy S g Ha rerfewadleélEchitgto accbunty | A Y &
for 10%0f Nigeriantotal energyconsumptiorby 2025.It increasexapacityof smaltscalehydroto
2,000MW by 2025andbiomassbasedpowerplantsto 400 MW by 2025101 At leasttwo NAMAS are
currentlybeing implemented in the energy sectoMifest Africa, including in Mali and Sierra Leone.

% Geoenergy Marketing Seres. (2020). Geothermal Country Overivew: India. Availathggt//www.geoenergymarketing.com/energy
blog/geothermaicountry-overivewindia/
W yRAF{LISYR® 6HnmMpOd Whyte | &RNR hitpsPnwe8.i0diadpend.toyh/or@SdoiRrojecisRikfte@iddiasi n PT t 2 &

24xTpowerneeds/
10L]EA. (2013). Nigeria Renewable Energy Master Plan. Availdittpsativww.iea.ordpolicies/4974nigeriarenewableenergymasterplan
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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

Investment need

Investment in the opportunity in lovand middleincome countries will need to scale up to a cumulative
USD 4.8rillion by 2050, one and a half times the investment expected under®@Adthll, the scale of
investment required in the opportunity is small relative to other energy opportunities, refleciiegtainty

in levels of deploymenThoughFigure8 reflectsour central power scenarjestimates of cumulative
investment need would be twice as large in a high BECCS scenario, for exstinpédg¢es of the investment
gap are also subject to some uncertainty, depending on assumptions oRigdde3 reflects a BAU

scenario where there continues to be stadial buildout of largescale hydropoweg average annual
investment is approximately USD 90 hilfi¥ The declining availability of cestmpetitive largescale hydro
puts expectations of BAU investment to 2050 into question, highlighting that thdativa investment gap
could be significantly larger than the USD 1.7 trillion estimate shown.belmeent years, there has

already been a decline in hydropower additions, with development in higher cost doeasstance,

capacity additions for hydpower (of all sizes) within 2019 final investment decisions (FIDs) was more than
half the capacity additions approved in 2010 and sstalle hydropower investment was 70% lower in 2019
relative to 20100310410

Figure8 Investment need in omgyrid nonvariable renewable electricity is small compared to other opportunities

Absolute

USD 4 trillion . Other
dditional needed Non-variable investment /
a : bl need in 1.5C
10 for BECCSin 1._5 renewables world by
degrees scenario 2050 = USD
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Cumulative investment Cumulative investment Cumulative investment Cumulative investment
need by 2050 gap by 2050 need by 2050 gap by 2050

Notes: LygSaagySyid ySSR OFftOdzZ FGdAz2ya I NB OFfOdzZ I GSR o
policies scenarios, and the International i@ & ! 3Sy 0eQa oL9! 0 . S@2yR H
Technology Scenarios. Cumulative investment gap is calculated as investment need in a decarbonisation
scenario minus the investment need in a BAU scenario.

Source:  Vivid EconomigsASI and Factor using. 4 IMAGHEnodeland IEA. (2017). Energy Technology
Perspectives.

aSR
5813

Acrosghe focusregions the cumulative investment gap to 20i0the central power decarbonisation
scenarids between 0% to 50% tife investment needed in pathway compatible with thBais
Agreemen. There is a large range in the scale of investment need aegsss depending on regional
variation in the costompetitiveness of geothermal and hydro vergaisablerenewablesas well as the

02 91 @ OHAHNULD G2 2 NI Ritt@yvdvNIRa orglrepf@tSwiodenSdyinvestment2080D

103 |bjid.

04Frankfurt School b9t ® 6HAHNG Dt 26t GNByYyRAa hikpg/WNB.iESéplcemtte Sro/@op@rbidEsin- A y 3Sad YSy i
renewableenergyinvestment2020/

105 Qver thesame period, the global weighted average levelised cost of electricity (LCOE) of newly commissioned hydropower pagedtyncre

27%, from USD.037/kWh in 2010toUSD® A n Tk {2 K AY HAamMpd { 2dzNOSY Lw9b! ® omn0od awSySsl o
https://www.irena.org/publications/2020/Jun/RenewaifewerCostsin-2019
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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

expected deployment of BECG&the centrapower decarbonisation scenaritig ranges from USD 480
billionin 2050 in India to US®Abillionin 2050 inEastern Europe and Central Ast exampleln the

central decarbonisation scenarkigure9 shows that there is far less variation expected in the investment
gap acrosthe focus regions, which reflects the expectation that future deployment will occur in relatively
mature technologies (e.g. largeale hydropower, geothermal) which are likely to see deployment even
under BAU. East Africa is expected to have the largest investmmelative terms; equivalent toUSD100
billion by 2050, 50% of its total investment ne€tiina, on the other hand sithe largest absolute
investment gap, around USD 450 billion. In adédree 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.

Figure9 Forecast investment need and gap across regions

35 .

Central Asia

M Cumulative Investment by 2050 (BAU) Investment Gap in the central power decarbonisation scenario
Investment Gap in 1.5 degrees scenario (high BECCS deployed)

Notes: Ly@SaaySyd ySSR Ot OdzZ I GA2ya | NEde@ees, @uzivdblésSaRd 6 | & SR
ySs L2t AOASa A0SyFINR2ad ¢KSaS I NB Zet@hce Bebhnofogy YSSi
Scenarios. Cumulative investment gap is calculated as investment need in a decarbonisation scenario
minus the investment need in a BAU scenafiB&CA = Eastern Europe and Central Asia

Source:  Vivid Economics calculated fram. [INA&Emodellingand IEA(2017) EnergyTechnologyPerspectives

Unsurprisingly, nearly 90% of investment need is expected to occur in hydropower, the most available form
of low-cost nonvariable renewable power across low and middéme countriesinvestmentm

hydropower, specifically largeeale hydro, vastly outweighs other technologies in the short anddongn

La! D9Qa NBYyS¢glofSa RSOIND2yAaldA2y aOSylFNAR2 O0GKS
Tablel2. However, under a scenario where BECCS is required at scale for decarbonisation, both total and
relative investment levels could look significantly diffeceéBRECCS would require anauUSD 310 billion in

2030, 80% of total nemariable power investment in a idegrees scenario.
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Tablel2 Investment need is largest in hydropower

Investment need in 2030 (U$illion) Investment need in 2050 (USillion)
Technology
Renewables (2 1.5 degrees Renewables (2 1.5 degrees
degrees) degrees)
Geothermal 9 <1 23 <1
Hydro (large) 85 49 42 38
Hydro (smalhndmedium) 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 currentone, such that large hydropower is approximately 75% of total capacity. This is

based on US Department of Energy figures for 2097.
'{L FYR CIOG2NJdzAAY3 t.[Qa La! D9

Source: *A@AR 902y2YA04ax

Perspectives

Investment within the opportunityeflects the expansion of nerariable renewable power plant capacity.
Most of the investment required reflects the physical installation of additpmvedr capacitygiven that
capacity additions will need tie around ¥ GW per yeato 205Q set out in Sectiof. Like the Variable
Renewables Opportunity Report, significant uncertainty in costs results from regional and sitecddferen
The cost of geothermal extractiofor example, typically ranges from 2,0@)000 USDAW 107

The climate financing need is expected to besfaaller than the overall investment need estimateisen
the costcompetitiveness of geothermal ahgdropower in some contexts today, many of the potential
investment opportunities are cosffective over the lifetime of the investmeRublic sector investments
can therefore achieve high rates of leverage through targeted interventions. For exanpieeasing
information on resource availability and financing exploratioesource potential

0! { 58LI NGYSY

2T 9YySNHE&® OHAMTOD® AHAMT
https://www.energy.gov/sites/prod/files/2018/04/f51/Hydropower%20Market%20Report.pdf

I @RNRLI2ESNI al NJ Sl
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Costeffectiveness

Costeffectiveness of hydropower and geothermal electricity is highly varigideosteffectiveness of
nonvariablerenewable electrity can be relatively high compared to other opportunities, as geothermal
and hydropower cabe costcompetitive with variableenewables and thermal powelhe levelsed cost of
electricity (LCOE) of smatlale hydropower can be as low as @ 0312 USKilowatt-hour KWHh) in
developing countriesGeothermalpowercanbe as inexpensive 804 USD/kWH21% However, these costs
have high variation between both regions and sites within a region.

Costeffectiveness varies from acraggiionsdue tothree principal characteristics:

9 Natural endowmentsCosteffectivenesss highest in regions with economically exploitable
geothermal endowments and hydropower endowments, sudhdmesia, the Philippingand
Kenya; these countries have the highest geothermal power capacity, around 5 GW in 2016.

9 Grid capacityNonvariablerenewablescan 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.

i1 Altemative power generation investmen#ss discussed in the Variable Renewables Opportunity
Report, here are significantly greater mitigation benefits from shifting away from coatgacen
renewables, resulting in higher cedtectiveness imegionswherethere is a high share of coal
electricity generation today, such laslia and South Africa. Cqmdwered generation was
approximately 75% in India and 90% in South Africa in’2017.

Costeffectiveness of BECCS is far lower than atbewvariablerenewables today Costeffectiveness of

BECCS on a GBP/t®@sis is very low todagpproximatey GBRL70/tCQ, dueto the high costs of CCS
technology and the limited supply chain for biomass feedstéskanmmature technology with no large

scale deployment to date, there are substargigbortunities for reducing technology costs to 2050,

however. Further, as ensi®ns reductions in other sectors become increasingly costly to 2050, BECCS could
provide a relatively cosdffective method of achieving mitigation efforts across the energy system.

18] wOb! @ OHAHANO P &tc? & & NP DIBFsS/NEMIYANE.9f g/cbBs 8 dneGenerationCosts/Hydropower
109|RENA(2020).4t 2 6 SN DSy KRS @ & K § NIy Bhips:svand.i&Nakod/costs/PoweBeneratiorCosts/GeothermaPower
HOJEA. (2019)World Energy Balancegtps://www.iea.org/reports/worldenergybalancesoverview
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https://www.irena.org/costs/Power-Generation-Costs/Hydropower
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https://www.iea.org/reports/world-energy-balances-overview

Barriers to adoption

The largest barriers to egrid non-variablereneweble electricityin regionswhere the opportunity offers the
greatest mitigation potentiare those related to i) political economy challenggsarket failuresandiii)
enabling environmenOur typology of barriers is provided in the Methodology t#vap the Synthesis
Report.

FigurelO. Barriers to norvariable renewable energy

Political Economy Market failures Enabling environment

Lack of awareness of Unpriced greenhouse Weak regulatory

@] @20,

renewables options 2ases within power sector frameworks

Continued support for High initial capital costs Poor energy transmission
pp g p

9 .
L% fossil fuel subsidies for exploration etc. infrastructure

E\ia Vested interest in political

@ Uncertainty of reliable High taxes on imported
support for fossil fuels

market hinders PPAs equipment

'ack or information / data m Low levels of local
on bankable projects technical capacity

@ Corruption and rule of law

E] Lack of scale of single @‘.ack of clear sustainability
investments regulations for biomass

Moderatepolitical economy barriet® 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
delSY RSyl 2y FFF2NRIFI0fS SySNHe 602y adzySNI &ddz &aA R/

Decisioamaking inertia towards fossil fuelhelEA suggests thawithout more transformational
changefossil fuels are expected to supply 78% of the globabgnesed 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 provisidnis is a particular challengecimuntriesthat have
made fever commiments to renewablesuchas inEastern Europe and Central Asia.

Community opposition to renewable powEroposals have facegpposition from individual citizens,
political leaders, grassroots orgsations, national interest groups and, in socases, even
environmental groupslhis is particularly relevant for largeale hydropower, geothermal drilling,
and bioenergy that relies on large areas of land dedicated to feedktoalever, there is also likely
to be significant local resistance toméossil fuebased plants.

Moderatemarket failurebarriers to investment or adoption are likely to be:

Insufficient information amongst investors, banks, project develpardsgovernments regarding)
ecological and financiabsts andenefits, 2) reaewable energy technologies, and 3) financial
feasibility ofnon-variablerenewable 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 counterpartyntbenfidence in consistent future income would
be much stronger.
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Unpriced greenhouse gasesa barrier. @en the higher costs ofon-variablerenewabletechnologies,
the lack of a carbon price further weakens their @mshpetitiveness and the case fovestment.
This is exacerbated by government subsidies provided to conventional energy, which are often much
higherthan the subsidies awarded to renewable energy. Subsides remain particularly high in China,
India and Central Asian countries and Nigeri&/est Africa.

The high capital requirements for nwariable renewable energy investments, such as dam construction
or earlystage development for geothermal exploration and development, is prohibitively risky and
has been a barrier to private sector istreent in the target region's?

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 pjects together, as demonstrated in India.

Moderateenablingenvironment / absorptive capacity barri¢osinvestment or adoption are likely to be:

Lack of information and data on potential sources ofvaniable renewable energy such as geothermal
resources. For exampie, East Africa, Malawi and Rwanda have not gone far beyond initial
identification of potential resources, while Efpim Kenya, &anzaniaand Uganda are dlhe
exploration stager beyond*?

The suitability of physical assets will shape the nature of opportunities feramiafle renewables in the
targetregions Geothermal is more widely available in tegions of interest, butill 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
environmentarecord and arguably smadind mediumscale hydro can have a larger cumulative
environmental impact than larggcale hydro, per Kw generat€dResettlement of displaced
communities is a complex process that can often derail hydro projects.

Climate chage 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 alaoreasingly threaterhe 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 invessoassignificant barriemvestors regularly express concerns
over the volatility of dveloping 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.There are additional concerns about thedstment readiness, i.e.
internal corporate and financial capacitynofhvariable renewabledevelopnent projects often
manifested in a limited availability of power purchasing agreements (PPAs) from financially secure
power companies. This is a pautarly high barriein 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 feedtariffs and grid integratiol® This is a particularly
high barrier in East Africa and West Africa.

MESMARO HAMY 0 ®d aDS20KSNXYIFE 9ySNHeé A& 2y | 120 tlIGK 2 9yRAYy3I 9ySNHE t 2
https://www.esmap.org/geothermal _energy is on_a hot path to_ending_energy poverty
mwYy2Y0S 3 adAdziKdzd 6Hamy O ®é DS2EKSNYIE 9y SNH@al b6f @S Redar@ virld Revigiaso | &G | F

1-c éhitps://doi.org/10.9734/jenrr/2019/v2i129722

WHLIISNXYFYE WSTFTFO SHAamMy O d a¢KS !y S EHISOUIMS Bibés.cdmisieE&foppeYnah/Z01BH8/1DMe { Y f £ |
unexpectediargeimpactsof-smalthydropower/#206835467b9d

4 Climate Policy Initiative. (2018@lended Finance in Clean Enefgyperiences and Opportunitiesp

15 Adams & Asante. (2019Rolitics of Renewable Energy in Africa: Nature, Prospects, and Challéxes0.5772/intechopen.89019
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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

Transmissiomfrastructure barriers are also very challenging iregibnswith high mitigation potetial.
Sites of clean energy generation often do not match with current grid configurations and in many
countries with low energy coveragrich as across st#aharan Africa, there may be very little
transmission network in place anywhere. India alsdsslllarge areasolated from the grid.

BECCBas considerable environmental barriers. Lapgantities of biomassouldbe required to
expand BECCS to an industrial scale. Biomass production is subject to a range of sustainability
constraints, such ascarcity of arable land and fresh water, loss of biodiversity, competition with
food production, deforestatigrand the application of fertdér to overcome scarcity ohpsphorus.
BECCS should only use biomass that can be produced while rsastaigability 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 glant © sequester captured G®ack into
bedrock formations. The lack of clear sustainability regulations for biomass generation and the
sourcing of feedstock is a constraint to istveent.
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UK additionality

The! YQA& | Ryiskharticdayylstiong ihioenergy,resulting fromits rapidly growinglomestic
experience. However, the ldKn also harness expertisdnternational consulting and financing experience
directed to all technologies in this opportunity
Biomass makes up a significant proportiorkot | Y Q& NBy S gresaltingin syfifeasB & YA E =
expertise that can be exported to the target regiortse Ukalsohas solid expertise in waste-
energyplanning andmplementation.

The UK also has considerable expertise in CCSshbigklcontinue 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 hydropewerate
sector has considerable international consultancy and engineering experience in the sector.

Extensive expertise is provided by the UK in developing appropriate policy and regtitadgiocisg
clean energy domestically and internationadligdde-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 contributionitatbral and multilateral dondnvestmern in the target regionn
relation to ongrid nonvariablerenewableenergy

According tdrganization for Economic ©peration and DevelopmeiqtDevelopment Assistance
Committee QEO®-DAQ data, the UK funded USD 179m out of a DAC total of2. 883m 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 Africaf adtich the UK spent USD 7m.

51/ YSYOSNR aLlSyd ! {5 mdpnY Ay 9FaidSNYy 9dz2NPLIS |
contribution was negligible.

DAC members spent USD 771m in West Africayfautichthe UK spent around USD 26m

The largest drivers of donor activity in suppomaffivariablerenewable energy artne World Bank,
European Union (EU), Asian Development Bank (ADB), Japanese International Cooperation Agency
(JICA), German Agency for International Cooperation (GlBeandhn 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 Caind\sia strateg$*® Particularly notable donor
LINEINI YYSa INB GKS 22NIR .lyl1Qa 9ySNEEa@WSOG2NJ

(KS 9! Qa {dallAyl8tS 9ySNAEe F2NJ ! ff ClLOAftAGRE®

g 2i2KFAaKAZ a® onHnmTOd t NBaSyidliArzy 2y 2@2MARIRENAIFI Y1 Qa 9y3lF3ISYSyid 2y w
https://www.irena.org/eventdocs/Central%20Asia%20Regional%20Workshop/14%20Session%201V%20Mapping%20the%20RE%20Support%20in%20
the%20Region%20Mits%20Motohashi.pdf

L7ESMAPR Website:https://www.esmap.org

18 Sustainable Energy for ANebsite:https://www.seforall.org
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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/

adzOK 2F GKS ! YQa h5! &dzlJll2 NI {0 BthekGemahBFedaral SNJ K| & ¢
Ministry for Economic Cooperation and Development and KfW bank, which seems to be a particularly
active partnership in the sectdggenerally, donor investments are targeted much more frequently at
larger or mimigrid hydro, leaving aag for mediurscale projects.

The Geothermal Risk Mitigation Fachiitsts established e African Union Commission, the German
Federal Ministry for Economic Cooperation and Developraedtthe ELAfrica Infrastructure Trust
Fund via Kfw

Despite theprevalence of donor activigcross norvariable clean energyhere remains a significant
demand from governments to help overcome constraints and UK expertise can add strong value.

In regionswith the largest mitigation potentiahe UK typically hasmsing ODA ties witBast and West
Africa, India, and China.

BetweerH nmn YR Hnamt (K Snortviri@de arfd vdriabkenehdhla éhlrgy Tosalked
GBPL.032bn or 32% of total ODA support for energy. Of all UK support for energy in developing
countries, including not©DA sources$GBPL.31bn or 174 was for renewables?

BEIS anBepartment for International DevelopmemKID have been the major conduits of the ICF and
renewablescentred ODA. Twthirds of the ICF is channelled maltilateral development banks
(MDBS$.*2°

Of the fiveregions,East and West Afri¢particularly Ethiopia, Kenya, Nigeria, and Ghiaaag been the
major recipients of ODA, India has received significant ODA suppitst China and several Eastern
Europe and Central Asian countrjggrgyzstanTajikistanand Ukrainghave received limited ODA
and norODA assistance.

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

azald 2F GKS ! YQa h5! adzLlR2NI (2 KERNRBLRSGSNI KIFa ¢
countries such as Afghanistan, Indonesia, Nepdl Pakisin.

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

DFID is currently fundirsgbstantial programmes in broadenewable energy access, policy and
regulatory reform, addressing market failures, and green finance mobilisation, for example, the
Africa Clean Energy Fuy@blar Nigeria Programme, Ayrton Fjoihtly funded with BELSrivate
Infrastructure Developmefsroup (PIDG), WAdrica Investment Sumniftt and the Foreign &
Commonwealth Offic-CO) Prosperity Fund is implementingeaargy and Low Carbprogramme
in China

DFID recently implementeabe East Africa Geothermal Energy Techrisalstance Facilif and has
also provided exploratory services for geothermal in Montsarrdie Caribbean. UK support in this
area typically covers reducing the risk of exploratory test drilling, leading to increased investor
confidence in underexpied geothermal energy; and improving geothermal strategy, paincy
regulations that facilitate investment.

19 Catholic international development charitgAFOD). (2019). UK support for energy @B007: Protecting the climate and lifting people out of
poverty?Available athttps://cafod.org.uk/content/download/49429/623388/version/4/file/UK%20Suppodfi220Energy%202010
17%20Policy%20Briefing%20web%20version3.pdf

2 yRSLWISYRSyYy(lG /2YYAaaAizy F2NJ ! AR LYLI Ol oL /-dabadn devalopnmentdhpepfordmdnged SNI | G A 2y
NEGASs¢E

211y 58@St 2LIvSy (¢ NhtDs/BeMibcker. Hiill. . ikBect§r/SAp iR dEpdie

1220y 58St 2LIYSyid ¢ NI Ol SN a&-bDB 4 Gitpdv/@MbacBer.diD®2 uk/Kr§addGE20395¢ SNHE 6 9 !
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https://devtracker.dfid.gov.uk/sector/14/projects#page-1
https://devtracker.dfid.gov.uk/projects/GB-1-203153

From 20120 2016,BEISmplemented a&GBR60 millioninternational Carbon Capture and Storage
programmewhich included support to many of thectes regios, including China. In particular, it
funded the incremental financing required for CCS planning aAdy@stment, capital costs for CCS
units and components, and G@fated postcompletion and operation activitié$

DFID programmes such &g Nigeria Infrastructure Advisory Programme (\Nhake provided robust
support on aspects such as a feasibility and business case for hydropower proposalasas well
supporting on wider power sector refort.

123 Department of Energy & Climate Change. (2015). International Carbon Capture and Storage Programme: Annual Review. Available a
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/471695/International Caphoe &nd_Sto
rage_Second Annual Review.pdf

124|CF International. (2015). Formative Evaluation of NIAF II. DFID. Available at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/4978a8teveNIAFHMarch-2015.pdf
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Intervention opportunities

To alleviate the barriers set cabove there is substantial opportunity across all regions forldkgéo draw
on itscore strengths and areas of additionalttydeliver norvariable 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 facilitateprivateinvestment. This is greatly needed duotries inEastand West Africaand
Eastern Europe and Central Aiat are lagging behind in renewables policy.

Technical assistance to improving integration of grids between renewable anengwable sources,
particularly inEast Africand West Afica

Support on regional grid integration to allow international power purchasing, particulgdgtirfrica
and South Africaso that power generated with renewables that abeindantly available in one
country can be exported to anothene that lackshe resources.

Technical assistance around improving the policy and regulatory environment, relating to power
purchasing guarantees and agreements and-faadriffs. This would help overcome critical
constraints irEast AfricandWest Africa

Buildingthe capacity of public and priveasector organisations and staff, including assisting governments
to understand and implement the most suitable policy levers, again particuledgtand West
Africa

Helping to improve the availability and qualitynddrmation relating to energy seurces 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 valualf@stern Europe and Central AsiadEast
andWest Africa.

Leveraging and desking private sector green finance. For instance, investing climate finance to leverage
further private debt or equitfinance via PIDG, CDC, credédi MDBsor bespoke debt or equity
funds. There are greatest opportunities for blended finance in clean endrgliarEast Africaand
West Africa

Influene multilateral investment banks. For example, usutgstantial UK contributions to MDBs to
influence their agendas towards greatese of loan guarantees, investment in clean technology, and
backing national bank$

Enable more sustainabidomassenergy generatioby:

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

Suppaoting concessional finance towards bioenergy projdeping to deisk projects. This can
achieve particularly high impact at the project preparation phase or during early construction
When blended with commercial finance, ICF concessional fishode seek to promote

25h GSNESIE 580St2LSyd LyadAaddzZiSe ounmtod 4a{AE RSOSt2LIVSyd FAylIyOS LI
https://www.odi.org/publications/10748ixdevelopmenifinanceproposalsexpandclimateinvestment
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adherence to high standards of conduct, including in the areas of corporate governance,
environmental impact, social inclusion, transparency, integrity, and disctésure

Help governmentsalelop biomass sustainability regulatiatshe national levelwith a focus on
feedstock sourcingnd implementing appropriate carbon capture and storage techniques.

SupportResearch & DevelopmeR&D in bioenergytechniques and processes suitable to the target
regionsand use theoutcome of reseaitto inform actionable steps.

Enablegeothermalenergy generation by:

Giving echnical assistance in developing a database on local geological resources, which would add
strong value ifcast Africand Central Asia

Supprt innovation and knowledge shiag in areas such as geothermal drilling techniques.

Provide or raise concessional finance to enable thes@ting of public or private sector investments,
such as in exploratory drilling for geothermal resources. Fonggabetween 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 MDBSs, including the World Bank, to sugpumpstream geothermal actiies 2’

Support governments and power company stakeholders to develop power purchasing agreements
and loan guarantees, particularlylivdia andEastandWest Africa

1265 SGSt 2LIYSy G CAy Ly @F WorkisgiGrolipdai Bledded Goncéssional Finawdee far Private Sector. Boije®eport, October
Hamy | LIRFGS¢

LIgKS 22NIR .FYy1® 6unmy 0 d a Dig/ilvinddaNdbank o9yt SrvdmsBeatirél20BAI5/08/gebtigeimatteryyi K €
developmettrinvestment
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Interventioncase studies

These case studies provide readrld insights into intervetion design and challengesach case study
provides an overview of the context, the aim of interventions,thedhallenges faced.

Box5 Restoringun-of-the-river Hydropower in Remote Regions of Tajikistan, 2002 to date

The Aga Khakund for Economic Development (AKFED), in partnership with the International Fina
I 2N1R2NF GA2YyS F2NN¥SR GKS t I YAN 9y S-pade padiaeshifr v §
(PPR» ¢l 2A1AaldryQa St SOUNRKOI vesthenffalter thelcolliaseiofdeSovi
Union and dive-yearlongcivil war. Among the most affected areas was the GBamakhshan
Autonomous Oblast (GBAO), where people and businesses suffered during the cold winter month
lack ofelectricity for heating resulted in the closure of schools, healthregrind businesses. Many of
GKS NBIA2YyQa HuHnInnn NBAARSYyGa NBA2NILSR G2
winter, which resulted i70%2 ¥ (G KS NX Beh@dg¢s@ayedmitBinaRI&cade. Smoke inhalation
from fuelwood caused an increase in respiratory illne€8€amirEnergy continues to expand its powe
generation capacity through rehabilitation of the small hylamtsand connecting them to the main gri
where appropriate. It is expected that by 2027, the Company will have inkéSgxD million in
electrical infrastructure, producing a total economic benefiti®D85 millionfor the region'?®

The objectives of the project have been to:

I Restoresmaliscalehydropoweracross the regioto be able to meet the electricity demand for
every day economic and social activities in the GBAO region.

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

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

I Rehabilitatindl1 abandonegsmall and mediumun-of-the-river hydropower plants and
upgrading 4,300km of old transmission and distribuiiioes.

Smart meters were installedor households and businessas2014 which allow the company to
monitor usage and regulate supply to match demand and can also be used to cut off suppl
remotely for defaulting customers. In addition, the system is ready to accept mobitemiay
when the technology comes to the area.

As a consequence, the results of partnership are:

9 It has efurbishedor built 11 small and mediumun-of-the-river hydropower plantshat range in
capacity from 130 kW to 28 MW, with a total capacity of 43.4 Wy produce about 170 GW
of electricity per year and supply over 33,000 customers, representing some 254,000 peop
220,000 in Tajikistan and 34,000 in Afghanistan. A twelfth hydro plant is under constructio

It has ypgraded 4,300 km of old transma@siand distribution facilities and reduced transmissiq
losses from 39% to 12%.

Electricity coveragkasexpanded from 1860f households receiving 12 hours of electricity pe
day in 2002 to 9660f households receivirglectricity24 hours per day in 2016.

It has improvedivelihoods by providing employment opportunities to over 600 local residentd
and 200 contractual opportities. Commercial enterprises asdsoflourishing; today there are

B K2YA2Y wSdziSNER C2dzyRFGA2Yyd dOHnAMcOD Gaz2zdzydl Ay2dza tl1Aadly Odzia F2N
https://news.trust.org/item/20160314070913jowc

129The Aga KhaneDelopment Network (AKDN2012). Tajikistan. Pamir Enerdptps://3ga4b0g2bmm2x0mm4apturidpengine.netdna
ssl.com/wpcontent/uploads/2012_tajikistan_pamir.pdf
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more than 2,100 businessiesthe region up from some 600 in 2006. This has all been achie
gAUGK Of Sy LIR26SNE sKAOK Aa |faz NBREOAy3
Women and girls are able to continue education and participate in economic activities aseth
no longer spending hours collecting fuelwawdl fousehold air quality has improved with the
replacement ofliesel generatorsayood, and kerosengand average hasehold energy costs hav
been cut substantially.

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

Key stakeholders and clients include:

1 Local government departmentschl communitygroups, othenon-governmental organizations
(NGO}, and special interest groups.

The risks and challenges that the project faced were:

I The ability of residents to afford power has been a significant challenge. To address cost is
AKFED developed a pioneering subsidy scheme, making electricity both affordable to resid
and financially viable for PamirEnergy. One of the subsidiasesn®ovision of a minimum
WEATSEAYSQ Y2y (iKfe LI2ggSNI adzZlJL) & G2UIDf f K
0.25/kilowatthour, one of the lowest in the world among privai@iyned utilities. Subsidies are
generously funded by two grants, oinem the Swiss Government (SECO) and the dtherthe
Government of Tajikistan through financing byltiternational Development AssociatippA), a
member of the World Bank Groti.

Despite subsidies, cost recovery can be a significant challenge foERengyrin a region where
40%live below the poverty line. To help solve the problem, they established a Customer S
Centre in Khorog in 2009 and plan to open similar centres in other districts, enabling

representatives to more efficiently and effeety respond to customer difficulties and inquirieg

PamirEnergy has faced issues with maintenance, durability of equi@ndrtansportation and
logistics of equipment and workers in a remote and mountainous region where temperaturd
fall to minus 8°C andhat threatens many different types of natural hazards.

The small hydro plants depend on glaciers and snowmelt. Once the glaciers reach a critica
melting point, the system will lose access to their outflow, which will reduce reliability, so
PamiEnergy are also considering wind and solar options to create hybrid net#orks.

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

I Smaliscalerun-of-the-river hydro can provide reliable, clean, and affordable electiisigy the
longterm and can be the best solution for certain regions such as southern Tajikistan, give
topography, climatedistribution of resourcesand remoteness.

Transformational impact has been achieved by the AKFED and IFC in creatifoy a PPP
PamirEnergy as a sustainable, responsiinlé wellrun energy company, which will hand back
the power assets to the Government after ay&&r periodFor the success of a public private
partnership in a challengimggion robust local contextual kmdedge and building on local
capacity are of utmost importance

130 Ashden. (2017Pamir Energy / Briimig power to the people of Tajikistan and Afghanidiéps://www.ashden.org/winners/pamienergy
81 The Aga Khan Development Network (AK@8)12). Tajikistan. Pamir Enerdpytps://3ga4b0g2bmm2x0mm4apturiwpengine.netdna
ssl.com/wpcontent/uploads/2012 _tajikistan pamir.pdf

132 AKDN. Pamir Energy and the future of clean elegtiiti€entral Asidttps://www.akdn.org/oufstories/pamirenergyandfuture-clean

electricitycentralasia
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1 Inregions of extreme poverty, clean energy operations may need to be supported by publig
loans or grants to ensure affordability for local communities. This should become lessryecs
over time as access to energy improves livelihoods and income generation, thdediities
section of PamirEnergy now breaks even but concessional or grant financing is required to
expand the network??

Box6 InfraCo Africa Financing Support for the Corbetti Geothermal Plant in Ethiopi&o 2a14.

9OKA2LIAII Q3 3IS2GKSNXIE LRGOSYldAlItf KFra f2y3 685
generation and access across the countn2019, theGovernment of Ethiopi@SoB released an update(
National Electrification Plan with the target of achliguniversal access through a combinatiomof

and offgrid supplies by 2025This requires 13.5 GW of new-grid generation, of whit840MW is
geothermal. Situated in the Corbetti Caldera 250km south of Addis Ababa, Corbetti Geothermal w
pioneering project. It will prove a new geothermal resource and be one of the fissbfgaiiivately
developed, ownedand operated geoth@nal Independent Power Producers (IPPs) in Ethiopia, which
only the second country in st8aharan Africa to develop geothermal privately. To manage the early
development risks and costs, Corbetti will be developed in two phases ovetyadoyerod. The first
phase, wholly equity funded, will drill up to six exploratory wells and build a small power plant. This
phase will demonstrate the viability of the geothermal resource and the PPA, enabling the project
further investment. Té second phase will raise debt financing to drill a furthEB 9vells and construct a
50-60 MW commerciakcale power plant and facilities. Totalling M@, the full Corbetti programme
will enable the government to meet 18% of its ambition to generadeVBA/ from geothermal sources b
2025134

InfraCo Africa, part of the PIDG which is funded by UK Aid as well as other donors, made an initial
O2YYAlGYSyd G2 /2NbSGGA 0SOldzaS 2F (GKS LRGSY

mix and the enanous challenge faced by the project in being the first private staatevelopment of

an unproven resourc€®> CDC Group have also invested in Corbetti, through the Africa Renewable

Fund?!3®

The objective of the project was to:

I Raise finance arathieve financial close for the first stage of proving the geothermal resourg
enabling the project to move onto more comprehensive drilling and realising full power
generation by 2023.

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

1 In 2015, InfraCo Africa formed a joint venture company with Berkeley Energy to jointly bed
the majority shareholder in Corbetti Geothermal. At the time, InfraCo Africa committed up
USD15m to the project. This was extendedi8D80m in 2020.

Undert&inga process of studies and exploratory drilling to prove the resource, culminating
the signing of a PPA and Implementation Agreement (lA) in early 2020 with Ethiopian Eleq
Power, which allows the Corbetti geothermal project to move into thepieage of
implementation and to commence the final drilling and then power generation.

133 AKDN. Pamir Energy and the future of ckdantricity in Central Asiattps://www.akdn.org/oufstories/pamirenergyand-future-clean
electricitycentratasia
4 ES| Africa. (2020). Ethiopia baed ground in geothermal visidritps://www.estafrica.com/industrsectors/generation/ethiopidreaking

groundin-geothermalvision/

WBLYFNF /2 | FNRAOF® ovHamMyod LYFNF/ 2 ! FNAOF AyONBIl asSa acBaurc®2 YYAGYSy i
https://infracoafrica.com/infracafricaincreasescommitmentethiopiasfirst-private-geothermalprojectus3Gmillion/

136 CDC Group. Corbetti Geotherntatps://www.cdcgroup.com/ouimpact/underlying/corbettigeothermal/
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I Relevant stakeholders worked to support the Government in drafting the regulatory frame
and legislation required to unlock private sector provision of geothermedgpetential in the
country.

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

I Totalling 150MW, the full Corbetti programme will enable the GoE to meet 18% of its ambiti
generate 84MW from geothermal sources in 20%5.

The impact is swdtantial in terms of proving what is possible and enabling other IPPs to folld
lead. The Ministry of Water and Energy forecasts an increase in geothermal generation fro
MW in 2012, to over,000MW by 203038

The project is expected to have siguifit community benefits with interventions focused on
health, education, agriculture, and water, with the intention to supply potable water for hum
and livestock in a very dry region of Ethidgia.

Key stakeholders and clients include:

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

The risks and challenges that the project has faced are:

I Financing and unproven resource is the greatest challenge in regésithgermal energy. The
role of donor funded investment vehicles like InfraCo Africa is vitadrinkileg geothermal
exploration and investment. Much of the debt associated with financing the second phase i
expected to come from Development Finairtgitutions.

A PPA was first anticipated for Corbetti in 2012 and has been delayed due to a range of faq
including investor and regulatory uncertainty. These challenges had been addressed by 20
which shows that things can move slowly if the neargsslements are not aligned.

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

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

1 Derisking geothermal energy via concessionary, goargquity 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 assise in refining the necessary legislation, which should p:
the way for much rapid development of subsequent geothermal projects.

B7|nfraCo Africa. Ethiopia: Corbeltitps://infracoafrica.com/project/corbetti/

138 Ethiopia Semonegna. (2018). InfraCo AfricSihcd Sa A G& O2YYAGYSyd G2 ! {bpon YAftA2Yy F2NI 9GKAZ2
https://semonegna.com/infracafricaus30million-commitmentethiopiacorbetti-geothermal/

139Berkeley Energy. Corbettitps://www.berkeleyenergy.com/project/corbetti/
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Glossary

Acronym / Term Definition

ADB Asian Development Bank

AKFED Aga Khan Fund for Econorbievelopment

BAU Business as usual

BECCS Biomass energy with carbon capture and storage

BEIS UK government Department of Business, Energy and Industrial Strategy

BMZ DSNXYIyeQa CSRSNIf aAyAaidNB T2N 902y 2 YA

BMZ DSNXIy&Qad CSRSNIf aAyArAaldNE T2N 902y2YA

BUG Backup generator

Cccc 'YQA /2YYAGGSS 2y JfAYFGS / KFy3S

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 electri(; energy production whose output can be switched off or on or othe
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 Finalinvestment decision

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

GBAO GornoeBadakhshan Autonomous Oblas

GBP British pound sterling

GET FiT Global Energy Transfer Feed in Tariff

:vivideconomics

63



Acronym / Term Definition

GGDP GlobalGeothermal Development Plan

Glz German Agency for International Cooperation

GoE Government of Ethiopia

Grid An electricity grid

Grid storage Storage- connected to a dis.tributior! or transmission networks, or alongside a power
generation asset, such asvind 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

KfwW 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 NationallyAppropriate Mitigation Action

NDC Nationally Determined Contribution

NEPs National Energy Plans or Policies

NGO Nongovernmental organizations

NIAF Nigeria Infrastructure Advisory Programme

ODA Official Development Assistance

ODI Overseas Development Institute

OECD Organization for Economic ©peration and Development
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Acronym / Term

Definition

PPA Power Purchase Agreements

PPP Publicprivate partnership

PV Solar Photovoltaic

RD&D Researchdevelopment & 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 TechnicaAssisstance

USAId United States Agency for International Development

uUsD 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 Plas

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

Summary

Energy storageonsidersa range of interventions to encourage the adoption of electrochemical (battery)

and nonelectrochemical storage, to support an increase in renewable integration and demand side
responseThe assessmeof energy storage considers the utilisatiorstdtionary storage by industrial,

commercial and household users with connection to a grid netiffitiiocuses on how storage can

ddzLJLI2 NI INAR FtSEAOAfAGE YR NBySs6lofS AyiaSaNF GAz

Interventions to enourage 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:

Fnancialsupport to pilot storage technologie$o demonstrateviabilityof relatively new storage
technologies in the local contexid buildalocal supply chaiaf skilled techniciansnd,

Technicalssistance to support electricity market regulatieith current systems often not incentivising
storagda @ £ dzS +Fa | LINPBARSNI 2F FfSEAOAfAGE &ASNDA
market, time of use electricity prices, or net metering legislation

Tablel3 Energystorage assessment summary

Assessment

P

Development impact

A

Criteria Notes
Climate impact Sizeable indirect impact on power sector emissions by enabling integration of
Medium variable renewables (which could help to reduce around 50% of power sector

emissions b050), reducing dependence of polluting forms of bazlpower, and
increasing opportunities for demand side flexibility

Critical impact on SDG 7 by enabling greater access to reliable, clean energy,
as subsequent additial positive impacts on health and well being and economi
growth. Potential negative impact on local environment due to poo+oéite
management practices, and the extraction of raw minerals for electrochemical
storage technologies.

Barriers to adoption

:,,9

':/II

Investmentgap Investment gap of USD 0.45 trillion is low compared to other opportunities, due
9} Low lower overall investment need of USD 1.1 trillion.
llll Largest forecast investment gap in India, approximately USD 70 billion.
Cost effectiveness LYONBFaAy3ate O2ad STFSOGABS Ay YIN]
. and allow storage to provide multiple flexibibsrvices to the grid
: Medium . . . S L
g'=g' Relative cost effectiveness will depend on local availability of alternative firm lo
- carbon pwer and centralised demand side response (to provide flexibility)

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

0The assessment does not consider storage for mobility e.g. electric vehicle storage (which is considered in the passengpgontghr offgrid
storage (which was considered out of scope following Phase 1 of the analysis)
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Criteria Assessmené Notes

1 UKis active and influential in the international donor landscape, with strong
expertise in research of emergialgctrochemical storage technologies and the
recycling of lithiuron batteries. Further expertise in the integration of energy
dG2NF3S FYyR aYIFINI 3INRAR RSaAady:z AyoOf
harnessed in interventions.

UK additionality

Source: VividEconomics, ASI & Factor

Keylessons 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 netwara high reliance on baak

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 oplincrease 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 fastoragetechnolgyiesis 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 technologiesti@aarly lithiumion batteries, must also be overcome
to ensure faster and more sustainable adoption of energy storage. Key concerns are the recyclability
and safe disposal of lithiuian batteries, and their degradation under high temperatures (rel&tive

lead acid or noselectrochemical 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 i@@w and middleincome countries in
2015, rising to 16 GtG@ 2050 under a business usual (BAU) scenatfdThe power sector accounts for
approximately40%of total emissions from lovand middleincome countries toda¥#>**To reach a 1.5
degrees Celsius target, the sector needs to nearly fully decarbonise, which is expected to reqgicalarge
additions of variable renewable ener§fariablerenewable energis expected taupplyaround68%of
electricityin low- and midde-income countries in 2050, compared to only 1% in 26f5.

Energy storage will have an important role in power decarbonisation, by helping to integrate renewables at a
lower overall cost and reduce consumption of baplgeneratorsPower system flexibtly will become
increasingly necessary to handle the varialihigy solar and windhtroduce into the systephelping to
ensurereliability of supply, reduce the costrehewable integratioriby reducing the need for transmission
and distribution (T&Dhvestment and baekip generation), and reducenewable power curtailmert®
Storage has a particularly important role in providing power flexibility becanlgeaomealternatives,

storage can help to balance demand and supply in the short anddlondacrossecondsminutes, hours

and days)Further, storage enables increased demand side response, discussed further in the-Belaand
Management Opportunity Report. Alongside providing flexibility, storage can also help to reduce power
emissions ofidustry and households by reducing reliance on polluting-tyaglenerators. In suBaharan
Africa alone, baclp generator capacity is approximately equal to that of power plants on the grid, around
50% of which is medium to large generators (>60kW) owgddisinesses, critical infrastructure (e.g.
hospitals) and industryf®

Currently, storage additions are far lower than what would be required in a Paris Agreement compatible
pathway- approximately 58 gigawatts (GW) per annum by 205Q015, storage capacity was only 27 GW
across low and middiemcome countries. Under stated policies, capacity byesver 150GW in 2050To

support the renewables uptake expected in decarbonisation scenarios, capacity would need to increase by
13xmore to 2050 than is expected under stated policies, howéter

Scope considered in this assessment

The energy storage opportunity considers both electrochemical andleotrtochemical storage

technologies in stationary applicatiofi$ie assessment cdders the utilisation atationarystorage by
industrial, commercial and household users with connection to a grid netf#fokusing on how storage

Ol Yy &dzLJLJ2 NI W &sidd résponsa djahoRuDitieR &ni lené\Rable integration.-Non
electrochemichstorage technologies are also considered, including mechanical storage technologies (e.g.
compresseehir energy storage and flywheels), thermal storage technologies and electrical storage

41 Figures correspond to tHMAGE Planned Policies decarbonisation scenario

WIEA (2017 9 Y SNH & ¢ S OK Yy 2 htpsd/éwwtied. didireidré/érergydchrioldgyperspective2017

13 Figures corrgpond to the renewables decarbonisation scenarariable renewables includes solar photovoltaic (PV), concentrated solar power
(CSP), onshore wind and offshore wind

144]RENA (2018jGlobal Energy Transformation. A Roadmap to 208tps://www.irena.orgt
/media/Files/IRENA/Agency/Publication/2018/Apr/IRENA Report GET_2018.pdf

15 Variability is defined as the fluctuating nature of solar and wind resources, which translate into rapid changes iy eéwtrigion. Uncertainty

is defined as the inability to perfectly predict the future output of variable renewable generatio& Ra 2y LNBY |l & dHAMPpOL D aLyy?2
LINB @hitSsshéww.irena.ord-

[media/Files/IRENA/Agency/Publication/2019/Jan/IRENA _Innovation Landscape preview 2019.pdf?la=en&hash=10221885865D DEIF62747356
90283B205210

L C/ OHNMGpOD d¢KS 5A NI attpgy/anewiifcMdwisiwed/donnéck28d3d88HRD()-4842-9bBcMafde 2f5dbc7/20190919
FullReportTheDirty-Footprintof-the-BrokenGrid pdf?MOD=AJPERES&CVID=mR9UpXC

47 From IMAGE, under the renewables scenario

8The assessment does not consider storage for mobility e.g. electric vehicle storage
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technologies (e.g. supercapacitof¥)Considerations of batteriess part of smart grids and the potential for
vehicleto-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 localemand profiles necessitate greater uptake of stor&pegrid renewablevariableenergy

will be critical to emissions reduction inlal and middleéincome countries, and therefore our analysis of

storage considers all regions to some degkmyvever the regions of focu# this assessmeitniclude:

India,wherelarge expected additions of sofatrotovoltaic P\j and grid emissions intensity (75% power
wascoaF ANBR AY HamMTO AYLX & &a0G2N)r3S gAftt 6S Iy AY
opportunty. As such, India is expected to require gbeondlargest 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 upgradeequired throughout the region

South America (excluding Bral)Sy OS T 2 NIi K UhighdziespectedtS iNcke@singlyXely on
alternatives to pumped hydro for flexible power, resulting in one of the largest increases in storage
capacity relatig to 2015 leveldtiird€ F NBESad FF FGSNJ / KAyl FyR LYR2YySa
capacity)

SouthEast 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 systerf819:°°

Souh 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 renewsblgs.2 dzi K | F-NA O Q&
owned utility Eskom unveiled a Distributed Battery SeRgpgramme, committing to 1,400
megawatthouse MIWh) of storage project$>?

This assessmefdcuses on th&enefit of supporting the opportunitys a wholanddoes not aim to
comprehensively asse® effectiveness of specific investment opportunitiegwerventionsHowever, for
context, potential investment opportunities to support on energy storage are detailed in Skction

19 pumped hydropower is not considered in the energy storage category, butemaitliumscalepumped hydropower opportunities are

considered in the Noemariable Renewables Opportunity Report

gy SNHE &aG2N)I3IS ySgad 6Hnmplrd bSg 529 FNI YSs2Nbs/widaedergby SNHE &G 2 NI 3
storage.news/news/newloe-frameworkputs-energystorageat-heartof-philippinesenergyreform; Energy storage news. (2019b). Meralco and

Hitachi inaugurateMW / 2MWh BESS in Philippineisps://www.energystorage.news/news/meraleand-hitatchirunveil2mw-2mwh-bessin-

philippines

BIL 9l & OHNHVINEE 2.NERF yOS&aé o

152Energy storage news. (2018). South Africa makes huge distributed energy storage comhtifmehtiww.energystorage.®ws/news/south
africamakeshugedistributed-energystoragecommitment
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Climate impact
Mitigation potential and urgency

Energy storage indirectly helps to reduce emissions across low and-imadiee countries by supporting

the uptake ofvariablerenewable energyhich can help to avoid arou®@% of power secto€Q emissions

(7.3 GtCg) in 2050beyond business as usd#As discussed in théariable Renewables Opportunity

Report on-grid variablegenewables are key to meet growing electricity demand whilst lowering power
aSOU2NI SyYyrAaarzyad Ly Iof dektacihy inNwahd middieiic@rie Couriri@s3sy/ | NR 2 =
provided byvariablerenewablesHowever, the integration of thesariablerenewables will place increased
pressures on the grid to balance supply and demand, both in thetehar{due to minute by finute

variations in energy supplied) and in the longem (to shift energy supplied to times of peak demand).

Energy storage can provide both short and {@rgn services to maintain the quality of the grid connection.

Energy storage can help to redwsmaissions through enabling renewables deployment, reducing
dependence of polluting forms of bagg power, and increasing opportunities for demande flexibility.
There arghree mainpathways through whicktoragecansupport emissions reductions

Erabling renewables deployment. The largest pathway for storage to reduce emissions is through
increasing the penetration of renewables into the electricity systergridriransmission or
distributionconnected storage helps support increased consumpti@m-gfid renewables, for
example, by managing variability in supply, reducing power curtailment and shifting energy supplied
to times of peak deman@®TMstorage meanwhile can increase salhsumption from distributed
variable renewable energies, such asishome systeni$4. In the Central African Republic, for
example, the CAR Emergency Electricity Supply and Access Project is expected to catalyse the
development of solaPVby incorporating a 25 MWh battery electricity storage system to a site
suitable br largescale PV development. The use of battery storage will enable consumers to harness
energy produced with PV, cesfifectively tackling the local power supply deficit despite fluctuations
in solar energy during the rainy seaddh

Reducing emissiorfsom backup generators (BUGSorage can help to displace BUGs either by
reducing the frequency and duration of grid outages, thereby reducing the reliatitenoas a
common form of backip power by industry and households; or, by providing-bagkover
services to power consumers during in replacement of diesel generators. BUGs currently account for
a sizeable share of emissions, approximatelyrd®fatonnesNit) 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 enfiS§ions.

Increasing level of demand flexibility teetgrid. As discussed in themandSide Management
OpportunityReport, BTM storage can help enable an active dersighelin the power sector,
allowing consumers to shift an increasing share of their demand tpemntimes and provide
electricity backd the grid. Se¢he DemandSideManagement Opportunity RepdBox11 for detail

153 From IMAGEZ.3Gt CO2 corresponds to the renewables scenarios. The lower is ne@afi9e3t CO2), corresponding to the-diegrees

scenario estimate

154 Behindthe-meter storage isonnected at the consumer side of the utility meter for commercial, industrial or residential power customers (and is
therefore gridconnected). Throughout the report, we differentiate between BTM angriainstorage as two forms of gridnnected storagelhe

latter are connected to a distribution or transmission networks, or alongside a power generation asset, such as a win/hileoorgrid storage

typically provides ancillary services (e.g. frequency response) and power system flexibilityidontstevgrk operator, BTM storage typically

increases selfonsumption of distributed generation assets (solar home systems) and reduces electricity bills of customers. Theiresacvispkt

that each type of storage provides will depend on markeirenment, however, as BTM storage can also provide ancillary support services and
LI26SNJ a28aiGSY TfSEAOATL AtheadS [ @MINDISKI SNFODHA DA ViyiM@pldh 62 \6 KEAlRRAE OF LIS 6 NA ST¢
%2 2NI R . Fyl® OHAHANO®D® G5SLI 28AWEH { PHNIINS SBENI t 2SN {aiaSya Ay 5S@St 2
http://documents1.worldbank.org/curated/en/738961598380536870/pdfAP8RcyManuatAug2020.pdf

B C/ OHAMGMO D NAGKS 2FA NIK Etps/MBniiftShyn/wpsidsnilcoribect/2cd3d834df00-4d42-9bdc4afdc2f5dbc7/20190919
FullReportTheDirty-Footprintof-the-BrokenGrid.pdf?MOD=AJPERES&CVID=mR9UpXC
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on the efficiency benefits of storage within a smart grid. This caned¢teaeed to run baseload
fossil generation on the grid, and hence reduce emissions.

Storage is expected to scale up significantly in all low and rmiddime regionsvariable renewables will

be important to power sector decarbonisation in all low amddle-income regions (see Variable
Renewables Opportunity Report). As a form of densaael flexibility that has withessed rapid cost declines
in recent years, significant increases in storage capacity will likely be required within eachHiggiei.l
demonstrates that higher levels of variable renewable generatiooaarelated with increased need for
storage. Beside Brazithich relies on pumped hydropower tueégrate variable renewablesnergy
generated from storage in 2050 ranges frémo 24%of total electricity generation in a regid.

Figurell | A3 KSNJ AaKI NB&a 2F OFNAIFIO6tS NBYSgclintate gpadtSy SNI G A2y | NEF
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Source:  Vivid EconomigsASI and Factdrased ot . [INDARE model (renewables scenario).

Note: The abbreviations correspond to the following: MEX (Mexico), CAM (Central America), BRA (Brazil), RSA
(Rest of South America), NAF (Northidsf), 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).

Therelative mitigation potentl from storage will be highest in regions where emissitrasity of the grid
is high and grid capacity is low, such as South Affiearelative mitigation potential from storage will be
influenced by three principal factors:

Grid emissions intensitwhichis an important driver of the mitigation potential of variable renewables.
Grid emissions intensity, proxied by the share of-poelered generation, is highest®outh Africa,
India andSoutheast Asidror instance, approximately 90% of electrigtcoabowered in South
Africa, 75% in India and 25%, on average, aBustheast Asit® These regions all witness
renewable generation increase to above 60% of total electricity, supported by storage.

The capacity of the gridCountries withess rdust grid structuregareboth most in need of storage to
allow for renewables integration amaostreliant on polluting forms of baakp power todaywhich
storage can displac&mongst our focus regions, India and East Africa both have weaker grid

57 From IMAGE. Figures correspond to a renewables decarbonisation scenario.
1S8]EA. (2019). Wat Energy Balances. Figures reflect 2017 data.
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structures, reflected in the frequency of povwartages in a typical month14 for India and 9 in
Tanzania, relative to less than one for countri€3aatheast AsjéSouth America and South Afriéa.

Cost competitiveness of alternative forms of powexilfldity 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 ofvasiable renewable powermainly
hydropower

Table 2 Capacity in 2050 required beyond the business as usual

. 2015 capacity 2050 capacity, BAU = 2050 capacity, Ren
Focus regions
g (GW) (GW) (GW)
India 34 27 330
Rest of Southeast Asia 0.96 14 140
Rest of South America 0.62 3.9 160
SouthAfrica 1.1 9.0 68
East Africa 0.17 5.5 38
Note: .10 NBTFESOGa La! D9 Qéenrafiedtsi SRDRIRE A DE § & o/l stinghleNE D y W N.

reflect the capacity increase in the renewables decarbonisation scenario relative BAiiscenario.
Source:  Vivid Economics, ASI and Factor

Lithiumion (Liion) batteries will be the key technology to 2030, in GW additions, but aoénge
technologies will be required to meet different energy storage néedduding pumped hydro, lithivion
batteries supply approximate®% of stored energy to the grid tod®}. The dominancef lithium-ion
batteries is expected to continue due tethcostcompetitiveness to 2030, driven by their laigele
adoption in electric vehiclé& However, as with power generation, a variety of technologies will likely be
required to provide the range of storage services needed in the flRarénstancesuper capacitors and
flywheelswill be best suited tgrid support services (e.g. frequemegponse, voltage support) duettweir
rapid responserad high power density®mpressed air energy storage (CAES), thermal storage and redox
flow batteries mearwhile, are better suited to support daily peak shifting due to competitiveness in larger
energy applications. Notably, CABS notbeen widely tried at gridcale'®® Thermal molten salt
technologies could also be a casimpetitive means to provide seasbistorage, a role thatydrogencould
fulfil in the future!®3

Though emerging technologissch as zinair and sodiurdon batteriesare promising in terms of their

technical characteristics, cost declines will continue to be largest in battery chemistries supplying the electric
vehicle (EV) markeEmerging storage technologies with lower inputs andafdidle management costs

could,in theory,undercutdominant lithiumion technologiein the longetterm. Recent pilots ofinc-air

claim, for instance, tbe able toprovide energyor as low as)SD45/kWh264 The reliability and duration of
low-cost zineair batteries in utilityscaleapplications is still to be tested, however. Moreover, despite the

59\World Bank. (2020). Ease of Doing Business Indicators. Figures reflect the latest year of available data.

%099 { L OHAMMPOD 4aCIl OG { IKtSsIiivwv.edsiydo@/Ndpars/vievilehdidstar£21e26189 1 M p 0 & P

161Schmidt et al (2019t NE 2SOt Ay 3 (GKS FdzidzNB t S@St AaSR O02aid 2F St SOGNROAGE &ad2NY
W+ AGAR 902y2YA0&ZT ¢KS CI NI RF@& Ly a i wyistmide hyweak and ajfig codtexts of dev@lopingY I N) SiG | aa
O 2 dzy (ihwfs:Bvéwd.§ivideconomics.com/wpontent/uploads/2019/11/191025Rapidmarketassessmenbf-storagein-developing

countries.pdf

WDNI YOIKIY LyaidAddziS onwnmyod a9f SO0 Nitgsl/drantBayhidstifte. ataisi. conieléttBcalfe@yNI YA GA I+ G A
storagetechnologies

®4h t ! 6 NYPA Anbobincés New Energy Storage Demonstration Project Supporting Further Integration of Renewable Power Sources Into the
Grick latps://www.nypa.gov/news/preseeleases/2020/20200117inc
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advantages alternative battery chemistries provide, cost declines and performance improvements of storage
are most likely to be driven by largeale manufacturing, specifically the mantdeng of batteries for
electric vehicleg which account for 70% of storage additions to 230.

Box7 Modelling uncertainty

There is large uncertainty over the exact demand for storage, due to the inability of modelling to c3
the value of both shorterm or behindthe-meter flexibility Measuring the value of smart or flexible
technologies is a weakness of integrated assessment models (IAMs), such as IMAGE, as they do
fine time breakdown and do not explicitly model skhertn flexibility. It is expected that they may
therefore undervalue storage and DSM. IAMs similarly do not have a fine spatial breakdown of wh
flexibility is coming from, and do not model the relative value of dersml@dmanagement opportunities
resuting from behindthe-meter storage installed at the consumer end of the grid netwoltad

shedding by power consumers. They therefore fail to capture crucial elements of the future potenti
market for flexibility as whole, and particularly the market for BTM storage,-iaiowniddleincome
countries.

Uncertainty in the scale of vabia renewable technologies forecast by IMAGE, particularly in the 1.
degrees scenario, creates additional uncertainty over the role of stafagected deployment of variab
NBySslofSa I yR &-degrbkds &éharid gre driveen by 8sSuinsiondhe relative
technology costs of BECCS and renewables, and the availability of biomass for BECCS. These as
ought to be treated with caution (as discussed in the Variable Renewables Opportunity Report).

Transformational change
Energy storag offers substantial opportunities for transformational change, as set dabiel4.

Tablel4 Assessment of transformational @hge

Transformational change

criterion Interventions to support change Regional potential

Sensitive intervention points

Imorovement of local Support in the development of appropriate regulatory High potential in India,
Prove I frameworks to enablatility-scale and behinthe meter (BTM) | Southeast Asia and South
capacities and capabilities . .
storage solutions. America

Support in taking stock of integrated electricity generation an
storage needs and developingasegy and clear steps to

Local ownership and strong : progress.

political will Supporting renewable and storage solutions allows developi
countries to be less exposed to oil price fluctuations, reducin
dependency.

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

Support on regulatory incentives such as feethriffs for
Leverage / creation of consumers to sell power back to the grid.

incentives for others to act : Financial incentives for innovators to develop new energy
solutions or business models.

All regiors

Spillovers

Wt APAR 902y2YA04as ¢KS CIFINIRIFIE LyadaddziAzy e o nyniddantdxtsofdéveldpiRg Y N SG | &
counth S & d¢
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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 rur
areas and providing stability, reliability for industrial
development

Energy storage can bring about transformation change in all
areas ofife, providing benefits in health, education,
transportation, agriculture and other sectors.

India, East Africa, South Afri

Sustainability (continuation

Institutional capacity building and regulatory support for stora
can endle longterm impact.

beyond initial support) Enable commercial models that can deploy BTM storage AT
solutions at scale.
Replicability by other Demonstration and pilot projects can help prove various Aliregions

organisations or actors

approaches and technologies.

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:
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Development impact

SDG impacts

In combination with renewable energyergystorage would contribute to achieving SDGs ineglions but
would have even greater development impadEast Africa, India and Southeast Asia.

Tablel5 SDG impacts

Strength of
impact

Most relevantegion

Rationale

Positive Impacts

SDG 3 Good Health
and well being

Moderate

Southeast Asia, India, Ea
Africa(Particularly high
usage of diesel generato
in theseregions due to
less reliable or extensive
grids)

Energy storage can reduce use of diesel generators, an
associated diseases/deaths caused by air pollu
International Finance Corporation (IFC) resedirus that

users spend)SCB0 billion toUSDEO hillion annually on fue
for generatorsin 167 countrieswith significant negative
health impacts. For examples SubSaharan Africa, th
nitrogen oxidesNOx) from backup generators accounts fo
15% of all NOx emitted in the region, amdissions ofine
particles vith a diameter of 2.5 micromets®r less(PM, 5)
are equal to 35% of emissions from all motor vehiéfes

SDG/ ¢ Affordable
and clean energy

High

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

Energy storage would significantly contribute to m
reliable and affordable electricity, particularly due to lov
peak load generation requirements and costs and link
between storage andfeed-in tariffs at the household
level167

SDG & Decent work
and economic growth

Moderate

All regions

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

Initiatives to reuse and recycle batteriean help create
employment opportunitiesimprove access to more reliab
powerand support a just transitiofor examplethe cost of
repurposing lithiurvion  batteries for  secontife
applications could go down to as little as USOper kWh,
compared to a cost of roughlySD300 per kWh for new
batteries at the moment, andUSD 160 for lowesicost
battery chemistries such as the zinc hybrid cath
technology68

SDG ¢ Industry,
Innovation and
Infrastructure

High

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

Storage canredue exposure to power outages, k
supporting the grid or providing baak power during grid
outages which is crucial for industrial processes.
example, powerwts costSouth Africaip to USD8.3 billion
in 2019169

168 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/findraiatitutions/resources/dirtfootprint-of-broken

grid

167]RENA (2019) Behind the Meter Batteries: Innovation LandscapéBuief/www.irena.org/publications/2019/$¢Behindthe-meter-batteries
168 BNEF (2018) Used EV Batteries for Stationary Storage: $it=@ugbply & Costs

169 Reuters. (2020). Power cuts cost South Africa up to $8.3 bin in 2019, researcthghewsww.reuters.com/article/safric&skom/powercuts
costsouthafricaup-to-83-bin-in-2019researchshowsidUSL8N29R1W7
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SDG St.rength of Most relevantegion Rationale
impact
) ) Opportunities to integrate the circular economy with a w
India, South Africa, Soutt (ange of storage technologies, including thermal stor
SDG 12 Sustainable America (due to more  |inkages to information and communications technol
Consumption and Moderate = 2dvanced economies anc ¢y cooling and chilled storage uses.
Product opportunities to integrate i . ) .
roauction innovative storage As mentioned above, there is also potenttal secondife
solutions) EV batteries to be deployed as household storage uni
the target regions.
Negativelmpacts
SDG 12 Sustainable Hectrochemical storagémpactson the SDGs need to b
Consumption and Low All regions carefully managed, to ensure they do not work aga
Production sustainable consumption and production.
East Afiica, Solth Africal Negatlvg avironmental .|n.1pac.t from miningare earth
South America (where metals if demandfor lithium-ion batteries soars For
SDG 15 Life on Land: Medium - T . example, a recent report by the World Bank estimates
mining activity is higherir. . .
4 mineral demand will soar by 50% by 2050 due to renew.
the target regions) 4
energy and storage expansigf.

Source:

Demand in targetegions

Vivid Economics, ASI and Factor

Tablel6 Summary of policy support for energy storage in tanggfions

Region Demand Rationale
East Africa Lowc¢ Poor but improving regulatosnvironment as demonstrated by National Energy Plans
Moderate | Policies (NEPs) and governments looking at ways to electrify rural areas
. Ambitious renewable energy targets and subsequently, greater demand for energy,s
India Moderate L . . 2 . .
which is manifestingself with increasing numbers of storage tenders from utilifies
Good policy and regulatory environment with ambitious targets as demonstrated by
South Moderate . . . . . "
. . and other national level commitments. This is manifested in sautditgtscale storage
Africa ¢ High . .
projects currently under construction.
Variable commitment and targets across countries. For example, demand in Colo
South Low ¢ . . . .
. high, particularly at the utilitgcale level, while Peru and Ecuador demonstrate
America Moderate . .
commitment to storage investment.
Variable commihents and targets across countries. For example, there is moderate
Southeast: Lowc . ) o ) -
: commitment and progress in the Philippines, Thailand and Vietnam, whereas
Asia Moderate . . )
commitment in Myanmar is lower.
Source: Vivid Economics, ASI and Factor

70Prasad, Nithin. (202@y 2050, Mineral Deand to Soar by 500% Pushed by Renewable Expansion: World Bank
https://mercomindia.com/mineratlemandsoarrenewableworld-bank/

171 Deign, Jason. (2019).yY RA I Q&
storagemarketfinally-startsto-grow
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Allregions ThelEA 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)1?

East Africa: In East Africa, blackouts and power cuts areaftesidered 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 legarbon energy sources such as solar, particularly in egnidnor off
grid mntext, could transform the energy availability for East African countries, bringing both
economic and social benefits with'f East African countries are looking for solutions for
electrification of rural areas, where gtied minigrids with storagare potential solutions. Eight
East African nations have introduced NEPs to meet growing energy demand with affordable,
sustainable energy services that enable secmnomic development. Kenya has announced its plan
to provide electricity to all its aens by 2022 and energy storage has the potential to provide
reliable and regular power to itssidents Rwanda set a target of having 100% electricity access by
203017

India: Storage interest in India is high, as indicated by the India Energy Stilmage AESA) which since
2012haso SSy ¢2NJ Ay3a (2 aF20dza 2y GKS | RAWIWOSYSy
G§SOKy2t23AS48 Ay LYRAIFIE YR AyOfdzRSa YSYO6SNmR | O
companies, EV companies and othétdndia has pledged to promote renewable energy in their
NDC¥%®and has very ambitious renewable energy targets, aiming for 450 GW by 2030, compared to
a current total of 36 W installed across all energy souféés.y HAMy I LYRALF Q& Ay Q¢
PVwas greater than in all fossil fuel sources combined. However, to take full advantage of this
investment, batteries and storage solutions are requifé@lEA estimate that the energy storage
needs in India are amongst the highest in the wbflthdia tses hydrepumped 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 teadt#ligyenergy storage, with
up to 1.44gigawatthours(GWH of battery storage planned in two phasegich werescheduled to
start in mid20191"° There are also a number of thermal storage plant coming online, often co
located with CSP generation (See case study in S@otion { 2 dzi K ! FNRA OF Q&4 b5/ LJ
increase in renewabldsased generation from wind and solar as well asbgasd generation
capacity by 2030 (an additional 15.8 GW for wind an@GW4for 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, oftenlooated with CSPiant.*°Underground / borehole thermal
storage was first tested in the region via a partnership between Argentina and Chile 1 Z0@3.
region is expected to significantly expand its demand for energy storage solutions, in response to
greater investmenin renewables anthcreasecheed 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]EA. (2020). Energy Storage Tracking Report. Availahigst/www.iea.org/reports/energstorage

173 Business Week. (2020).Energy Storage Technology Will Make Blackouts In Africa Anciehttplistovyuw.busiweek.com/energgtorage
techndogywill-makeblackoutsin-africaancienthistory/

174 SEforALL. (no date). Rwanda: At a glance. https://www sddedl.org/seforalin-africa/countrydata/rwanda/

75India Energy Sotrage Alliance. Accessed July [2028//indiaesa.info/about

76Haque, Aet al(2019) NDC pledges of South Asia: are the stakeholders onboard? Climatic Change, Vol 155.

WLYRAFQ& aAyAadadNE 2F bSé | YR hw8yngeamovont S 9y SNEE&d® | OOS&EaSR WdzZ & HnHAY
178]EA (2020) India is going to need more battery storage than any other country. Availablesafwww.iea.org/commentaries/indigs-goingto-
needmore-battery-storagethan-any-other-country-for-its-ambitiousrenewablesgpush

79]EA (2020) Energy Storage Tracking Report. Availabtat//www.iea.org/reports/energgtorage

180 Envision Intelligence (2018puth America Thermal Energy Storage Mayi&te, Outlook, Trends and Forecasts (20A@®4). Available at:
https://www.envisioninteligenceom/industryreport/south-americathermalenergystoragemarket/

181Busso et al. (2003). Underground Thermal Energy Stqiiget Thermal Response Test in South America. Paper produced feVRo@d3
Climate & Energy Eveifititp://www.rio12.com/rio3/proceedings/RIO3 189 A Busso.pdf
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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

Southeast Asidn 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 solaplusstorage solutions, instead focusing ongpsolar energy generatidf? In
2019tKS t KAf ALILIAYSAaQa 5SLINLYSYydG 2F 9ySNHe@ A & & dz
storage systems (ESS) in the country to address the growing adoption of renewable energy systems.
Under the circular, ESS tewmlogies include battery energy storage systems (BESSSs) that are capable
of storing electric energy electrochemically from which they are able to charge or discharge electric
SYSNHe® ¢KFAfFYyRQa flGSaid t26SN 595&fomndaSy G t f
fossil sources by 2037 andtheséJ2 G Sy G Al f F2NJ AyONBlI aSR SySNHe& a
ambition, The Asian Development Bank has approw#8# .2 million loan to fund a 10 MW wind
energy and 1.88 MWh battery storage projectiailand (See SectiOnh

gy SNHe {G2NF 38 bSsad 6nnmdpoE {G2N)F IS 2YAaaidps/wwienerdySGy Y a2t NJ CA¢
storage.news/news/storagemissionin-vietnamsolarfit-draft-a-seriousmistake
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Investment need

Across low and middiecome countriesnvestment will need tscale up tapproximately USD 1.1 trillion

to 2050, over 90% which is additional to the BAU scer@vierall, the scale of investment required in the
opportunity is relatively low compared to other energy opportunitgproximately 10 trillion investment
required n solar, for exampld.ess than 60% of investmergeded in storage is expected to occur in the

BAU scenario, howevérhe exact scale of investment beyond BAU will depend on assumptions around cost
declines in storage artble associated level of storaggtake in the BAU. Against our BAU assumptions,
approximately 3,000 GW of additional capacity will be required by®0B0ere is therefore a sizeable
investment gap, USIB billion pelyear to 2050. It is worth treating these numbers with caution, givah t
modelling of storage will systematically underestimate power flexibility needBdseg

Figurel2 Investment need in engly storage is low compared to other opportunities

USD 1.1 trillioninthe central Absolute

1.2 power decarbonization scenario investment
need in 1.5C

Other

Energy Storage

world by

1.0 2050 = USD
405 trillion
o
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& 08
ﬂ c
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SE 06
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>
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Cumulative investment need by 2050 Cumulative investment gap by 2050

Source:  Vivid Economicbased ot . [INDPA&EModelling

Investment need is highly uncertdincause each region is likely to have a different technology mix and
SFOK G(GSOKy2f238Qa 02404 4 A fiftheSchd®yhpetidvghesK@ilB | YR 6K
influence the choice of technology. However, easnpetitiveness will vary betweeach site and region,
leading to differences in the optimal technology .rRbr 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 factorgsuch as temperature and presence of supporting infrastructure e.g. underground taverns
can reduce costs of compressed air energy stordgd)el7 shows the wide rage of costs within each
technology. For thermal and CAES, only the most competitive costs are shown, asl@inconditions

these technologies would not even be deploy&é® It is therefore difficult to predict which technologies

will be deployed antlow costly they will be. For instance, a recent study comparing CSP thermal storage
and lithiumion battery storage found that despite higher initial costs associated with CSP, investing in CSP
rapidly decreases the total system cost by 33% in 2035 gsacedito a scenario without storage and would

be more competitive in the local context than battery stor&§8olutions must be tailored to the local

context. Notably, costs ifablel7 are based on historic examples (mostly in figlome countries). Lower

8 yRENI I awSySélotSé adOSyl NAz2

184 CAES is cheapest when situated next to an underground cavern for storing the compressed air. In all other locatismsclieasest

B w9b! ovHamMTO® a9f SOGNAROAGE { G2 NI dtfps/wyivRirena®rgiS 61 6t Say /2ada FyR al NJ S
/media/Files/IRENA/Agency/Publication/2017/Oct/IRENA Electricity Storage Costs 2017.pdf

9 falt OHNHANUL A5SLI 28Ay3dS@iRALIAGITONIHNREEEEA2adGSYa Ay R
http://documents1.worldbank.org/curated/en/738961598380536870/pdfAPSkcyManualtAug2020.pdf
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labour costs in focus regions could drive lower installation costs and systems costs. In the case-ionithium
batteries, labour accounts for approximately 15%rofget 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 tétal.

Large expected declines in the costgeghnologies 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 (s@ablel7). The demand for storage and associated investment need will depend on
the speed and extent of these cost reductions.

Tablel7 Each technology exhibits a wide range of costs, both t@atalyin 2030

Technolo Levelised Cost of ElectricityGOE Forecast LCOE in 2030
9y (USD/KWh) (USD/KWh)

Lithiumiion 200¢1260 77¢ 574
Redox Flow 315¢ 1,680 108¢ 576
Lead acid battery 105¢ 475 50¢ 240
CAES 53 44
Flywheels 1,500¢ 6,000 143
Supercapacitors/
Supercqnductlng 10,000 160
magnetic energy storag
(SMEs)
Thermal storage 17¢77 <15

Cost estimates reflect global variation in costs and are not specific to low and Anddiae countries.

Cost estimates for thermal storage eefto thermal storage used for ABAES systems, including sensible
highttemperature heat storage in liquids, sensible htgimperature heat storage in solids, high
temperature storage (not specified), molten salt storage and thermocline with quartzite.

Source: Lw9b!
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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 reduigthwn ifrigurel3,
the size of the cumulative investment gap across our fiegienscould vary between USD8billion in East

187BE|S, Vivid Economiést n M0 @ 9y SNAE &

Lyy20tKdey MEIGRNML Y a@Blanly Sydiad § Waoe ¢

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/845664/maryggtionneedsassessment

smartsystems.pdf
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Africa toUSD 7billion in India when considering only the differences in secagacity requiredverall,

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 locatn-specific technology costs that will also influence the exact investment required.

Figurel3 Forecast investment need acrosgionswill vary due to differences in capacity, reflected here, as well as
other contextual factors
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India East Africa South America Southeast Asia South Africa
B Cumulative investment by 2050 (BAU) # Investment Gap
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 capacityltidns. We assume an average cost of USD 150/kW.
C2NBOIF&adG OFLI OAGe FTRRAGAZ2YA IINB oFlaSR 2y La! D9Qa
central power decarbonisation scenario (see Variable Renewables OpporfRepityt for further
information).

Source:  Vivid Economicd  aSR 2y t. [ Q& La! D9 Y2RStfAy3
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Costeffectiveness

Energy storage is an increasinggtS T F SOGA SS YAGAIFGA2Y 2LILRNIdzyAGes
3 NAX R Q -sRI&redpofide opportunitieShe costeffectiveness of storagen a GBP/tCO2 basis)

typically lower than alternatives which provide sinmgaels ofsystem flexibility, such a®n-variablelow-

carbon energy andentralised forms alemandsideresponse, such as bilateral contracts wiiduistrial

power consumers to reduce demand at peak tinRetative costeffectiveness is expectdd increase
however,because ofleclining costs of storage technologies (the key driver in creatingftestive

applications of storage todayff For insaince, the costs dithium-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 lithiumrion EV batteries and innovations in battery chemi$tryarge cost reductianare 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 205308 Costeffectiveness is also expected to increase as countries develop
business models and relgtory frameworks that maximise the services that storages provide, allowing it to
YadFO01Q NB@SydzS A0GNBI YA YR NBRdAzOS AiGQa LISNJI dzy A
instance, can increase the cadfectiveness of BTM storage byriggsing its opportunities to support

emissions reductions and demasidle management both by enabling greater distributed renewable
generation and by providing flexibility for glédrel renewable integration.

Costeffectiveneswill vary significanglacrossegionsdue to:

System flexibility option3he relative costffectiveness of storage will depend on the alternative forms
of system flexibility. Where nerariable lowcarbon power or demandide management (e.g.
capacity market design) can éeploited it will typically be far more cesffective than storage, as it
NBIljdzA NB& YAYAYILE OFLAGEE Ay@SadySyidad C2N Ayali
large costeffective opportunity to balance the energy mix by creating intercororecbetween
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 regulat@apacity in Senegal makes energy storage critical to the
costeffective integration of renewables on the giid;

Grid capacityThe ability of storage to cesffectively integrate renewables into the grid will depend on
the capacity of the gritb shift stored energy to where it is needé&itids with more robust
structures in place will be able to use storage more effectively to balance supply and demand.

Requlatory environmenthe electricity market design will determine the extent to whiatage
technologies can be utilised. The potential for storage to provide a variety of services to the grid can
significantly increase the cesffectiveness of investments. For instance, across US regions the value
of storage is shown to be greatest whémnere are opportunities for valugtackingt®? In India, in
contrast, an inconsistent regulatory framework prevents distribution utilities from investing in certain
F LILX AOFGA2ya 2F SySNHeE& aG2NI3ISz tAYRGAYy3 LRGSY

18] NBFoTFRSK Si Ffd 6unmdd a¢KS NBtS 27F Sy S NiHpa:/wani 2ande bB/arficifs/sRI&E LI RSO N.
019111615

BIRENA, 2017 9 f SOGNAOAGE a0G2NI 3S I yR NBupShwaitertady O02adGa yR YINJSG&a (G2 wno
/media/Files/IRENA/Agency/Publication/2017/Oct/IRENA_Electricity Storage Costs 2017.pdf

190 bid.

Vig{alt O6HAHANO G5SLX 28Ay3d A020RPaFOIRRABRBER SN aeaisSvya Ay RS@St2LAy3
http://documents1.worldbank.org/curated/en/738961598380536870/pdfAPdRcyManuatAug2020.pdf

Whwo[ & SHAMc O 6J0 LATFAZNROY2ZNIGKSS FAYYRI2 GKSNI Ff SEA0f S (SOKyz2f23A8a 2y Sf S¢
https://www.nature.com/articles/s4146919-111615

g {alt O6HAHAOD G5SLX 28Ay3d a0 QBdzoFeNB §BH SN a2aisSvya Ay RSOSt 2L
http://documents1.worldbank.org/curated/en/738961598380536870/pdfAPdRcyManuatAug2020.pdf
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Barriers to adoption

The largest barriers tenergy storagare those related to ii) market failurandiii) enabling environment
(Figurel4). 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 opportuni®ur typology of barriers is provided in the Methodology
chapter in the Synthesis Report.

Figurel4 Barriers to an opportunity

Political Economy Market failures Enabling environment

Weak regulatory
frameworks

Utilities lack incentive to
invest in scaled storage

Challenge of aligning
stakeholders on BTM

%1

Lack of smart grids and
dispatch control

No obvious owner/
manager of scale storage

Historical reliance on
diesel generators

Ek%z Lack of trust in battery
. solutions vs. high costs

%]}
BTM — lack of market to

_ Weak grid infrastructure
sell back to the grid

High upfront costs for m Low levels of local
storage solutions technical capacity

Lack of viable pipeline for Lack of proper battery
storage distributors recycling facilities

Source: Vivid EconomicsASI and Factor

Moderatepolitical economyarriers to investment or adoption are expected.

To coordinate investment across transmission connected, distribution connect& Msdorage, there
is a need for stakeholders to align on a range of issues and policies. For example, utilities may be
aganst 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 whidespread blackouts and power outages
are the norm.

A lack of trusin 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.

Moderatemarket failurebarriers to investment or adoption are likely to be:

As the use of renewables is still lagross the target regions, there are currently very fevgianh
situations where storage can make a difference in terms of capturing generated electricity beyond
the capacity of the gri¢P* Exceptions include regional grids that have a high and rapiaiyngro
proportion of renewables, such asChile!®® Therefore, utilities are unlikely to invest in lasgale
storage in a short to medium time horizon, until renewables make up a greater proportion of their
grids. The case for storage in developing céesis currently more compelling for-gfifid systems

194 |nsight from expert interview(2020).
195 Sourcehttps://www.globaldata.com/renewablenergyis-expectedto-comprise50-of-chilespowermix-by-2030/
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or minkgrids, which could have a particularly transformational impact in East Africa, India and South
America.

For utilityscale grid storage a critical barrier in that there is often no obvious naofihe storage
who would benefit financialf?® 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 pellver 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 wdkveloped business cases. In countries like South Africa, thesew 1.
GWhbattery energy storage system that is currently under construction, with World Bank and
AfricanDevelopment Bank financing, will be owned by Eskom, the national utility, with a third party
responsible for its design, construction, operation and reaimce for its firstive years'®’

The energy storage sector currently experiences fragile growti castinuesto depend heavily on
policy intervention through direct support or market creation. The impact of CIM#also
expected to damage markptospects 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 pofitability 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 osts for both largescale utility storage and BTM storage units is a barrier for uptake,
particularly in rural areas where storage andguifl solutions could have a significant development
impact. It is likely that the majority of households in develppiruntries would find it difficult to
afford, although this can potentialie overcome by incentive schemes, payment by instalments or
low interest loans. High prices are partly due to competition withiihighme countries including
the UK for energy stage solutions, in the early stages of market developriént.

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 stot@§d.hese emissions will
need to be considered in the wider context of {carbon and netero plans. Because of its effect on
coal and natural gafired generation, introducing a carbon dioxide emissions price may increase the
likelihood that lower storage costs will reduce emiss?®

Relatively high costs emergingtechnologies 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 becomased at a greater scal@ypically, feasible examples such as utligle
thermal storage integrated with CSP in South Africa have been subsidised by international donors
such aghe German Agency for International Cooperatii@tg, IFCor the African Development
Bank.

The &ck 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 iregibnswith greater risks in East Africa and lower
income Southeast Asian and South American countries

196 ]EA. (2020). Energy Storagiracking report June 2020https://www.iea.org/reports/energystorage

w9y SNHE { (2N} 3IS bSgad 6HnHNOD {2dziK ! FNRA Ol QritpsPéemivenérgye LISy a GSYRSNI F2 N
storage.newsews/southafricaseskomopenstenderfor-80mw-320mwhbattery-storage

198 |nsight from expert interview. (2020).

19 Forbes. (2020). Estimating the Carbon Footprint of UBligle Battery Storadettps://www.forbes.com/sites/rrapier/2020/02/16/estimating
the-carbonfootprint-of-utility-scalebattery-storage/#3af8b89f7adb

200] inn & Shih (2018). Does Electricity&je Innovation Reduce Greenhouse Gas Emissions? Resources for the Future Discussion Paper.
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Moderateenablingenvironment / absorptive capacity barri¢osinvestment or adoption are likely to be:

The reed for stable policy environmenfhis includes the importance of standards and grid connectivity
regulations for grisconnected energgtorage For xample, thdEA reported that energy storage
efforts slowed in 2019 partly due to delarychangesn regulation and rules around use and
deploymentof both utility-scale and BTM storag# For example, following a change of regulations
in China in 2019rid companies are no longer permitted to include storage costs in their
transmission and distribution feeshich led to a freeze on newggects toinstallationsn 2019
shrinking byone-third.2%?

Lack of grids whichto integrateutility-scale storage or BTM storaigehnology particularly irrural
areasis a barrier. This can be overcome by developavg mechanisms, potentially througtini-
/micro-gridsor off-grid systemsi-or example niEast Africathisis a large constraint, but solutions
are being driven forward bignovative entrepreneursKenya is considerégd be anWA yy 2 @l GA 2y
F2NJ YAONRINRRAQX 2 7FGSyandindcSuits for@% ovall @ibldyadslik Rasta O £ S
Africa?®®Much of this investment is being driven by the private sector with a remarkably dynamic
range of business models being tesitethe 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,
poweredby an 8.5 kW modular solar microgrid, owned by Vulcan Philanthropy and managed by
SteamaCo. Demargide management measures are also actively being discussed and trialled by
some minigrid operators, including alerting usershmrt message serviceSNIS when the battery
storage is at capacity and energy can be offloaded at a cheapét‘rate.

Lack of capacity in gritlsat are in place. Overcoming this barrequireslarge storage facilities in
urban centres where population density is high, and laatldgoremium. This is likely to be a
challenge inndiaand Southeast Asjavhere population density is particularly high, and sprawling
citiesleave very littldandavailablefor largescalestorage facilities.

alye O2dzyiNRSa Ay havkdspalch @ integhifediktRgyics, which yhakés it
hard to create a space for utiliscale storage. This is the case in mudtast Africa

The need for battery companies to have a viable BTM storage pipeline to focus on a market is a
significam barrier. Without a viable pipeline, through a mix of commercialrohastrial (C&| mini-
grid, or tourism (for example at safari park lodges), companies are unlikely open an office and
distribute storage units. Battery storage markets are improvitrglinand parts oSoutheast Asja
but this remains a challenge throughanbst lowincome countriesn the target regions.

The innovation and costs needed to implement specific solutions to avoid overheating is a barrier as
batteries can be damaged inpegially hot regions, such as partdrafiaand EastAfrica

Thermal storage solutions that could be integrated into buildings are constrained by a lack of both
stakeholder awareness and lack of a joinpdapproach between building design, building coaled
energy storage. This is particularly sevetgast Africand South AfricaHowever, there are
increasing examples of thermal energy storage integrated into buildi8gsith AmericandIndia
with linkages to the information technology (IT) sectdhere cooling of ICT equipment is a €ost
effective side effect-or example, in 2015, thermal energy storage equipment was already storing
over 12MW of cooling imdiancities like Nagar, Bangalore, New Delhi and Chennai. Adoption in in

201|EA (2020) Energy Storage Tracking Report. Availabteat/www.iea.org/reports/energystorage

202|pid.

¢ C9 [/ 2yadZ GAYy3a 6unmT O YSyel YcommécBews. @diifedt@is/DATEIENREMMNEY/ TFE Rapantdgiidd LJa Y Kk k & dz
Kenya.pdf

204\V/ulcan Impact Investing (2016) Powering Productivity: Early Insights into Mini Grid Operations Iritkegan-connect
news.org/fileadmin/DATEIEN/Dateien/New/KeMiai-GridsWhite-PaperV12.pdf
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the country's commercial sector has been steadily occurring for over a decade, pariicthariy
sector?%

The assessmermtdf LFion batteriesfor local applicationss often carried ot without consideration for
how other storage technologies at lowterchnology readiness levelBRE), including other battery
types, may perform or integrate with wider economic development considerations, often due to lack
of awareness in the targetgens®® For example, utilitgcale thermal storage solutionsy be
more appropriate in contexisith highlevel sunlight patternsyhere batteries may not be the most
costeffective or best option from endser perspective to depld)’ Lower TRL battere including
sodium sulphur, leadcid and redoflow battery types, could also offer opportunities for companies
in target regions to manufacture and export solutions, such as industry intemitim Africa
around Vanadiunased redox flow batterie’8 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 séftitions.

Potentid limited availability of technicians fibre installation and maintenanc# household or
commercial use of battery storagespecially for rural household uséaintenance and upkeegre
neededto ensurestorageinterventions are sustainable throughoteir life cycleThis is a particular
OF NNASNI F2NJ davYIlI NIGé o0FGGSNRASE oAy OfdzZRAYy3a RAIA

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

205CALMAC. (2015). Thermal energy storags segoing development in Indftp://www.calmac.com/energgtoragearticlethermatenergy
storageseesongoingdevelopmentin-india-1

206|nsight from expert interview. (2020).

207nsight from expert interview. (2020).

208 ES| Africa. (2019d)he vanadium redox flow battery, a leading technology in energy stdrdge://www.estafrica.com/industry
sectors/generation/thezanadiumredoxflow-battery-a-leadingtechnologyin-energystorage/

209ES| Africa. (2019b). Webinar recording: Battery Storag&:lAla Sy SNBA& Y S+t & hiyst/WiwSsiafricacn/régizal )t & OKIF Ay
news/africa/batterystorageafricasenergymetalsmarketand-supplychain/
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UK additionality

The! YQA& | RyKsktidrig iyhin innovation and proof of concept of enestprage solution8y
leveraging this expertise and experience, together with efforts by other organisatiotisargh
collaborations, UK support could realise true acceleration in this space.

The UK has strong academic and private sebioen research expertise in engrgtorage, as well as
knowledge sharing network sand forums such as The Energy Storage Research Network (ESRN), the
Energy SUPERSTORE an&¢ience and Technology Facilities CousitFNetwork in Battery
Science and Technology, all funded by therieeging 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 intggration of energy storage and grids, including smart grid
design and operation§. SS T2 NJ SEI YLX S GKS ! YQa wAW™MT { Yl NI {

Throughits BEIS Energy Innovatioorfolio, BEI®iasinvesed GBP70 million in the smart energy
systems innovation thenté! This experience can be drawn upon for interventiortkértarget
regions

Under the Green Growth Strategy (20GBRH c pY A& Fff 201 4GSR (2 aGAyy20I
OAYyOf dzZRAY3I SySNHE& aid2N}r3S0eszr 12002dzyGAy3a F2NJ I f

Experience in private sectmd WS y SdeH &S NIDA OSQ Y2RSfa (KF(G O2dzZ R KSH
energy storage in the target regions.

TheUK is active and influential in thrgernational landscape, for exampulae to involvement in IEA
Technology Collaboration Programmes (TCP#&)ding the Energy Storage TCP and the former
demandside 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 yDC¥!3 as well as some energy storage initiatives, including the development
of standards.

There is significamxport potential for UK business to implement energy storage solutions
internationally, including theegionsof interest.

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

The2 2 NI R . Iyl Qa . I (GvwiaS9¢dup ifi Z028Nds AeB aslifgeigyl StdrageAP@rership
both of which the UK has joined (tb& provided GBP 200m lashy to the Battery Storage
Initiative and joined as a member of the Energy Storage Partneigh@gBattery Storage Initiative
aims to finance 17.5 GWh of battery storage by 202fore than triple the £ GWh currently
installed in all developing courds 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 tE@evigier
Sector Management Assistance PrograniB&MAPR for which he 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.

210HMG and Ofgem (2017) Upgrading our Energy System: Smart Systems and Flexibility Plan.
https://www.gov.uk/@vernment/publications/upgradingur-energysystemsmartsystemsandlexibility-plan

21HMG (2017) Funding for innovative smart energy systeiips.//www.gov.uk/guiénce/fundingfor-innovativesmartenergysystems

2122HMG (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/70049@{meeh strategycorrectionaprik

2018.pdf
213 hitps://www.gridworkspartners.com
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The US Trade and Development Agency (USTDA) has invested in a number of efecigenphfrica
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
9y SNHE& [l 02NI G§2NE 6 b w9 [indludesyvorkibd didage/ A Y3 G KS DNAR

{G2N}F3IS A& LINI 2F GKS {dzadlAyloftS 9ySNH& TF2NJ! f

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

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 coumadiinar are in a
stronger position to contribute to donor activity in energy storage.

Efforts in energy storage are more recanadoption and focus artthve seennationalgovernments
andthe private sector complementing donor funding ardjects

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 gportunity for the UK t@nable the uptake of energy storagecwuntriesin the target
regionswhere thae are strong ODrelationshifs, involving both the national government and
private sector tanaximise impact.

Beyond the GBP 200 million contributiory Hnamd¢g (2 (GKS 22NIR .lFyl1Qa . I
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 OB Energy Storage Challengailding on the foundation created by the Industrial Strategy
Challenge FundgCF) Faraday Battery Challenge.

Most UK ODA programmes of support focus on smaller scale interventions and leveraging private finance
into the secto. 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 Bsontier Technologies Livestreamiting Global Innovatin Fundand
Ideas to Impacivhich tests innovation prizes as a development &olpng others.

Energy storage experimentation is benefiting from UK ODA throudtrdhger Technology
Livestreaming programnwehich is currently testing a system to providstainable energy to heait
clinics in Zimbabwe, facilitated through solar power and solar energy storage, which is showing great
initial results and promise for scale across the coutthrough connecting the solar energy
systems, a tenfold increaseant-of-hours procedures has been enabled, which brings significant
health improvements to those who live in rural Zimbabte.

URRSNJ 5CL5Q& LRSI & (Global YELP @htid ColtN@hailNChMaf§SCCEK S
G AYSR G2 A RSy losthgproprigtetechiBlagiesNaR adffid Kdk sterage, and by
promoting the technologies and their associated business models, stimulate appropriate support
FTNRY R2y2NHEZ A Y QO SBAsHaitf tHe gompeRianginiidfy Ywas\pridvdeléd to 10

214GIZ (2019) Ready for Change: Chile is on course for a future with renewables. Avdilaie/atww.gizde/en/workingwithgiz/81233.html
2151EA (2020) Energy Storage Tracking Report. Availabtoat!/www.iea.org/reports/energstorage

218Rahman, A. (2018) Blog: Notes from the field: Zimbabweateaat:https://medium.com/frontiertechnologylivestreaming/notegrom-the-
field-zimbabwea8a557ef65b1

27Rahman, A. (2019) Play #8: For LiegrrMore is More. Available dittps://medium.com/frontiertechnologylivestreaming/plas8-for-learning
more-ismore-578d42af5a82

218Brown,C. (2020) Review Report: 2618 Global Leap G@rid Cold Chain Challenge. Itad. Available at:
http://www.ideastoimpact.net/siteslefault/files/doc_research/Global%20LEAP%200GCCC%20Review%20Report_0.pdf
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organisations working on new forms of cold storage inSaltaran Africa. Of the ten, seven explicitly
mention the use obatteries, either thermal or electrical batteri€s.

In relation to offgrid solar linked to storage, DFID has funded scmaste wak that could be relevant
and considered for expanding, with a focus on how to encourage battery reuse and ré&ycling.

2191deas to Impact website. Accessed July 20@0://www.ideastompact.net/content/spotlightl O-finalistsuk-aid-fundedgrid-cold-chairchallenge
220DFID. (2016). Electronic wastenaste) impacts and mitigation options in the-gffid renewable energy sectdrttps://www.gov.uk/dfid
researchoutputs/electroniewastee-wasteimpactsand-mitigation-optionsin-the-off-grid-renewableenergysector
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Intervention opportunities

To alleviate the barriers set out in Sectipthere is substantial opportunity across all regions forukgo
draw oncore strengths and areas of additionalitydeliver energy storage interventions in the following
areas.

Assist goearnments 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 wdgs®ith c
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 investmeseids, drawing on resources such as
LwOb! Qa 9f SOGNROAIG& 2 ThBhdlpsasSessavheredzach doanify oQdgionyisS ¢ 2 N
in terms ofthe proportionof variable renewable energyREin power supply and relating the need
for storage to thatFor instance, dbow 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 investmenPriority measures will be contespecific in ach case but could include:

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

Putting in place an independent grid authority, help witprapriate 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
marketsused 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 chge 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 storagecilities for produce. This is most relevant in more aded economies
such as India and South Africa amslpecific countries such as Thailand, Malagsiargentina.

Helpgovernmentgo focus on smart green grids as one of the most effective ways of maximising the
value of current energy generation andeigtaing storage considering the following interventions:

Provide technical assistance to help governmeanterstandin an integrated wayhow they need
to develop their gridéo move to lowercarbon forms of generation, and how storage can help in
this.

Support government to improuwechnical capacity igrid planningo tie together demaneside
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.

Behindthe-meter storage solutions:

Provide &chnical assistance to gamenents to develop regulatory systenssich as feeth-tariffs, which
can help to catalyse the uptake of BTM storage solutions. Consider the lack of regulations in target

221|RENA (2020) Electricity Storage Valuation Framework. Availdfitesatfirena.org/publications/2020/Mar/Electrici$torageValuation
Framework2020
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regions as an opportunity that allows for a more streamlined approach to adopterg best

practice. Tiere are different levels of maturity of electricity markets that call for different
interventions and different opportunities to {pass traditional stages tife electricity marketAs
promoted by the IEA it is important to place itbeliky rather than specific technologies at the heart

of policy support??Also consider providing support to utilities to help develop offerings that include
BTM storageolutions.

Considehow to catalyse the importamble of warranties in deisking sorage investments and
quantifying the financial value of storad®@arranties can cover the products as a guarantee against
defects. They can also cover the performance of the praduetms of aspects such as consistent
capacity, energy analvailability over time. It is important to considie tpotential downsides of
warranties from an average hté-SMEperspective in developing countridsor example, if the
warranty is for 5 years and the average life expectancy of an SME is 3 gaarbgita 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 leadamage during transportation. A recent World Bank
Battery Storage Partnershigport on this subject, can offer useful guidai€e.

Investment in pilot and demonstration projects to highlight the technical viability, robustness and
reliability of new technlogies 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 exampleltbermal storage has
been deployed ipublic buildings such as city hallgiieslike Durban, Pretorigand Johannesburg
in South Africato test and demonstrate the concept.

Support on catalysingneincing mechanisms fenergy userso encourage uptee andindustry
investmentin BTM storage solutionshis could either be through grants or small inteifesé loans
initiatives thatspread?2 dzi G KS 024G 20SNJ GAYS &2 upprdg dzLJF NR y
business modelsuch as papsyougo energy access storageasa-service Forexample, DFID
programme is helping fund loans to providedcavbon cookstoves to semiban and rural
householdsn subSaharan AfricdHouseholds pay off the loan through monthly salary sacrifice,
which isoffset by the fuel cost saving® It is possible to develop similar mechanisms for energy
storage technologies to encourage uptaeross all geographic regions.

Supportinitiatives that makeiseof secondife batteries. For example, lithidion 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 lithiuion batteries for secontife uses, make it harder
for other battery chemistries to compete in the BTM storage sé&tblotableexamples of vehicle
manufacturerled initiatives (albeit in higincome countries) includ® Sy S NI f a-Balte?yNR Q dza
electric storage system projecittvABB. a 2 Q & -baténBedRectric storage system project with
Bosch andRenaulf) @dsedbattery project with Powervautt®

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

222|EA (2020) Energy Storage Tracking Reps://www.iea.org/reports/energystorage

223\World Bank Group (202Warranties for Battery Energy Storage Systems in Developing Countries. Washi@gton, D
https://www.esmap.org/reporivarrantiesfor-battery-energystoragesystemsin-dev

224 Climate Care. (no date). Arup Joins Initiative to Provide Clean8aterdCooking Technology to Communities in Kenya. Accessed July 2020.
https://climatecare.org/arugoinsinitiativeto-provide-cleanerand-safercookingtechnologyto-communitiesin-kenya/

225Energy Storage Report. (2016). The sedibadhreat to nonlithium batterieshttp://energystoragereport.info/thesecondlife-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/handbcbkttery-energystoragesystem.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 irtast AfricaSupport here could beansformational For exkample, arongoing 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 countfirding that users spendSD30 billion to
USD50 billion annually on fuéh 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 solutighs.

Support specific to development of utildgale ongrid or minigrid storage

Help governments to set and plan implantation roadmaps for taiéye storage capacity additions,
followed up by appropriate implementation support. For example, the Philippines recently released
anEnergy Storage Framewarkich assesses the potentadlstorage systems such as various
electro-chemical and flow battery technologies, compressed air, purhpgdob and flywheel, as well
as clearly setting out guidance on who should own, operate and ultimately benefit from the
deployment of energy storagessgms??! y 2 i KSNJ SEF YLIX S A& {2dziK ! FNA
Resources Plan, whichsetsthe&l@ | NJ a G NI 6 S3& F2NJ G6KS O2dzy i NEBQa
renewables plus storagé To support the implementation of energy storage in a coordinated way,
the Wald Bank and African Development Banksupporting Eskom to deliver a pilot G¥Vh
battery energy storage systeexpected to be the largest in s@aharan Afric&° India, South
Africa, and countries in South America and Southeast Asia are morlilegjyire assistance in
developing and implementing such strategy, before East Africa, which has a stronger focus on
increasing generation capacfty.

Provide technical assistance to ensurglity-scale energy storage, smart grids and grid integraiddicy
and regulation is fit for purpose anobust enough to encourag®ivate investment.

Consider providing concessional finance to help to unlock potential-sititity storage projects. Funding
can cover project preparation phases such as feagisililies, as well as early construction phases.
A recentBloomberdNERBILLIONEB)udyshows that concessional finance could incesgtiview
storage capacity globally by lowering capital costsefeithnology??

Support research armdevelopmentin utility-scale and BTM energy storage solutions

Continue to support research and development in the energy storage sector, such asfitierd
thermal storage techniques, includitegting pilot interventionsand obtaining proof of corepts for
solutions that can easily be scaled, especially when it comes to working with the private sector.

Encourage wide ranging and holisdsearch and developmeriR&D related to energy storage to
ensure that storage technologies at lower TRLs,hwhey be more appropriate in certain contexts
than better known Liion batteries are advanced

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

227|nternational Finance Corporatiof2019). The Dirty Footprint of the Broken Grid.

https://www.ifc.org/wps/wecm/connect/idustry ext content/ifc_external corporate_site/financial+institutions/resources#tdyprint-of-broken

grid

289y SNH& {G2NF3S bSoad 6Hnmpud bSs 529 TNI YSg2 Ntpslidmiv.gner§yy SNEE ad2NF 38
storage.news/news/newloe-frameworkputs-energystorageat-heartof-philippinesenergyreform

229 Government of the Republic of South Africa (2019) Integrated Resourcesii¥an (

230 Constructim Review Online. (2020). South Africa to construct battery energy storage system (BESS) in Vredendal.
https://constructbnreviewonline.com/2020/08/southfricato-constructbattery-energystoragesystembessin-vredendal/

Ztnsight from expert interview. (2020).

2322BNEF. (2019). The Clean Technology Fund and Concessional Eassore: Learned and Strategies Moving Fdrvank)
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https://constructionreviewonline.com/2020/08/south-africa-to-construct-battery-energy-storage-system-bess-in-vredendal/
https://data.bloomberglp.com/professional/sites/24/BNEF_The-Clean-Technology-Fund-and-Concessional-Finance-2019-Report.pdf

Interventioncase studies

These case studies provide readrld insights into intervention design and challen@esh case study
provides an overview of the context, the aim of interventions,thedhallenges faced.

Box8 Project Financin§upport to the Redstone Concentrated Solar Power (CSP) Plant with Molts
Thermal Storage in South Africa, 2@22018, US$ 794 (IFC contribution of US$ 72 million)

The Redstone CSP plant in South Africa is a flagship renewable energy anddetifitprage project for
the continent. Caleveloped by ACWA Power and SolarReserve, the 100MW CSP tower project wi
12 hours of molten salt storage, helping to distribute power more evenly throughau24eriod. It is
designed to power more tha200,000 homes during peak demand, day and night. Due to high proje
development costs of approx. D894 million, club loans (a blend of development finance institutions
and commercial banks) were required, including a blended finance componerm 50 i8lion from the
Clean Technology Fund (CTF) and a furthBrl93 from the African Development B&ikAs such the
International Financ€orporation (IFC) provided overall coordination and guidance. The Redstone (
project is one of 27 renewable energy Independent Power Producer (IPP) projects urethh&frica
Renewable Energy Independent Power Producer (REIPPP) programme.

The objecties of the intervention were to:

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

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

Ensure best practice financing standards and environmental and social safeguarding are a
and followed throughotthe process.

LIJdZNB dzA G 2F (GK2aS 202SO0bA@Saz GKS AyGaSNBS
Provide UB 72 million soft loan financing to contribute to the overall amount.
Provide overall coordination and guidance to all parties involved in the processhérom t

developer, government stakeholders, CTF and private finance. This is also referred to as t
WK2ySaG oNRB{1SNI NRfSQod

Provide sector expertigaroughin-house technical and country context advicehdnse CSP
market experts, advice and best practice aminmental and social best practice and the
Equator Principles, as well as advice on access to carbon credits.

LC/ Qa O2YYAUYSyld (2 GKS LINR2SOG KSf LJ
and a depreciating local currency, while aBcfoSNA y3 L C/ Qa 3¢
renewable energy production.

As a consequence the results of the intervention were:

i ThePPAwas 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
place and construction is likely to start during 2020, subject to @8évid

1 A grownd-breaking application of thermal storage is being deployed, which should prove to
significantly more cosgffective solution than battery enabled storage. Indeed, estimates sug

233NS Energy. (no date). Redstone Concentrated Solar Phojest/www.nsenergybusiness.com/projects/redstecencentratedsolarproject/
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that molten salt thermal storage is 33 times more @ffctive thanithium-ion batterybased
storage®*

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%s*%4

Key stakeholders included:
9 Eskom utilitycompany

1 Northern Cape Province Government

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

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

9 Delays to the planning and construction process: Mitigating actions iriehetgy Performance
Certificate EPCdelay LDs, a strong insurance package, stringent construction supervision 4
progress reportingjsing arEPC contractor with experience inchgllocal experience.

Relatively untested technology: Mitigating actions include: Demystifying the technology risk
associated with these complex projects, EPC performance LDs, extended performance me
period (23 years), performance ramyp, experiened & solid EPC contractor, sponsor
completion support, stringent performance testing protocol for provisional & final acceptang
under EPC

Cost ovetrruns: Mitigating actions include: Fully wrappedraEPC contracts, fully baitkback
with the PPA, ashjuate contingencies, stringent construction supervision & progress reporti

A lack of appropriate grid connection required the construction of a new 132kV switching s
and a 34krrlong 132kV transmission line are proposed to be constructed to cotieeproject
with the national grid.

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

9 Large utilityscale storage projects often require complex financing arrangements and the
coordination of multiple stakehcdas.

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

All major contracts are arranged as bawkback with the overarching PRA,minimise risk and
exposure.

234 Sourcehttps://www.solarthermalworld.org/news/moltesaltstorage33-times-cheapetlithium-ion-batteries
235 hitps:/Iwww.dfc.gov/sites/default/files/201:98/PublicSummary RedstondC&if
236 http://pubdocs.worldbank.org/en/574031489525897517/B16¢-2-IFCsProjectFinancingpf-ConcentrateeSola-PowerPlantsDanaYounger.pdf

:vivioeconomics 94



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

Box9 ! aAly 5S@St2LISyd . Iy1Qa {dzZLJLIR2 NI F2NI ! GA

The Asian Development Bank (ADB) recently approved a loan of approximately USD 7.2 million tg
CompanyLimited (Lomligor), a subsidiary of BCPG Public Company Limited (BCPG) for a 10 MW
project with an integrated 1.88 MWh pilot battery energy storage system (BESS) project in §
Thailand.The project will also leveragdJJsD4.75m concessiai loan provided byhe CTE®*" This is the
O2dzy i NEQ& FANBG SEIFYLXS 2F gAyR 3ISYySNIGAzy
O2dzy iNEQa fSIad RS@Sft 2 hlack of NGvetineny, jal>oppariGnitiesk and

to basic services. The lack of economic activity in the region has led to underinvestment in the loc
system, which continues to experience energy shortages. The project will provide additional ge
capacity to the region, help make the powetwark more resilient, and thus support economic gro
The project should also generate job opportunities for the local community, including for wome
support the growth of the local and national economy.

With assistance of the ADB, thigjiectives of the project ane:
1 Expand the amount of renewables capacity delivered into the main grid
1 /2Yy0iNROdziS (2 ¢KIAflIYRQa t26SN) 5S80St 2LIVS
1 Contribute to job creation, including for women, and support growth of toa@my.

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

1 The project company entered intdP®Awith the Provincial Electricity Authority (PEA), the Th
state-owned utility handling all distribution and retail sales outside the greater Bangkok are:
dzLJ 2 yddpcp a2 dzyRSNJ GKS aAyAaidNER 2F 93°S

ThePPA is to be automatically renewed every five years, and in addition to the wholesale t
the project receives a tariff incentive (the-called "adder") of B3.5 p&iWh,applicable for 10
years from the commercial operations date

AssisingLomligor b align its labour and gender policies with the applicable regulatory
NBIljdZA NBYSYGasz ! 5. Qa,add@rhdtidnally reBoniseddore Rlyour { G
standard.

Facilitaing meetings and discussions with community and village heads, and othéyarsin
the area where the project is locatdd enable stakeholder consultation and resolution of
community and stakeholder grievances or concerns linked to the mdmatlopment

i Facilitaingliaison with state and provincial regulatory authorities.
As a consequence, the results the programme aims to achieve are:

1 When operational, the wind power plant with integrated pilot battery energy storage syste
have an installed electricity generation capacity of 10 MW with battery energy storagiycapd
1.88 MWh, helping to provide energy over a longer timeframe in eabio@4period

f {dzLJLx @ 2F NBySslofS SySNHe (2 ¢KIAflFIYRQ&
integrated battery energy storage system is beiegonstrated

I At least seven permanent jobs will be created during operation and the project is providing
700 jobs during construction, at least 100 of which were occupied by women, or fti/totdl.

237Asian Development Bank. (2019). Report and Recommendation of the President to the Board of Directors:
https://www.adb.orgékites/default/files/projectdocuments/53174/5317901-rrp-en.pdf

238The government has allowed snedhble power projects of up to 10MW to connect to the grid and directly sell electricity to Metropolitan
Electricity Authority (MEA) and Provincial Eletyrisuthority (PEA) since 2002.
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9 Provide beneficiaries with access to morferafable 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 overcomingréiatedk
bankability challenges that such a project migheothise face in debuting an innovative
technology. The benefits stand to be substantial, including the annual generation of at leas
14,870 MWh of electricity and the reduction of 6,36drtes of carbon dioxide emissions,
beginning in 2026

In the coursef the programme, key clients and stakeholders are:
9 Provincial Electricity Authority
I Ministry of Energy
1 Local communities impacted by the project.

The risks and challenges that the project faces are:

Potential changes ihe regulatory environment orgwer purchase agreement.

Technology risk relating to the relatively untried battery energy storage system and possibl
future maintenance costs

9 Inflation and other unexpected market changes leading to cost overrun
I Weak power demand as a result of adverse macroeconomic shock.
For BEIS the lesson from the programme in determining ICF investment are:

I In many parts of Southeast Asia, the lack of pilot projects and a lag in regulatory regimes p
widespread commeral deployment of the battery storage technology seen in other parts of
world.

239 https:/lwww.climateinvestmentfunds.org/news/innovatibattery-technologyboostsrenewableenergysuppliesthailand
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Glossary

Acronym / Term

Definition

ADB

Asian Development Bank

Aggregators are a grouping of agents in a power system (e.g. consumers, producers,

Aggregators prosumers) which act as a single entity when engaging in power markets.
Al Artificial intelligence
AMI Advanced metering infrastructure

Ancillary services

Services that maintain the proper flow and direction of electricity e.g. synchronised
regulation,contingency reserves, blaskart regulation, flexibility reserves

Baseload

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

BAU

Business as usual

Behindthe-the-
meter storage

Storage connected at the consumer sidéhef utility meter for commercial, industrial or
residential power customers (and is therefore grashnected).

BEIS

UK government Department for Business, Energy & Industrial Strategy

BESS Battery energy storage systems

BMZ DSNXI yéQa CS REbdbrhic Codpgfaticnannddev@dbment

BTM Behindthe-the- meter

BUG Backup generator

Cé&l Commercial and Industrial

CAES Compressed Air Energy Storage

CIF Climate Investment Funds

CSP Concentrated solar power

CTF Clean Technology Fund

Curtailment A rgduction in output from a power generator from what it could otherwise produce us
available resources

DER Distributed energy resource
FormerUK government Department for International Developn{antv part of the

DFID ForeignCommonwealth an®evelopment Office (FCD@K government Department for
International Development

DR Demand response

DSM Demandside-sidemanagement

EE Energy efficiency

Electrical storage

Storage of energy in electrical fields supercapacitor

Electrochemical
storage

Storage of chemical potential energy e.g. lithiombatteries

Energy storage

A device that captures energy for later use, with categories of storage including
electrochemical, electrical, mechanical, &nermal 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 optisation

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 Grossdomestic product

GESP Global Energy Storage Program

GHG Greenhouse gas

Glz Deutsche Gesellschaft fur Internationale Zusammenarbeit GmbH
Grid An electricity grid

Storage connected to a distribution or transmission networkalomgside a power

Grid storage 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 Energytorage Alliance

IFC International Finance Corporation

loT Internet of Things

IPCC Intergovernmental Panel on Climate Change
IPP Independent Power Producer

IT Information technologies

LEDs Light emitting diode lights

Load The energy demanelkperienced 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 OfficialDevelopment 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 otnergy as heat (or cold) for later use, either directly or to generate electricity

TRL

Technology readiness levels

UNIDO United Nations Industrial Development Organisation

USAItWSAD 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 Nirtual Power
Plant

VPP operators aggregate DERs to behave like a traditional power planigage in a
power market to sell electricity or ancillary services
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Demand Side Management

Summary

The demand side management opportunity is definemh@asures to increase power system flexibility and
encourage power demand reduction, using bptite and norprice signaldn this assessment, demand

side management focuses on the power sector. It includes measures to influeccasheneruse of

electricity (households, commercial users and industry), either in the time pattern of nsagmitude of

demand (e.g. energy efficiency and energy conservation). It also includes measures to improve the operation
of grid assets, to improve system flexibilitgl éncrease efficiency of generatidrhere are numerous

strategies to achieve the outlined types of DSM considered in this répmudingelectricity market design
customerselfgenerationbehavioural change policieanduse of digital, smart techiagies by consumers

and network operators within a smart grid

Interventions teencourage adoption of demand side management include technical assistance to local
utilities and policymakers, advisory support to businesses and financing of smart gitlirtfree.Given
the largest barrierso adoption of demand side management, example interventions include:

Technical assistande the development of electricity market regulation and design of effective
behavioural change policieend,

Fnancing of capital and softwarecluding data management systems and remote smart metering
systems throughout a grid network.

Tablel8 Demand side management assessment summary

Criteria Assessmené Notes
) . 9 Large indirect impact on power sector emissions by enabling integration of vari
Climate impact renewables (which could help to reduce around 50% of pogetoisemissions by
. 2050), reducing dependence on polluting forms of hgzkower and reducing
Medium
overall energy demand
1 Transformational impact on all sectors in the kergn through increased efficiency

of energy consumption across transpdmtjldings, industry etc

1  Substantial positive impact on SDG 7, access to low carbon, reliable power, an
3, good health and wellbeing, by supporting renewables integration. Further po
impacts on economic growth and intlyscan be achieved through system wide
impact of DSM

Development impact

i3

1 Investment need, and therefore gap is low (around USD 2 trillion) compared to

Investmenigap opportunities, reflecting lower levels of infrastructure required for centralised D
Gj\ Low 9 Costs are not negligible, however, and can be high in the case of payments to
llll industiial users to reduce demand, or deployment of metering units and smait ¢

use appliances in the transition to a smart grid

Cost effectiveness DSM is in principle a legost measure but there are costs associated with

overcoming barriers tdelivery, and this is poorly understood.
Cost effectiveness is greatest where behaviouradtia can be overcome, through
behavioural change policies, or circumvented, through automation and use of £

oo

Substantial barriers tgreater DSM include policy inertia, resulting from poor

Barriers to adoption . . ' .
P understanding of the ability of DSM to achieve energy access and climate goal

5 YiaaAry3d YENYSG Faaz20AldSR sAGK GKS
L] renewables; and, the lack of technicapacity to implement DSM measures e.g. &

poor digital ecosystem.
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Criteria Assessmené Notes

UK additionality

1 Extensive domestic experience in implementing DSM measures, both through
effective regulatory design and private sector business models, such as aggrec

Source: Vivid Economics, Adam Smith International & Factor
Key lessons for supporting mitigatithroughdemand side management

The nature of the local electricity demand will influence the ease of rolling outiD&ddintries with
large industrial demand, such as South Africa, incerbassd mechanisms targeted at industrial
users could provida large degree of the flexibility needed.

DSM policies can increase their climate impact thranghsureso:
Increase the price responsiveness of consumers, through behavioural change policies,

Increase the participation rate of consumersabyomating decisiommaking, 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 revenudsatfieity operators through Al.

India and South Africa both havgrsficant regional demand for D&d can deliver large climate
mitigation potential
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Introduction to the opportunity
Role of the opportunity in decarbonisationdafveloping countries

Demandside management will be essential to the decarbonisation of the power sector, and the energy
sector as a whole, through its role in providing dersside flexibility to meet rising electricity demand,

reducing total electricitdemand by encouraging behaviour change, and supporting the integration of
variable renewable energyhe power sector emitted.4 gigatonnes of carbon dioxid&tCQ) in low and
middleincome countries in 2015, rising to 16 G{€(2050 under a business-usual (BAYUscenarid4°
Variablerenewable energis expected taupply68% electricity in lonand middleincome 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 gigatts (GW) per year to 20560 Power system flexibility will be increasingly necessary to
handle the variability and uncertainty that thessiablerenewables introduce into the system, helping to

ensure renewables integration occurs at low cost and agrienewable power curtailmertt? Flexibility

and demand reduction are maximised to the extent that a smart grid is combined with increased
digitaisation 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 sectorgls@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

Currentlymost forms oflemandside managemerih place in low and middéacome countriefocus on

improving energy efficiency of power consumptigieasures 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 globatlyncluding in, India, Vietnarthe Philippines, Mexico, Peru, Colombia,

South AfricandKenya among othdow- and middle income countrie€ontracts to curtail industrial

demand are the second most common form of DSM in place acrosaridwniddleincome countries?*

| 26 SOSNE GKS a0FtS 2F L26SN) Ft SEA0AfAGE G(GKS& &dzlJL
opportunities, including the use of digital technologies and artificial intelligence, are scarce, with grid
modernisation onlyat a pilot stage in higincome countries. There is therefore little precedemcterms of

how countries can transition to a smarter grid, and substantial room for innovation.

Box10 ¢ KS TFdzidzZNB 2F RSYlIYR &AARS evdrgystaafer Sy i > K

A smatrter grid is viewed as a key step to realising increased desidantianagement, both via active
participation of energy consumers and increasing use of automation and smart systerBsNA R A
to the extent that it can optimise generation, tdisution and consumption of electrici?® Though its
exact composition will vary, all smart grids will rely on the introduction of information and communi
technologies; sensors and smart meteg¢so provide reatime measurement of grid activity @mprovide
signals that consumers, producers and network operators can respond to. One core aspect will be|
increased role of energy consumers, who will be empowered with the information and incentives t(
modulate demand in response to reahe price gynals; and supply energy back to the grid, utilising
distributed energy resources (e.g. solar home systems or electric vehicles). Smart grids will not on

240 Figures correspond to the IMAGE Planned Policies decarbonisation scenario

241 Figures correspond to themewables decarbonisation scenariariable renewables includes solar photovoltaic (PV), concentrated solar power

(CSP), onshore wind, and offshore wind.

222V ariability is defined as the fluctuating nature of solar and wind resources, which translaagithithanges in electricity generation. Uncertainty

is defined as the inability to perfectly predict the future output of variable renewable generation. Based on Irenat 2049).2 @I GA 2y I yRa Ol
LINB @hitSsshéww.irena.orgl

/media/Files/IRENA/Agency/Publication/2019/Jan/IRENA Innovation Landscape preview 2019.pdfAh=£0RHEH85865D12F47747356D9F62
90283B205210

243|nternational Energy Agency. (2020). Demand Response: TrackingqReper2020https://www.iea.org/reports/demandgesponse

249 { al t OlmplementngEnérgy Efficiency and Demand Side Managemehtdzii K ! FNRA O Q& £{dil yYRIFI NR hFFSNI azR
https://openkrmowledge.worldbank.org/bitstream/handle/10986/12508/690330ESM0OP1180SouthAfrica0WebFinal.pdf?sequence=1&isAllowed=y

255 1A SG Ffd onwnmTO® a. A3 5FGF alyF3asSySyid Ay {YINI DNARARAY O2yO0SLiiax
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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

on energy consumers to provide flexibility, however, but also on smart appliances and neevation
systems that can automatically optimise operation based on digital signals.

The effects of increasedhta collection on the gridan be transformational at the systamide level A
smarter grid will also allow ftine optimisation of generatioand distribution across the electricity
system For instance, artificial intelligence techniques are increasingly applied to the vast amount o
data, energy consumption data and weather data to help decide when and how to utilise renewabl
power soures. Applications have so far been concentrated in-imigbhme countries, Norway and the U
for example, but could equally benefit low and middigome countrieg pilots for improved grid data
collection and realime optimisation are, for instance, unsay in Argentina and ColomiBt&*’ This
supports the increased utilisation of renewable energy assets, improving the profitability of these a
and reducing emissions on the grid. In its most advanced form, the smart grid will allow optimisatid
acrosghe entire energy system, providing data that allows for flexibility and integration across the |
transport and building sectors.

One of the key benefits of the smarter gethe low-cost integration of renewableBy increasing the
responsivenessf the entire power system, a smarter grid can increase the efficiency at which asse
utilised. It therefore both helps to support higher levels of renewable integratiotoarduce the costs
of meeting rising power demargdby reducing levels oénewable energy curtailment, for exampléere
are numerous other benefits of the smarter grid, including increased reliability of generation and rg
risks of electricity theft.

There are several components necessary to realise the benefits prayidesimart gridnstallation of
sensors and smart meters will not be enough to catalyse the increased efficiency opportunities hig
above. The benefits of grid modernisation will also rely on three interconnected factors:

Digitalisation and artifial intelligenceSmart meters and sensors will inevitably create a surpl
information. For example, one million smart meters with a sampling rate of four times per hq
will generate over 35 billion recordsformation in itself is not valuable, hover, and will only beg
useful if combined witldvanced data analytics software, to translate vast amounts of
information into meaningful sigreland, internet of things (IoT) technologies able to
communicate and automatically respond to these digitabdsgrsmart thermostatssmart
substationsetc.

Decentralisation, via distributed energy resour(@ERsat the consumer end of the utility grid
Increasing deployment of DERisicluding solar home systems, behihé-meter (BTM) energy
storage systems, electric heat pumps and electric vehjafsctively decentralises power
generation, blurring the line between power consumer and producer. dreasore to increasing
5{ad 59wa AYyONBlIasS (KS WwW¥t SEA ccorSumpidn Bhe
electricity prices are low, and the supply of energy back to the grid when prices rise. Import
the associated revenue streams crealgthis process simultaneously increases the value of
DERs.

New business modelRegulatory frameworks that value flexibility and associated business
which seek to profit from DERs and the surplus of digital information are a necesxhtyn to
achieve a smarter, more responsive grid. In the UK and Germany, the design of capacity m
' dzOGA2ya KlIa 06SSy SFFSOGAGS G adAyYdzZ I GA
models, for example, which utilise DERS to creatermeéegenerating grid assets. China has als
demonstrated the viability of virtual power plants through a series of pilots, with as much a
55MW was gathered through a VPP project focused ecpadlitioning resources in commercial

26 C/ @ OHAHANO® AN YNIRKFS QA &S MIY[iSSG & 2ANES y O S
27energy & meteo systems. (no date.) Virtual Power Plant for South Arhégisa/www.energymeteo.com/customers/customer qj
power-plant_southamerica.php
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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

buildings®*81n 2020, tke controllable load managed by the state grid Jiangsu Electric Power
Company is targeted to be 10 G¥/Countries in South America are also advancing towards

deployment of VPPs, with a project currently underway in Argentina and Colombia, having
cofiy  YyYOSR o0& DSNXIyeéQa CSRSNIf aAyAaidNER F4

Scope considered in this assessment

The demaneside management opportunity is definedmsasures to increase power system flexibility and
encourage power demand redtion, using botlprice and norprice signaldn this assessment, demand

side management focuses on the power sector. It includes measures to influeccasbheneuse of
electricity(households, commercial users and industry), either in the time patfarse omagnitude 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 genefaiéoa.are numerous

strategies taachieve the outlined types of DSM considered in this reparudingelectricity market design
customerselfgeneration behavioural change policieanduse of digital, smart technologies by consumers

and network operatordBox11 sets out our approach to classifying the variants of DSM discussed in this

report specifically.

Box11 Forms of demandide management

In thisassessment, we classify DSM according to two dimensions, which together affect how DSM
AYGNBRddzOSR Ayi2 | 02 dzyTaeNBoQitnenSdnSuddil NRiSiAglish bethedn)
types of DSM are:

Centralised vs. Decentralised DSMs dimegion captures the level of coordination required.
Centralised DSM typically involves bilateral coordination between system operators and lar
industrial/commercial electricity consumeesd it is often categorised demandside response
(DSR)Decentrébed DSM includes smattale (household) electricity users, and could be achie
on marketbased platforms.

Price vs. incentivdased DSMIhis dimension captures the type of incentive provitkeite
based mechanisms provide incentives through theepof electricity (GBP/kilowaliour (kWh))
itself. This can be in the form of tireg-use(TOU) tariffs, critical peak pricing, variable peak
pricing, extreme day pricing, réahe pricing, peak time rebates, etc. On the other hand,
incentivebased mechanisms provide incentives beyond those included in the electricity price
itself. This could include direct load control, interruptible load, emergency demand respons
programmes, capacity markets, demand bidding programmes, ancillary service markets, et
Notably, pricebased DSM will require the uptake of digital, smart technologies that can
automatically respond to a vast quantity of information, and data processing systems that ¢
streamline the information provided.

As set out ifFigurel5, different DSM mechanisms sit on a spectrum. For example, bilateral industri
contracts are highly centralised, and incentive based

25 Sy ® SHAMPO GLYRAZAGNAFE RSYIYR a4ARS Tt SEAOAfAGE AYy [ KAYIl €
29DL % OHAM®MO GhLILIR2NIdzyAGASa F2NJ OANGdzZ € LI2gSNI LX Fyda Ay LYyRAIE
https://www.energyforum.in/fileadmin/user upload/india/media_elements/publications/20191121 Virtual Power Plants/Virtual amts R
eport.pdf

20energy & meteo systems. (no dat¥irtual Power Plant for South Ameritétps://www.energymeteo.com/customers/customer_projects/virtual
powerplant _southamerica.php

251 Thakur& Chakraborty. (2016). Demand side management in developing nations: A mitigating tool

for energy imbalance and peak load management. Available Hitgya://www.sciercedirect.com/science/article/abs/pii/S0360544216311331
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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

Figurel5 Types of DSM discussed in the report can be characterised along two dimensions

Price based

P2P trading

Real time
pricing

Commercial
aggregators Time of use
pricing

Centralised Decentralised

Capacity

: market
Bilateral é

industrial
contract

Incentive based

Note: Not all possible forms of DSM are shown in the above figep® refers to peeo-peer trading.
Source:  Vivid EconomicsASI and Factor

DSM is typicalimost 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®?

India, whereDSM can help to integratenewables and improve the energy efficiency of consumption,
as well as improve energy access outcomes through reduced grid outages. Given these local benefits,
a nationwide rolbut of 250 million smart meters is plann2g3

East Africa, where there idaage 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 thetijpbte provide
power system flexibility via alternative firm power generation, specifically pumped2&4iro;

South Africa, where there are large opportunities to achievectst/forms of centralised DSM through
contracts with industrial uss(who accout for 70% of electricity consumption). This is
RSY2yaiGN)GSR 0608 GUKS LYyGS3aINIGSR 5SYFyR alyl 3Sys
OF LI OAGe SljdzA@grtSyd G2 | FdxZt &% NRa St SOGNROA

South America (excluding Bra#l)Sy OS ¥ 2 NIl K UhighdziespectedtS hadie @rhaRdst the
highest levels of variable renewable generation, stimulating demand for DSM. A recent study by the

w2 [ | oHAMpOL G¢SOKYyAOlLf ! yySEY Ly S$S3aNI G hypI/wdw.iNkdeard SWNByYy Sol 6t Sa Aydiz
content/uploads/2019/04/Technic#innexIntegratingvariablerenewablesinto-the-Ukeelectricitysystem.pdf

253Bloomberg Quint. (2020). India Plans to Spend $21 Billion on Smart Power Meter [Rigdoutvww.bloombergquint.com/business/indjgans-
to-spend21-billion-on-smartpowermeter-rollout

254 Renewable Energy World. (2020). Energy Storage is the key to energy access in East Africa
https://www.renewableenergyworld.com/2020/04/03/energtorageis-the-keyto-energyaccessn-eastafrica/#gref

Z5 yAGSNYFGA2yFE {YFENI DNRR ! Ol A 2 fitp:bvwiiv.@Ridddn.ord/dsncasasouthaftics/{ a / F aSk { 2dzi K !
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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/

Economic Commission for Latin America and the Cariblstiamaged that approximately 25% of
energy consumption could be avoided by an active dersat@lin the regiof®

SouthEast Asiavhere, like in India, DSM provides opportunities to increase energy efficiency of
electricity consumption and help integratnewables across the region. Opportunities are already
being explored in Malaysia and Vietnam, for inst&rce?

This assessmefdcuses on théenefit of supporting the opportunitys a wholanddoes not aim to
comprehensively asset® effectivenessf specific investment opportunities or interventiohlmwever, for
context, potential specific investment opportunities are detailed in Se@tion

g NIAYST FyR wdzZRYyAO|l O0HAMHOD® SSSHAMNYI202 RAYNYRANBALIZYEAS LINRPINI Ya A
http://hrudnick.sitios.ing.uc.cl/paperspdf/PID2455963.pdf

58YlFyR {ARS al yl3SYSyid 9ySNHe& /2YYA&adA2y o6unmn0o® a58SYFYR aARS Yl yl
https://www.st.gov.my/en/contents/presentations/EPC_2014/Demand%?20Side%20Management.pdf

Bglfaltd® oHANnTO GaxASAYylY 5SYIYyR {ARS ahtipflwans esSapibro/sitgsRefaalyffi@deBgap STFTFAOASY O
files/39.%20Vietnam CFL Proghram_Evaluation Report.pdf
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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

Climate impact
Mitigation potential and urgency

Demandside managemerihdirectly helps to reduce emissions across low and middme countries by
supporting the uptake ofariablerenewable energy on the gridhich can help to avoid arous@%o of

power sectoiCQ emissiong7.3 GtCg) in 2050beyond businesasusual®*® As discussed in théariable
Renewables OpportunityeBort, on-grid variablerenewables are key to meet growing electricity demand

whilst lowering power sector emissions. InaMggy Sgl 0t SaQ &aOSy | NA-armd midde: 2 7F
income countries is provided bgriablerenewablesHowever, the integration of thesariablerenewables

will place increased pressures on the grid to balance supply and demand, both in tHersh¢due to

minute by minute variations in energy supplied) and in the letegar (to shift energy supplied to times of

peak demand)Demandside management can help to provide flexibility to the power system, ensuring this
balance is achieved and gqdality maintained.

Demandside management can also help to reduce emissions by reducing dependence of polluting forms of
backup power and by reducing power demand by increasing the efficiency of both consumption and
generation.Though the largest pathwdor demaneside management to support emissions reductions is
through enabling renewables deployment, it can also reduce emissions through two alternative pathways.

Reducing emissions from bagi generators (BUGs). DSM can help to reduce the frequadcy a
duration of power outages, thereby reducing the reliance on BUGs as a common formugd back
power. BUGSs currently account for a sizeable share of emissions, approximataggh®énnes
(Mt) CO2 across lovand middleincome countries. Their contribati to power sector emissions is
particularly high in Africa and South Asia. For instance, in Africa BUGs contribute to over 10% of
power emission&?

Reducing power demand by increasing efficiency of consumption. By exposing power consumers to the
real prce of electricity DSM can help encourage efficiency improvements, particularly in countries
with electricity subsidie¥! Through information campaigns, energy audits and feedback measures,
among other behavioural change policies, DSM can also incresadaption 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, buddihgshicles) and redime
consumption monitoring has led total annual savings of EUR 210,0@&ulting from a reduction
in the number of energy contracts and an identification of energy conservation me&surésdia,
effective behavioural change policies have enabled energy efficiency and dehactibn by
WOKFYy3IAYy3I GKS RSTFrLdzZ 6Q F2N AyaidlyOS OKIFy3asSa i
achieved energy savings of around 28%6imilar successful experiments have been conducted in a
number ofOrganisation for Economic ©peration and DevelopmerfOECDcountries, with
reductions in the default temperature settings from washing machines resulting in energy savings of
24% per wash amongst those with al@mperature default setting versus those with a high default
temperaturesettings. Emerging evidence suggests the exact choice of the default can intthgence
later scale of energy savings. A randomised control trial amongst office workers suggests that a

259From IMAGEZ.3Gt CO2 corresponds to a mmables scenarios. The lower is negati®@®9 Gt CO2), corresponding to the-degrees scenario

estimate

0. C/ OoHAM®pPOP® G ¢KS 5 A NI attpganewiift dwpsiwerd/donnéck28d3d8 BUED(-4842-9bDcdafdR 2f5dbc7/20190919
FullReportTheDirty-Footprintof-the-BrokenGrid.pdf?MOD=AJPERES&CVID=mR9UpXC

261 The top 25 countries providing energy (including electricity subsidies) are listed by the |BAdsetierww.iea.org/topics/energygubsidies

62 yGSNNBI 9dzNB LIS OHANMWHR GSFTSFRIOASYINIEG@K yIS F2N Sy S
https://www.interregeurope.eu/fileadmin/user_upload/plp_uploads/policy briefs/PolicyBrief Behavioural Cldinge.p

%32y S8/ 2y UNRBE® OHAMPO D &9 ELK I A yhEiR:¥wwiv.kéneydodtdd. camin@vazbuRinebs®@ndmyieiied- | / G W
why-youshouldkeepthe-acat-24c4711541.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-kthelling program.
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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

smaller change in the default settings on office thermostats (a 1 elegdeiction versus 2 degrees
reduction) resulting in a subsequent lower temperature setting and greater energy gévings.

Reducing power demand by improving efficiency of grid generation and distritsii@nt gridenable
more accurate redime monitoing of generation and consumption, which dalp network
operators to better manage electrical networks apdimisethe use of current grid assetor
instance, machine learning algorithms can learn how variable renewables are best absorbed on the
gridto reduce renewable power curtailmern estimated 25% reduction in curtailment, a 10%
reduction in operation costs, and an 8% increase in renewable energy generation is expected from
digital system implementatiofi®> Crucially, a smarter grid allows &fficientinvestment decisionis
future capacity and reduces reliance on surplus fossil fuel capacity to provide fleXjtlityation
of machine learning to wind powered generation in the US has boosted the value of wind energy by
around 20%; in th&uropean 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 CO
emissions in the same yeaR%’ In recognition of these benefits, Argentirastinvested in the
automation of power distribution and use of remote energy meters as part of its grid modernisation
strategy?%®

5{ aQa I oA ffleibdityanc®effiti@N® galndsBbstantidhgreases through measures that either
increase the pce responsiveness of power consumers or reduce the need for deliberate consumer decision
making, through a smart gribespite latent flexibility in a power system, DSM is often inhibited by price
inelastic power consumers. Behavioural barriers can fralithypes of DSM shown Figurel?, but

particularly affects centralised DSM, which relies exclusively on power consumers to make deliberate
decisions taeduce 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 flexibilithe flexbility benefits of energgaving behaviour is substantial
in Bangladesh, it has been estimated that changes in household behaviour could reduce residential
power demand by an average off4@nd byup to 22% during peak demand hotfi®olicies
targetingbehavioural change include the provision of information to identifygashg options (e.g.
energy audits on historic energy consumption information), feedback measures (e.g. real time
displays, benchmarking consumption against peer group) and traimdrgareness raising, among
others?’° A randomised control trial in the UK recently showed that coupling behavioural levers
alongside the installation of smart meters delivered larger energy sawvitisthe provision of a
reaktime display proven to redt in energy savinghat were2%- 4% highef’* Policies are
increasingly being trialled in low and middieome countries, but it is still too early to evaluate their
impact. In the Western Cape of South Africa, for example, energy consumptioceioiliiing is
being tackled through a range of behavioural interventions, including information provision via

% O/ I tfSe@d OHNAMC O D2AYNHENK 2Y2 GiKBI2ZINASBE 2R SGSNERFE | LILX A0l GA2y&a YR oF
https://www.sciencedirect.com/science/article/pii/S030142150400268X?casa_token=j0mbgwS081IAAAAA:KAVBOS BWZIIbg

ViHUT8XIIbgd Rmwgx1tJYVu7RQE@RmuN9Ik9IriXt8di13Y6g

2BS5|RENA (2019 Ly y 2 @l GA2Yy fFyR&OFLIS F2NI I NBy@wlotS LREGSNBR FdzlidaNBé KGGLBAY)
/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 ertgrgy/deepmind.com/blog/article/machirkarningcan
boostvaluewind-energy

267 |nternational Energy Agency. (2017). Digitalisation and Energy: Technology réfmrember 201 7https://www.iea.org/reports/digitalisation

and-energy

8. C/ @ OHAHNOD ! NOAFAOALIE LydSttA3aSyO0S Ay GKS t 2SN {SOil2NE
https://www.ifc.org/wps/wecm/connect/publications_ext content/ifc_external publication_site/publications_listing page#iifitlligence+in+t
he+power+sector

269V K|y O H 1 mshiing beba@iguBasd@danda A RS YI y I A3SYSyid &GNI GS3e Ay GKS RS@St2LMAy3 42
https://link.springer.com/article/10.1007/s40098.9-0302 3

20 v § SNNB I 9 dzNP LISharge foremprgytefiiciendAPDbligyBaefiiddn e Policy Learning Platform onQéwND 2y SO2y2Ye ¢
https://www.interregeurope.eu/fileadmin/user_upload/plp uploads/policy briefs/PolicyBrief Behavioural Change.pdf

21h 9/ 5 O6HAMTO® ¢l O1lftAYy3I 9YyPBANRYYSyYll hips/MNBvbdediNbEary. srd/dbdsenief0B39264273897 2 F . SK
en.pdf?expires=1598601277&id=id&accname=guest&checksum=52D9923391356A4C7D7153681992058E

:vivioeconomics 108



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

emails, inteffloor competitors2y Sy SNHE& al gAy3a | yR ARSYUGAFTFAOI G
STTAOASyOOe¢ o

Smart systems and artificial intefligce techniques, such as machine learning, which can increase
flexibility by reducing the need for conscious consumer participati@mart home energy
management systems, for example, direct energy appliances and distributed generation sources to
automaically respond to price signafszuri Technologies HonSmart solutions built on Al, for
instance, learning eadfomeQ énergy needs and adjustypower output accordingty by
automatically dimming lights, battery charging, and slowing femsnatch theO dz& G 2 YS N a G & L.
daily requirement$’® Machine learning and use of smart meters throughout the grid also improve
the flexibility of the system as a whole. In Baja California, Al algorithms are being trialled to allow the
electricity system operator tieact 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 betisaiitioon
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 pet@y-peer (P2P) trado?’* A second example involves the P2P trading
pilot project in Medellin, part of th€ransactive Energy Colombia Initiativeler the IEA Users
¢ SOKy2ft238 /2fftl02NXdA2y t NRBINIYYS o6¢/tod ¢KS
transactive energy it based on blockchain platform with DERsprovide 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 pilag, fronmi@ctober
2019 to September 2020, is intended to demonstrate P2P as a way of enabling the democratisation
of energy?’®

The role of DSM, and hence its mitigation potential, will vary per rédienelative mitigation potential
from any provision of flexibility (including DSM, but also storagghsst in regions wherée
emissions intensity of the grid is high and grid capacity is low, such as India, South Asia and sub
Saharan Africandparticularly Western Africall of these regions currently share experience of
frequent blackouts, as well as using substantial lewg¢lgdiesel generation, which DSM could help
reduce?®5 { aQa LR GSYyidGAFf A& INBIFIIGSAG 6KSNBUANARR SYA
renewables is large, while alternative options to provide flexibility are limited:

High grid emissions intensityplies enabling renewable penetration has the greatest benefitially
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) Sachirasfrica (90%)
and India (75%) will all require transformative changes to their power sectors, where DSM can play a
large role.

Limited alternative supplies of flexibilifexibility can be provided through various means, both on the
supply and demad side. DSMsimost valuable where these alternative forms of flexibility are
limited.

Weak transmission and distribution infrastructoneans the grid itself cannot be used to help
balance variable supply and demaAdiongst our focus regions, India deakt Africa both have

2IFC, (208 0 ® G! NOIAFAOALIE LydSttA3ISyO0S Ay GKS t 2SN {SOG2NE
https://www.ifc.org/wps/wecm/onnect/publications_ext content/ifc_external publication_site/publications_listing_page/artificial+intelligence+in+t
he+power+sector

2731bid.

274 R2yA S Fftd 6nnmpd a. 201 0KIFAY (SOKyz2tz23e Ay SiKS SySNHe asSoOdz2Ny !
https://reader.elsevier.com/reader/sd/pii/S1364032118307184?token=88C8632501939D666A5CFEC3D4913263F210859B979E806048C22D4A
A34DAD9949A08523759BB8918979E9AS5F9E

59y SNHewSP FyR ¢SOKyz2t238 /2ttF02NFGA2Yy t NB I-MIPaer Sommunity ddfonsumitiondzY Y I NE
and Transactive Energy Modeht@®s://userstcp.org/wpcontent/uploads/2019/10/191008ummaryGlobalObservatorylLaunchEvent.pdf

276 percentage of firms experiencing power @&s in a typical month are 25.5% in South Asia (2019), and 8.8%Salsubn Africa.
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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

weaker grid structures, reflected in the frequency of poatgages in a typical monthl4 for
India and 9 in Tanzania, relative to less than one for countr@sutheast Asje&South America
and South Afric¥/’

Costcompetitivenes of alternative forms of power flexibilisyich 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 ofefirewable power,
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 consumérsset out above, the greater the rolit of variable

renewables, the greater the potential need for DSM. Given that nearly all low and-madoifee countries,

except for Brazil, are expected to have upwards of 50% variable renewables in their electricity generation, it
is evident that demand for power sgat 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
(seeBox11on DSM categories).

In countries with large industrial demand, such as South Africa, incelndised mechanisms targeted at
industrial users could provide a large degree of the flexibility ne€dgate16 shows which regions will

have a greater demand for power flexibibtythe 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 theaxis, proxied by the increasing share of industry in power consumption today.
Regions which have above the median level of inded#ctricity consumption are shown in the two

guadrants 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 eefjypyim
price-based mechanisms targeted at household consumers. Households and businesses accoeidffor 60

of regional electricity consumption in Central America, Northern and Western Africa, for example. The
investment and coordination required to ireptent these decentralised mechanisms also reduce the scale

of the DSM opportunity in the near term.

277World Bank. Ease of Doing Business Indicators. Figures reflect the latest year of available data.
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Figurel6 Regional demand for DSM will depend on levels of variable renewable generation to 2050 and composition
of the electricityconsumption

. Focus region in DSM opportunity
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Transformational change

Demandside management offers substantial opportunities for transformational changgreatest

potential for transformationlachange lies with large demand loads, such #eeidemand for large

industrial needs, heating and cooling in buildiog$he increased demand for EV charging and battery
storage.Linking energy storage and DSM to electric vehicles alsigmificant potential to enable smart

and flexible grids. Overalhd scale of changelated to DSMs likely to be highest in the nerm where

the scope foimproving energy efficiency is greatest, such as in South Asia and East Africa, whereumore fo
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 Soutkian 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 infrastmbicieis necessary to

support smart grids and demand response measures. Examples in the target regions of where this is well
developed are Thailand, Vietham and parts of India, whereas most East African countries should focus on
more basic DSM strategissch as reducing transmission losses and improving behavioural diange
households and the private sector.

:vivioeconomics 111



Tablel9 Assessment of transformational change

Transformational
change criterion

Interventions to support change

Regional potential

Sensitive intervention points

Improvement of local
capacities and capabilitie

Support in institutional capacity building and regulatory reform
related to DSM, as well as electricity market reform.

India, East Africa, South Afri

Local ownership and
strong political will

Demonstrating the costffectiveness and environmental impact of:
DSM, particularly for interventions that rely on process improvern
and behavioural change rather than capital expenditure.

East Africa, Southea&sia,
South America

Leverage / creation of
incentives for others to
act

Electricity market reform and implementation of smart grids, allov
industry and households to become more active participants in
efficient use of electricity.

Behavioural chang®cused interventions can help improve the
energy efficiency actions of households, business and industry, ¢
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, particula
from industrial and agricultural sectors.

Behavioural change initiatives can achieve broad scale in terms
reducing overall energy demand or load spreading, at relatively |
cost.

India, East Africa, South Afri

Sustainability
(continuation beyond
initial support)

Regulatory improvements combined with behavioural change he
ingrain DSM measures for households and the workforce.

All regions

Replicability by other
organisations or actors

Improving consumer awareness is an important aspect to promo
DSM, helpingllow uptake, scale, and replication.

India, East Africa

Innovation

Catalyst for innovation

Supporting the implementation of smart and flexible grids can en
innovation on digital solutions, integration with electric vehicles a
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 weetsand
what has failed, or could be improved.

All regions

Source:

Vivid Economics, ASI and Factor
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Development impact

SDG impacts

DSMwould significantly contribute to achieving SDGs iegibns as set out iTable20.

Table20 SDG impacts

Strength of

Most relevant

Institutions

SDG . - Rationale
impact region
Positive Impacts
DSM would enable more reliable energy, helping to reduce p
India, East Africa, | outages. Increased access to affordable power would lead to creat
SDG ¢ Affordable _ South America economic opportunltlesDSM_aIso help_s_ tq reduce th(—u_nnecess_ary
High (where energy expansion of supply systenvéith a positiveémpact on tariff evolution
and clean energy . : . U
access is lacking to: and energy affordabilityor example, studies in a European cont
greater extent) show that demand response could result in 4% eduction in
electricity wholesale prices8
SDG & Decent . . There is a role for energy service companies (ESCOs) and othe
work and economic: Moderate All regions o .
related measures to create additional jobs.
growth
DSM would supporindustrial productivityby reducing exposure t
SDG € Industry, power outageswhich often hinder businesses and enterprises in m
Innovation and Moderate All regions of the target regions. For example, World Bank data shows th
Infrastructure Zambia, this equates to 18% reduction in sales in 2019. For Bang
the figure is 5.5% and india it is 3.7%7°
Southeast Asia,
South Africa (where
SDG 1§ Climate High a greater proportion: More efficient grids and use of electricity should reduce the generz
Change 9 of energy is needs, thus reducing fossilel related greenhouse gas emissions.
generated from
fossil fuels)
Negativempacts
SDG 1% Climate _ Umn_tgnded consequences from increased use of data proces
Low All regions requiring energy intensive data centres, could lead to substa
Change " 2 :
additional emissions, if data centres are not powered by clean ene
Demand response ofterequires handing ovepersonal or commercia
data and even control of devices, at which point there are a geivaicy
SDG 16 Peace, . . . }
. . and controlissues that arisand must be handled with approprial
Justice and Strong : Low All regions

processes and law. There are adsloical considerations regarding tr
loss of individual control of devices or systems due to automation a
of demand response syster#s.

Source:

Vivid Economics, ASI and Factor

278 COWI (2016) Impact Assessment Study on Downstream Flexildéy|Exibility, Demand Response and Smart Metering. European Union.
https://ec.europa.eu/energy/sites/ener/files/documents/demanesponse_ia study final report -08-2016.pdf

279World Bank. (no date). Value lost to electrical outages (% of sales for affected firms).
https://data.worldbank.org/indicator/IERM.OUTG.ZS?view=map

280 European Commission. (no dafeata protection impact assessment for smart grid and smart metering environment.
https://ec.europa.eu/energy/topics/markend-consumers/smargridsandmeters/smartgridstaskforce/dataprotectionrimpactassessment

smartgrid-andsmartmeteringenvironmen_en
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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

Demand in targetegions

Regionsuch 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.

Table21 Demand for DSM

Region Demand Ratimale

Varied and evolving regulation across states with many past initié

Il e EEES R that have not had the desired impact but can be learned from.

Varied and improving regulatory environment. Kenya and Eth
East Africa Low- Moderate appear to be more advanced than other countries in energy effici
policy and strategy.

Strong regulatory environment driven by government evidenced by

South Africa High . .
various programmeand favourable policies.

Variable regulatory and policy environment across countries. Effor
Southeast Asia Moderate Thailand and Malaysia are promising and Vietnam is making
progress in developing policy and initiatives, often with donor supp

Peru, ColombidJruguay and Ecuadtrave made limited DSk&lated
South America Low- Moderate progress, but this has often been done without proper articulatio
strategy or coordination between stakeholders.

Source: Vivid Economics, ASI and Factor

East AfricaEight East African nations have introduced National Energy Plans or Policies (NEPs) to meet
growing energy demand with affordable, sustainable energy services that enablecsommic
developmentBesidesncreasing generatiocapacity and grid coveraga| countries in the region
would benefit greatly fronmproving the efficiencgnd reliabilityof gridsthroughdemandside
management Y R &Yl NIi 3INARRa® YSyel Qa NBOSyd tI1%a FyR
and the Energy A€f outline efbrts and measures to champion energy efficiency. Kenya has also set
dzLJ GKS / SYdiNB F2NJ 9ySNHe 9FFAOASyOe FyR /2yaSN
identifies energy efficiency as a vehicle to promote economic gr§twhs | Yy R Q ®olicyy S NH &
highlights measures that need to be undertaken to promote energy effici&ncy

India In India, the focus on DSM varies depending on statesjusitbver halbf 36 statesand union
territories passing regulation while others have issued divestto distribution companies to make it
part of dayto-day operationg® However, this is happening in a reniform way and there are
many barriers to state level uptake of effective measures. Industrial sector demand response has
been addressed moremprehensively, but there is huge need for DSpécificallyjdemand
responseand efficiency in the agricultural sectddtilities in India have previously been mandated to
draw up coseffective demaneside management action plans and prognaes and prioitise 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®® As India increases its prodian 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/BLAPdOgKtxFT National%20Energy%20Policy%200ctober%20%202018.pdf

Republic of Kenya. (2019). Kenya Gazette Supplemésit28a9.

http://kenyalaw.org/kl/fileadmin/pdfdownloads/Acts/2019/EnergyAct_ No.10f2019.PDF

28 |nternational Energy Agency. (2017). Growth and Transfornfalgonll (GTP 1) 202620.https://www.iea.org/policies/6372rowth-and
transformationplanii-gtp-ii-20162020

284The Rwanda Energy Policy (REP, 2015) highlights measures that need to be undertaken to promote energy efficiency
285Chunekar, A. et al (2014) Demand Side Management in India: An Overview of State Level Initiatives. Available at:
https://www.prayaspune.org/peg/publications/item/2&lemandside managemenin-india-an-overviewof-state-levetinitiatives.html

286 TERI (2015) Demand Side Management in Indian Power Utilities. Availabtepat//www.teriin.org/researckpaper/demandsidemanagement
indianpowerutilities

:vivioeconomics 114



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

was higher than all fossil fuel investments in 2t¥18 focus on demanthanagements going to be
NBIljdzA NERX a 3ISYSNIGA2Y OFyy2i AyONSRdedeStoAyRSTA
more than double by 20438

SouthAfricaLy HnnnX {2dziK ! TNAOF oNRdzZZKG Ay (GKS W9y SN
programme, under the Department of Energy. The programme focuses on regulatiitugianal
governance structures andrgeted financial incentive8® 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
ISO5001. 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 meimbe2009. These
generally comprise energy efficiency measures implemented by participating utility companies, such
asCompact Florescent Lamps, Commercial Lighting, Hot Water Load Control and Solar Water
Heaters?®

South Americaseveral South Amerigaountries have National Energy Efficiency Laws in place (Peru,
Colombia, Uruguay and Ecuaddkrgentina is preparing one). The market in Colombia allows some
indirect demand response, but it is not a strong example of app&amme While Peru seem®t
have robustalthough outdateanechanisms and laws in place to promote energy efficiemy,
PSNHzQa 9FFAOASY( | &PBublahed i 200NGtker nebsRrasaviich Pefu hpsl &
in place include Directorate General for Energy Efficiencitsaidergy Policy 202D40.Argentina
has taken some recent measures to promote energy efficiency. An example cditleadsgy
efficient labelling regulation for new social housing, which states that the calculation of the Energy
Performance Index fall 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 tibadll&rogramme
for Rational and Efficient Use of Energy, Argentinean Energy Efficiency Fund and Programme to
Promote Use of Renewable Energy in Electricity Generfétiénergy Service Companies (B3@& 0
service providesthat help clients to save energy by evaluating their energy use, developing and
RSAAIYAYy3I I LINR2SOG (2 t26SN (KS Odrerstilyhdigeat Sy SN
agents in South America as legislation and regulation do nottaciiécessary 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 Argentinand Ecuador.

Southeast Astda ¢ K S gdintH ik eletticity demand, at an average of 6% per year, has been among
the fastest in the worldind met largely by fosdilel generation. There is a vital role for DSM to play
an improving the efficiency of eleicity distribution and reducing peak load and related fégsil|
generation Within Southeast Asia, Thailand has made great strides and been an early adopter of
DSM. It initiated a UBL89m programme in 199%ince thenthe electricity authority haseseloped
a portfolio of 19 programmes and substantially surpassed its original t&fgetslalaysia DSM was

287|EA (2020) India is going to need more battery storage than any other country. Availabilesatwww.iea.org/commentaries/indigs-goingto-
needmore-battery-storagethan-any-other-country-for-its-ambitiousrenewablespush

288|EA (2020) Energy Efficiency in Indigns://www.iea.org/articles/energefficiencyin-india

29]EA. (2019 knergy Efficiency and Demand Side Management (EEDSM) Prognéamsriévww.iea.orgpolicies/578energyefficiencyand
demandsidemanagementedsmprogramme

20 ES| Africa. (2009), Implementation of Demand Side Management in the Southern African PolgrPoelvw.esiafrica.com/industry
sectors/energsefficiency/implementatiorof-demandsidemanagemenin-the-southernafricanpower-pool/

291 AsiaPacific Economic Cooperation. (20F)llowUp Peer Review on Energy Efficiency in Reps://aperc.or.jp/file/2020/4/7/Follow

Up_ PREE_Peru.pdf

292 |nternational Energy Agency. (no date). Policies Database: Aegétttis://www.iea.org/policies?country=Argentina

293 Electricity Generating Authority of Thailand. Accessed July 2020. Availafifesatwww.egat.co.th/en/sustainabtdevelopment/demaneside
management
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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

given focus in the f1Malaysia Plaf®*More generally, the Asian Development Bank is focusing on
boosting investment in user demand energy &fficy?%

2% Eleventh Malaysia Plan (202620) available ahttps://policy.asiapacificenergy.org/sites/default/files/11th%20Malaysia%20plan.pdf
2% ADB (2013) ADB Aims to Accelerate Denrsigel Energy Efficiency Investments. Availablettats://www.adb.org/news/adkimsaccelerate
demandsideenergyefficiencyinvestments
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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 changelised

DSM such adilateral contracts with industry and tired-use pricing will typically require no infrastructure
investment and can therefore be rolled out with extremely low levels of capital investment (as shown in
Figurel?). 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 thdgmand.Timeof- use pricing will often need to be complemented

by investment in behavioural change poli¢eg. energy audits, feedback measures, and educational
sessions)o effect a change in demanthough associated costs of behavioural policiesial, in the

hundreds of thousand§®

Figurel7 Investment need increases the greater the level of flexibility and decentralisation

P2P trading

Real time
pricing

Time of use Commercial
pricing aggregators

Infrastructure cost

Bilateral
industrial
contract

Moderate

System flexibility

Source: Vivid EconomicsASI and Factor

More substantial levels affrastructureinvestment will be requiretb enable decentralised DSM, requiring
greater deployment of smart metering and smart @rsg systems, as well as improved data processing.
Approximate cumulative investment needs apsvards ofUSD2 trillion by 205G’ 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 traddetween the level of flexibility requireahd the cost of the
necessary infrastructure (séégurel?). Despite these higher infrastructure costs, smart grids may deliver

26C2NJ AyaldlyoSz | 2aG 2F 9! w wmmp I gand bwareress dragiai orieBeRyy disénfatios, daicK | Y/ A G
Ffft26SR a0K22f a FOO0Saa SySNHe O2yadzylliAzy RIFGF | yAoblenisivihyhe SRdzO
I St L) 2F . SKIFIGA2dNI & Lyairakidaso

297Calculated based onfoleci it 2 F OdzydzZ I GA DS Ay@SaldvyYSyid ySSR idégre8s(E2D$) scendrio. T@dirNk O A (i &
at a rough estimate of investment required in smart grids indmd middleincome regions, this number is a) scaled to reflect tmes need in

low- and middleincome regions and b) multiplied by the share of current investment in smartshaids/fvww.iea.org/reports/smargridg. As

this estimate is based on historical sggng on smart grid infrastructure it is likely an underestimate of future investment required.
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flexibility at a lower cost than centised DSM due to the costs associated with changing consumer
behaviour outlined above. Amongst others, investments include:

Consumer infrastructutd o increase demanside flexibility by consumers will require infrastructure
that allows the bdirectionalflow of information to and from the grid, such as advanced metering
systems; smart endse systems that are able to respond in+t@ak to price signals provided by the
grid, such as smart heat pumps; and distributed energy resources, including B systams,
that allow consumers to provide energy to the grid.

Gridinfrastructure Required grid infrastructure can broadly be split into two areas:

Widespread deployment of sensors to allow for-taaé 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 decentrali&iMV.

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 Communication$o utilise the flows of information and allow réate 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 #tance, 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 vakitide a
quality of the data management systems in place.

Box12 provides some specific examples of DSM related investments, and their costs.

Electricitydemand and renewable penetration will drive different levels of regional investment in DSM.
Figurel8 provides a rough indication of the regional investment neededpgpat 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 consumpigimest in India, which

coud require nearly USD 300 billion in smart grid infrastructure to 2050. South Amerigawhdast Asia

are also likely to require relatively larger smart grid investments, approximately USD 150 billion in each
region. Far lower levels of investment arpected in East Africa and South Africa, due to far smaller
household electricity networkshere, investment need is in the tens of billions.
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Figurel8 Scale of investment need is in the order of hundreds of billions within fogisme
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B Cumulative investment need by 2050 (USD billion)
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 regip which is calculated based on the share of household electricity
demand (TWh) in that region relative to low and midiieome countries as a whole.

Source:  Vivid EconomicsASI and Factdrased on IEA Energy Technology Perspectives (2017) and IEA World
Energy Balances (2019)

28 9L{ OHAM®DPO D -obt{ Cost. Ny SaFSAiiS NI yw 2 fefa A & HAMdDEéE D
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment _data/file/831716fsetarroll-out-costbenefit

analysis2019.pdf
29Smart Energy Internat2 Yy F £ My 0 ® a{ YI NI YSiSNE htmsvwyy.s@dtengrdySondfeafurkanihdis/sstrS O G NA OA |
meters101-franceslinky-electricitymeters/
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30, 9L{ OHAM®DPO D -obt{ Cost. Ny SaFSAiiliS NI yw 2 fefa A & HAMdDE D
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/831716edsetertroll-out-costbenefit

analysis2019.pdf

L YENIG 9YySNHE LYGSNYyFGAZ2Yy It onHnmy O ® & Kttyst/ N siaSénSrdidtomiieatmryanal/bld/siiadtS Q& [ Ay
meters101-franceslinky-electricitymeters/

2L C/ OHAHANO® &! NI AGHRiOENE ATy ({8Yd4i/MNaRy S/&NSH slvéyidRconindC i@ fc5h6205ch-4ee3b720
ab07591ac90e/EMComsgsNote-78-AFSmartHomes.pdf?MOD=AJPERES&CVID=n0S3dro
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Costeffectiveness

DSM is in principle a lewost measure but there may be a castociated with overcoming barriers to

delivery, and this is poorly understo@kntralised DSM requires minimal capital investment, and so in

theory is relatively costffective (on a GBP/tCO2 basis) compared to other energy opportunities, which

require hrge amounts of capital infrastructure. This does not imply, however, that there are zero costs of

DSM. Nomegligible costs associated with the payments to industrial users to curtail demand ought to be
considered, and thedgave been high historicallyhe costeffectiveness of decentralised DSM will be

relatively lower, due to substantially higherc&t® &S0 GAy 3 dzLJ I WAYFNI 3INARQOD
energy service provided and the costs of alternative forms of power flexibility on a largeusdakes(the

build out of additional renewable capacity), decentralised DSM is still relativedffeasive mitigation

opportunity.

The benefits of DSM will vary per region, and extend beyond its climate benefits, affecting-the cost
effectiveness of DSKeasuresThe 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 consud&vswill therefore be most cest

effective on a GBP/tG®asis in regions with lower energy efficiency and higher variable renewable
generation expected to 2050. Nafimate impacts could also increase the relative-effsictiveness of DSM
measures. Faxample, in regions where grid outages are frequent, such as India and the rest of South Asia,
DSM is relatively cosffective for both reducing emissions and improving energy access simultaneously.

{AYAf I NI 83X RSOSy i NFectivareSsRariésfacra@siregivds tidpahding 8n the 2oatsi
associated with achieving demand flexihility

Alternatives forms of power system flexibility, specifically the availability and costs of storage and firm
power will affect relativeosteffectiveness of DSMpportunities. 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 antervention 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 transaatins (for example, lengthy contractual procedures are likely to lead to lower uptake).

For instance, experiments in the USA suggest thaprioe interventions could help deliver energy

savings equivalent to a shertin electricity price increase of 1120%, highlighting that prideased
interventions will, by themselves, be a costly method to achieved desired changes in behaviour due

to behavioural inertid® Given this inertia, the effectiveness of behavioural change policies will be

the key driver otost-effectiveness. A South African company, International Housing Solutions, helps
RSEAGSNI al gAay3Ta SldzAgdrtSyid (2 2yS Y2y(iKQa NByl
pre-installed smart meter®*

Latent flexibility, with some regiorgving an inherently larger capacity for providing power flexibility,
depending on the key sources of consumption. Some industries and busisashess data centres
can more freely optimise demand without affecting output. On the other hand, someriadus
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 custoimgtheiompa

electricity use to that of their neighbours. The average amgreduces energy consumption by 2%, but the effect is heterogenous across

K2dzaSK2f Ra 2F RAFFSNByG AyoO2YS tSgStad {SS 1{t0200d onnmmOd a{20Al
https://www.sciencedirect.com/science/article/abs/pii/S0047272711000478?via%3Dihub

4L C/ OHAHANO® a! NOIAFAOALE Ly 8tpsiiviva Foo@BpsiwghiRconindcifBiciDapfsdedaobzZ® { YI NI K2 YSa
ab07591ac90e/EMCompakmte-78-AFSmartHomes.df?MOD=AJPERES&CVID=n0S3dro
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air conditioners, for example, are well suitedrtodulate demand at regular intervals without
affecting the service they provide.

IS@St 27F &dzLILJ2 NI A y 3, sl as théNdegrea MWwR@ a regioh AlteadlyinAshép by S
advanced metering and management systems. Gradual deploymenftastrircture in some
regions may increase tloosteffectiveness of future interventions. Brazil, South Africa, and
Southeast Asiacountries (Thailand, Malaysiad Vietham) are among the countries who have
begun to use smart grid%>

Regulatory and policinertia 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¢bsteffectiveness of nedr all forms of DSM.

S051EA. (2019). Smart grid#ps://www.iea.org/fuelsandtechnologies/smargrids
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Barriers to adoption

The largest barriers tDSMin regionswhere the opportunity offes the greatest mitigation potentiale

those relatedo i) political economy challenga market failuresndiii) enablingenvironment 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.

Figurel9 Barriers to an opportunity

Political Economy Market Failures Enabling Environment

Weak regulatory
frameworks

Lack of competition in

039 electricity markets

Low gov't understanding
and support for DSM

%1

Low penetration of

Vested interests of gov't Behaviouralinertia by
variable renewables

0,
— and/or utilities households or business

a{%? Challenge of aligning Irmovati\'/e smart grid Weak transmission grids
stakeholders on DSM ideas fail to take off

@ Rapidly evolving sector a Fossil fuel subsidies m Delay in digital transition

challenge for stakeholders reduce incentives in target geographies

Lack of awareness of DSM Unpriced greenhouse _@‘ack of data to inform and
in households/ business gases measure DSM initiatives

Source: Vivid EconomicsASI and Factor

Political econombarriers to implementation are likely to be:

Implementing DSM initiatives can require alignment betweeida range of stakeholders including
regulators, utility companies, distributors and customers. This can be challenging, as demonstrated
with South & NJABDérdgy &fficiency and DSM programifiee 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 usindedepneined and prepublished price.
However, the first round of negotiations failed to agree on pricing and terms. Since then the model
has been successfully adopti.

The required leadership and investment by national and municipal governments in providing
incertives 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 Souttica, for example, revenue from electricity sales

can account for 24 to 35 % of total municipal reverifies.

Poor government awareness of the benefits and unintended consequences that could be realised

from DSM, and how it fits into the wider global Igazf 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 demasitle management. The two are different sides of the same coin

and must be considered imity, as DSM can reduce network investment costs and improve
NEfAFOAtAGE 2F SEtSOGNROAGE adzald ed |1 26SPSNE (K

306 ESMAPImplementing Energy Efficiency and Demand Side Management:!Seubhh O Q& { G yRI NR hFFSNJ) a2RSt o
http://documents1.worldbank.org/curated/en/763421468008714696/pdf/690330ESMOP1180SouthAfricaOWetiiFinal.p
307Covary, T. (2016) Overview and assessment of the energy efficiency and energy conservation policies and initiatiyesb€ thieSeeth Africa
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considered as greater efficiency makes an ereagguming technology less expensive to use, s
people use it more ofterThis 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 thheliancontext.3®

There is also oftenlack of governance structure for planning, implementing and evaluating DSM
efforts. InSouth Americafor example, it is common to see that several agencies promote and
implement DSM efforts without coordination and articulatidhis is particularly these in
ColombiaandUruguay?®®

Furthermore, lack of awareness or thorough analysis means that goverteddd®M 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 Witkilature suggests that energ@aving
behaviour could reduce energy demand by a maximum of 21.9-%/ 3 t | 2B1SEn&r§y &
Efficiency and Conservation Master Plan (EECMP) does not consideisen@rgypehaviour at &f°

Even if DSM policy is implented 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 ladiand half of 36 statesalwe passed

regulations on DSM but only a six or seven have issued directives to distribution companies to make
it part of dayto-day operations!

There is often a general lack of awareness and understanding of DSM measures in companies and
industries irthe 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 thlesaoicarrectly
calculate payback periods and savings potential, which presented a strong barrier to energy
efficiency investment¥?

As such a rapidly evolving energy sector is challenging for stakeholders to keep up with. As energy
generation switchet 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, theiton@F Wi dzyy St ¢
help explain why managers in business and industry may not engage with them or take them

forward. This mindset causes changes in decisiaking methods, causing people to magnify costs

while minimising benefitg3

Severamarket failire barriers to investment or adoption are likely to be:

Immatureand uncompetitive electricity markets that exist in many countries, particuldhsin
Africaand South Americado not incentivise DSM investments by households or the private sector.

SKFE@A2dzNI £ AYSHNBKI Gk FRNIGNESLIQF il AKARSISK2t R | YR
as people tend to stick with what they know and are used to, rathemtiz&ing changes that could
be beneficial to their finances and the environment. For example, research by Ofgem ifthe UK
found thatUK consumers tend to stick with the defedtvice plaroption, even if it is substantially

308 Thapar, S. (2020) Energy consumption behavior: Abdasted analysis of urban Indian househdidsrgy Policy Volume 14Bii(K

39DAf OSNII2 5SS al NIAYy2Z WO 6HnmMTO WIOYSNHE 9FFAOASYOR WY inBEwy SLoy! (63 NSy I-9lyA
Area Studies 21 (2)c22. Link

310Khan, |. (209)Energysaving behaviour as a demaside management strategy in the developing world: the case of Bangl&ateshational

Journal of Energy and Environmental Engineering5403(ink

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/2&8lemandsidemanagemenin-indiaan-overviewof-state-levetinitiatives.html

312pegels, A, Figueroa, A, Never, B. (2018) The Human Factor in Energy Efficiency: LBeseltping Countries. German Development Institute.
313Mullainathan, S. and Shafir, E. (2013): Scarcity. Times Books: New York.

340fgem (2019) LILX @Ay 3d O6SKFPBA2dzNI £ AyaAIKGa G2 F2NBFNR f 221 AayidraldisighB A y3 NEB-
Unit. Link
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more expensive than the alteatives.Instead, behaviour can be influenced via4fioancial

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 g&itever 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 padkeg@ddresses wider technical, market

and institutional barriers to energy efficien®&yot many developing country behavioural examples

have been identified in more recent literature, although a studijawares da Siheand Gabriela

Prata Diag2020¥%® 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.

There are high &ts and investment risks (such as currency volatility and political stability particularly
in East Africarcountries), involved in smart meter rollit programmes, which is the infrastructure
that allows consumers teduce their demand in response to hégiprices during peak periods

Internal competition for capital and resources can limit the potential for indfstnsed DSM
measures. Manufacturers often have limited capital available fouseaafficiency projects and
frequently require verghort payback periods (one to three yed&t8Financial matterare still the
driving force behind energy efficiency investment decisions, meaniragnddowcapital

improvement options, often based on behavioural change strategy, are still preférred.
Furthermorevolatile energy prices can create uncertainty in investment returns, leading to delayed
decisions oiDSMprojects.

Unpriced carbon leads to @k ofthe true costbeingreflected in energy useeducing incentives for
generators and consumets supportmore flexibleand costeffectivesolutions®?° This is further
compounded by continued fossil fuel subsidies. For exampéeentOverseas Development
Institute ©ODI) study highlights how South Africa subsidises coal by USD 3.2 billion.f5ér year

Innovation support is also needed to support inventietested tolCT and digitalisation, including Al
and blockchainand linking with smart grids. While many good ideas éxi®lation to smart grids
and the use of digital innovatiothese can sometimes be expensive and difficult to test, and
therefore never reach full potentigbarticularly when many stakeholders need to align on the
process and agree on the rationale f@front investmenf??

Moderateenabling environment / absorptive capadigyriers to investment or adoption are likely to be:

Lack of government instituti@l capacity to develop policy and regulations to enable DSM measures to
be implemented and enforde 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 neay bagsers
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, theRd@a € I NASad 9{/hz A& 62Nl Ay3 A
DSM and yet inefficiencies and barriers still exist. However, it should be noted that regulation and

315Never, B (2014) Making Energy EfficiencyH@ar: Insights from Behavioural Economics facyBlesign. Deutsches Institut fur
Entwicklungspolitik. Discussion Paper 11/201i4k(

36 Tavares da Sily8. andPrata DiasG. (2020Energy Efficiency in Developing Countfegicies and ProgrammeRoutledge.L(ink

317 Sourcehttps://www.unenvironment.org/newsnd-stories/story/nudgeactionbehaviouraisciencesustainability

318 pegels, eal. (2018) The Human Factor in Energy Efficiency: Lessons for Developing Countries. German Development Institute.

3191 bid.

320CMS Law Now. (2016). DSR, Energy Storage and Smart Grids: Key proposals for the UK's Smart Energy System

Available athttps://www.cmslawnow.com/ealerts/2016/01/dsenergystorageand-smartgrids-key-proposalsfor-the-ukssmartenergysystem
$210DI. 2019G20 Coal Subsidies: South Afritgps://www.odi.org/publications/1136920coatsubsidiessouth-africa

$22Kappagantu & Arul Daniel. (2083)allenges anidsues ofSnart Grid Implementation: A case afh Indian scenarioJournal of Electrical Systems
and Information Technology. Volume 5, Issue 3.

:vivioeconomics 125



https://www.die-gdi.de/en/discussion-paper/article/making-energy-efficiency-pro-poor-insights-from-behavioural-economics-for-policy-design/
https://www.routledge.com/Energy-Efficiency-in-Developing-Countries-Policies-and-Programmes/Silva-Dias/p/book/9780367361976
https://www.unenvironment.org/news-and-stories/story/nudge-action-behavioural-science-sustainability
https://www.cms-lawnow.com/ealerts/2016/01/dsr-energy-storage-and-smart-grids--key-proposals-for-the-uks-smart-energy-system
https://www.odi.org/publications/11369-g20-coal-subsidies-south-africa

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 Sgction

The absence of good and reliable statistical information on electricitgneesuse, 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 Southedican countries.

In relation to smart grids and enabling technology for some demand response measures, a poor digital
ecosystem and lack of awareness of-@§ed solutions (including Al and blockchain) is a major
barrier in many of the target regiorgrticularly 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 afbarrier i
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, Indih 8frica and loweincome 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 sudagsske of DSM
measures, particularly related to industry or housefsaldle initiatives to shift peak demand with
TOUpricing or other behavioural change focused incentives. For example, India has found
widespread consumer awareness to be a key enableffective DSM measures in the industrial
sector, along with measures such as TOU pricing.
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UK additionality
The! YQA& | RR paitiguiaygstrong iakdowledge sharing from the UK domestic experience

TheUKQ @rivate sector has extensive experience in smartrgadarchdevelopmentand

implementation and there arepportunities for partnerships, local assembly and accelerators that
leverage UK privatsector and academic experti3de 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 chaffénges

The UK has focused on demaside management with increased national campaigns over recent
years, including the focus on smart meter installations. In addition to encouraging households
request smart meters, the government placed targets upon energy suppliers for uptake, which
encairaged the uptake. This dual approach to both consumer and supplier could be replicated in
some of the targetegionsand place strong additionality in helping other governments learn from
the UK experience.

TheUK has provided considerable support twowation in clean and efficient energy, for example
throughCarbon Limiting Technologid¢ise largest clean tedhcubator in the UK, which has

adzLILI2 NI SR 20SNJ opn O2YLI yA S &Endgsi EnpeprerfeursFéfiod Y Iy | 3 A

the past several years. Establishing funds and extending similar incubation support to companies
working in, or looking to expanidto 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 mark&t Relevant learning and processes dlgsis 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 pdipally driven by the World Bank, the European Union (EU), the Asian
Development Bank, United States Agency for International Development (USAID)ei§iBeD

Gesellschatft fir Internationale Zusammenarf@iiz), Kfw, the Intekmerican Development Barénd

United Nations Industrial Development Organisation (UNIDO). Some notable interventions include:

The World Bankasactive programmes that feature DSM to some extent across Asia ancf&frica

Ay Of dzRA y 3 -Sid& IBanaig&nent ang Bnergy Efficiendy2 2 SO ¢ USBISM3X &G y I Y
well as continued interventions and projects underttite Energy Sector Management Assistance
Program(ESMAR

The Asian Development B&h&k A y disldrge DSMW/ pilogrammes in India, one which is due to
close in 2021 and the other in 20Zhese combine loans for capital expenses with technical
assistance grants to support tHevelopment and implementatioof energy efficiency measurés.

323 Ofgem. (no date). DECC and Ofgem Smart Grid Fottsi//www.ofgem.gov.uk/electricity/distributicnetworks/forumsseminarsand-working
groups/deceand-ofgemsmartgrid-forum

3240fgem (2019Applying behaviourasights to forward looking charging refommS a dzf G & FNBY | t AGSN} (6 dz2NE NBGASo
Unit.

325World Bank. (no date). Projecistps://projects.worldbank.org/en/projecteperations/projects
list?searchTerm=%22demand%20side%20management%22

326\World Bank. (2002). Viet NarbemandSide Management and Energy Efficiency Project (English)
https://documents.worldbank.org/en/publication/documentsports/documentdetail/434891468780588320/is@am-demandsidemanagement
and-energyefficiencyproject

327 Asian Development Bank. (2019a). India: DerS&idd Energy Efficiency Sector Projetps://www.adb.org/projects/4824-002/main#project
pdsand Asian Development Bank (2019b). India: Scaling Up D&itenEnergy Efficiency Sector Projettps://www.adb.org/projects/52196

001/main#projectpds
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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 conibg loandor largescale interventions alongside

technical assistance. Fewer programmes and donors have focused on smaller scale programmes,
particularly those that look at Al, smatids and behaviour change poligiakhough an exception is

an innovaion fund on Al solutions run through the &€F DA @Sy GKS ! YQa &adNey3
innovation programming, there could be real additionalityantinuing tofoster new solutions in

the smart grid space.

For example, théhe UK Department for Internation@kevelopment (DFID, now part of the Foreign,
Commonwealttand Development Office (FCDO)) fundsAfrica Clean Energy Program(2616
2021, budget o6BP 65 million) works across 14 priority countries to catalyse a rbadext
approach for private sectalelivery of solar products and servié&s.

5 CL 5 Q a ovaEn&tgy Indlusive Appliances Prograiameesearch and innovation programme

that seeks to double the efficiency and half the cost of a range of electrical appliances suited for off
and weakgrid household, small business, and industrial consumers. It deploys a range of
interventions from market stimulation to education and awareness raising.

The DFIOTransforming Energy Access progranmmsibSaharan Africe also providing relevant
support in relation to DSM opportunities, mainly increasing the uptake of efficient appfi#inces.

In India, theSupporting Structural Reform in the Indian Power Sgaigramme which aims to
support structural reforms in the dimn power sector has createdsmart Grid Readiness Assessment
Tool to assess utility readine®s.

In a 2016 survey on top ICT for development trends among DFID advisors, household/cemmunity
scale batteries and smart grids were placed second and tegpectively®* TheFrontier

Technologies Livestreaming prograntme piloted ideas suggested by DFID staff as they relate to
these ovearching areas.

328 https://eschjordan.org/

32%GIZ(no date).Smart Grids for Renewable Energy and Energy Efficiettgy.//www.giz.de/en/worldwide/62816.html
30FCDO. (2020). Africa Clean Energy Programme (&@GE)/devtracker.dfid.gov.uk/preicts/GB1-204637

331 DFID (2016) Business Case: Transforming Energy Access for Households and Improved Livelihoods (TEA)
332DFID (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/frontiertechnologylivestreaming/frontiestechnologiegech-surveyresults24beOeaael8d
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Intervention opportunities

To alleviate the barriers set out in Sectipthere is substantial opportunity across all regions forukgo
draw oncore strengths and areas additionality.to deliver demaneside 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 sectantlietly to yield

high energy savings. For exampldnaia 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 pumich atrategy requires needsased research, for example,
exploring high potential for distributed DSM throughgitl renewables (mirgrids, interconnected
mini-grids, and standalone home systeinglping to meet significant demand in the micro an@im
and medium enterprises (SME) secidata collection surveys are also often necessary to develop a
robust picture of the existing consumer baselswech as appliance ownership, equipment models
and sizes, current practices, etc. Resulting intervestigport could include technical assistance to
national governments on regulatory, finangialtaxrelated mechanisms improvement and DSM
measures, across household, busireess industry levelgime-of-use tariffs to shift demand,
connected with an understanding of behavioural change aspects and industrial energy efficiency.
These and other interventions are explotedow.

1 Considesupporting utility companies and grid operators viittervertions ontariffs that closely
reflect the price at any given point in time. This incluhes-of-use tariffs that target households
and-or businesssand help to shift demand away from peak times, reducing the overall grid capacity
needs. For example, Tanzaniagiventhe large peak demand in the early evening, when farmers
return home from the fields, and low demaimdthe daymini-grid developer JUMEME has
attempted to shift commercial demand away from the evening, and stimulate demand in tf#é day
Basedon the fact that irrigation pumps used to be used in early morning, through a partnership with
drinkingwater business, water pumps were switched on automatically when there was excess
supply, and lower rate tariffs given to the business for thisggnesageThe mpacst of the strategy
were:

Thetmeof-dzA S GF NAFF Wy dzZRISRQ T NI S Mdile thefe isatiedper eriddyyh I I (G A 2
reducing evening demand.

The poductive use partner filled the gaps in electricity demand duringdeand increased demand.

Considesupport to foster an E®€Cnarket, whichcan help deliver energy efficiency solutions to

industrial and commercial customers. It is imgppt that ESOs are seen as credible and

trustworthy, if users are willing to invest money upfront and realise energyerdéfiagains down the

line. GIZ helpe:fund the enabling components for thisSouth Africahelpingthe South African

National Energy Development Institutedet up the register of accredited ESXCA he register
includesESOQ & | ONR&aa (KS @It dzS OKI A ying2MeasGeheiN&E & & S NIJ.
Verification, Technology Installers, Consulting Engineers as well as@@ESQi K & LINE @A RS
services and financinghe greater participation of ESCOs will help to advance and attract private
investments in DSM efforts.

If a cauntry doesnot yet have a conducive environment for B§@onsider supporting appliance

and equipment labelling programs. The US MCC Energy Efficiency and Demand Side Management
(EEDSM) iGhanas a good example of thigoject interventions include (B rollout of energy

efficiency standards, (2) implementation of the-pdiary school curriculum and public information

on use of efficient appliances with standards and labels via different media platforms, (3)

334 https://lwww.energy4impact.org/file/2100/download?token=9k2uhkpD
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implementation of an energy auditing aredrofitting 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 eneregfficient LED street light&>

Energy efficiency indicators areicial to measungthe impact ofinterventionsand benchmark the
level of efforts. Alatformshould be in place so thtte impact ofDSM efforts can bmonitored,
and investmentganbe accounted for as well & quantifyenergy savings @missiongnitigation

Industrial DSM initiatives can be high imgaderms of reducing emissions and balancing the grid.
For industrial EE, higdotential actions include developing and energy management (EnMS),
equipment standardigbelling(for motors in particular), and incentives from local/state/national
governments and utilities and combined heat and powdoption of ISO 50001 by leading

industries can set examples and help make it an industrial norm, with supporting communications
and behavioural change inpuSonsider providing support to regional governments to implement
national regulations that may already be in place but are poorly understood. For exarmali, in
implementation of DSM policy in states andomrterritories ha strong potential for support and
impact.

Enable kowledge sharing programmes, allowing countries to learn from2aclikK S NDa Ay i SNIJ!
and programming to leapfrog in adoptidreverage UK private sector and academic expertise to
create or support panerships, local assemblies and accelerators related to DSM initiatives.

Secific support regardingehavioural 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 praaddésory support for behaviour
change programmingssistinggovernment to address knowledge gapsl help to ensure these are
designed as effectively as possible. For exarappmortthe seting up of behavioural science

insights in electricity market regulatoes, demonstrated bihe! Y Q& h¥3ISY . SKI @A 2 dzN.
Unit, to apply behavioural sciee to the regulation of the energy markétsights cabetter

understand consumer choices, supplier conduct and other business denaiarg which can then
inform the most effective energy saving initiativ&dt is important to note that research @mergy
efficiency in Ghana, Rwanda and Uganda finds &tfe\oural levers are only likely to warken
included as part ai policy package that addresses wider technical, market and institutional barriers
to energy efficiency?’

Consider supportingoluntary energy efficiency programmes for heavy industry. The aim is to
demonstrate the value and cesffectiveness to businessetadopting more efficient processess

well as the environmental and climate benefithis could be independent from or intatgd with a
time-of-use tariff that industries can also respond to. A good exanffiehavioural change in

industry efficencyis the UNIDAndustrial Energy Effeaicy Project (IEEREupport to the steel

industry in South Afrigavhereit was found thaainy meaningful package bSMmeasures would

have to include skills developmén2 NJ (G K2 &S 6 2 NJ A.\6& the gasesthdy in Wa K2 L) T
Section0.

Consider providing advisory supportvauntaryenergy efficiencprogranmes for households,

through implementing strongommunicatiorof the rationale for flexible and more efficient energy
use based on a strong understanding of behavioural chact@rs. Based on UK experien©égem
foundthat the current evidence pointed to three particular strategies of how best to help residential
consumers be demanitexible: aitomated response to price signatgnplicity in tariff design or the

335 Data.Gov. (2019). Ghanknergy Efficiency and Demaside Managementittps://catalog.data.gov/dataset/gharenergyefficiencyand
demandsidemanagement

360fgem (2019) LILIX @Ay A O6SKFPBA2dzNI £ AyaAdIKGa G2 F2NBFINR t221Ay3 OkhtNBAY I NEBE-
Unit. Link

337Never, B (2014)iscussion Paper: Making Energy Efficiency?Boo Insights from Behavioural Economics for Policy Design.
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user experienceand providingriformation about pricerad tips on how to respon®# This could be
particularly effective isountries with frequent blackouts and high reliance on generasoih as
East Africa

Specific support on smart and flexible grids and wider smart technologies and digitalisation

Buildstakeholder awareness on the benefits of smadggthat are smart allow for twaway
communication between the utility (supplier) and customer (user) of energy, and oftendigiiaé
solutions, includingrtificial intelligence and other mechanismstedict demand and help regulate
supply The main benefits associated with smart grids are increased efficient transmission of
electricity,andreduced peak demantf®

Support government with utilitieled programmes to install metering, including smart metering, to
help lay the foundations for more smart and flexible grids. For exam@hilgthe Ministry of

Energy has prioriied the development of aet-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 demanebide iii) user awareness in relation to price. Despite this, the current ratéwstuc

for residential customers does not reflect the cost in peak hours. Apart from this, distribution
companies themselves have developed demand management pnogsabased on system

reliability criteria®*®

Support government capacity building and catalggestment in local data management systems

that underpin smart gds and demand response. There is large potential for transformational
OKFy3aSz FyR FLoAaftAaGe G2 fSOSNI IS aANRsANAd ' Y SEL
their data start tdflow, questions that have emerged fipperators and regulators in devekip

countries such as ithe UK jnclude: What should the data processing chain be and what are the
technological issues associated with each of its stages? How can data aspegatsifpr,csecurity,

etc.) be better controlled? How can we make best use of the ddlt&® constitutes data quality?

How does data affect operations? What staff resources and skills are required for a specific
context?* These questions are relevant fovaxiety of stakeholders in the electricity sector in

relation to flexible grids and DSM measures: network operators, suppliers, assoaiations

regulatory authorities/licensorsnterventions that work with such stakeholders to assess their needs
can leado a range of dataelated solutions.

Support innovators tocreae therange of smart technologidscused ormetering, appliances and
integration with communicatiosystemsEnable collaboration dR&D and innovation in relation to

smart grids, stordy YR 5{a® 5SOSYyidGNIftAaSR Ayy20FdA2y Aa
best solutions in each local context, and is particularly relevant to many of the more advanced target
regions such asdia Southeast AsiandSouth Americavhere there are many opportunities to

leapfrog traditional stages of centralised grid development.

Provide dvisory and regulatory support to encourage smart grid implementat@nbining
distributed generation incentives/regulation with tariffs, staramd smart technologies.

Consider implementing pilot projects to demonstrate specific techniques and technologies that can
enable smart grid performance, including digitated solutions that draw on frontier technologies
such as Al and blockchaBpedcl attention can be paid to DSM for local distribution grid congestions

3380fgem (2019Applying behavioural insights to forward looking chargg@eNY'Y wSadzZ G & FNBY | f AGSNF G§dz2NE NBOA
Unit. https://www.ofgem.gov.uk/system/files/docs/201Q@/behavioural insights and forward looking charging report 0.pdf

339US Dept. Of Energy. (no date). The Smart I&mnh://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

341de Buttet et al(2018). Study: The digital transformation of utilitiesps://extranet.thinksmartgrids.fr/?get _group doc=9/1543222684
ThinkSmartgrids_report_data nov2018.pdf
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and/or isolatedisland type of mesgrids. Market design arglatforms can be a good opportunity
for integration of DSM measure in a bottom up approach.

Support governmestto enable he integration oEVsdnto 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 manature ICT infrastructure ardigital economy, such &sdia,

South Americagountries such as Colombia and Argentama Southeast Asiacountries such as
Malaysia, Thailand and Vietnam.

General support to addressing Investmantl fnance need$o enabé 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
ESCO¥?The same principle applies to aggregators, whos@éssimodel relies on paybacks over
time and hence would be helped by cheap loans.

Consider providingrgnt and incubation support to innovators working in &M spaceespecially
for applicationat household anéhdustrylevel Supporting blended finaimg 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) funde8plark Meter pilot project in Port Harcourt, in
Nigeria. This could be particularly relevant to urban centrEasn Africand South America

Support governments to explore and implemenergy efficiency financing policy, tailored to the
maturity of the financial market. For exampéa energy efficiency fund, which couté generated
viaa tariff levy established by the energy regulator and collected by the utility via the cuf®omers
bills. Otherfunding mechanisms have included a tariff levy on gbditgt consumption, special taxes,
general state tax revenues, revenue boaddcertification fees, eté*®

Providingunding for innovation in themart gridspace, taking full advantageAifoased solutions
astheydevelop

Help UK innovators anmbmpanies who have received domestic support to expand their offerings to
new regions, through grah Y R OKI f f Sy 3S FTdzy RAy3Id / 2y aARSNAY3
there arelikely to be some ideas which could transfer to otlegionsand provide tre value for

money.

Support government in exploring and utilisihg tole of new agents (aggreget)whichcan have
an impacitf they succeed in combining the individD&M/EBpotential of smaller consumerklew
commercial models and improved regulataan stimulate these initiatives.

342 Sarkar, A. and Moin, S. (2018) World Bemksforming Energy Efficiency Markets in Developing Countries: The Emerging Possibilities of Super
ESCQd.ivavire Knowledge Note 2018/92 by the World Bank Group.
http://documentsl1.worldbank.org/curated/en/536121536259648570/pdf/129BFRIPUBLI&/CADDSERIEG9-201812-9-31-L WLIfinal OKR.pdf

33ESMAP (2011) Implementing Energy Efficiency and Demand Side ManageM { 2dzi K ! FNAOI Q& {GFyRINR hF¥FFSNI a
studies program. Briefing Note 007/11.
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Intervention case studies

Box13 UNIDO Industrial Energy Efficiency Project (IEEP): Support to the steel industry in South A
behavioural change and process innovation, 202011

' bL5hO@ANB®tSY Il 3SR gAGK | NOSt 2NaAGOlLE {FfRI
region in 2010. The plant had 548 permanent employees and focused on hot rolled coil (HRC) ste
products with a thickness of less than 1.6 mm, which are primarilygortar West and East African

markets®* Thecase studylemonstrates that behavioural insights, along with process innovation, ca
contribute significant neaterm and lowcost opportunities for energy savings and emissions reductio

Theobijectives of the intervention were to:
1 9yKFEyOS GKS LI IyiQa O2YLISGAGAOBSYSaa | yR
economic and environmental returns.

Build a sustained institutional culture of energy efficiency, supported from e se
YIEyF3aSYSyid R2¢y (2 GKS WaK2L) Ff 22N

LIdzNEdzA G 2F (K2aS 2028S0GA0Sax (GKS AydaSN®BS
Firstly, the project provided training to the senior management on an energy management

(EnMS) along with energy systems oation (ESPmeasures in line with the international
energy management standard 1SO 50001.

An Energy Manager was appointed to develop and implement an energy strategy for the p
energy audit was then initiated to update the list of already identified ingmtvith new and
additional energy saving opportunities. The Energy Manager was later joined by a further t
SYaAySSNAZI FT2N¥AY3 Yy WOYySNHE ¢SIYQd ¢KS
potential energy saving opportunities and the depatent and implementation of such projects
CKA& o6l & AYLXSYSYGdSR @Al +y W9ySNHE& al (N
opportunities and monitor the effectiveness of the initiatives being implemented. Not only
the position of Energy Managelsct SR> o6dzii wps 2F GKS LI | yi
performance improvement. Thirteen energy saving projects were then implemented, under
combination of awareness raising and ESO initiatives, with most of these projects not requ
capital inestment.

The project provided AMSW with the tools to introduce and implement a system which inte
SYSNHe STFAOASyOeé Ayd2 RFEAf&@ YIylF3aSYSyi
culture in a simple and sustainable manner. This includegid A Feé Ay 3 WSy SNH
different teams, who were made responsible for raising energy awareness and eimgpurag
sustained action. The dedicated energy coordinators at each plant helped champions to bg
more capable energy custodians in theipegive work areas.

UNIDGIEEP assisted AMSW plant engineers to acquire EnMS and ESO expertise by provi
training, technical and advisory support in the implementation and installation of the EnMS
with other energy performanceptimisation measure¥” There was a greater emphasis on
capacitybuilding over mere instruction in order to empower employees with the ability to ide
opportunities rather than to simply implement tojpwn directives.

The engineers in the plant wetechnically 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 UNIDGIEEP (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
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AMSW implemented a communication strategy through poster drives, hosting competitions
innovative savings ideagplacindight bulbs from home with LEDs, and organising outreach
events at work. Committing to saving energy was also made public by displaying a poster
employee signatures. The efforts were designed to create a link between actions and impli
andelicited greater resolve across the workforce to improve efficiency.

As a consequence the results of the intervention were:

1 AMSW reduced its average energy demand by 5.3% against their 2010 baseline values, in
26% reduction in Liquefied Petroleum G&&3).consumption being achieved

From an initial expenditure of just ZAR 500,000 by AMSW, the intervention resulted in savi
approximately ZAR 89 million within one year. This investment was offset in less than four
production days.

In the first yearenergy savings of 80 GWh was achieved, corresponding to a 77,222 tonnes
emission reduction.

The EnMS instilled an energy savings culture across the AMSW workforce, which became
integrated with the company culture, helping to maintain eneffjgiency and costs and GHG
savings during the following years.

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

1 Initial process optirsation was implemented in silos and no coordination or ovepélnisation
strategy was in place, limiting the efficiency of the initiatives put in place. The IEE Project
la{2 Ay lylfeaayad (KS LXIyiQa SySNBEe& Oz2y
odzZA f RAy3a OF LI OAdGeé 27F (i KSsedcibss gfacesses thrgughbuy tBeS
systems. The energy manager also manages projects that cross bouqfiaresample,
efficiency improvement at the water treatment plant

High staff turnover makes it difficult to maintain high skill levels throughewtdimpany. Training
was therefore instilled as an ongoing process rather than affigocess delivered by the
UNIDO project.

Formal training can be problematic because it takes people out of the workplace and has a
opportunity cost; both notable chdénges in a production context. UNIDO therefore
implemented orthe-job and active learning RS @St 21LJ aG+F FF YSYoSNH
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 tq
unjustified expenditure by financial officers who may not understand its potential impact on
energy efficiency. However, measurement of performance and impagt ie kehavioural
change. This can be overcome by strong communication to all staff and departments on th
rationale and process for energy efficiency improvements.

Constant reporting to top management on the achievements and challenges encountered
reinforce the commitment

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

i Interventions based on behavioural change and corporate culture transformation can achie
significant energy efficiency savings and GHG emissions reduction, particularly in the hea
industry sector. However, they should be part of a coherent packageasiumes 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 EnM
was established, training, the social norms of AMSW, management involvement, finance, 3
communication.

Implementing alEnMSwas seen as the only way in this context to ensure that the knowledg
practices are captured and institutiorsalil within the corporate culture and not reliant on any
specific individua¥®

Senior management comimient 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 contributeimership. Employees who understand t
goals, mission, and performance of their organisation may develop psychological ownershi
whereas imposed change may provoke resistance.

LRSYGATe@AY3a YR YF{Ay3 dzasS 27F | gybficeycR2 ¢
interventions. In 2010, the employees of AMSW were particularly open to changing their e
wasting habits since their factory was in a financial crisis.

The status quo and areas for improvement in energy efficiency are often not vaibithin
an organisation, which often justifies external involvement, such as engagement in a progra
like UNIDQEEP

Regions/countries where this intervention is likely to be applicable

9 The industrial sector accounts for roughly ®hied of globafinal energy consumption and
related emissions. This proportion is often much higher in industrialising economies, where
exceed 50434

Energy efficiency that requires management commitment and behavioural change rather t
capitalexpenditure can be replicated in a wide range of cosigiibally, with particular
relevarce across sutbaharan Africa, in Indiand Southeast Asia.

Box14 Smart Grids for Renewable Energy and Energy Efficiency Projetham, 2017 2021,
US$5.5 million

+ASUYlFYQa NILAR SO2y2YAO RS@St2LIYSyd Aa NBa
generation, grid capacity and energy efficiency are necessary to solve this problem. Through fund
the German gvernment GIZ has been supporting the Government of Vietnam since 2009 in achie
targets on renewable energy. T8mart Grids for Renewable Energy and Energy Efficiency Project (|
project is the latest phase of this support, working closelyElectricity Regulatory Authority of Vietnal
(ERAV) to support the Viethamese power sector in develogimgud gridi.e. the digitalisation and
flexibility of the power supply system, which allows integration of an increasing share of variable
renewabé energy and supports greater energy efficieityhe Smart Grid introduces a tway

346 UNIDGIEEP (2013) Introduction and implementation of an energy management system and energy systenaiamt
https://open.unido.org/api/documents/3294411/download/SA%20IEE%20Case%20Study%20
%?20Arcelanittal%20Saldanha%20Works 01%20July%202013.pdf

347|nternational Energy Agency (2013) Energy Efficiency Market Report. OECD: Paris.

348GIZ. (no date). Smart Grids for Renewable Energy and Energy Efficiency (BGREEENergy.org.vn/en/project/smafgridsfor-renewable
energyand-energyefficiency

:vivioeconomics 135



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

interchange where both electricity and information can be exchanmedoth directions between the
power utilities and the consumers.

The objectives of the GIZ imention are:

9 To promote the participatory development of smart grid solutions via three main action ar¢g
the intervention: i) legal and regulatory framewaork, ii) capacity development and iii) techno
cooperation®*® To contribute to Vietnam's emissions reduction strategy and green growth
strategy by improving the existing regulatory frameworkdoewableenergy (RE) and EE;

Increase the professional and organisational capacities of key institutions and stakeffolder,

Through legal and regulatory framework action area, the programme aims to provide ERA|
information for improving the regulatory framework for a Smart Grid, which facilR&zsd
increase£E

Through the capacity development action area, the progna aims to establish a Smart Grid
Knowledge Hub, which helps Viethamese experts and stakeholders to exchange knowledyg
the development and management of Smart Grids, stétee-art technologies and
international approaches.

Via the technical co@pation action area, the programme aims to promote exchange on
available technology solutions for an intelligent power supply system, which facilitates the
integration ofREand improvedE®?

In pursuit of those objectives, the activities of the progrananedo:

9 Provide strategic advice on future power system development and establishment of a sect
wide stakeholder dialogue, to inform appropriate legal and regulatory frameworks

Support the development of regulatigngith the emphasis on the grid integion of renewable
energies as welThis includes promulgating regulations to incentivise investment; working d
internationalce2 LISNJ G A2y T aSddAy3a dzLJ Iy aSySNHE@
smart metersandspecifying a quantifiable tagy defining minimum operational ranges for
distributed energy resources; considering international smart grid stasatodi roadmaps, and
aligning the national standasdiion activities with international best practices.

Intensify nationatesearch and testing of smart technologies that can increase the flexibility
digitalization of the power system. The intervention gave a high priority to renewable energ
forecasting; smart inverters, virtual power plant tools, and high voltage direeint
transmission system. Feasibility tests for smart technology system configurations are ofte
carried out in laboratorie¥?

Establish a Knowledge Network on smart grid technologies for Viethamese power system
experts.

Conduct training on Smart Gigthnologies, innovative power system operation and planni
with high shares of renewable energies.

Organise th&mart Grid Week Vietnam series of events and workshops that deal with speg
G2LIA0OA FyR GF NABSGO 3I NP dzLInostédbyi MQIT, GlZ & & ERANEP
Government officials, national and international professionals, and partners, as well as
associations, discuss trends and vision for a future sustainable power system of Vietnam §

349GIZ. (20196 mart Grids for Renewable Energy and Energy Efficiency.
http://gizenergy.org.vn/media/app/media/G1Zn&rt%20Grids%20for%20Renewable%20Energy 10Apr2019.pdf

350 http://gizenergy.org.vn/en/

351GIZ. (no date). Smart Grids for Renewable Energy and Energy Effitipagiww.giz.de/en/worldwide/62816.html

3%2GIZ. (no date)Jtilizing smart grids for optimum power resuligtp://gizenergy.org.vn/en/article/utilizingmartgridsoptimumpowerresults
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series of conferences and workshops. Stalders recommended smart energy solutions that
enable high shares of renewable energy and energy efficiency and showcase innovative €
technologies and applications for the power system of the fulithie.fourday event covered
different topicsname & at 26 SNJ {@alGSY Lyy20F0GA2y 51 &
GCdzidzNB [l 6Y LYGSNYySi 2F 9ySNHe&¢ o

As a consequence, the results that the intervention is aiming to achieve are:

1 The introduction of feasible smart grid technologies and solutionsdantégration of
renewable energy sources into the power system of Vietfiam.

Expert knowledge on Smart Grids will be enhanced and the regulatory framework for Sma
is expected to be improved, leading to the introduction of Smart Grid solutioit$, iwblude an
advanced metering infrastructure and demaside management.

Enablencreased integration of variable renewable energies into the existing power grid, hg
to reduce the reliance on fossil fuel generation.

Improved efficiency, reliabilitand sustainability of electricity services across Vietham, helpi
reduce overall need for power generation and reduce GHG emis¥ions.

In the course of the programme, key clients and stakeholders are:
9 Government and policy makers; Businesses; Rasasstitutesandcivil society
The challenges that project has faced are:

9 Several practical challenges have arisen on the topic of implementing smart grids in Vietn{
includes challenges of connectivity and interoperability of smart metering systems for
households and businesses. These types of challenges are parteairttieg 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:

9 Interventions that seek to support government progress on smart grids should ensure that
enabling environment is suitable, particularly in terms of government policy (this program
builds on a government directive taken in 2012 to push forward smart grids across the co
and in terms of ICT infrastructure, as well as other aspects suckasoaably high level of grid
reliability.

BBDL %D OHAMMDOD t 1 ya F2N +AShtb/lgiYeRaigy. drovin/didartidekaRietSaBB@drtgridie&ifimerk y v M d
2019
3%4GIZ. (no datesmart Grids for Renewable Energy and Energy Efficiettiey.//www.giz.de/en/worldwide/62816.html
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Glossary

Acronym / Term

Definition

ADB

Asian Development Bank

Aggregators are a grouping of agents in a power system (e.g. consumers, producers,

Aggregators prosumers) which act as a single entity whagaging in power markets.
Al Artificial intelligence
AMI Advanced metering infrastructure

Ancillary services

Services that maintain the proper flow and direction of electricity e.g. synchronised
regulation, contingency reserves, blatart regulationflexibility reserves

Baseload

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

BAU

Businesasas usual

Behindthe-the-
meter storage

Storage connected at the consumer side of the utility meter for commendaktrial or
residential power customers (and is therefore grashnected).

BEIS

UK government Department for Business, Energy & Industrial Strategy

BESS Battery energy storage systems

BMZ DSNXYIyeéQa CSRSNIf aAyAadNB menNd 902y 2 YA

BTM Behindthe-the- meter

BUG Backup generator

Cé&l Commercial and Industrial

CAES Compressed Air Energy Storage

CIF Climate Investment Funds

CSP Concentrated solar power

CTF Clean Technology Fund

Curtailment A rgduction in output from power generator from what it could otherwise produce usin
available resources

DER Distributed energy resource

DEID UK government Department for International Developr{aentv part of theForeign,
Commonwealth and Development Off(€&CDO)

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. lithiombatteries

A device that captures energy for later use, with categories of storage including

Energystorage electrochemical, electrical, mechanical, and thermal forms of storage
EnMS Energy management system

EPC Energy Performance Certificate

EPSRC Engineering anBhysical 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

Glz Deutsche Gesellschaft funternationale Zusammenarbeit GmbH
Grid An electricity grid

Storage connected to a distribution or transmission networks, or alongside a power

Grid storage generation asset, such as a wind turbine

Gt CO2 Gigatonnes of CO2

Gt CO2e Gigatonnes of CGgyuivalent

GW Gigawatt

GWh Gigawatt hours

IADB Inter-American Development Bank

IEA International Energy Agency

IESA India Energy Storage Alliance

IFC International Finance Corporation

loT Internet of Things

IPCC Intergovernmental Panel d@limate 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 ofmechanical 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 Eleiciity 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

Total costs to the electricigystem to supply electricity at a given load and security of
supply
TCP Technology Collaboration Programme

System costs

Thermal storage Storage of energy as heat (or cold) for later use, either directly or to generate electrici

TRL Technology readinessvels

UNIDO United Nations Industrial Development Organisation
USAIdSAD United States Agency for International Development
usD United States Dollar

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

Variabilit . . .
y fluctuations in resource or power consumption

VPP operators aggregate DERs to behave like a traditional power plant and engage i

Virtual Power Plants - . .
power market to sell electricity or ancillary services

VPP Virtual Power Plant
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IndustrialDecarbonisation Policy

Summary

Industrial decarbonisation poligycludes 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 competitiven@ssn the heterogeneity of potential
mitigation measureacross industrial sectqrihis opportunity does not attempt farioritisethe merits of
supporting specific technical interventions (e.g. hydrogen use in cement production over hydrogen use in
steelmakng). 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:

Reqgulatory standards for industrissch as emsson standards or requirements on recycled content
in products

Carbon pricing for industriesuich as carbon taxes or emissions trading scheanels

Policy to support low carbon industrial business madels

Table22 Industrial dearbonisation policyassessment summary

Criteria Assessmené Notes

1  Helps to avoid around 28 of direct industry sector @@missions (3.4 Gt @pin
2050 beyond business as usual

1  Though improvements in energy efficiency will bekiéye mitigation opportunity to
2030, CCS will become the dominant industrial mitigation opportunity across a
regions by 2050

Climate impact

i

Development impact

i

1 Development impact is greatest in supporting SDG 9, by improving innovation
industry, and SDG 1y helping increase demand for and supply ofdéavbon
production.

- Potential negative impacts gender equality (SD& could result fromautomation
and digitalisation.

1 Investment needf USD 3%rillion by 2050, which will vary sstantially between

Investmenigap regions depending on scale of industrial sector and relative split in efficiency
QJ‘ improvements versus more capitatensive interventions
llll 1  Aninvestment gap of aroundiSD5 - 6 trillion by 2050s expected, relative to BAU

investment leels,which implies an average annual investment of USD 180 billia

Cost effectiveness

1Y)
]

60

1  There are substantial industrial abatement opportunities which are cost effectiv
a marginal £/tC@basis.
1 CC(U)S is relatively cost effective, withamrange of 360 £/tCQ

91 Political economy barriers range from entrenched (fossil fuel) subsidy systems

Barriers to adoption . -
P entrenched vested interests, and limited transparency.

,‘,,9,,‘, Medium - T Market failures include unpriced GHG emissions and investment cycles.
777 1 Enabling environment issues include policy (dis)continuity, workforce and skills
availability, and inadequate knowledge sharing networks.
UK additionality T Moderateto-higha é')/_é NEASA B A uK iKS ! YQa LY
policy, including: designing and negotiating minimum carbon pricing systems,
:i Medium voluntary standards and agreements; assessing policy and financial mechanis
] address crosborder competitivenss issues; developing climate finance

accelerators.
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Source: Vivid Economics, 3& Factor
Key lessons for supporting mitigation thromgtiustrial decarbonisation policy

There is a substantial gap between average industrial epesguyctivity in low and middléencome
regions relative tothe EUand USY RA I F YR 9dzNl aAl Q4 AYRdAZAGNRIt S
than European energy productivity (measured in USOMPA substantial amount of total
mitigation potential candachieved by closing this gap.

The largest absolute mitigation opportunities are in India and Ghieap their large industrial base

Which measures are more or less cost effective in regions will heavily depend on the availability of CCS
particulary the availability of loweost storageandlocal 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 fimaackenisms to address
crossborder competitiveness issues.

35191 ¢ Hiracking Industiy 2020@®tps://www.iea.org/reports/trackindndustry2020
3% Eurasia includes Russian Federation, Kazakhstan, Uzbekistan, Turkmenistan, Azerbaijaiy@pa@si@n, Tajikistan
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Introduction to the opportunity
Role of the opportunity in decarbonisation of developing countries

The industrial sectds a major emitter: icurrently emitsapproximately G5tCQin low and midle-income
countries, rising toAGtCQin 2050 under a BAU scenaff6The industrial sector accounts for about a

quarter of total emissionfsom low- and middleincome countriesoday.**¢**°As populations grown and
economies develop, demand for induakgroducts is expected to grow substantially. For example, demand
for buildings floor space is expected to increase-By b developing regions, and the associated

construction will drive large increases in demand for emissions intensive products seaheat and

steel*®°In a 1.5degrees scenario, the industrial sector will need to meet large increases in demand, while
reducing emissionsThere are a myriad of technologies and business model changes that can accommodate
this. These can broadly beispito two groups:

Technologies to reduce industrial emissinalsiding CC(U)S, fuel switching to hydrogen, energy
efficiency measures, new chemical processes to manufacture céth&he technological options
available for this supplide mitigation a relatively well understood, and can be captured well in
technoeconomic modelling. Given the scale of industrial emissions, severakc@n@ mitigated
through implementation.

Technology and busirsasodels to reduce demand for emissiotensive productscluding increased
recycling, and increased material efficiency (e.g. light weighting vehicles to reduce steel demand).
Analysis of demanside mitigation opportunities in developing countries in #ewnstream sectors
such as construction (responsible for approx. 50% of steel demand, 100% of cement demand, and
20% of plastics demand) is at an early st&feconomic and market barriers, rather than technical
ones, are often critical. Neverthelessclinical estimates suggest reductions in the order of 30% are
feasible, which would imply Gtg€ale reductions may be achieved through material effici&fcy.

While mitigation opportunities are large, achieving industrial decasdkion is particulayl challenging, and
lags behind other sectors feeverareasons

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 processeften 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 inteationally, so increased costs due to decarkaiion threaten
to reduce international competitiveness and raise exposure to truidressing 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

3BIEA (20179 Y SNHE& ¢ SOKy 2t 2 3 Bttpst//GdidiokdSed drdlddv@ badidirect/ 108 &

3%9Rissman et al (2020)echnologies and policies to decarbonize global industry: Review and assessment of mitigation drivers through 2070. Applied
Energyhttps://www.sciencedirect.com/science/article/pii/S0306261920303603

S601EA (2017). Towards a zemmission, efficient, and resilient buildings and construction sector. Available from:
https://www.worldgbc.org/sites/default/files’fUNEP%20188 GABC en%20%28web%29.pdf

BI¢KS L9 Qa /fSHYy 9ySNHE& ¢SOKy2f238& DdZARS ounun0 LIN@a#fldblefon: 'y SEGSyan
https://www.iea.org/articles/etgcleanenergytechnologyguide

362Based on IEA (2019). Material Efficiency in Clean Energy Transitions; World Steel (2028)esVoriFigures 2020; Greyer, Jambeck and Law

(2017). Production, use and fate of all plastics ever made.

363Vivid Economics (2020). Technology innovations in industrial decarbonization in developing countries. ForthcominghrepidrfdBank.
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Scope considered in this assessment

Thelndustrial decarbonisation poliopportunitywill cover policy which incentivises enengiensive

industries to decarbonise, through supplde incentives as well as boosting demand fordaxon

products, and helps ensure industrial decarbonisation does not hinder competitivéiess.the

heterogeneity of potential mitigation measurasross industrial sectgrthis opportunity does not attempt

to prioritisethe merits of supporting, for example hydrogen use in cement production over hydrogen use in
steelmaking. Instead, cresectoral intervetions are considered’he opportunity will focus on the energy

and emissionintensive industries. The scope of the activities included in the analysis includes

Design of regulatory standards for industdgesh as emission standards or requirements opaled
content in products.

Design of carbon pricing for industrigch as carbon taxes or emissions trading schemes.
Support for developing country specific foarbon industrial innovation.

Design of policy to support lesarbon industrial business mhelsthrough, for example, subsidies or
grants for particular lovearbon business models (e.g. payments per tCO2 captured through CCS) or
government procurement standards to provide baseline demand fecédolon industrial products.

Support to maintain iustrial 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 intervéftdioager, for
context,case studie®n some of the potential investment opportunities are detailed in Se@tion

The assessment focusses on seleoffidial development assistand®DA eligible regionsn consultation
with the BEIS steering group, and the scale of potential industrial mitigatienncluded regions are

India, like China, is a large industrial emitter and is expected tayseéndustrial growth

East Africawhile currently a minor industrial player, is expected to see its industrial sector grow and
hence hadargerelative (as a percentage of current industrial emissi@th)ctions available

South Africa, which has the largest industrial base in Africa

Both Soutteast Asiand the South Asia (excluding Inflia) 6 KSy OS ¥ 2 Nar&rapid\Wgraviami K | & A
manufacturing hubs. They already have major textile industries, and substantial growth in more
emissiongntensive industry is expected.
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Climateimpact
Mitigation potential and urgency

Across low and middiecome countries, industrial decarbonisation can help avoid arourtdo28irect
industry sector C&emissions (3.4 GZQ) in 2050 beyond businesusual®*®* Directindustrial emissions

can becategorised 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 eieity use) is captured in opportunities related to the

power sector. Energy emissions are roughly-tiwals of industrial emissions, and represent the greatest
mitigation opportunity, across 3 major groups:

Energy efficiencyapproximately 0.2 1.2, by2030, and 0.¢ 1.9 GtCQ by 2050, of the industrial
mitigation opportunity comes through energy efficief®Note, many energy efficiency
opportunities are (in theory) cost saving, and also taken up in BAU.

Fuel switchingprimarily away from coal, esunts for approximately 0.680.36 GtC@of abatement by
2030, andup t00.65 GtC@by 2050. Natural gas is expected to play an increasingly large role, as well
as electricity and biomagalthough biomass use in industry may not be the most effectevefuis
scarce resourceHydrogen is not expected to play a major role in the industrial energy mix-in non
Organisation for Economic ©@peration and Developmel(©ECDPcountries in cosbptimal
modelling. An expected heavy reliance on CCS, and linyiledgen, means mitigation potential
from fuel switching in industry is relatively modest. However, hydrogen clusters could deyigop in
example,China, and drive mitigation substantially beyond modelled levels.

CQJSis the primary driver ahitigation of combustion emissiorend is mostly deployed beyond 2030,
0.140.42 GtCO2 could be captured by 2030, growing tq 2.8 GtC@by 2050Used in
conjunction with biomass, industry could provide negative emissions (although biomass avsilablity
limited and can have unintended land use consequerit®es).

364 From IMAGE, reflecting mitigation potential from combustion emissions in Huedrées scenario.

365 From IMAGE modelling. The range of estimates reflects differences betweandlZlegree scenarios.

366 Use of biomass with CCS in industry eyline 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 Fuviiier@@&the negad
Syraarzya LINPPOARS | WR2dzotS RAGARSYRQ T2NJ 6KS dza SR amspor? Xthaughd ¢ KA a O2
analysis on optimal biomass use in developing countries is limited, the Committee on Climate Changea@BGetake comparative value of

biomass use for the UK extensively iBitsmass in a low carbon econoraport (2018).
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Figure20 Range of mitigation potential compared to BAU in 2030 and 2050

Mitigation potential beyond BAU
(Gt CO2 /year)

2030 2050

Source:  Vivid EconomicsASI and Factdrased ot . [IMA&Emodel

Note: The bardndicate the range of mitigation estimates from IMAGE across the six scenarios run. The national
L2f A0OASa aA0SYyIFNR2 Aa dzaSR Fa GGKS . 1! aOSylNR2Z
emissions reduction from 2015 in one scenario mithesemissions reductions from 2015 in the national
policies scenario.

Abating process emissions often requires immature technologies, and is costly, compared to combustion
emissionsAlthough process emissions represent a sizeable share of industriabam{gpproximately 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@&CD industrial emissiofisapproximately 60%

of emissions are fronhe calcination reaction required to produce clin&CCS can be used in instances

with technoeconomic assessments suggesting an abatement @®BF60/tCQ is achievablé® However

the technology is substantially less mature (with only one demonstration project in the EU) than retrofitting
postcombustion CCS units in the power sector or combustion processes in ifdustry.

To 2030, the key mitigation opportunity across éowl middleincome countries is improving energy
efficiencyC2 NJ SEF YLIX S5 LYRAIF | yR 9dzNJ} aAl Q& Ay Rdza G NR L §
productivity (measured in USD/GY).Closing this substantial gap between average industriatygne
productivity in norROECD countries and the EU and US provides a large mitigation opportunity. Between
2015 and 2030, industrial energy use in adefrees C=celsius scenario needs to drop by around 20%, while
industrial value added grows by over 50@ce industrial energy productivity needs to approximately
double®2 As shown irfrigure21, the majority of mitigation is provided through energy efficiency in 2030.
Notably, around 70% of the energy efficiency opportunities are estimated to be in tmérgy intensive
manufacturing sectors, rather than the traditionally considered energy intensive sectors like iron and steel,
cement and aluminiur¥® Some of this ikely 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 effapociunities. For example,

367Vivid Economics (2020jechnology innovations in industrial decarbonization in developing caurbrigsgoming report for the World Bank.

368 OECD (2020). Low and zero emissions in the steel and cement induisrse$www.oecdilibrary.org/environment/lowand-zerc-emissionsn-
the-steetand-cementindustries 5ccf8e38n

369De Lena et al. (2017). Process integration study efndilCalooping process for GEapture in cement plants. Int. J. Greenh. Gas Control, 67
(2017),pp. 7292, 10.1016/).ijggc.2017.10.005

870The Leilac project. Seéps://www.projectleilac.eu/

L9l OHAHNO D & ¢ NhtDs/wFea bryfidpes irdEndgnel ustr208 0P

$72]MAGE modelling using a 1.5C scenario based on SSP2 pathway

373 Energy Efficiency Analysis and Outlook 2B (2018ttps://webstore.iea.org/download/direct/2369
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in mining, evidence suggests the gap between the best operators and others is up to 44% for dragline
operations®’#

By 2050, CCS becomes the dominant industrial mitigation opportunity across all rEgispise
substantiallydifferent 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 imetructed 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 (EAFSs).
In countries like India, which are expected to see large rises imatéef] 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 retrdfitting.

Figure21 Timing of deployment and mitigation opportunity vs BAU
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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 = EastFAfriSautA

Africa, EECA = Eastern Europe and Central Asia, IND = India, CHN = China, Séast=AS@udxcluding

Indonesia, IDN = Indonesia, SAS = South Asia excluding India, SAF = Southern Africa excluding South Africa
Source:  Vivid EconomigsASknd Factob & SR 2y tmodelQa La! D9

Local conditions will materially affect technology chdiedative energy cosédfect the optimal

decarbonisation option. For example, low electricity prices (around 35 USD/melgaura\Wh) or

lower) would make ydrogen use (produced through electrolysis) more attractive than CCS in many
regions3’® Wholesale electricity prices at this level are significantly below current prices to4middle-

income countries. However, these levels are plausible in futurensysvith 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 AwuahOffei, Kwame. (2016). Energy efficiency in mining: a review with emphasis on the role of operators in loading and hatiting. ope
Journabf Cleaner Productiofttps://doi.org/10.1016/].jclepro.2016.01.035

$75Vivid Economics (2020jechnology innovations in industrial decarbonization in developing caurdrigssoming reporfor the World Bank.
376 McKinsey. (2019). How industry can move toward eckmvon future. Available frorhitps://www.mckinsey.com/business
functions/sustainability/ouinsights/howindustrycanmovetoward-a-low-carbonfuture
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The largestabsolutemitigation opportunities arensurprisingly in India and China, while Africa has large
relative reduction opportunity.

The largest emission reductions are available in regions with large industridb lndegifly, twethirds of
indudrial emissions are from only three sectors: iron and steel, cement, and cheiffiCima
currently produces approximately 50% of global steel, and 50% of global caméhence has
particularly large mitigation opportunitidedia has substantial exing industry, and is also
expected to have large growth in key emitting sectors, providing a potential opportunity to ensure
these new industrial sites are leemissions ones.

The largest relative emission reductions are in Akicga currently doesot 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 Africkhdvive substantial growth in the cement industry.
Mitigating emissions from these new sites will be important to avoid large increases in African
industrial emissions.

Box15 Modelling uncertainty

Industrial mitigatiorpotential as estimated through integrated assessment models (IAMs) is uncerta
several reasons. Fundamentally, an IAM drastically simplifies what is a complex and heterogenous
and as a result cannot capture all the dynamics in an industriattdedsation pathway. Three key
aspects not included are:

1. Overestimation of energy efficiency opportunitieaergy efficiency is often highlighted as a la
and costeffective opportunity. Given that IAMs cost optimise, energy efficiency opportunitie
are always taken up due to their fuel savings. However, this ignores poteifaiajéy reatworld
barriers to deployment. For example, some energy efficiency improvements would require
substantial plant downtime, which implies large costs (not taken intoaaicby IAMS).

BAU assumptions on industrial demand and industry locat#dvis project out demand assumi
(broadly) BAU, as well as assuming global industrial production patterns remain as they arg
(i.e. China continues to dominate steel produatiand Africa will remain a net importer of
industrial products). Neither of these assumptions are necessarily true. For example, increg
material efficiency in construction could substantially lower steel demand, reducing the size
the mitigation oppetunity in industry as presented here.

Economies of scale and network effe@sme industrial decarbonisation interventions can
become significantly cheaper if infrastructure (e.g. hydrogen production) is shared across a
industrial cluster. These spatiaffects are not considered in an IAM, and could imply the
potential for hydrogen uptakefor examplejs underestimated.

Transformational change

Overall, industrial decarbonisation has significant potential for facilitating and inducing transfoainatio
changeln 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 (constihg a large proportion of consumer spend). Industrial

decarbonisation can yield substantial cost and GHG emission savings, through reducing energy demand and
switching to lowcarbon energy alternatives and encouraging the use of innovative technologies and

STL9!1 OHAHANO P & ¢ NhtOst/mwidea.bryfiRmmds irddEndne ustry-208 0D
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approaches based on circular economy theldigdequately designed, industrial decarbonisation policies
could promote positive change and innovation throughout entire supply and value chalie23 below
assesses the potential for interventions within Industrial Decarbonisation Policy support to support
transformational change, within these themes.

Table23 Assessment of transformational chang

Transformational change

criterion Interventions to support change Regional potential

Sensitive intervention points

Support in upskilling, education and training is needed
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 conseqtly can undertake
additional and more specialist tasks (which are key for
facilitating industrial decarbonisation).

Improvement of local
capacities and capabilities

All regions, and especially
Indonesia and South Afrié&.

Support in strategy development, including industry
engagement and target setting can help ensure that = All regions, especially South
strategies fit local conditions, adequately deal with Africa, East Africa {ih the
legitimate cros$order competitiveness concerns relate exceptions of Ethiopia and Keny

LOBE) ETUREITD Ee) S to carbon pricing, are achievable, havie lzé (i N& y & and South Asia where low levels

pelieail and that stakeholders understand the potential benefit¢ of political will and interest to
Political will is likely to be higher when the path to decarbonise industfy® can be
decarbonisation is clear, realistic, achievable and indu¢ severely limiting.
is engaged.
All regions, including in particula;
Support in the design and application oftear pricing those counFnes of focus with .
; o o largescale industry bases. India,
instruments may result in industry players receiving . . )
. T ; . . Indonesia, Thailand and Vietnan
tangible economic signals and incentives to improve - . -
. 2 . - are paticularly relevant in Asia.
Leverage / creation of efficiency and decarbonise, throughout supply chains. . . .
. . . . As a regional economic centre ir
incentives for others to act Incentives can also be created for industry players to

East Africa, Kenya also shows h
potential. Similarly, South Africa
has strong potential, as a hub of
industrial activity in Southern

export lowcarbon products tanternational markets, via
the reduction or removal of barriers to trade for low
carbon product manufacturers.

Africa.
Spillovers
All regions. Countries with
Support to stimulate demand for legarbon products particularly high potential include
(e.g. through standards, labelling, supply chain India, Indonesia, Thailand and

development, promoting reputational advantages, etc.] Vietnam in Asia, as well as Keny

Broad scale and reach of may have scope to incentivise large swathes of industt and South Africa in Africa. This i

Impacts sectors to decarbonise, whether thugh compliance duetoli K2a$S 0O2dzyiN
obligations or through seehanges in industrial key industrial produce trading
competitiveness. blocks and regional economic

centres.

3780n the basis that both Indonesia and South Africa currently have overall reasonable governance capacities (as refléctdriny Baak

Governance Indicator ranking, for example), and whilst key institutions and industry players alembasapabilities in developing eastage

policy and regulation promoting industry decarbonisation, considerable scope remains to improve those capacities,iespktialiyto energy

efficiency, industrial symbiosis, CCUS and other key industizabdaisation approache$he issue of governance is discussed in detail in the

barriers section of this report, in the context of cour&ryel enabling barriers to the adoption of effective and timely industrial decarbonisation

policy.

39These (low) et & 2F | YOAGA2Y | NRdzyR AYRdzAGNE RSOFNb2yAal GAz2y I NBdgasS| a dzZNB R
(Source: Climate Tracker, 2020. Countries. Accessétdtpia//climateactiontracker.org/countrie}/
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Transformational change
criterion

Interventions to support change

Regional potential

Sustainability (continuation
beyond initial support)

Support to stimulate demand for legarbon products
(e.g. through standards, labelling, supply chain
development, promoting reputation advantages, etc.)
0SSOI dzaS GONRGAOFE Yl &aas
establish markets of scale, which industry playélide
incentivised to enter and operate in. Support in upskilli
education and training for key decarbonisation facilitati
roles can help to permanently remove a key barrier to
decarbonisation progress, as newly trained workers ca
then remain activén the workforce over the mido 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 anduodries. This is
especially the case where some countries work to
harmonise their product standards with those of key
target export market389Hence, support for product
standard development in one country can also induce
catalyse product standard imgrements in other (non
targeted) countries.

All countries, and especially thos
with significant imports of
industrial products and which
operate as key industrial produc
trading blocks, such as India,
Pakistan, Indonesia, Thailand arn
Vietnam, Kenya ahSouth Africa
in Africa.

Innovation

Catalyst for innovation

Support in the design of carbon intensity limits, standa
regulations and rules can lead to markets within which
industry players have strong incentives to comply, by
adopting more efficient and lowearbon technologies
and processes throughout supplyains.

All regions, especially in India ar
Southeast Asjavhere
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 loarbon systems and
processes are publicly accessible. Support for projects
that demonstrate the technical and economiability of
key emerging lovearbon technologies (e.g. CCUS,
hydrogen, digitalisation and automation solutions, etc.
can also help demonstrate effectiveness to broad
audiences. This includes showcasing effective busines
models for such projects throbgfor example, full
disclosure of project costs and revenue streams.

All regions

Source:

Vivid Economics, ASI and Factor

380This can be observed in the case of various countries which neighbour the EU trading block, and which have workeel poagypditatandards
in force in the EU, to facilitate exports to it.
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Development impact
SDG impacts

Overall, thenet overallongterm impact on SDGs is likely to be hygbositive recognising its role in
decoupling industrial activities and GHG emissfdesd considering that current industrial activities often
stymie progress to meeting SDGs (e.qg. pollution, human health effects, etc.). In the short term, the
implementation of idustrial 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 stovek the longer terrff? Salient positive
impacts on SDGs incluawlustry, innovation and infrastructure (SDG9), responsible consumption and
production (SDG12), and climate action (SD®I&jtive impacts on SDGs will accrue over both the short
and longterms. Shorterm negative impacts are expected regarding progress towards gender equality
(SDGS5) and ensuring decent work and economic growth (SB@aglition,industrial decarbonisation can
leverage significant positive impacts on several other SD&se24 offers a summary of the anticipated
impacts of Industrial Decarbonisation Policy support on progress towards meeting the relevant SDGs.

Table24 SDG impacts

Strength of

. Most relevantegion Rationale
impact

Positive impacts

Reduced use of fossil fuels has a positive imf;
on air quality

Large industrial process hubs and doad
Allregions especially in power generation plants are often located clo
India to large urban population centres. Hence, air
and water quality improvements can have
significant positive impacts for largeoportions
of populations.

SDG % Good
health and well Moderate
being

The creation of strong supply chains can
improve industrial competitiveness, which in
turn could improve job security, and vice
SDGE, Gender Moderate All regions, especially Eas versa®® This could help improvjeb security for
equality Africa women incertain industrial sectors (e.g.
manufacturinggand contexts wherein women
tend to undertake less secure roles and recei
lower remuneration compared to men.

Lower water footprints of certain losarbon

SDG g Clean . X
. energy technologies (e.g. solar and wind
water and Moderate Allregions . !
o power), compared to fossil fuel fired energy

sanitation .

alternatives

Policies that internalise the social cost of GH(
SIDG Is emissions incentivise the use of loarbonand
Affordable and Moderate Allregions

cleanenergy sourceand promote the efficient

clean energy use of energy (energy savings)

381 Energy cossavings can be achieved when an existing industrial installation is retrofitted witarloon technologies, as well as in the event that

low-carbon technologies are applied in a site or project which had previously planned to user@rmne energgources and processes.

382Key shocks would include, for instance, serious difficulties to comply with increasingly stringent climate change taitigetiand industry

standards, mass job losses and a lack of new job creation within emergiraytb@nindustries.

3B h 22YSyd 6uHnamMTOD® 2KIFG 62YSyQa S02y2YAO0 SYLRSSNY¥SY(d YSIkya F2N 02 YL
empowerment: a brietattps://www?2.unwomen.org/media/hlp%20wee/attachments/otheanaterials/briefing
papers/womens%20economic%20empowerment%20and%20companies_unhlp%20brief 2.pui3kEe38
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Strength of

economic growth

SDG . Most relevantegion Rationale
impact
Allregions andespecially = Significant scope for promoting economic
SDG & Decent . . . e )
in South Africa (related to. growth,improved competitivenes#dustry
work and Moderate : . . : .
. high chronic development, stimulangthe creation of low
economic growth .
unemployment) carbon jobs of the future
SDG € Industry, Policies encourage technology and process
innovation and High Allregions innovation,improved process control, and
infrastrucure investments in lovcarbon infrastructure
SDG 12,
Responsible . : Policies stimulate consumer demand, market
: High Allregions .
consumption and and supply chains for leearbon products
production
. . Scope for reducing a significant proportion
SDG 18 Climate : Allreglons andespemglly (~30%) of total global GHG emissions, and
action High In India,Southeast Asia decoupling industrial growth from GHG
and South Africa -oupiing 9
emissions
Negative impacts
All geographies, and
especially those of East
Africa, South Asia Increased automation and digitalisation will
SDGX Gender . . . ) . : . .
equality High (espedcally Pakistan); India replace lowskilled jobs, which overall tend to
and Bangladesh, Cambod be undertaken by women (as opposed to mer
and Myanmar irsoutheast
Asia
Certain early stage industrial decarbonisation
technologies (such as CCUS or hydrogen ene
SDGZ Affordable _ _ _system_s) have energy penalties, theret_)y
and clean energy Medium All regions increasing the overall energy costs for industr
players that develp such project*and/or
industrial entities that consume energy
downstream, (e.g. within industry hubs).
Some industries (e.g. hydrocarbon fuel refinin
and jobs based on higtarbon industrial
processes could become increasingly redund
(i.e. prohibited or noftostcompetitive), and
automation and digitalisation will replace low
i i 85
SDG & Decent ﬁ‘ktqug?/\jg?ks:orce and industry transition is not
work and High Allregions y

carefully planned and managed, there will be
risks of mass unemployment and social unres
Most initiatives targeting deeper
decarbonisation can increase costs, especiall
the shortterm with relatively low carbon prices
which has a negative impact on economic
competitiveness.

Source:

Vivid Economics, ASI and Factor

384|FRI, 2019. Carbon capture, storage and utilization to the rescue of coal? Global perspectives and focus on Chindexh8ttitesAtcessed
via: https://www.ifri.org/sites/default/files/atoms/files/etude cornot carbon coal 2019.pdf

385 PWC, 2018WNill 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/impaatf-automatiorron-jobsFeb2018.pdf
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Demand in targetegions

The considered countries and regions show varying levels of commitment to industrial decarbonisation.

/| 2dzy GNASEAQ AYyRdAzZAGNAFIf RS@GSt2LIVSyld o6FyRIT az2yvySiiavySa
commitments (includingationally e&ttermined contributionsNDG)), and strategies to explore and rollout
decarbonisation technologies such as CCUS suggest different levels of demand for support to promote

industrial decarbonisatiof.able25 provides a summary, followed by a brief discussidey indicators of
demand in respective countries and regions.

Table25 Demand in targetegionsfor support topromote industrial decarbonisation policy

Region Demand Rationale

East Africa | Lowmoderate Key reg|o.nal .|nduts'Fr|aI|sat|on strategy contamg no measures or targets for
decarbonisationinitial steps taken on GHG emission pricing.
Clearindustry decarbonisation target in N€ducing overaljross domestic
product GDR emission intensity by 35% below 2005 levelal Roadmaps for

India High Industrial Decarbonisation, and HydrogkavelopmentParticipation in CCUS
initiatives. Substantial leved$ industryled initiatives on digitalisation and smar
solutions (but not driven by binding official targets).
Recent carbon tax established in law, industrial development strategy has lir

South Africa | Medium focus on decarbonisation, coal use rémseentrenchedAmbitions to develop
CCUS and initial testing undertaken.

Southeast Medium Most countries lack decarbonisation targets for industry, regional interest in

Asia exploring CCUS developmdnmitial scoping on CCUS in some countries.

South Asia | Lowmoderate Fossil fue_l co_nsumptlon remains hlgh and heaV|_Iy subsidised, very limited bi
decarbonisation targetsnitial scoping on CCUS in some countries.

Source:  Vivid Economics, ASI anccka

In East Africa, several countries are already experimenting with market mechanisms to facilitate
implementation of their NDCRegional industrial development is guided viaBhst African

Industrialisation Strategy (20:032) which aimgo enharce industrial production and productivity and
accelerate the structural transformation of the economies ofrétggon. The strategy seeltg attainment

of sustainable wealth creation, improved incomes and a higher standard of living for the Community

However, it includes no provisions or targets for decarbonisatforhe 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 decarbonisatiomerall, apport to maintain industriaiompetitiveness is

diverse in BstAfrica and includes investments in capacity buildingesearch and developmerR&D of

financial infrastructure and local market developm&nt.

o

LYRAFQ& b5/ SadloftAadKSad GKS dzyO2yRAGA2YyIFE GFNBSH
2005 levelsWhilst remaining heavily dependent on fossil fuel energy sources, India has strong ambitions to
rapidly scale up its use of renewable éma-carbon energy sources, to help facilitate the decarbonisation of

its industrial sectqrandhas recently published a national level Roadmap for Industrial Decarbonisation
Whilst India has no official policy or legal requirements on industry for tageupf digitalisation, smart

solutions and industrial symbiosis; some industry pieemitiatives are currently underw&f exploring

and trialling innovative solutions in these fields.

Y1/ d WLYRdAZAGNAIEAal A2y YR {a9 5S8S@St2LSyiQd KIiGLAYKkKEGDPSI OPAyY ik
B¥Y1l [/ d OHAMTOD WO! [/ LYRAAGNAFE /2YLISGAGAGSYSad wSLRNI HamMT QO
388 Based on the findings of an interview undertaken with a key exiexpalt, as part of the methodological approach used in this present analysis.
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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 Blgsteountryis also
engaging with and thinking about cirautonomy in industr§?® 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:

LYRAFQa b5/ Saidl of AaKSa eidokfBssil@elgHark df sugnyldtiie paiver NB S i ¢
generation capacity to 40% by 2030.

The use ofrarious industry subector level decarbonisation (and sustainable development) roadmaps
and plange.g. theCement Sector SDG Roadjii&h

Participation irseveral mternationalCCUitiatives,includingthe Carbon Sequestration Leadership
Forum Since 2007, R&D activities are led byltldéan C@Sequestration Applied Research
network3%!

A Hydrogen Roadmap to guide the development of a future hydrogeenfergy sectar

The Perform, Achieve and Tra@ATscheme is currently the key policy driving efficiency gains in the
industry sectorit is amarketbased mechanism to enhancesteffectiveness ofenergy efficiency
improvements within industrial plant®

In South Africa, indusél decarbonisation strongly depends on breaking the link to coal consumption, scaling
up renewable energy use, and upgrading the power grid infrastruéttiBespite recent policy and legal
measures, government industrial $&gy 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 logistatsaints3®* 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 #8019, 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 2@18efd orimprovingenergy intensity and
decoupling economic growth from energy demand

Historically, South African industry has largely been powered by electricity yimweatd plant. The
country has set out a national level enet@nsition 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, oilbased fuels or electricity. Politically, South Africa has focused on providing power (and heat
via smakscale renewable energy, solar thermal) to doticassers rather than industéy®

389 Ellen MacArthur Foundation. (2016). Circular economy in India: rethinking growth feerongrosperity.

http://sites.ellenmacarthurfoundation.org/india

30WBCSD, 2019. Indian cement Sector Roadntigys.//www.wbcsd.org/Programs/People/SustainablevelopmeniGoals/SD&Sector
Roadmaps/News/IndiaBementSectorSDGRoadmap

ET o) {KIO1ftS8 IyR td® £SNXYI I HAanyod d¢l O1tAy3a / hu NB RaRI ACKT fAYS yLISREAD £
392The goal is to set energy efficiency targets and issue market tradable permits for certification of energy savings.EaArgd0dficiency in
India.https://www.iea.org/articlefenergy-efficiencyin-india

39%3SDSN, 2015. Pathways to deep decarbonisation in South Aftizé/deepdecarbonization.org/wqzontent/uploads/2015/09/DDPP_ZAF.pdf

3%4South African Government. (2018). Industrial policy action plan 2018¢2112/2021.

https://www.gov.za/sites/default/files/gcis document/2@Bindustriatpolicy-actionplan.pdf

3% This trend of focusing on providing energy to domestic consumers over industry is somewhat driven by the fact that pewypléndotstry

R2SayQliad ¢KAA KlIa a2YSGAYSa Ay RdzpéoRle danné gapibrithé énBrgy $héyghguind. O KI NY 06 SO dza
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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 R&admap

In Southeast Asjanost countries have no loftgrm economywide orindustry sector specific

decarbonisation goals or targets enshrined in¥dwowever, mosSoutheasiAsian countries have set NDC
emission reduction targets for 2030, both conditional and unconditi§h@\erall, industry decarbonisation
policy is framedround 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 sdlbgoasire currently no

official and binding policy or legal requirements on itigusr 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.TheAssociatiorof Southeast Asian Natiogs! { 9! bo Qa tft Ly 2F | OGAz2y ¥
explicitly aims to enhance the image of coal through the promotion of clean coal techn&fgfiesin the
programme, countries pledge to share technical capacity to explore CCUS opportunities and deploy low
emission coal solutionSome five intensive industrial sectors (cement, chemicals, petrochemicals, paper and
steel) together account for arod0% of the energy consumption of industrydntBeastAsia?®

In South Asia, countrieverge substantially with respect to their respective it@rgh decarbonisation

targets and NDC ambition levedgveral South Asian countries remain firmly reliant on coal and other fossil
fuels as energy inputs (to industactivities, as well as mixeg 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 lackingFor exampleRakistan plans to add 35.9 GWhefv powergeneration capacitin the period to

2025 of which over 30%ill becoalfired capacity™

Ly .Kdzilys 2y GKS 20KSNJ KFIyRX (GKS O2dzyiNEQa 5NF T
industrial sector to further reduce emissions, and the Government launched itsal&tiwrgy Efficiency

and Conservation Policy in 20T9e latter emphasises capadityilding measures to promote energy

efficiency in the industry sectoespecially through Demai@ide Management (DSM) interventions, the
development ofenergy efficiencgodes, energy auditapacitiesandenergy useeporting guidelinedNepal

has high demand for decarbonisation via renewabkespecially wind power and hydropowgeand energy

storage for electricity (in particular, via pumped hydro stor&§&or 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.

3% The key coordinating entity is the South African Centre for Carbon Capture and Storage (SACCCS), and in 2017 it Gadestonjeation

projectw S6 SOOF /I YSNRY ® 06 H 1 M@ stil a tedsiblédptied far HoutD AfticapdzNBywlieyrdRal.érdlii@ador@adhture
andstoragestill-a-feasibleoption-for-south-africa/

e KS SEOSLIiAZY (2 G(GKS GNBYR A& {Ay3aFLRNBI 6KAOK KI &Terin LoEmieEddsi (2 Oc
Development Strategy (2020), for instance, calls for the significant scale up of CCUS and carbon markets |ekivdadaybonisation policy and

strategy.

3% The exception to the trend is Vietnam, which excludes industry coverage in its targets.

39 Climate Analytics. Decarbonising south and Southeash&pim//climateanalytics.org/media/decarbonisingasia2@di@eport

climateanalytics.pdf

40REEEP. (2014). Regional energy efficiency policy recommendations. SE Asia. Accessed from:

https://www.reeep.org/sites/default/files/FINAL_SEA Recommendations Brochure.pdf

ot L AaGlyQa {GFGS 2F GKS LyRdzZAaAGNE wSL2 NI T NER ‘s adiskndnary of planged geheraioh S O i N&A O
capacity additions out to 2025. Pakistan plans to add 35.9 GW of generation capacity, of which over 3fiédscapacity, until 2025.

492 Principally to address the chronic pattern of planning via "“ftbodght syndome" (wherein a single relatively largeale project was selected

and built, resulting in immediate excess power; this was then followed a few years later by scheduled load sheddirgess tapaoity was

absorbed by fast growing domestic demand. Samdustry players responded by installing inverters and battery backups, rooftop solar PV, etc.
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Investment need

Industrial decarbosation will require arounddSD6-6 trillion ofadditionalcumulative investment to 2050
which implies an average annual investment of USD 180 Biflihis 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 28T here is limited evidence on current industrial decarbonisation
spending in nolg 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 old&DaB0 billion. At the

same time, decarbonisation investment shible viewed within the context of existing large capital
investment flows in industry. Broadly ad2@ increase in annual existing flows would suffice, highlighting

the importance of supporting policies that encourage this additional investment dutinmglmaplacement
cycles.

Figure22 Investment need in industrial decarbonisation
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Source: Vivid Economi¢sASI and FactarsinglEA (2017) Energy TechnologyPerspectives

Industrial decarbonisation investment will vary significantly across regions, driven by the size of industrial
local industries, as well as the balance of intervestrequired As shown iError! Reference source not f
ound, the size of the cumulative investment need across our focus regions could vary between USD 0.6
trillion in Saith Africa to USD 9.5 trillion in India. Naturally, regions with large industrial sectors will require
substantial investment to decarbonise. However, the makef local industry is also important to consider.

It is helpful to broadly consider 2 typesmfestment need:

Energy efficiency and other investments with an existing busines$toas@ast majority of energy
efficiency investment has a positive net present value, given the associated fuel savings. However,
investment often does not happen besapayments periods are 10 years or longer. Hence, most
energy efficiency improvements occur within natural capital replacement cycles, when the additional

403 |EA (2017). Energy Technology Perspectives. Availablénftiosy/www.ieaorg/reports/energytechnologyperspectives2017
404S&P (2019). Global Corporate Capex Survey. Available from:

https://www.spratings.com/documents/20184/1481001/Global+Corporate+Capex+Study+2019+Curbed+Enthusiasm/8868&2e2be(
89c7e34d8bc7
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investment need is limited® 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 Castine other hands, CCS retrofits and other
deep decarbnisation measures are capital intensive and a purely additional investment, and can add
ASOSNIf ! {5 mMnQad 2F YAftA2ya G2 FNRBdAzyR* {5 wnn
Using CCS deployment as a proxy, Figure 4 provides an imdicattwe distribution of industrial
decarbonisation investment needs across the focus regions.

Figure23 Forecast investment need across focus regions
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Notes: Investment needs based on IEA ETP 2017, scaled by the distributMAGE emissions reductions for

costly interventions
Source:  Vivid EconomicsASI and Factarsingt . [ Qa mogelardl EEA(2017). Energy Technology

Perspectives

495 For example, replacing eudHlife gas turbines with best available technology will typically yield stiastmergy efficiency improvements at

limited extra cost
4%8John Wood Group plc. (2018). Assessing the Cost Reduction Potential and Competitiveness of Novel (Next Generatio@dpku@arbon

Technology. Available from:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/864688/BEIS Final BeriRbpuatiev 4

A.pdf

:vivideconomics 157



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

Costeffectiveness

There are substantial industrial abatement opportunities whicltaseeffective on a marginal GBP/t£O

basis Although dependent on local energy pricasergy efficiencyneasuresan often have negative
abatement costs (i.e. money is saved in the long teBm)ilarly, some opportunities to abate process
emissions areery low cost. For example, nolinkered cement which reduce cement emissions b§0%a,

is already cost competitive in some areas (although highly dependent on input®estsyever, 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 icisae.g. large volume supply of clinker substitutes in cement).

CQUS is relativelgosteffective and isexpected to behe marginal industrial technology deployed in
developing countries. Costs vary per sector, but are br&#8BB0-60/tCQ. BeyondCC(U)S, abatement

costs typically increase substantially. For example, using hydrogen in industry has an abatement cost of
aroundGBPL00-200 t/CQ (depending on the industry and hydrogen pritt&)Based on current technology
costs,technologies to reackero 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
costeffective.

Which measures are more or lesssteffectivein regions will heavily depend on the availability of CCS, and
relative local energy prices.

Availability of CCS$he distribution of global storage availability is uncertain, and some regions
(particularly India) may not have sufficient low cost storags sitailablé® CCS is widely thought to
be the most coseffective measure to achieve deep decarbonisation across large emitting sectors
including steel, cement, and chemicals. Limited CCS availability would substantially increase the
averageGBRtCO; cost.

Local fossil fuel pricesocal 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. Geeale 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 prickescal electricity prices substantiallypiact the attractiveness of
electrification, and (indirectly) hydrogen use in industry. Early anddasede renewable deployment
would help lower longerm power prices, and hence potentially make industrial decarbonisation
more attractive. This is partitarly true in regions with high solar potential (and hence low cost).

497 Provis (2018). Alkadctivated materialshttps://www.sciencedirect.com/science/article/pii/S0008884616307700#s0060
408|EA (2019)The Future of Hydrogehttps://www.iea.org/reports/thefuture-of-hydrogen

409 Assessment of CCS Tedbgy in a Climate Mitigation Portfolio (2019). MIT Joint Program. Available from:
https://globalchange.mit.edu/publication/17251
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Barriers to adoption

Barriersto the uptake of industrial decarbonisation policy relat® flitical economy challenges ii) market
failures andiii) enabling environmenihe fie priority regions were selected for their relatively high levels

of net industrial sector GHG emissions in the international context, their heavy reliance onictahsie
energy and fuel sources, the prevalence of relatively inefficient industi@@gses 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 thek is significant ambition to switch to a learbon development path. Most if not all of the barriers
apply to all the countries under analysis, albeit to varying degrees.

Figure24 Barriers to an intervention opportunity
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The key batrriers 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 GHGmissionsare a moderate to critical barrier to encouraging decarbonisation across the
target regions, with a couple notable exceptions (incluSimgth AfricaandIndig).**° South Asiand
East Africdhave virtually no disincentives for GHG emissions.

Acces toaffordable epital for energy efficiency and industrial renovation investments can directly block
AYRdAzZZAGNALFE 2NBI YyAAal G Acdn @chiologidis ndl deltainierergysavin) SY Sy
measuresAt best, capital is often offered under highly unattractive repayment conditions and is
available only to a select fewganigtions. Industry players and financial lending institutions are
often unaware of the various business models and financing optiahsan be used for industrial
decarbonisation investments, meaning that those options can be overlooked. This is a critical barrier
in much ofEast Africand South Africand a moderate barrier imdiaand South Asid'! Access to
capital inSouth Afigais a lowlevel barrier due to its relatively advanced finarsgaVices sector.

410South Africa introduced a carbon tax in 2019. India has artéal 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 pajsarg.in Sing

411n addition to capital costs, it is worthwéhuinderlining that appropriate models for financing energy efficiency require careful design, tailored to
the maturity of the market. Sourcl?EEC, 2018. G20 Energy Efficiency Finance Task Group. Acceskégdriipeec.org/taskgroup/12
Energy%?20Efficiency%20Finance%20Task%20Group%20(EEFTG).html
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Lack of demand for lowarbon industrial products and services if they entail higher final costs for
consumers compared to higlarbon alternativesthis can result fromeseral factors, including a
lack of willingness on the part of purchasers and organisations to pay more fsubsiitutable

commodities. This issue is likely to be further compounded where levels of industrial competition are

high and where profit marginare tight!*? Overall demand for lowarbon industrial products is

shaped by the extent to which the social cost of carbon is adequately reflected, through economy

wide carbon pricing, for exampl€.lt is also driven by perceptions around exposure toréutarbon
price risks, organisational and corporate social responsibility commitments to usarhm

products,anden®2 y A dzYSNBR Q At f Ay3dySaa oFyR [oAfAGRD

Overall, the existence of an adequate levelarhand for lowcarbon industrial products and services is
an essential preequisite for decoupling industrial activities and GHG emisS$ibinss also worth
underlining that progress towards addressing this barrier (i.e. scaling up demand-dartow
industrial products) would create a more conducive environment to address many of the other
barriers described in this sectidrhe lack of demand for leearbon industrial products and services
if they entail higher final costs for consumers compardugb-carbon alternatives a critical
barrierin all regions

Long lead times and investment cycl®sd low profit marginsnay provide few (i.e. infrequent)
windows of opportunity for technology switching in certain parts of industrial process tiycles
technology or process replacement is not undertaken during a given period of industrial process

G ;

GR26YyGAYSESY GKSYy GKS ySEG NBLIE I 0520§ea. In2 LILI2 NI dzy

industries where profit margins are low (e.g. cement manufagtthre limited ability of industry
players to invest in technology switching may be prohibitive to action. This is a mentiicdae
barrierin 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 alternative$he use of subsidy systems can limit the business case for
industiial firms to implement process system overhaftds investments in lovgarbon energy supply

systems, etocConsequently, 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
crossborderinfluence 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?'® (Please refer to case studies in Sedfipfor a more detailed description of this barrier

“12The issue could be particularly challenging in the context of macroeconomic stagnationuking fesm economic slowown related to the
COVIBEL9 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 gemeléoe themese of
currently-available carbon neutral technolegifor cement manufacture, and EUR 60/tCO2 for aluminium production. (Source: IDDRI, 2019.
Decarbonising basic materials in Europe: how carbon confaetisfference could help breakthrough technologies to market.
https://www.iddri.org/sites/default/files/PDF/Publications/Catalogue%20Iddri/Etude/208IDB19CCDs_0.piif

414 For example, a 2019 OECD study on the barriers, technologies and policies for low and zero emissions in the steelinddsteesent
underlined the critical role of stimulating market demand for¢anbon industrial products, as a vital component padverall efforts to

RSOFNDb2yA&aS AYRddzZAGNE® ¢KS NBLERZ2NI | dzi K2NBR SYLKLF &A &Sy coranddcidlplant$ | y OS>

through guaranteed markets that reflect the higher production costs and investmeridriskample via green public procurement (e.g. preferred or

YAYAYdzY YINYSG &aKFNBa F2N INBSW yYIHilh NAUIFIFAZ0 D 2iN2 @ OR YA ANZ /0Fiaa FRING RNIFIFIS N

(Source: OECD, 2019. Low and zero emissions gtetdl and cement industries. Barriers, technologies and policies.
https://www.oecd.org/greengrowth/GGSD2019 Steel%20and%20Cemement F)nal.pdf
4151f not addressegroperly, significant differences in carbon content rules and decarbonisation commitments between countries that trade

AYRAZAGNRF £ & LINPRdAzOSR 3I22R&X Oy NBadzZ &G Ay NBERIzOSR i.eOgodwtiénimoving @Sy S & a

to countries that are less strict about emissions. In these instances, total global GHG emissions would not reducefhat imergase.
CdzNI KSN¥2NBzZ (KS S02y2YASa 2F (KS aNB i LR yicked iGanerg) andafidieNdrdident) glukzt R
stricter enforcement, are often cited as a key reasons why many eiméegge industries have moved away from Europe.
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and possible mitigation option&gntrenched subsidies for fossil fyelad the lack of a level playing
field between countriesare a moderate barrier iall considered regiorf$®

Industry players often enjoy considerable lobbying power over policy makers and goveirimentan
be strong resistance to change, especially where industry captains also hold high politicabposition
and resist changes to the status qiibis is darrierin 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 ircamrdead 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 ruleZhis is anoderate barrier in South Africa. That country rarg$on

CNI YELI NByOe LYGSNYlIGA2y It Q& WY Thigis Dniodetatet / 2 NNI:

barrier in India (78); overall, it is a moderate barrier 8outheast Asigkey countries: Vietnam (33
Myanmar (132), Thailand (99, etc.), but that region shows significant int@untry variation. It is
a critical barrier in South Asia (key countries: Pakistafi'1Afghanistan (179)).

Enabling environment

IndusNE aSOG2NE OlFly 0SS yS3arirpgsSte +HTFFSOGSR o0& 3205

design and implement industrial decarbonisation strategiésnges in governments can also result
in major policy shifts over relatively short periods of tififes 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 negéfiacgly
investments alreagmade. 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 iradsstctors more
competitive?'8

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 regtibns and rules and monitor complian@avernments may
have poor understanding of commercial frameworks for industrial decarbonisation. The limited
capacities of thgovernmensis a moderate barrier in South Africa, which scores 66.4% on the
2 2 NI R's Gokeyhain@e Indicator analysis (2018). It is a moderate barrier in IndiaciBi®); it
is a moderate barrier iBoutheast Asigkey countries: Vietnam (53.4%), Myanmar (12.5%), Thailand
(66.8%)), etc.), and that region shows very large-taentry \ariation. 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 CQV9lidduced economic slowdown effectiis
Y& NBRdzOS | YOAGAZ2Y F2NJ RSOINb2yAalGA2Yy > |
avoiding bankruptcyOn the other hand, recovery packages that prioritise green investments could
be targeted towads industrial energy efficiency investments. This is a moderate to critical barrier in
all consideredegions.

“M6C2NJ SEF YL S5 mTow: 2F (KS LyRAIY 32 diSuslprydbotiah @il coNsBrapSoyi.dnSia HasiredRe8d ISy RSy i

petrol and diesel subsidies, but still subsidises liquefied petroleum gas (LPG).
47 Transparency International, 2020. Corruption perceptions index. Accessedtimi/www.transparency.org/en/cpi/2018/results/ken

a8y SEFYLES 2F ad2OK | LIRfAOE YSIF&AdINBE Ad (GKS 9dzNRBLISIY NYEDRYQPAA&DEzMNS Y

Under this scheme, EU importers of products with high carbon footprints would have to buy carbon allowances cas&td goounder the EU
ETS. The central objective of the policy is to dismantle incentives for EU companies to outsource productidb tonatries which lack carbon
content rules. Moreover, goods produced by EU industry could become more compegditive, mechanism would effectively act as an import tax
(raising the price of imported good). Please refer to case studies in Sgdtiofurther tackground information on this policy mechanism.
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Industry associations and knowledge sharing networks are sometimes undeveloped and uncoordinated,
which can mean that opportunities andriedits associated with industrial decarbonisation are not
widely understood and taken ufhereis limited development of demonstrablableinnovative
and sustainable business modelsncentivise low carbon processes, products, share risks and
effectively share byroducts between industl organisationsacross the full industrial supply chain
and processe£onsequently, industry players hdweited understanding ofnd experience in the
use of viable innovative business models can unlock deegrilecisation of industryThis is a
moderate to high barrier in most of the considered geographies.

Policy continuity can be a barri€ontinuityis important not least in order to offer industry players long
term signals and avoid situations whetajor policy and decarbonisation changes become a regular
feature, and wherein major changes to decarbonisation strategy are subject to political election
cycleqevery 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 opportufitis)y efficiency
policies need to be accompanied by the buitdof a skilled workforce, making use of existing

institutions, curricula and faciligseSuitably 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 irBouth Africaand a moderate to critical barrier Bast Africandia, Southeast
Asia andSouth Asia

A summary of the severity of key identified barriers across teggeirs is providedn Table26.

Table26 Barriers to industrial decarbonisation: severity across target geographies

-tl;)gr)reiecr,f East Africa India South Africa South Asia Southeast Asia
Critical Critical Critical
Foss_ll fuel price Moderatecritical Foss_|l fuel price Foss_ll fuel price
subsidies, . . subsidies, subsidies,
. : . Moderate Fossil fuel price . : : .
Political industry lobbying . : - industry lobbying . industry lobbying
. Fossil fuel price | subsidies, . .
economy (blocking - (blocking (blocking
: subsidies, powerful .
barriers change), low . : ; : change), low change), varied
industry lobbying : industry lobbies
transparency and . transparency and transparency and
(blockingchange)
poor regulatory poor regulatory  patchy regulatory
enforcement enforcement enforcement
Critical Moderate
Critical Moderate Lowmoderate Unpriced GHG Unpriced GHG
Unpriced GHG | Patchy access to: Limited demand | emissions, limited emissions, patchy
Market emissions, limitec affordable for low-carbon access to access to
failures access to capital, low products and affordable capital, affordable
affordable capital. demand for low  long investment | limited demand  capital, limited
for investments | carbon products | cycles for low-carbon demand for low
products carbon products
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Type of . . . . .
b)g:rier East Africa India South Africa South Asia Southeast Asia
Critical
Critical Limited
- Moderate
Missing Moderate government - A A
) . . D2OSNYYS
. workforce Key issue of capacity for policy ”
Enabling . ; ; Moderate capacities for
: skillsets, suitable skillsets . and strategy A
environment ; Macroeconomic strategy design is
. knowledge in the workforce - development, : L
barriers . stability variable, limited
sharing networks, and government poor knowledge
. . access to
and governance : leadership sharing networks . .
. = required skillsets,
issues andcritical lack of
skillsets
Source:  Vivid EconomicsASI and Factor
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UK additionality

In the national context, the UK has considerable experience in several areas thiicatly 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 policgiven the extet of UK relationships ihe countriesof focusit is likely that

UK additionality is high. The UK has longstanding ODA relationships with India and SouttpAfiicalar.

For example, DFID has previously supported private sector uptake of inénsrgl efficiencin 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 studiesy@mstration project development

in several targetagion countries (e.g., India, Indonesia, Pakistan, South Africa and Vietnam).

The UK can take advantage of several moddmatégh gnergies withits approach to UK industrial
decarbonisation policy.he keyaspects 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 supporiBy comparison, there is substantial and kergn experience in the provision of
internaional 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 (sultomponent) parts of brager 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 industbahitbaten

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 industgcsnis in which the
UK continues to have si§jnpant ongoing activity (e.g. chemicals production and refining), as well as within
sectors in which the UK has growing experience (e.g. CCUS).

TheUK has considerable experience in designing and negotiating minimum carbon pricing systems,
voluntarystandards and agreements for UK industrpromote decarbonisationln this context, the
UK is well plackto provide guidance and support on stakeholder engagement processes,
qguantifying industry decarbonisation potentidtscommunicag benefitsand $iareinformation.

Another area of expertise is policy and financial mechanisms to addresbanasiscompetitiveness
issues. The UK previously addressed this issue at the start of the UK Climate Change Agreement
(CCA), and then again with the initiatifrthe EU Emissions Trading Scheme (£T3%)e 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
targetcountry governments with some of the tools they need in order to address legitimate
concerns around industrial competitiveness when creating markets farddwn industrial
products (e.g. implementing emissions trading systems). Whilst the speciéztsaftthe target
regions are quite different to the LU 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 implenagion; 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 fteraluktiagS
2LIA2ya O6ADPSd FNBY WI ydz NPartwreriemmtheEY) SodtdeaUK CER RA1D).d heyfuflire ofkeBbor| pricidd in tReSUK.
Accessed fromhttps://www.theccc.org.uk/\e-content/uploads/2019/08/VividEconomics he Future-of-CarbonrPricingin-the-UK. pdf
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The UK has considerable strengjith the design of regulatn and industry standards. Some of the key
achievements includ€ECA$?°the EU ET:&'the Carbon Reduction Commitment (CRC) scheame
the Energy Saving Opportunity Scheme (E€&S)rther examples includestrumentssuch aghe
2L Income Tax f@nergy Efficiency Saviagke Carbon Tax Act and the Carbon Offset
regulations.

A further area of UK additionality relates to the design and promotion of markets foatban
LINE RdzOG&® hyS SEFYLIS 2F (KAA& demandferénergyy Q& & dz00
efficient products, to help meet some of the (abawentioned) UK domestic energy efficiency
targets and comply with binding energy efficiency standards and product labelling requirements, etc.
The UK successfully grew its market for gnefficient products (reachirgBP16.7 billion in 2018,
up from GBP12.6 billion in 2015%3The UK can draw on fissind experience and lessons learned
with respect to developing its domestic market for both energy efficiency and otheatban
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 #gperience as an early mover with its natideael decarbonisation strategy and
successfulldeveloping, negiiating and obtaining industry sectbuy-in to binding climate change
agreements. The UK also has significant experience and capacities rethedl apingsub-sector
specific industrial decarbonisation approacftés

Tohelp overcomeccess taapital barriers,ite UK can leverage its experience with climate finance
acceleratorssuch aghe development of the UK Green Investment Group (previously.BamkUK
was an early mover in the international context, in developing a Green Investmesgddmank?

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 ganvide additionality, drawing on its experience in setting up and
deliveringindustrial decarbonisatioskills programmes and training courses.

The UK has strengths related to developing government platforms promoting industrial decarbonisation.
One suclexample is the Ukdustrial Decarbonisation Programifiended withGBPL70 million
from the Industrial Strategy Challenge Pdffavhich aimgo accelerate the costffective
decarbonisation of industry by developing and deployingclanvon technologied.he programme
involves planning and coordinating the development of (low carbon) industrial hubs that can
facilitate largescale and coordinated industrial decarbonisation. One example is the Clean Growth
Grand Challenge: Industrial Clusters Mis&ibwhich has the objective of creating at least one-low
carbon cluster by 2030 and at least one net zero carbon industrial cluster by 2040.

420The UK was one of the first countries to introduce an emission trading scheme with industrial sectors. CCAs startedl ipréd@ates the EU

ETS; this schemedrgoing.

21 25 SGSNE Al A& dzyOf SFNJ K2g GKS ! YQa Ay@2ft @SYSyid Ay GKS 9! 9¢{ oAft
“2C2NJ af I NBSE C(tovaddeedsEhk FUAEE IDitestizeyAdicle 8 obliging either ISO50001 certificaticrady 4ycles 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

24¢KA& SELISNIAAS 32S5a ol O -S/FSHANIASS yhOw 2RSS YNy &lili2NJ (0KAS2 yS | 8N KeS YoSy -SoNgHoes { 0 = 1
practice programme and, most recently, the Carbon Trust Programme. More recently, specific activities in¢IRda@d&ps for 9 key industrial

sectors (by DECC / BEIS); Industrial-Reapvery support programme; and UK food and drinks sector decarbonisation action plan (plus other

sectoral plans).

4251t has much to offer in terms of sharing the lessons learnt ssidtang other countries / regions in designing, setting up and operating similar

institutions. One key role of such investment banks includes ensuring that capital support mechanisrsafbolowmvestments are {fior-purpose

in terms of allowing indsiry 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 DecaReresatd

from: https://www.ukri.org/innovation/industriastrategychallengefund/industriatdecarbonisation/

427 Funded via the Industrial Strategy Challenge Fund. Keyriatalsisters will be developed in Grangemouth, Teeside, Merseyside, Humberside,

South Wales, and Southampton. Decarbonisation will be achieved througivareihated strategic planning; the use of market mechanisms;

maximising economy of scale beneféad promoting effective collaborations between the public and private sector, local communities and R&D.
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The development of lowarbon industrial hubs allows the application of innovative business models for
low-carbon processeoften 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 simildiviegjannovative
business models, ristharing approaches and industrial symbiosis arrangefigintshe
international context.

Whilst the development of a zero carbon industrial cluster by 2040 is ambitious and would be a world
first, it is importamto note that the development of lowarbon 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 reW32Council, seeks to put the UK on a path to
deploying CCUS at scale in the UK, and maximising the associatetaooinic benefits of this
AYRAZAGNRFf 2L NIdzyAted ¢KS // 1V { [/ 2dzyOAf Aa (K
addressing kestrategic 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 ar¢lae UK is actively involved R&D, for example through the Netd@rk
project*?° This is &BPLmillion collaboration acrog®vernment, industry and UK universities, that
works to advance R&D and asta forum to maximise impact, communicate, share-pesttice,
and disseminate information and data for research projddte UK could export its experience,
develop internationblevel 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 uptaleternationally Significant experience has been gained through, for instance:

The UK éollaboraton with global partners in CCUS to invest in lea@i@y $echnologies and industrial
innovation to drive down costs in this technology aféde UK is thiargest multilateraDDA
investor into CCUS globalhaving provide@&BP70 millionODA supporsince 2012. The
international CCUS programrmmvidestechnical assistance for industry and power applications and
has primarily supported technical assistaacgvities in Mexico, South Africa, China, Indonesia and
India, as well as scoping work in Bangladesh, Pakistan, Vietnam and Mé&tiful@ugh 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 projééts.

¢KS 'Y LJ NI AOA LN &Ry Seofor MaiKa§enterg AsBistance Progta@@sIAR
and in 2019 made thiargest contribution of donor countriéwith total ICF support @&BP41.5
million, of whichGBP20 million was provided by BEIS). ESMAP uwmohedp scale up the efficient
use of energy and lowarbon energy technologies (and with certain focus on industrial enétgy).
the time of writing, BEIS is providing a totaB&PL5 million to specifically support industrial

Accessed fromhttps://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/803086/indisstiats
missioninfographic2019.pdf

428 Industrial symbiosis includes the intelligent linking of indugtreedesses through supply chains, efficient processing of waste streams and sharing
industrial process bgroducts where possible and efficient to do so.

429 Durham University. (2019). Durham UK lead on hydrogen fuel resegposh/www.dur.ac.uk/research/news/item/?itemno=39771

430 GovUK, 2020CCS Annual reporhttps://www.gov.uk/government/publications/crowtommerciaiserviceannuatreport-and-accounts2019to-
2020

431 However, the experience of the CCUS programme has also demonstrated the substantial difficulties encountered in acsieximafita
changein CCUS in developing countries. On the positive side, such insights can be drawn upon to help inform future work i@tideatitibtoves
in CCUS in developing countries. This may help ensure that future programme objectives are-dpsiigady, ealistic and achievable and benefit
from the myriad lessons learned to date.
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decarbonisation innovatio(technology innovation and technoleggnostic 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. mhe tdadvancelrRLs F)and
encourage potential scalgp of innovative technologies through RD&D. Within tig&&L5 million
FdzyR F20dzaSR 2y AYRdzZAGUNALIf RSOFNb2yAadlGA2Y KI &
ESMAP.

A considerable part of KIODA support (recent and ongoing) for the promotion of industrial
decarbonisation tends to be provided to tharopean Bank for Reconstruction and Development
(EBRIpprogramme and budgeTheUK makes an important financial contribution to EBRD initative
promoting industrial decarbonisation, benefits from participating in ongoing regional initiatives for
industrial decarbonisatioand can continue to shape programme activities and share the benefits of
its growing experience

With its expertise in thdesign and application of industrial decarbonisation policy, the UK slaest to

address critical market failures and enabling environment challeihges. build on its international

experience, ongoing partnerships, and key upcoming opportu(stied as hosting the COP26 and holding

the presidency of the Group of Seven (G7) in 2021), to address political economy challenges to industrial
decarbonisation. OveralKtS | YQa {(Sé& aidNBy3adka FyR INBlFa 2F | RRJ
The first relates to the creation of governmdatl platforms focused opromotingindustrial

decarbonisationthrough strategic planning and the promotion of integrated-dawbon industry hubsThe
secondareaRSNA @Sa FNRBY GKS | Yofedkparingrships tasBaMiSayfdideridky Ay G SNI/ |
decarbonisation projects (including CCUS). Thekbiydreaof RRAGA 2y I f Adleé A& (GKS 'Y
collaborative work t@ddress crosborder competitiveness issues aachiexe common carbon price®.g.

viaBCAs), 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

Thee is substantial opportunity across all regions forldkgo address identified barrieennd 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 technicalssistance 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 aselcsoits.
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 agreemeimtsrbon limits.

This intervention is in demand within each of the considezgibns South AfricandIndiaare
understood to have made initial progresssaveral of these topics and therefore support would be
used to continue strengthening existing meas, whereas in East AfriamdSouth Asiand
Southeast Asjasupport would be focused on laying the groundwork and undertakimg initial
steps.

Support the creation, introduction and application of carbon pricing instrum@aggort 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 incentivisabmm and efficient energy use
in industry*3 Assisting in tl design of effective BC&to support ETS development.

Creaingdedicated platformsto support carbon markets fiocus countries.
Assist industry associations to promote the uptake of comfegy internal carbon pricing systems.

Supporting RD&Dnocarbon 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 gpport key Multilagral Development Bar(MDB)programmesI\ yOf dZRAY3I (GKS 9.
work on industrial decarbonisation, arttetWorldBankQ&a t | NIy SNA KA LJ (FMRNJ a | NJ ¢
and ESMAP.

This intervention is understood to be magipropriate forSoutheast Asiaregion counties, which have
certain ambition for exploring the use of carbon pricing instruments, but which have yet to take
concrete steps in that directio®outh Africas not considered to be a relevant targegjion given its
recent uptake of dedicated carboniging instruments.

Technical assistance for the development of tailade 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,andtimelines of industrial decarbonisation strategies. Engtinat industrial decarbonisation

42 The design of specific instruments always needs to be strongly tailored to the maturity of the specific market.
433 gupport in this field could build on the lessons learmne2l tkld K OSNIIF Ay &AYAE I NI AYAGAF GAGSAa dzy RSNIF 1Sy
Facilitation Programme, which is described in Case Study 2 (<ctitims report).
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strategy is coherently aligned with other reldtstrategies (e.g. Ri&d powersector development
strategy, strategies for industrial development and economic growth/&tc.).

Supporting RD&D arsdrategic plannindpr low-carbon industry hub®?including the facilitation, where
possible, of high tas of (REpowered) electrification, digitalisation, use of smart systems, industry
symbiosis, zeroarbon hydrogen and CCUS infrastructure.

Supporting RD&D on innovative and sustainbbness modelsommercial frameworks, eesking
and risksharingapproaches, in order to incentivise@arbon investment$¥ Designing and
applying aehoc and countrnspecificindustrial decarbonisation financing most&f these should be
accompanied by regulation, institutional capacity, skills, and awarenessspolicie

Given their relative lack of industrial decarbonisation strategidat® the countries osouth Asiand
East Africare strong candidates for support in this intervention ahedia(given its proven interest
and grassoots efforts to design antést innovative approaches) afduth Africanay be stronger
candidates for support related to industry hubs, and laggde CCUS and hydrogen energy projects;
this is because, in general terms, they already have the key foundattioisistrial decarbaration
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 developoreasdocused on
(amongst other thing®nergy auditing, energy management and decarbonisation strategy
prepare the workforce that is needed in order to unlock industrial decarbonisation at scale.

Promotingjust and equitable transitiongharacterisd by skills retention, bgentifying and planning
ways to support the worst affected industry players, to avoid significant job and competitiveness
lossesand to maximise new job creation.

All target regionare considered to be strong candidates $mpport in this intervention area, as
significant numberef workers will need to be trained and educated across industrial
decarbonisation topics in all regions, ranging from technicians, to-pwdikgrs, and more vocational
roles such as workers within financial institutions (whom will finance decarbonisatstments).

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 byrom 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 doarbon 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 @ooultfy Baltic Sea region initiative that workgtomote and coordinate the
development of lowcarbon industry hubs in the Baltic region. This is undertaken through developing new business and finance modelsdfor industri
symbiosis; identifying new symbiotic business development opportunities; andipgosapacity building and training necessary for the design,
management and facilitation of legarbon industrial hubsh{tps://symbiosecenter.dk/project/bi3/

Important lessons and examples obd@ractice 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 wsibbe tactestiple

industrial acdrs. Specifically, the port will contain ax@@nsport 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 transpoet @adrsim 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 2039.pdf

436t is recommendable that technical assistance provided within this context be accompanied by grant furdhirapulhbe used to implement

GKS FTANBRG adF3S 2F GKS GSOKyAOlt FaaradlyodSoa NBOz2ingsdelodepibty a d C2 NJ |
hydrogen or heat capture installation, one pilot energy efficiency networlgramdound of grant funding for innovative stags, etc.

WCAYl yOS Y2RSfa aKz2dA# R 0S5 ALISOATAOFIEfte@ RS&aAIySR ( RetsFghvérnaBce,day)ii NA Sa Q LI
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innovative technologies and systems, often alleviating doubts around their effectiveness and
providing important data that suppt 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 countrdsch the UK has
previously supported CCUS uptake efforts, includiBgngladesh, India, Indonesia, Mongolia,
Pakistan, South AfricandVietnam It is recommended that UK Government capital investment
support for demonstration projects focused oniddiisation, hydrogen networks, smart systems and
the development of industrial hubs / symbiosis networks be prioritised for initiatilredian

Stimulate demand for lowarbon industrial product3he overall driver for this intervention is to create
sAYAFAOIyld o6aONRGAOf -carboa and industridli@moduted Produdis K agtikitieF 2 NJ
would include:

Assisting in creatingtandardsandlabels(e.g. covering the carbon footprints of industrially made
products) and accompanied bgbust enforcement and compliance systems.

Developing and rolling out (industry and/or industry-sabtor specific) information and awareness
raising campaigns on the multiple benefits of-mrbon industrial goods targeted towards end
consumers, indusial organisations, governments and others. Such initiatives would provide
evidencebased information around the economic, environmental and social benefits; the business
opportunities and options to enter and prosper in emergingdavibon market nichesnd any
measures that can be accessed to support switching to the use-oahban processes and systems.

Strengthening trade networks for lewarbon products, helping those products reach points of
demand?® Stimulating the development of lesarbonsupply chains; for example, via the
establishment of integrated lesarbon industry hubs. Legarbon supply chains can also be
supported through more detailed analysis and public disclosure of the carbon footprints of processes
up and down industrial suppchains.

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.

Supportin this intervention area could be providedall considered regiongiven the significant need
to stimulate demand for loswgarbon products in each.

438|f industrial organisations can see a cldawnstream demand for lowarbon products, they are more likely to take the necessary steps to be able
to meet (supply) that demand.
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Interventioncase studies

Box16 D 9 C Q aTejmZPy6gamme on Technolofwansfer: Climate Technology Centres and Netwo
Pilot Projects. Global Environmental Faailp08congoing.

Introduction

While most energy efficiency options are likely to bring about cost savings for firms, certain invest
associatedvith industial decarbonisation (such as CCUS) are likely to reduce the competitiveness
emissiongntensive and tradexposed sectors.

Innovation and technologyansfer programmes represent one possible approach to addressing cros
border competitiveness issues,particular in the context of emerging and developing and emerging
economies. While it is complex to evaluate their impact, they are potentially complementary to trad
related policy, such as cresrder regulations and carbon border taxes, which atbdmselves very
challenging to implement and require m#teral agreements and action.

¢tKAa OFa&asS addzRe F20dzaSa 2y (K SerRr@@hnie o TednoNg
Transfet®®, as an instrument that addresses innovation amtht®logy transfer holistically, without a
specific focus on industrial decarbonisation (though with a strong energy and energy efficiency foq
Although addressing cross2 NRSNJ 02 YLISGAGAGSySaa Aa yz2ia SE
isconsidered a useful model of an integrated approach to innovation and technology transfer whic
address a variety of competitiveness aspects for eAatgpsive industry in developing and emerging
economies.

Goals of the programme

Two of the six gals of the GEF climate change mitigation objectives address industrial decarbonisa
technologies:

I Goal 1: Promote the demonstration, deployment, and transfer of innovativesdidyon
technologies.

1 Goal 2: Promote market transformation for eneegfjciency in the industrial and buildings
sectors.

Since its inception in 1991, the entire GEF climate change mitigation pdréfséioppored innovation
and technology transfer. Specifically, in its fourth programme cycle the GEF launched #eerhong
Programme on Technology Transfer. Since then, the GEF has supported and financed a range of
technical assistance activities and pilot projects related to innovation technology transfer. The mog
recently concluded programming cycle of the GEF~EEprioritised the promotion of innovation and
technology transfer as a creestting theme.

¢tKS NRfS 2F D9CQa FAYIYOS GAGKAY Aia (G§SOKy2Hf

Supporing theClimate Technology Centre and Network (CTCN)
Piloting priority technology projects to foster innovation and investments
Buildng Private Public Partnership for tech transfer

Supporing Technology Needs Assessments (TNAS)

Positioning GEF as a catalytic supporting Institution for tech transfer.

439 GEF. (2020). Technology transfer. Accessed -//www.thegef.org/topics/technologiransfer
440CTCN. (2019BEF update on technology transfer. Accessed fnaps://www.ctc-n.org/sites/www.cten.org/files/item_4c-
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Resulting outcomes frothe 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 sectio

High level results and outcomes

TheClimate Technology Centre aNdtwork (CTCNupports country efforts to enhance the transfer o
low-OF Nb 2y (GSOKy2ft23ASad hyS 27T dotdnical dssibtaDddA)al 2
the request of developing countries. This technical assistance is provided vgiue afUSD250,000, at
local, nationgl2 NJ NB3IA2y |t fS@Sta FyR 4 FFft adal3sSa
indicates that the bulk of the requests for TA is for decisiaking tools (26%), technology feasibility
assessment (21%),dlenology identification and prioritisation (15%), as well as sectoral roadmaps a
strategies (12.5%.

Some examples of CTCN technical assistance and other technology transfer projects that are rele
industrial decarbonisation include:

9 Vietnam:Pilot demonstration of Energy Service Company (ESCO) model for greenhouse g:
emission reduction in the cemergctor (2016)

ThailandBenchmarking Energy & GHG Intensity in Thailand's Metal In(2&15)

South AfricaSubstantial GHG emissions reduction in the cement industry by using waste hg
recovery combined with mineral carbon oa and utilizatior{2015)

T
1

In addition to the technical assistance request described above, the CTCN procalesideast
Technical Assistance (FTA) with a limited vallkssei5,000, and a timeframe of up to 2 months. FTA
also addresses technologyiguitisation and technology assessments that are of immediate interest tq
requesting country.

2 AGK NB 3 NFpiot piofectsithe SEBDRIAIOENT & GAY Y28 (A2Y

and middle stages, focusing on the demonstratiof R S| N¥ @ RSLJX 2@ YSy i
FAYEYOALt & dzLILJ2 thelbariiess Wrdechhalogydranafar, fardi Ipilbting/pFomising

I LILINR I OKS & ¢ & L6 clNBt@chdhge mRidatios projeBiDir@icated that over a quarter
included sipport for technology transfét?443,

These are some examples of finance for projects in industrial decarbonisation in the GEF portfolio
included or will include demonstration of technology (chiefly related to energy efficiency and fuel
switching):

I hina: Environmentally Sustainable Development of the Iron and Steel In(R32§ start, GEF
7)

9 Brazil:Production of Sustainable, Renewable Biostased Charcoal for the Iron and steel
Industry in Braz{0122015, GEF 5)

9 Canbodia:Climate Change Related Technology Transfer. Using Agricultural Residue Biom:
Sustainable Energy Solutid@911¢2015, GEF 4). (Industry relevance: Replacement of diesel
with biomass irindustrial captive power generation).

India: Removal oBarriers to Energy Efficiency Improvement in the Steel Rerolling Mill Secto
(20032015, GEB)

441 CTCN. (2020Request visualizationisttps://www.ctc-n.org/technicalassistance/requestisualizations

442 GEF. (2017). Climate change focal study atgzs://www.thegef.org/sites/default/files/couneiheeting
documents/EN_GEF.ME_C.53 Inf.02 Climate Change F A Study Nov2017.pdf

44311SD. (2016nttp://sdg.iisd.org/news/unfcctechnologyexecutivecommitteeevaluatestechnolo
https://unfccc.int/resource/docs/2015/sbi/eng/16.pdf
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https://www.thegef.org/project/environmentally-sustainable-development-iron-and-steel-industry
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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

This is a higtevel analysis of a lorgjanding and highly integrated programme. Thus, it is challenging
reach conclusions on the level of investments thhas leveraged in climate technologies in developi
YR SYSNBAYy3I S02y2YASaz 2N 2y GKS SEGSydG G2
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. Nevert
GKS D9CQa G(SOKyz2f23& (NI yaTS NdrikdNBparoaEhYoYirovatien |
and technology transfer which has provided nplatiessons over the years. Elements of it can be ada
to industrial decarbonisation programmes, where technology innovation and transfer are kewhesrer
addressing crosisorder competitiveness issues.

Promotion of gender equality

The GEF has a ssviof policies ogenderand supports the mainstreaming of gender aspects in all its
projects, including those in its technology transfer programme. In addition, all GEF implementing a
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-fisancing models. Some of the key aspects related to
partnership include (drawing from their 2015 evaluatiog)ude:

i The programme neeeldriven approach has proven successful: for examples@iiorted pilots
were found to be more effective and smoeatimning when they responded to a demand from
the technology users. Projects that had taken@ S O K Y RBIA K# & | LILINR | OK N
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 resucceededt engaging financial institutions on climate technology issues
regional centres have created strong links with domestic and regional financial institutions.

Main risks of the programme

{2YS 27 GKS LINRPINI YYSQa | Som tNdr a0l Fevaugtin) inchdes 2

9 There is a need to complement technical assistance efforts with innovative finance instrum
that address investment risk.

9 Technology transfer projects are complex processes that are subject to changes in politica
conditions, implementation delays and changes to project scope. Flexibility to make amend
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 tech
transfer.
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Box17 Ongoing initiatives to support the production and international trade ofcianvon products

The following analysis considers a selection of international level initiatives to support the producti
international trade of lowcarbon products. An initial discussion is provided of the current thinking ar
the possible uptake of carbon border adjustment mechanisms in the EU and North America. The 3
then presents two examples of effective initiatives to support the 4vosser trade of industrial
(including lowcarbon) products, as undertaken by the EBRDAsr@Pacific Economic Cooperation
(APEE respectively.

Proposed carbon border adjustments mechanisms

The authors are currently unaware of any existing doosderregulations and/or carbon border taxes i
effect. Some have been considered or are in the late planningsthgee are discussed later in this
review. However, no such systems have beesitinfor a suitable period of time and for which an impa
analsis has been madewhich would naturally be the basis for a Case Study.

The main idea of carbon border taxes is to protect enangysive industries located in countries with
strict CQ/ GHG emission legislation, by eliminating any competitive taly@enjoyed by exporters fro
O2dzy iNASa (KIG R2yQl GFIE SyrAaairzyao LT | R2LJ
carbon taxing countries (or, indeed, those with subsidised energy) to adopt carbon taxes and/or tig
environmental coM2 f & ® ¢KS ARSI A&a G2 StEAYAYyLFLGS lye

The European Union

The EU is currently considering the implementation of a carbon border adjustment mectébisder
this scheme, EU importers of products with high caffootprints (generally, energmtensive 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 p
imported goods, boosting the competitiveness of similar goods produced in the EU.

¢CKS YIFAY NIYGA2Yy Il fS A aneltillbyi205 coQld be Srifieinginediby a I4cR of
I YOAGAZ2Y o0& 20KSNAO® LG O2dzZ R ief pioductigrroying foy O
countries that are less strict about emissions. In these instances, total global emissions would not
odzi Yl & Ay TFIFIOGU AyONBIlIasSo CdzNII KSNXY2NB> (KS
Tighter legislatioincluding on energy, environment and health and safety), plus stricter enforceme
are often cited as being key reasons why many origiBallgpean energintensive industry market
players have relocated to countries outside of Europe.

This new carboborder adjustment mechanism would counteract the risk of relocation of market pl
to countries outside of Europe, mainly by putting a carbon price on imports of certain goods from @
the EU>However, a key concern is that such a move may rsichingWorld Trade Organization
(WTQ rules, which require equal treatment of similar products and no discrimination between dom
and foreign producers. There are also concerns about reprisals aneisasieHowever, other authors,
including fromthé { = &dzZ33Sad GKFIG GKA&a Aa y2i0 RAAONR

North America

As mentioed above, professional opinions are divided on whether WTO law would permit border t3
adjustments for taxable inputs that are not physidaltprporated into the final product. Also, it is not
clear if an import tax could vary based on the amount efe@@ted during its production. For instancs
in terms of kWh/t or kgCfd: (1) primary steel from ore is substantially more energy intemse {2)
secondary steel (rnelted scrap), which in turn is more eneigiense than (3) steel rolling mills. WTQ

444 Reuters( 2019https://www.reuters.com/article/uslimatechangeeu-carbontaxexplainer/explainewhat-an-eu-carborbordertax-mightlook
like-and-who-would-be-hit-idUSKBNIYELETO H n My 0 @ 9! Q faxi ©riskybug ngedéd2tpeFRvEWJt.com/content/28bbb54e41b5-
lleaa047eae9bd51lceba

445 European Commission. (2020). EU Green Deal (carbon border adjustment mechépisiigc.europa.eu/info/law/betteiregubtion/have

your-sayl/initiatives/12228arbonBorderAdjustmentMechanism

:vivioeconomics



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

Nbzf S& g2dzZ R KI @S
their carbon footprints.

Several U8xperts have concluded that WTO trade rules permit countries with carbon taxes to adoj
discriminatory harmosing tariffs*6447

The US itself already recoggs this principle, but on a food source, by prohibiting the import of Thai
shrimpthatk F R 6 SSy Ol dAKG Ay &lGdzNIifS dzy FNASYRf &¢é
environmental concerns are more important than narrow commercial interests, setting a preceden
Stiglitz concluded that if one can justify restricting the impontatifbshrimp in order to protect turtles,
certainly one can justify restricting imported goods produced by technologies that excessively poll
atmosphere.

Nonlegislative green trade mechanisms
EBRL2, Green Trade Facilitation Programme

¢ KS 9Greeh Tiade Facilitation (TFP) Programopports investments in, and the supply of, clima
change mitigation and adaption technologies in countries of EBRD focus. The programme aims to
foreign tradeto, from and withinthe EBRD regiomsd offers a range of products to facilitate this trade
indulging guarantees and tradelated cash advances. Under the programme, the EBRD offers acce
an estblished network of banks for financithg crossborder supply of key green technologies.

A key aspect of the TFP is that the EBRD provides guarantees to international confirming banks, t
political and commercial payment risk of internationatier transactions undertaken by banks in its
regions of focus. In particular, guarantees can be used to support the use of several instruments t
issued or guaranteed by local banks, including:

9 Letters of credit and standby letters of credit.
DeferredLdr @ YSy i -OfyfRIZAYWNE R SGUSNAR 2F ONBRAGO®

Advance payment guarantees and bonds, and other payment guarantees.

Bid and performance bonds and other contract guarantees.

1
1
9 Bills of exchange and tradelated promissory notes.
1
1

Letters of credit with posfinancing to covethe finance of imported capital equipment.
9 Other types of trade finance instruments can also be considéted.

In terms of practicalities, either the issuing bank or the confirming bank may apply for financial sup
(guarantee). If the coimfning bank applies, the consent of the issuing bank is required before a
transaction can be coverétf Under the programme, the issuing banks are responsible for managing
exposure.

446 Carbon Tax Centre, 2020. Border adjustments. Accessedftpomi/www.carbontax.org/issues/borderdjusments/(2015)
447|n 2013, a former WTO officer, Jennifer Hillman, concluded that both the letter and spirit of WTO trade rules woulduperiest with carbon
taxes to adoptnoR A & ONRA YA Yy I G2 NBE G NX T pravitled polidyrhakeslegtilly Oezsigh® {cdabo ] Rix, Ke&ping ity mitd Xhe basic

NBlidANBYSyGa 2F GKS 2¢h y2i (2 RAZONAYAYFGS Ay Tl & he@agofWTR2YSaGA0 LI

challenges should not present a barrier to policymakstsngito adopt a carbon tax system now.

9F NI ASNE AY HnncZ b2oSNotpayindgthddosi & davagé t6 thiKenviranrehttisia éubsidg, @ ds St paging the full costs
ofworkerswouldseé 1S | yR 2 (G KSNA doNdl &ljudtnietd thielinginate thefartifizial ldvahtége @iven to firms that

manufacture goods or provide services for world markets from countries that fail totam8ions. In fact, Stiglitz was critical of energy subsidies

for US manufacturers ariddz3 3 S & (ofhé& caliritriesishodld 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 geegeceivin

448EBRD, 2020. Trade Facilitation Programme. Accessed via: https://www.ebrd.cewittvari/tradefacilitationprogramme/products.htmi

49EBRD, 2020. Trade facilitation programme. FAQ. Accessed via: https://www.ebrd.cemitivastrade-facilitationprogranme/fag.html
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Under the TFP, and in addition to guarantees, the EBRD extentdtesimocash advances to selected
banks and factoring companies in the EBRD regions4endimg to local exporters, importers and
distributors.

A further aspect of the TFP is its trade finanteaening programme. This programme was launched i
2010and is run by the EBRD and the International Chamber of Commerce (ICC), with the objectivg
KStLIAY3 AaadAy3a olyla Ay@d2ft 3SR Ay (KS 9. w5Qj
The eLearning Programme covers all of the ICC traditivade finance products and Incoterms® ruleg
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 a
80 banks throughout Eastern Europe and Central Asia.

With the central objective of promoting the trade of industrial products to, feord within EBRD regio
the TFP has significant potential to help facilitate and encourage international tradeceuribmw
products in a timely and efficient way.

¢tKS 9. w5 NBOSyidfe NBLRNISR GKIG alFa AYLRNIS
routes, there has been a rapid rise in demand for trade finance that is vital to keeping the channels
trade d_JS y>%egpecially during March and April of 2020 during the initial stages of the coronavirug
pandemic. Amongst other things, this increased demand for trade finance support has shown that
mechanisms can make a tangible difference as regards thktyiabinternational trade under
challenging conditions. Such mechanisms have strong potential to support scaling up internationa
inemerginglowDl ND 2y AYRdzZAGNRALFf LINRPRdzOG &> S & LaSadastehtt
(and rapidlyevolving) stage.

The TFP was launched in 1999 and has received a variety of awards in recognition of the effectivg
its activities.

¢tKS ¢Ct ¢g2NJa (2 LINRBY2:GS 3ISYRSNI Sljdzr t Ade GK
Strategy for the ®motion of Gender Equality 2036n H N> g KA OK &SiGa GKS
promoting gender equality and equality of opportunities in the countries where the EBRD invests, :
important contributor to welfunctioning market economies and inclusive siese

Measures taken by the Asifacific Economic Cooperation to promote trade indavbon and
environmentallyfriendly products

The APEC region cove@fisnational economies largely bordering the Pacific Oceaacamints for
around 60% of totajlobal energy demand. In 2016, the APEC economies consumed the equivale
8,043 Mtoe/yr#t

Following several years of negotiations, in 2012 ARE€mented tariff cuts on a list of 54
Environmentallifriendly Goods (EGS$Y.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 equip
Alongside efforts to support service providers that utilise clean technologies, thiffsetarctions also
helped position the APEC region to:

I Meet its target of doubling renewable energy by 2030
1 Reduce overall energy intensity by 45% by 2035.

Transparent, easip-access information on tariff cuts help businesses take advantage of new trad
opportunities while promoting the efficient use of clean and-déanbon energy in the region. The tariff
reductions on the APEC list of 54 EGs also promoted trade worth around USD 300 billion within th
region and USD 500 billion worldwide, whifstta2 3IA PAYy 3 AYLISGdza (G2 GK

40EBRD, 2020. Trade facilitation programme: overview. Accessed from: https://www.ebrd.cewitivark/trade-facilitationprogramme.html
4511 million tonnes of oil equivalent = 1 Mtoe = 11.63 MWh
452 APEC, 2016. APEC cuts environmental gooffs.tAdcessed fronfttps://www.apec.org/Press/NewReleases/2016/0128 EG.aspx
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l ANBSYSy (¢ ySaz2dArdAzya Ay GKS 2¢hod | yF2NIdz
assessment could be found regarding progress with this initiative from 2016 onwards.

A second initiative ile APEC Green Supply Chain Cooperation Network. Initiated in 2014, this initi
seeks to facilitate the reduction of pollution and environmentddignaging waste linked to manufacturi
and logistics networks in the Adtacific region, whilst boostjntrade and economic growtf?

An expert group was formed to help advance the network, through strategically reviewing green s
chain practices in specific industry sectors, as well as within key segments of international produc
supply chains.

In order to bridge the significant gaps in the uptake of green anddowon supply chains between the
diverse economies across the APEC region, the Green Supply Chain Cooperation Network organi
dialogues and cooperation conferences, capadcitigling 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 impa
materials, recyclingnfrastructure and networks, and industrial operational efficiency enhancements,

48 APEC, 2015. Green trade boosted as network takes shape. Accessédfirofiwww.apec.org/Press/NewReleases/2015/0904 green.aspx
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Glossary

Acronym / Term Definition

ADB Asian Development Bank

Al Artificial intelligence

APEC AsianPacific Economic Cooperation

BAU Business as usual

BCA Bordercarbon adjustment

BEIS UK government Department for Business, Energy & Industrial Strategy
BESS Battery energy storage systems

BMZ DSNXIy&Qad CSRSNIf aAyArAadNE FT2N 902y2YA
BTM Behindthe-meter

BUG Backup generator

CCA Climate change agreement

CCS Carbon capture and storage

CCUs Carbon capture utilisation and storage

Cé&l Commercial and Industrial

CIF Climate Investment Funds

CRC Carbon Reduction Commitment scheme

CSP Concentrated solar power

CTF CleanTechnology 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 Managemefssistance 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

Glz 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

:vivideconomics

179



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 zeffestive pathway to decarbonising transport

in densely populated urbaneas.The mass transit assessment wolhsiderthe role of group travel in
NBRdAzZOAY 3 LI 8aSy3ISNI GNXYyaLR2NI Syiaarizyas SAGKSNI oe
activityor redudng theemissions intensitgf transit by buses and trainswill focus on buses and trains, as

they arethe most prevalent forms of group travéhe 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 deveéy 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 laarbon mass transit ime focusregionsinclude financial
support tosubsidise large upfront infrastructure costs and technical assisstance to ensure more effective,
integrated mass transit solutioriSxamples of such interventions include:

Fnancial suport towards mass transit infrastructyreuch as in the purchase of learbon bus fleets
installation of charging infrastructure arid fewer cases, financing of rail infrastructure

Technical assistance to improve the planning and design of masi$ $ymtemswith the current
quality of service delivery often inhibited by ineffective urban planningintegrated transport
solutions, and a limited use of digital technologies to maximise efficiency.

Table27 Masstransit assessment summary

Criteria Assessmeni Notes
. . 1 Mass transit can help avoid around 11% of passenger transport CO2 emission
Climate impact gigatonnes of carbon dioxide [CO2]) by 2050, beyond business as usual (BAU
impactpotentially greater under more ambitious mesgeitching assumptions.
Low ; . T . . .
Eﬁ@? 1 Climate impact is highest in regions with densely populated urban areas, wherg¢
transit is particularly costffective at meeting increasing mobility demand, while

reducing emissionsnd delivering additional deenefits e.g. time savings.

Development impact
08

Significant potential for mass transit to help achieve se®ersthinable

Development GoalSDGs), including the ability to create sustainable cities, whi
improve levels of gender equality, economic growth, and help ensure improved
health outcomes through reductions in local air pollution.

Investment neeaf USD 63 trillion by 2050 is amongst the largest across the

Investment need opportunities conslered, driven by the capital intensity of infrastructure provisio

6_} An investment gap of aroundSD 39 trillion by 2056 expected, relative to BAU
"ll investment levels, which will vary substantially across regions depending on th
required infrastructure provision.

Costeffectiveness . . . .
- Mass transit can be a highly cedtective opportunity, due to thealue of the

: transport service obtained, together with the efficiency in its provision.
1  The largest driver of cosffectiveness will be the subsequent utilisation rate and
] the extent of node-shiftingaway from other more polluting forms of transport.

Medium
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Criteria Assessmené Notes

1 Adoption is slowed by many political economy, market failure, and enabling

Barriers to adoption : . . . . .
P environment barriers, including: lack of public sector capacity to budgetiansl

,g : % for mass transport investment, naxistent urban planning frameworks which
7] reduce viability of mass transit projects, and capital mismatch from the delayed
returns to significant, upfront capital costs.
UK additionality 1 Despite relatively logr potential to harness existing UK expertise, UK Official

A Low Development Assistance (ODA) has been effectivelyfaisbdilding capacity
1 related to urban planning@he UK can also readily deploy relevant expertise in b
rapid transit (BRT) infrastructuracasmart 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 delibenefits of
reduced congestion and air pollution.

West Africa anchdia are regions where climate impact (Gt@kated) 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 masg trzode. 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 achigvadholistic transport and urban

development strategy, which ensures that pricing and syst&ta operational efficiency are
optimised to encourage moehifting.
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Introduction to the opportunity
Role ofthe opportunity in decarbonisation of developioguntries

The transport sector currently emits 1.2 Gt@Oow and middleincome countries, rising to 3.1 Gt1©
2050 under a BAU scenaritassengetransport accounts fot6% of total emissions from leand middle-
income countries toda$?* Buses andrains representpproximately5% of total emissiorf§®In the near
to-mediumterm, emissionsfrom passenger transport as a whole axgpected to grow significantly due to
an increase in passenddlometres km) travelledg expected to be 4.5x larger 20504¢

Bus and train travel account for 20% of total passenger km today, but in Agteementompatible

pathway this could increase to 38%Within mass transipver 90% of total activity occurs on buses in-low

and middleincomeO2 dzy G NASa® {2YS &addzRASa akK2¢ GKIFG YIFaa 4N
expected to grow t@around 3540% by 2050 in &.5-degrees scenaritf® The extent of modshift necessary

to reachl.5-degrees could be arguably smaller or larger, howelepending on the relative effectiveness

of using mass transit versus alternative transport interventions to decarbonise urban transport activity (e.qg.
electrification of passenger vehicle fleet, urban planning measures to encourage active travel, the su
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 trainshroughoutthis reportwill consider both activities that increase adoption or
reduce emissions intensiof transit by luses and traindt will not considethe following: freight transport,
internationaltransport aviation or maritime transport.

The assessment focusses on a subset oféliDileregions in consideration of their relatively large
mitigation potential ad in consultation with the BEIS steering groGelectedegionsinclude:

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 verses.

{2dziK ! AAl O0SEOQOftdzZRAY3 LYRAFOZ KSNBFFAISNI W{2dziK !
increase the costffectiveness of mass transit.

{2dzi K ! YSNRA Ol o6SEOf dzZRAYy 3 . NI -brierited tegiok, Sviiargd (0 S NI W{ 2
potential benefits from modshifting.

Western Africa, which has the third largest absolute mitigation potential in GtCO2 from mass transit
(after India and China).

{2dz KSNY ! FNAOF O0SEOQOfdzZRAY3I {2dziK ! FNKidhd 0 KSNBI 7
reductions from mass transit are highest, relative to 2015 transport emissions.

4% nternational Energy Agency. (2010 Emissions from Fuel Combustion Highlights (2019 edition).

45 Given thatus and train arrespond to 8% of passenger sector emissions, by IMAGE.

4%6Based on Reference Technology (BAU) scenario from New Climate Economy (NCE); adding light duty vehicle (LDV), 8uslatetiRaiR@0
passenger km divided by 2015 passenger km.

457 |nternational Energy Agency. (2017). Energy Technology Persp2ofivesttps://www.iea.org/reports/energechnologyperspective2017

458 1bid.
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This assessmeiiibcuses on théenefit of supporting the opportunitys a wholanddoes not aim to
comprehensively assed® effectiveness of specific investment oppaities or interventionstHowever, for
context,potential investment opportunities are detailedSection0.
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Climate impact
Mitigation potential and urgency

Acioss low and middleincome countries, mass transit can help avoid around 11%:emi€sions (0.7
GtCQ) beyond business as usual in 205¢°In al.5-degrees scenaripassengetransport emissions will
need todecreaseny 70% in 2050, relative BAU. Mass transit could be essential to rimeggrowing

mobility demand while reducing total transpernissions. To reach the higher end of abatement would
require a widespread change in preferences and a shift away from passenger vehicles. As models ofte
cannot fully account for the factors that influence consumer behavse@Bbx 1§ estimates of mass

GNJF yairiagQa Of A Yiguredsare writie @wer éné & gotentidl glimate impact, with only a
small% (<10%) of modsvitching even in the most optimistic scenario. Setudies suggest that as much
as 20% bpassenger vehicle activitpuld switchto mass transit® In reality, this is likely to vary by region,
with examples of a cogfffective twowheeler market irsoutheast Asisuggesting limited incentives for
mode-shift. In comparison, thrivinetpformal markets for group travel, such as in Kenya, suggest large latent
demand for mass transjin Nairobi informal minibuses account for around 36% of total tréffic.

Figure25 Range of mitigation potential compared to BAU @182 and 2050

0.2

Mitigation potential beyond BAU
(Gt CO2 /year)

Source:  Vivid EconomigsASI and Factarsingt . [INA&GENodel

Note: The bars indicate the range of mitigation estimates from IMAGE across the six scenarios run. Figures
NEBFESOG YAGAIFGA2Z2Y LRGESY(dAl f iohdBpblicies sd@rtario)j and sbi&r§ . ! |
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 passediger vehi

fleets, where there is a large opportunity for meghéfting. Across the analyseédgiors, mass transit

contributes tobetween13% andl00%2 ¥ | NBIA 2y Q& LI &a Sy 3 SiNA0GDNHey & LI2 NI
mostimmediate gains will occur in countriwbere there are significant emissions from internal combustion
engine (ICE) vehicles and/or mass transit availability is currently very limited. The largest opportunities are

49 This figure reflects emissions reductions in the IMAGE renewables decarbonisation scenario vs the BAU scenario. Taegqukictoieig

emissions is calculated relative2050 BAU emissions from the transport sector.

460 Al figures in this report will reflect mitigation potential beyond BELK S . I} A& GF1Sy G2 68 La!D9Qa ySg LRt
¥ 2YYAAAAR2Y 2y GKS 902y2Ye | yORbonDaveLIMSy b niyipih S a2 DRSREANI iAyHESa 2@
https://newclimateeconomy.report/2015/wpontent/uploads/sites/3/2015/09/NCE2015 workingpadties final web.pdf

“h/ 9d OHAMcOD G! yE201AYy3 GKS t26SNI 2F | NDly ¢N}yalLRNI {eaidisSvya T2NJ .
http://newclimateeconomy.report/workingpapers/workingpaper/unlockthg-power-of-urbantransportsystemsfor-better-growth-and-a-better-

climate/
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thought to be in countries such as China, India, and Western Africa (as sltogureé26). Mass transit in
India is expected to abaft MtCQlyearin 2050,25% of theY' | & & (i NJ nfiigatidnpatentiniPadrds$
all low and middleincome countriesWest Africa also has a large mitigation potentiaEd¥1IBCQ/year.

Figure26 al aa (NI yaAGdQa O2yidNRodziAzy G2 LI & dé&yeanr2ptoded iy & LI2 NI
2030, and between 13% and 100% in 2050
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Note: The bargeflect mitigation potential inL a ! D195@eégrees decarbonisation scenario minus mitigation
achievedirLa! D9 Q& yS¢g L}t A OA S Darkibor8eyslreNksant focus!redgions.OSy | NRA 2 0
Abbreviations correspond to the following: MEXiexico, CAM:= Central Americaxcluding MexicoBRA
=Brazil, RSASouth Americaxcluding BraziNAF=North Africa, WAF=West Africa, EAEEast Africa,
ZAF=South Africa, EEGAEastern Europe and Central Asia, NDdia, CHN=China, SEASoutheast
Asiaexcluding IndonesijdDN=Indonesia, SAS South Asia excluding IndiBAFE Southern Africa
excluding South Africa.

Another key driver of mass tran@iti  Of A Y | (b8 thédusadipdpatiah siZefand density in 2060.

the longer term, countries could opt to decarbonise their passenger vehicle fleet treleatiic vehicles
(EV$ratherthan mode-switching.The rationale for mass transit investment will therefore be its- cost
effectiveness relative to vehicle decarbonisation. €tiettiveness is particularly high in regions where

there is a large urban population, today and in 2050hiagricreases 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 proporijm of tr
taken by public transport, walking, and cycfitigAsFigure27 shows, the urban population in 2050 is

highest in India, West Africa, and China, regions whereativtigpotential is also larger in 2050. Notably,

these regions also have larger urban agglomerations, where thenadits of mass transit are particularly
KAIK® LY HnopZ Hm: 2F LYRAIFQ& dzNDB Iy L2 LUJdedor GA2Yy A&
YAftA2Yy®d {AE 2F GKS 62NIRQ& on fIFNBSald OAGXKSEA oAt

463njon Internationale des Transports Publicst n Mp 0 @ ¢ a 2 OIAEIA&I®E Ay OAGASE RI
https://www.uitp.org/sites/default/filessMCD 2015 synthesis web 0.pdf
“l yAGSR bridA2yary 5SLINIYSyld 2F 902y 2YAQIRYRNDP2ZGART GARYF A NBR A LIS Dlivdety | i
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Figure27 Mitigation potential will be largest in regions with increasing urban populations
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. dz4S3 FINB SELISOGSR (2 LINPOARS 290SNI x>z 2F YI A& 0N
alternative to vehicle travel across leand middleincome countriesBusesare the primary provider of

mass transit in our focus regions todaiyey acounted for91%of mass transipassenger km travelleih

2015%5The preference for bus travelgrsus rail) is expected to continue to 2050. Medétchingto buses

is expected to delivet0%of emission reductionsom mass transit as a wholey reduinglight duty vehicle

(LDV use, specifically for shedistance trips in urban are&¥.Electrification of buses éjually important,

also delivering around 40% of emissions reductions from mass transit in 2050.

The exception is India, where large aienmitigation is expected from continued expansion and

electrification of rail transporRail passenger traffic in India has increased by almost 200% since 2000,
NEBFfSOGAY3I (GKS O2dzyiNEQA AGNRY3I O2YVYA hyetyeen G2 NI A
urban centres, and move people within densely populated urban &édadia has the secordighest

absolute level of passenger rail activity today, but only approximatel§@0 of rail activity is on electric

trains.

Box 18 Modelling uncerainty

There is large uncertainty over the exact magnitude of emissions reductions fromianaisdue to
uncertainties surrounding the level of mobility demand and extent of rsbideto mass transiflhe

mitigation potential of mass transit depends on expectations about how passengers will choose to
specifically on the extent of mogshifting away from passenger vehicles. This, in turn, is affected by
host of local noftost considerationsush as the quality of mass transit provision, concerns over safg
and the severity of congestion and pollution. It can also be influenced by global, -ddfmeatict

485 International Energy Agency (2017). Energy Technology Perspectivest@@1/Awww.iea.org/reports/energyechnologyperspestives2017
466 |bid.
467 International Energy Agency (2019). The future ofhiais://www.iea.org/reports/thefuture-of-rail
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changes in the level of passenger mobility in future, following increasing trafigiafisation and
decentralisation of work.

Integrated assessment models (IAMS) underestimate the potentiahnaetary benefits of mass trans
and subsequently underestimate the extent of mathéfting As a cost optimisation model, IMAGE ang
other IAVIS only consider cost considerations when estimating the level of-giiftieg, ignoring
changes in travel preferences due to romst factors. Therefore, far greater adoption of mass transit
could be expected due to consumer preferences fordavibon tansport, changes in the quality of the
mass transit journey, and increased levels of working from home, among other factors.

9ELISOGFGA2Ya 2F YIaa GNIryardoa OtAYFGS AYLYE
more reliable and robustssessmentsVe rely on a range of modelling results, includimgrnational
Energy AgendyEA) Energy Technology Perspectives Sustainable Development Scenario and The
LYGSNYFGA2yFf ¢NIFyaLR2NI C2NHzYQa ¢ NI geatlaispait 2
activity %8 Further we use insights from the 18ANew Climate Econorfi and World Resources
Institute!’**72to highlight relative potential of different modal options across regions.

Transformational change

Mass transibffers substantial opportunities for transformational charageset out in Table RVith the

right conditions for planning and rapid deliy 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 dmnefits, such as better access to education and employarehother

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 preparatin activities. Providing the enabling conditions for private sector delivery of mass
transit is a particularly vital consideration, supporting procurement of bus fleets or upgradestarbemm
vehicles for example, much of which is constrained by upéasts. 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 lwekisyp
countries into more carbemtensive pathways.

Table28 Assessment of transformational change

Transformational change

criterion Interventions to support change Regional potential

Sensitive interventiopoints

Support to governments in integrated urban and transport planni
with capacity building related to policy and strategy. Southern AfricaWest Africa
Enabling the better use of data and digital solutions for planning.

Improvement of local
capacities and capabilitie

468 International Energy Agency. (2017). Energy Technology Perspectives2@1/Avww.iea.org/reports/energyechnologyperspectives2017,

International Transport Forum. (2019 & ¢ NJ y & Lidgpbtdinwih. elziciligaylordygansport/ititransportoutlook-2019 _trarsp _outlooken-
2019en;jsessionid=HvVhVR5S N9ulR4twhJilYRGP40-5-172

WLYGSNYFGA2Yy It 9y SNHEe | 3 Sypdbvdbstarasignmardidodnloddtdikedt/24341z4 dzZNB 2 F wl Af € @

470New Climae Economy. (2016} ! yf 201 Ay 3 G(KS LR sSNI 2F dzaNbBly (GNIXyaird aeadsSvya FT2NJ oSl
https://newclimateeconomy.report/workingpapers/wiontent/uploads/sites/5/2016/04/Unlockintine-powerof-urbantransportsystems web.pdf

12 2NI R wSa2dz2NDS LyadAaiddziSad 6nHnmpd d &l 2ktpsi/des @riolgasXgliblioioBt@éndie O . dza ! R2
electricbusadoptioncitiesworldwide.pdf

42\World Resource Institutes. (2018)a 2 RSN AT Ay 3t dzitfps/Mlestvidrgsafd 2z NI | G A2y ¢ @
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 providéfs.

India, Southern Africa, West
Africa

Leverage / creation of
incentives for others to
act

Transformational change can be realised viafgasibility studies
(PFS) and Feasibility Studies (FS) which can evaluate alternative
propose and evaluate a preferred option, and then prepare the
Busiress Case for bankability.

Provision of concessional loans for upgrades teclanwon fleets or
tax-based and financial incentives to informal paratransit operato:
to switch to lowcarbon 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 suprt)

Improving institutional capacity and evidence base with data rela
to the demand for travel, as well as current systems and factors

as population density, as well as new methods of data collection
as Geographical Information Systems ) @48 provide the necessar
basis for planning, regulating, and investing in mass transit solut

Southern Africa, West Africa

Replicability by other
organisations or actors

Demonstration of how public and private sector bus fleets could
decarbonised, particularly for informal paratransit services.

India, South Asia, West Afric
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
make mass transit more efficient and attractive.

The powertrain, battery, and motors, for buses can offer a potent
leapfrog technology with dramatically lower energy consumption.
Support new mobility innovations in technology and business ma
to provide ondemand and shared mobility services for last mile
transport, helping provide access to mass transit.

West Africa, Sghern Africa,
South America

Evidence of effectiveness
is shared publicly

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

All regions

Source:

Vivid EconomicsASI and Factor

473 Paratransit is defined as a transportation service that supplements larger publicsyatesits by providing individualized rides without fixed
routes or timetables. Sourckttps://www.merriamwebster.com/dictionary/paratransit
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Development impact
SDG impacts

Increasing the modshare of lowcarbon mass transit helps countries achieve several sustainable
development goals, as setit in Table29.

Table29 SDG impacts

3DG St_rength of Most re_:levant Rationale
|mpact region
Positive Impacts
South Asia, Increase in access to mass transit would have a positive
SDG & No Poverty High Southern and impact on economic growth. Improved and more equitabl
West Africa. access to education, healthcare, and employment.
Air pollutionrelated deaths are high and will be significa
India, West reduced as sustainable mass transit is adopted. With effi
SDG & Good Health and High Africa, Southern ;| mass transit systems, there would likely be a shift from pri
wellbeing 9 Africa, South vehicles to mass transit transportation thereby reducing
America pollution and transport emissions. Road accidents and rel
costs and fatalities should also be significantly reduced.
Accessible, safe, and comfortable transport that enables
SDG _iGender and High All regions more efficient urban transit ales the more vulnerable and
Inclusion ) : o
poorer groups to benefit from a wider range of opportuniti
SDG 1t Sustainable Cities . . _ M.as.s trgpsn options wquld |mprovelmoblllt)./ across and
" High All regions within cities, as a key pillar of sustainable cities. It is also
and Communities : .
proven to improve road and pedestrian safety.
Promotion of mass transportation would resalia
SDG 18 Climate Action High All regions decreased number of vehicles on the road and would als¢
result in reducing greenhouse gases (GHG) emissions.
Negative impacts
Negative environmental impact from minirage earth
metals if demand soafer lithium-ion batteriesin e-buses
and other EVs. For example, a recent repott/biyed
Nations Conference on Trade and DevelopnfgiNCTAD)
) ) reveals thatn Chile, lithium mining uses nearly 65% of the
SDG 1% Life on Land Low All regions 61 GSNI AY (GKS O2dzy i NFQa [ | ¢
For new rail routes in particulahe 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 highlightsemgneed to tackle impact of likely electric car battery production boom.
https://news.un.org/en/story/2020/06/1067272
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Demand in target regions

Table30shows 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
ingruments, and promoting demand for lesarbon products.

Table30 Demand in target regions

Region Demand Rationale

I A3K RSYIFYR FyR LIt A Oe&s,s8dd asReSxidit

Indiia Moderatec High Cities Missiopand recent investment in metro lines across the country

Variable policy and regulatory environment across countries against é
South Asia Low¢ Moderate measured againdtationally Determined ContributiondIDC}¥ national
plans and policies.

Variable demand across countries, favourable regulatorycement for

Southern Africa | Low¢ Moderate e .
mass transit Is just emerging.

Few countries have transpemlated policies and plans in place and the

West Africa Low- Moderate : TR
regulatory environment is stiti itsinfancy.

Variable policy and regulatory environment across counties and prog
South America Moderateg High : as evidenced by ND@&tionally Appropriate Mitigation ActigNAMAS,
and national plans and policies.

Source: Vivid Economics, ASI and Factor

Allregiors: Of the 166 NDC submiss in 2015, representing 193 countries, 76% highlighted the
transport sector as a mitigation source, but only 8% included transpedific greenhouse gas
mitigation targets. However, it is clear that improved mass transit is widely supported inghgcip
governments across the majority of countries in the target regions, albeit with a particular focus on
decarbonising the passenger fleet.

India In its NDClndia recognises transport as a mitigation pathway. India Nasi@anal Urban
TransportStraegy which aims to ensure safe, affordable, quick, comfortable, reléadule
sustainable access for the growing number of city residents togdbsation, recreation ansuch
20KSN) ySSRa GAGKAY 2dzNJ OAGAS&a® LY FRRAGAZ2YI LY
transit more efficientL Y RA I A ay Qi A YLIX SYS PpespitgirdiaQla  BlGaNR yH2 NI
network and high ridership, almost 9@¥movenent of passengers india is currentlgateredfor
by road transport and a modal shiftltiw-carbon public transporsincreasingly urgentncreasing
market share in ralbased passenger transport systems, improved fuel efficiency, use of alternative
fuels, and promoting electric mobility are key strategies in India.

South Asialn South Asia, abuntriescover transport as a mitigation sector in their NDCs/INDCs.
Despite recognising transport as a mitigation sector in NDCs, most South Asian cdbonivigdsave
defined targets in plans or policies pertaining to mass transit. Bangladesh and Pakistan seem to be
more developed in terms of existing policies inthe sektégr 02 YLJI NBR (2 (KS 2{GKS
National Transport Policy promstew-carbonLJdzo f A O (NI yalLR2 NIz . I y3afl RSA&
Multi-modal Transport Polig§MTP) and 2 ear Strategic Transport Plan (STP) for greater Dhaka are
notable t00.Sri Lanka is implementing a NAMA for transport.

Southern African SoutherrAfrica, all countries except Angola identify transport as a mitigation sector
in their NDCshtended Nationally Determined ContributiolSPCyp [ Sa2 K2 Qa bl GA 2V |

4SNAMA Database. Accessed 03/08/2020. Availabletat/www.namadatabase.org/index.php/Transport
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Change Policy (CCP) promotes@W ND 2y G NI yaLR2 NI &adeaid&tWaster al | g A
Plan provides a clear framework for delivering sustainable interventions to enhance the transport
sector across Malawi for the period between 2017 and 2B&mbia, Namibia, and Tanzania recently
launched National Transport Policy frameworkdwhi ! y32f I Q& bl GA2y I tfly
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 AfricaNigeria Ghanaand 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 areinplacg’ &2 YS 02 dzy (i NR& Satianal XrgnportZBRerrg 3 b A
[ S 2 yinfe@dted Transport Policy, Strategy and InvestmentBD K vy Q& bl GA2Yy | f
Policy which recognises the important role of intermodal transport for sustainable national
development but gives very little attéon to environmental pollution and adverse human health.
Sierra Leone is implementing a NAMA for transfé&imilarly to Southern Africa, mass transit
remains severely underdeveloped across all countries in West Africa.

South AmericaChile, Colombiand 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 transpdt. These programmes help to overcome challenges and offer
vall 0t S tSaaz2ya Fo2dzi K2g (2 f Ay treddésof (G KS 3INR dzy
commitments. South America is a global leader in bus transit, with the highest ridership figures for
any global regioff® Pioneering BRT schemes have been implemented in the region such as the
Transmilenipin 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 1bid.

4771bid.

478Red Green and Blue. (2020). Renewable Roundup: Electric buses swaghirgrigoica, equipped with new battery tech. Available at:
http://redgreenandblue.org/2020/06/10/renewabi®undup-electricbusessweepingsouth-americaequippednew-battery-tech/
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Investment need

Across lowand middleincome countriesnvestmentwill needto scale up tdJSD 63 trillion bg050in al.5
degrees scenario, 60% larger than investment expected it BAkk scale of investment required is very
high, amongst the highestcaoss all opportunitiesThe magnitude of rail investment reflects the large

upfront capital costs of infrastructure expansion, while bus investment need is driven by the high cost of
fleetturnover (seeBox 18 for examples of relative costs of eadifpny of these investments would have to
occur in BAU, where growing passenger transport demand will fuel infrastructure rollouts and purchase of
ICE bus flds. Nonetheless, to support mogsvitch on the scale expected id &-degrees scenario will

require investment of USD 39 trillion by 2050 beyond investment expected itiB@bual investment in

rail infrastructure t®050is estimatedo be 20%of investment in road infrastructuréeading to a

cumulative investment of USD 10 trillion in rail, and USD 53 trillion irf®foad.

Figure28 Cumulative investment need in mass transit is high compared to other opportunities

Absolute

80 investment o Other
USD 63 trillionina 1.5 Mass transit need in 1.5C
. world by
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8 60 AQ5 trillion
o
&
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T n
£E 2
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>
= 20
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Cumulative investment need Investment gap by 2050
by 2050

Source:  Vivid EconomicsASI and Factor usihBA (2017). Energy Technology Perspectives.

Across focusegiors, the expected investmeneedis in the order of billionsgy annum ir2050.Across
regiors, 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 deill vary significantly by local construction costs and transit
preferencesClear differences in investment need between regions are partially driven by differences in
current and future level of passenger transport activity, reflecting the scale mbrmaoactivity 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 famore local factors will influence the magnitude of investment required, incltitérigghly site

specific costs of civil works atie current preferencéor mass transit. Rail costs, for instance, will be

influenced by locatosts of langcquisition, labour, and materials, the number of tracks per line, the need

47 |nternational Energy Agency (2017). Energy Technology Perspectivest@@1/Awww.iea.org/reports/energyechnologyperspectives2017
480 bid.
481 International Energy Agency (2019). The Future ofifRai://webstore.iea.org/download/direct/2434
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for tunnels (such as in metro rail), and the operating spseeBox 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 whettr 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 exped to besmaller than the overall investment need estimates, due to the
potential to crowdin private finance towards large infrastructure proje€tsough there are high cost$
infrastructure provision, there are also opportunities for private congsato achieve profits from these
investments in the lontgrm. Public sector investments can therefore focus efimamcing large
infrastructure investments and creating reliable demand for mass transit to -énguvivate sector activity.

Box 18 lllustrative investment needs in mass transit

Decarbonising bus transport could require approximately USD 900 million for a city the size of Kol
Kolkata currently has approximatély,000 diesejpowered buses, equivalent to 0.0003 buses per
NBEAARSY(G 2F GKS Ondérambitiosyldns tdRava5{000key antl NI dhabging
stations in the city by 2030, total upfront investment needstimated to b&JSD 900 millioff?

Much of this investment is additional to the BAU scenario, resulting from the large upfront costs of
chardng infrastructure and higher costs ebases.Costs of an innecity ebus today are approximately
USD 20,000in Indig twice as high as the cosifa comparabledieselbus For a large fleet, with freque
turnover, this divergence in costs creates substantial investment requirements. Further, the transit
e-buses requires investment in charging infrastructudevelopment of 70 charging stations in Kolkatd
cost approxnatelyUSD 120 milliarCosts of ahargerare USD 13,000 ttdSD20,00Q hence most costs
arose from civil and electrical works.

Costs of rail investment will vary by type of rail and local costs of labour an@ylpadf rail in itself will
have a sigificant impact on costs for the same scale of infrastructure rollout, showabie31.

Table31 Indicative costs of rail

Type ofrail Costs per lin&ilometre
(USD million)
Conventional rail , 0.5-20
Urban light rail | 10-25
High speed rail | 20-80
Metro rail 50- 350

Vivid Economics; IEA. (2019). Future of rail.Vivid Economics; IEA. (2019). Frailiréivfi Economics
IEA. (2019). Future of rail.Vivid Economics; IEA. (2019). Future of rail.Vivid Economics; IEA. (20
Future of rail.Vivid Economics; IEA. (2018jufe of rail.uture of rail.Vivid Economics; IEA. (2019).
Future of rail.Vivid Econoigs; 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)thre of railVivid Economics; IEA. (2019). FutureadlfVivid Economics; IEA]
(2019). Future of rail.Vivid Economics; IEA. (2019). Future of rail.Vivid Economics; IEA. (2019).
rail.Vivid Economics; IEA. (2019). Future of rail.Vivid Economics; IEA. (2019). F

Urban rail extension could cost araudSD 6 billion for a city like LimiaeLima Metro Line Two Project
for Peruproject is currently underway, with the objective of providimgass transit system serving the
eastwest axis of th&imaCallao Metropolitan Regiom practice, thigncludes theroll-out of 35km of

482The Energy and Resources Institute. (2020). Successful operation of Electric Qusffleet/ | &S { G dzReé 2F Y2t (L G+ ¢ @
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new urban rail infrastructures well ashe constructiorand integratiorof 35newstations construction
of approximately 2®m of tunnel;and,the provision and installation of the necessary rolling stock,
electrical, contrgltelecommunications, and fare systems for operation of the Metro Liné&*two.

Regional rail developmeirt a country such as Tanzao@ldbe achieved for a similar scaiefunding

required, approximately USD 8 billidespite the larger distances coedr The Government of Tanzani
is implementing a major railway revitalisation programme throughout the country, rehabilitating ang
constructing new railway line links. It includes the construction of a Standard Gauge Railway track
approximately 1,200krnetween Dar es Salaam to Isaka. Although still underway, total costs of
completion are estimated at USD 7.6 billiéin.

®WEKS 22NIR . Fyl® 6HNHNO O higs:SoxiitdwhrMbanka§/éndiecispera@nsimprojecNE 2 SO ¢ @
detail/P145610?lang=en
484Kiruga, Morris. (2020). Tanzania: the race for regional rail supreffgy.//www.theafricareport.com/24195/tanzanige-racefor-regionatrail-

supremacy/
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Costeffectiveness

Mass transit is a highly cesffective mitigation opportunity in transport, from a system perspective,
particularly when targeting improved utilisation and efficiency of existing netwocks: be highly cost
effective when focused on encouraging a @eim behaviours (e.g. mod#ifting) or a change in operation
of existing systems (e.g. route optimisatidhis less costffective (on a GBP/tGDasis,) when it requires
substantial infrastructural change or rollover of fleets, due to higher capgtd. Subsidising hybrid buses
results in costs of 1050 USD/tC§ and this same figure can reach 750USDy/f@Celectric buse&®
Neverthelessthe value of the transport serviabtained, together witlihe efficiency irts provision,

implies even these interventiomase costeffective at reducing emisisons relative to alternative investments
in transport decarbonisation e.g. household purchase of private electric vehicles.

Costeffectiveness varies across regions due to four princigahcteristics:

Existing level of infrastructuré/herever interventions include infrastructure provision or rollover of
fleets, costs will increase significantly.

Cost of urban landNherever land purchase is required in urban areas it will be alsizessh
component.

Cost of civil work€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 linekilometre than urban rail cost differences driven by speed of operation and the need
for bridges or underground infrastructure in metro rail ($able31).

Behavioural changeThe costeffectiveness of all interventions will be affected by the subsequent
utilisation rate and the extent of modshifting away from more polluting forms of transport. Cultural
norms and safety concerns could result in vastly differaes of modeshift across regions.

“22NIR Lyl .f233ad 0HAMTO® 4! NBipkRmddlvdldbang &g/tSuis@ D driNdridandetiriSiusedA | 6 £ S 2 dz
viablejustyet
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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 environgiémiire29). These barriers are not critical to

inhibiting investment, as the potential of mass transit is wigglggnisedand investment levels are growing

in all regions. However, if not addressed they are likely to slow down the potentiah gifavis

opportunity. Our typology of barriers is provided in the Methodology chapter in the Synthesis Report.

Figure29 Barriers to an opportunity

Political Economy Market failures Enabling environment
u Lack of government 'Uncertain rate of adoption Weak planning
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A wide range of political economyrhiars 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 takenlmwearatransit 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 veble dependence is often built into a culture and legal barriers that can exist to prevent the
building of dense, mixedse community centres and transitiented development (TOD) that
reduce car dependendcé® This is a significant constraint in West Africa and Southern Africa.

Successful urban transport investment requires a-teng vision and consistent political support, which
is often undermined by shetérm political cycles and a culture of undoing lgacy of a previous
political leader, as it often the case in sséharan 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 iaatihoods of incumbent pattaansit
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 partipate (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

48 Intergovernmental Panel on Climate Change (IPCC). (2014). Climate Change 2014: Mitigation of Climate Change. CoNoikintgGafup Il1
to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change (Transport chaptelg.a&vaila
https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_chapter8.pdf

:vivideconomics 196



https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_chapter8.pdf

those in West Africa and Southern Africa, informal paratransit istbkedntinue to provide valuable
services for last mile connectivity.

New mobility options such as rithailing and capooling are causing many decisimakers to question
the benefits of spending large amounts on maassit infrastructure’®” Examplesniclude ride
hailing apps such as Grab in South and Southeast Asia, Ride in Ethiopia, and SWVL in Kenya. Howevel
recent studies have showed that personal vehiclemaiéng is actually a net contributor to
congestiorf®While ridehailing plays an impant 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 decisiaking in the target regions, particularly in
South Asia, Wegtfrica, 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 tesraf 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 demonstrateivdtg a pr
vehicle is a strong cultural phenomenon, in all the target regions.

The Covidl9 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 hppbefal shorto-mediumterm
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. Howevemsiasolutions 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.

Infrastrudure-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 redudiime efficiencies, and other
social development factors, which many governments struggle to convey in a typiterefit
analysis. There are recent examples of capital infrastructure projects in the regions of interest, such
as the Dhaka metro in Bgladesh, 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 residemidento 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 afdtions (PSO) which regulate the subsidisation of a less financially viable
NRdziS o6& Y2NB FTAYLIYyOALffte GAlLofS 2ySa gAGKAY |

Public / private partnerships are not required for the structuring of large transport infrastprojects
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 greateballenge as no return can usually be earned on this while

487 McKinsey. (2020) Transit Investments in an Age of Uncertainty. Availdipsatiwww.mckinsey.com/industries/publgector/our
insights/transitinvestmentsin-an-ageof-uncertainty

48 See, for example: Hawkinsy RN g W onnampod | 6SNI FyR [&8Fd FAylLfte IRYAGD (KS@QNB Y
https://www.theverge.com/2019/8/20756945/ubeflyft-tnc-vmt-traffic-congestionstudy-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 ensssinpriced 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 cimeners. Enabling effective and attractive public transport services
requires coherent implementation of aspects such as-mtedal terminal and stop infrastructure,
including the integration of feeder and last mile services;ti@al digital informatioron 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 to4ewbon vehicles, capital costs often prove prohibitive
without external support. Many cities do not have the funds to pay-buses with higher upfront
costs, even with additional support from the government. This is currently slowing emysn e
adoptionin all of the target regiorf§® 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 this lefvigaffic 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 a
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-loeomepopulation?®° 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 othecolon optiong>!

Moderate enabling environment baorptive 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 gaédmtegration 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 tieedn 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 transpeedf
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 {density urban sprawl and reduces the econonability 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 Indth 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 Emissiools 8amimary Report and Regional Workplan. Available at:
https://theicct.org/sites/default/files/publications/ICCT SouthAmerSummit2018 rpt.pdf

491 Red Greeand Blue. (2020). Renewable Roundup: Electric buses sweeping South America, equipped with new battery tech. Available at:
http://redgreenandblue.org/2020/06/10/renewabi®undup-electricbusessweepingsouth-americaequippednew-battery-tech/
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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 iost 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 counitni¢he 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 daiadata management and analysis systems, such as GIS, available to help
decisionmakers and planners in many of the target regions to understand the nature of mass transit
challenges. This is a greater challenge in the lave®me countries of suBahararAfrica and South
Asia.
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UK additionality

TheUY Q& |RRAGAZ2YFTAG® A& OSNE AGNRYy3 Ay AyGS3aINI GSR
large transport infrastructure projects, research and design for new mass transit techaobbgyxperience
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 BRTA9R.

UK transport planning consultancies have had provecess in many overseas markets that include
sub-Saharan Africa, South aBdutheast Asjand Eastern Europe and Central Asia in particular.

The UK provides expertise in fare collection and smatrt ticketing systems with proven application across a
NIy3aS 2F O2dzyiNARSa gAGK RAFFSNAYy3a fS@Sta 2F (S
standard of best practice in this regard.

TheUK is a global leader in finance and contract management for mass transit infrastructure, including
PubliecPrivate Partnership (PPP) and Build Operate Transfer (BOT) arrangements.

The UK is strong in designing and deploying technology for hybrid pomgentréius mass transit, based
on proven operating experience in London in particular.

LYLINRO@AY3I AyOfdzaizy | alLlSoia Ay Ylaa GNIyaiad | NB
improving accessibility for persons with disabilities and safetg@mfbrt 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 OEGDAC data, between 2015 and 2018, DAC members, including flspént
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 In@@1fsdi@ 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 2018.

In West Africa, DAC members spent USD 141m in the sectorthehi& spent USD 0.08m.
Ly {2dziK ! YSNAOIXZ 5!/ YSYOSNE KI@S aLISyd ! {5 opt

In Southern Africa, DAC members have spent approximately USD 61m, out of which the UK has spent
USD 46m between 204018.

The WorldBank 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
HubballiDharwad, the seconldrgest urban cluster in Karm&a, Indig®®light rail in Manila,
Philippines’?*and urban planning and development programmes in Mumbai. The World Bank also

492BRTUK weldsi http://www.brtuk.com

498 Gupta, Nupur. (2020). India: New Bus Rapid Transit System makes travel faster, safer and more convenientDih&tulaiohlli
https://blogs.worldbank.org/endpovertyinsouthasia/ingiaw-busrapid-transitsystemmakestravelfastersaferand-more

Wa O/ 2NXYIFO1 SiG Ftd 6nnmT0d . SGhGAy3a 2y . FylloAatAdey tAO1AYy3 dzad GKS LI
https://blogs.worldbank.org/pps/bettingbankabilitypickingpacemanilas-light-rail-transitsystem
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produces and disseminates useful resources such agrban Transport; Fares Collection; Intelligent
Transport Systems; and fisportation PPP Toolkit§

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 Ba@#DB) 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 impraviagnode share of more sustainable options.

In regions with the largest mitigation potential (particularly India, Southaksislyest 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:

1 The DFIBundedHigh Volume Transport (HVT) Fagifitwhich is focused on applied research to
contribute to more efficient anai-carbon transport in national and regional corridors and within
cities in lowmincome countries in Africa and South Asia.

1 ODAfunded facilities, such as thefrastructure and Cites for Economic Development X{C&2]
Evidence on Demaifldoth DFIEfunded), have provided considerable technical assistance in mass
transit infrastructure planning and delivery to governments in the target regions.

1 UK ODA has supported tReivate Infrastructure Development Group (PIB@&jrican countries
since 2004, creatg investmenteady, bankable, infrastructure opportunities as well as building
local capability and capacity, via over USD 3 billion in disbursed blended financirf funds.

1 The Foreign and Commonwealth Office (FCO) Prosperitis leungkntly 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 anBaitheast Asiaand the Sustainable Cities for Shared Prosperity in India.

i1 DFID Cities and Infrastructure for Growth (CIG) programpeeate in several suBaharan 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 inclusiopests, 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 ararficularly 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 heréttps://ppp.worldbank.org/publigrivate-partnership/secto/transportation/toolkits
496 HVT websitenttps://transportlinks.com

497 |CED websiténttp://icedfacility.org

498 Sourcehttps://infracoafrica.com/pidg/
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Intervention opportunities

To alleviate the barriers set cabove there is substantial opportunity across all regions forldkgéo draw
on core strengths and areas of additionalityorder 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 prepareraprehensivesustainablairban mobilityplans(SUMP), whichan
provide a fundamental basis for transport infrastructure development and related finance, based on
broad participation and sujopt.

Providing support to city governments and stakeholders omtegriation of informal and paratransit
systems with existing or planned formal mass transit systems.

Promoting awo-class transit approadbor bus or minibus transiin which a premiunmmore
comfortable service is provided alongside a more affordable standard service.

Supporting the planning and implementation of conventional bus service developmesRanite
applications on a netwoykather than corridorbasis.

These interventionarelikely to be particularly effective in all targegiors, with specific need imdia,
South Asia, and Southern and West Africa, where urban centres are rapidly growing, often in a
chaotic way and transport demand is rapidly growlimigrventions shold seeko engage primarily
with city governmentswith the buyin 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 existiorggrowingbus fleets and paratransit fleets

Support governments in designing and implementing mechanisms to scrap and improve highly polluting
paratransit vehicles to lowarbon models via appropriate policy and financial incentives.

Support olling stock operatingehse entities, including contract maintenance capapilitych will help
bus transit operators to upgrade vehicle fleets to-tmsbon options.

Support concessional finance to enable government purchase -@htission 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 awaseresxisting model concessional
agreements or help to createnew bespoke model for a specific context. For example, in 2019 the
National Institutfor Transforming India (NITI) Aayog createdloglel concession agreement for
publicprivate 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 Q&M) efficiency of city bus fleets for the authonithile ensuring bankability of the
project for the private sectdf’

Raise awarenesar support the implementation pbther initiatives such as battery leasary long
term maintenance contracts throug@briginalEquipmentManufactures 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 theetatsd barrier to uptake. For

49 Prateek, Saumu. (2019). NITI Aayog Introduces Model Concession Agreement for Electric Bus Fleetstjis Citiescomindia.com/niti
aayogmodelconcessioragreementelectricbuses/
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battery leasingpayments for the battery are includedfired service payments for the lifetime of an
asset’®

Provideconcessional finance fand increasel use ofrenewable energgt bus stations, depots, stops
and charging pointsThis should make use of-gfid or ongrid solarphotovoltaicenergy
potentially with the option of feeding excess electricity back into the grid.

Consider financing lighter infrastructure works related to bus transit, such as implementation ©f priori
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 asilidity 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 selectidiget and echarging systems analysis and degigocurement
support,duty cycle determinatiorand maintenance

Integration of informal and paratransit systems with existing or planned formal mass transit sigsg&ems.
particularly important to establish or maintain integration with last mile transit services, often
provided by 2and 3wheelers.

These interventins 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 managententeduce private car use and shift passenger preference
towards safe and efficient and lesarbon mass transit.

This could include public awareness campaigns as well as more substantial planning for congestion
charging zones, lo@missions zoneand impoved 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, andrwetp 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 anechnvon 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
leastcost mode or size of transi

Developing sustainable transport strategies and costed implementation Pletdk has significant
expertise in transport planning, modelljmapd development of integrated strategy. This can be
combined with advisory services on how to finance afligatepriority sukprojects.

Support in the design of the legal, regulatory, institutional, organisatammfinancial frameworks for
the operation of mass transit a region or urban area.

Support governments to implement and use ICT and GIS antatsd systems for planning, design
and operations of cities and mass transit.

500BNEF. (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 meha@meisieiency of
mass transitexvicesand thereby increase popularity, capacéyd uptke.

Improving the capacity and resources of municipal governments in integrated urban planning and
transport planning that is based on TOD

Expertise in accessible, ssad comfortable transport can be mainstreamed across all interventions.
TheUK hagonsiderable 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 mati€t to masdransit.

These interventions coultpply in countries that have more advanced urban planning capabilitiedias
as digital infrastructure, such as South America and India.
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Intervention ase studies

Box19 C40 Cities Finane@l OA f A 1@ Q3 &AdzLIR NI G2 . Fy3lf2NB
transition to an electric fleet

With an estimated 2020 population of over 12 million, Bangalore igtinéargestcity in India and the
most rapidlygrowing Indian metropolie. & A& 2yS 2F LYyRAIFIQa Yz2ali O
levels of air pollution, largely from transpoefated emission¥! Bangalorgoined the C40 Cities Financ
Facility(CFF)n the second phase to help realseange oflow-carbon and climateesilient projectdor
the city. CFEFalong wih the German Agency for International CooperaiiGiz)js sipportingthe
Bengaluru Metropolitan Transport Corporati@MTQ by providing technical assistance and capacity
buildingto help the cityimplementa full transition to electric buses by 203he bus fleet igrojected to
increase from 6,634 in 2018 15,134 by2031°%2 As highlighted by a receBILLIOBNF reporte-buses
now have lower total cost of ownership than comparable diessbmipressed natural ga€NG buses.
Operational savings are one of the more important arguments supporbingexintroduction in many
cities as well as the environmental outcomisise reduction and reduced maintenameguirements
are also strong benefit§® The Cities Finance Facility (CFF) receives its fufnalimthe German Federal
Ministry for Economic Cooperation and Development (BBEIS, the United States Agency for
International Development (USAID) as well as the Childvestment Fund Foundation.

The objective of the project is:
9 Tosupport thereplace the whole fleet of, B00buses in the next ten years
9 Build the business case to transition the entire firet to electric

While the city of Bngaloreis leadinghe LINE 2S5 03 Qa LI I yYAYy3 YR AYLX
followingsupportactivities:

1 / C Ced&ateR technical adwsisbased within the BMTC administratiand advises onapacity
development in urban development issues and eienipbility with BMTC

Financing the feasibility studies needed to make the project bankable
Structuring a scalable business model to transition all buses within the city
Conductingechnology analysis @nsure the right technolggs selectedor the city.

Develojingtechnical capacity and knowledge in the city administratimmiudingmunicipal
institutions and staff

Activities undertaken would contribute to achieving the following results:

9 Help tosupport public transport usage, whidék forecasto increase to at least 60% by 208y
providing modern and zef@missions buses.

Pollution levels will be reduced by %tby 2031 (against 2019 levels)
USD 700,000 per day in fuel costs will be saved.
1 51,460 metric tonnes of G@ill be eliminated per year.
Key stakeholders and clients include:

i City administration, transport, and naér@ansport departments at city and state levels.

501 nfrastructure Development Corporation. (2019). Bengaluru Comprehensive Mobility Plan. Government of Karnataka.
https://opencity.in/documents/bengaluraomprehensivenobility-plan-cmp-draft-october2019

50240 Cities Finance Facility. (2019). Bengalteadinghe electrification revolution in Indigattps://www.c40cff.org/projects/bengalurelectric
bus

503BNEF. (2018). Electric Buses in Cities: Driving Towards Cleaner Air and Lowesr@ii@2gBlmance. London.
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The challenges that the C40 CFF faced are:

I Changes in senior management at BMTC led to problems associated with turnover and pra
support.

Existing bus depots, i@inals or bus stops are often located in places where the power supp
not adapted to charge bigger fleets ebeses. It was important to involve local utilities and gri
operators from the beginning tfie process of planningleus deployment

For EEISthese 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 h#eel lweneficiaries.

Coordination between different levels of the government is helpful; the C40 CFF project tea
as the coordinator between the city and state governments.

Deploying a technology without factoring in local needs and context défiegtsirpose of the
support.

Box20 The BR1Lite in Lagos, Nigeria, 20808

The Ikorodu Road BRT in Lagos'w@&sNA O Q& ¥ A Kdcadme operational O AISrah2008 L (i
following support from the World Bank and a concerted effort between variousncigovernment
A0F1SK2f RSNARISSNXYERAG. w6 F2N¥Y 2F . we

within a modest budegt. The implementation programme, from conception to operation, was collapsed
into a 15month timeframe; thattogether with its delivery cost @SDL.7m/km made its development
unique and its experience relevant to cities throughout the world. Befersdtvice, passengers relied
purely on 75,000 slow and uncomfortable, highly polluting minibuses and midibuses of low\tlality,
variablefares®®* They pled their transport services over relatively short distances to maiprofit
rather than serve emand Significant improvements were neededid following initial discussion and
consultation there was a quick recognition that BRT was not necessarilytertomgpiration but
sonething that was readily deliverable.

The objective of th&Vorld Bank Lagos Urban Transport Project (LWas?)

9 Tosupport the planning and implementation of BR{E alonga key 19.2 km radial highway that
connects Mile 12a newly emerging central business district (Q@BiDe north, to Lagos Island,
the tradtional CBD

To take up and move forward concepts identified in earlier studies

Tobuild city government capacity to manage the transport system and identify the priority
actions, investments, and enabling measures for its improvement.

The interventiorundertookthe following activities:

1 A feasibility study anthe design of a low cost, high frequency, high speed, high occupation,
safety, lowemissions BRIite system

Light infrastructure works along the existing roadway, complemented by nestdlters and
ticket kiosks, as well as the design of a simplépezding ticketing system.

4y | SyiT A3 SiG Ffd onnmanod ! FNAOI Q4 CANBG .dz&A whkLAR ¢NXyard {eadsSyo wz
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Amendments and additions to policy and regulationsHemprohibition of vehicles other than
those franchised for the BRIte scheme (and certain emergency says) in the designated
infrastructure

Amended regulationdesigned to facilitate the free movement of traffic in the reduced road
capacity alongside the BRife running lanes, principally through the restriction of other
commercial buses to the sergitanes only and a total prohibition on heavy commercial traffic
the peak hours

Stakeholder and public consultatianwide range of grogpvere consulted and the scheme
explained as a means to solve their own particular prollemaes those problems id#ified by
otherst and without the imposition on them of alien solutions. Through this approach a sen
local ownership was developed, which resulted inBRTG S 06 SAy3 &aSSy I a

Support on procurement of a mix of new and used buses, tpbrated by existing transport
operators, represented by transport unions.

Apublic relations strategywasadopted throughout development and constructimd consisted
of advertising within the corridor, in newspapers, radio, and gméMdnga 90second
demonstration on how to use BRT (i.e., how to get and pay for a ticket, and how to wait, bo
and alight).

Activities undertaken contributito achieving the following results:

I BRTLite runs 7 days a week, from 06:00 a.m. to 22:00 p.m. on wezkaidly reduced hours of
operation at weekends. Weekday service frequency is approximatedz&ids.

Six million peple live witlin the catchment and patronage of BRile was observed to reach
195,000 passengers on an average weekda@9 and more than 1,150,000 passengers in a
week. The system cardd 0,000 passengers per hour in the peak direcion.

The serviceapresened a saving of 25 miteson the same journey taken before the BRT
became operational.

The BRTLite currently accounts for more than a quarter of all trips recorded along the corrid
although its vehicles make up just 4% of those on the route.

ThemajoNA & 2F (K2&S adz2NBS@SR daidNRy3If éneyHiddN
safety, reliability, price, and comfort

Key stakeholders and clients include:

I The Lagos Metropolitan Area Transport Authoti§@MATA Lagos State Government inc.
Ministry of Worksthe National Union of Road Transport workers and Transpdutstry, and the
Road Transport Employers Association of Nigeria

The challenges facenere:

9 Delivery of BRIIte involved the cooperation of multiple agencies. First;L&Rmeeded to be
considered within the context of land use and spatial development in the state. Ongoing m4
plan development was to feed fronand BRT was to feed ethis plan. To ensure that synergy
was maxinged, appropriate representation was magé#hin the BRT Steering Group. Second,
transfer of the control of the federal highway, under which-BiToperates, to Lagos State
would involve the relevant ministries of transportation and of works.

Public coordination and cooperation with the newesok was a chi@nge and to solve this a
A0F0S AYyAGALI GAGS OF f { BaddeadaNabledq help ith puglia & Ly

505 Ipid.
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management within the BRIite system, such as to deal with trading and hawking on the
walkways, and to maintain orderly quieg at the bus stops and vehicle parks

Disability access was not considered for the-lBRd@esign. While a fully accessibly system wo
require significantly more design, there are a number ofeffsttive things that could be done
to factor univeral design at least into the bus stop and terminal infrastructure

For BEIShese are the primary lessons of the programme in determining ICF investment:

I BRTLite is rootedn established BRT practice but also grounded in a detailed understanding
local user needs, with the key requirement being efficient and rapid delbasgd on a flexible
approach that works for the local context

Existingoublic transport operatorg/ere able tdenefit from involvement in delivery of a new
transport system.

Success wdargely due to a dedicated public transport authgtitfMAT Athat hasthe
capabilitiego plan, regulate, and form relationships to enforce and operate publisgoanwith
appropriate expertise, energy, and desire to succeed

Political commitment and support with a clear fows vital, especiallyhen difficult decisions
are required and opposition is felt

Transportunion supportvas enabled witlstakeholderengagement that educadi defined roles,
and demonstratd the benefits and links in a cressctor delivery that involvdsoth public and
private participation

:vivioeconomics 208



Glossary

Acronym / Term

Definition

ADB

Asian Development Bank

Baseload Theminimum 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 DSNXIye&Qa CSRSNJI f apergtibnsaddNDRveldpméit 9 O2 y 2 YA
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 UKgovernment 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 Ekctric vehicles

FCO UK government Foreign and Commonwealth Office
GBP British pound sterling

GDP Gross domestic product

GHG Greenhouse gas

GIS Geographic Information System

Glz 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 Econorievelopment
IEA International Energy Agency

IFC International Finance Corporation

loT 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 &eVvelopment
PPP Publicprivate 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 loaskeandty of
supply

TOD Transitoriented 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 vehiclepportunityconsiders all lowmissiongpassengevehiclesexcept 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 busiresasual (BAU) scenariBroadly, we considéwo vehicle
categories: cars and twwheelers. Carmcludes fuel cell and battery electric vehicles (FCEV/BEVs), and fuel
efficiency internal combustion engine vehicles (ICBd@#f)two- and three wheelersare consideredas

they representa significant share of passengg@@ometres km) in ODAeligiblecountries often over 60%.

This includes all motorised two wheelers, ranging from low powées and mopeds to motorcycles and
rickshawsNotably large emissions reductions are forecast from this opportunity in the BAU scenario due to
fuel efficiency improvements and increasing uptake of EVs, both cars amntheeters.

Interventions to encourage adoption of le&rbon passenger vehicles in fooegions include financial
support toinstall charging stations and technical assisstansagport EMriendly urban planning
Examples of such interventions include:

9 Hnancial support towards enabling infrastructuspecifically the provision of eldctwehicle
chargingstations which is often underinvested in by the private sector until the market is mature

Technical assistance to improve urban plan@ind help integrate EVs into the smart gwith poor
urban planning and concerns over EVcha@dgma A YLI Ol 2y GKS 3INAR ySig?
levels of uptake or public sector interest.

Table32 Passenger vehicles assessment summary

Criteria Assessmené Notes

1 Additional investment ipassenger vehicles decarbonisation can help avoid arot
20% of total passenger transport sector emissions by 2050, beyond the BAU. 1

Climate impact relatively low climate impact is due to already high emissions reductions expec
Low under a BAU scenario, due to enerfficeency improvements and adoption of
g@? electric vehicles.

1 Inregions with large twavheeler markets, most notably India, the transition to E
(and the climate impact) could be faster compared to markets with mostly four
wheelers.

1 Largest development impact results from reductions in local air pollution and th

Development impact consequent positive impact @ustainable Development GE&DG) 3, good health

w Low and wellbeing.
/\/ 1 Potential negative impact on SDG 12, sustainable consumption and prodiiction
end-of-life management practices for electric vehicle batteries are not in place.

1 Investment gap is negative, around USD 19 trillion less is required relative to B

Investmentgap due to the considerable investment forecast to occur uiB® and the declining
9_) Low costs of EVs, which are expected to become cheaper th¥a ICE
llll 1 The key additional investment to support loarbon vehicles is enabling
infrastructuree.g. charging stations.
Costeffectiveness 1 Costeffectivenes®f EVImprovesover time as they are expected to reach cost
. parity with ICEVs by the mad20s; they will soon deliver 2@batement at GBP no

= Medium = 06
additional cos®!

1 BHectric twowheelers aralready coseffective for certain vehicle classes

506 Jiirget al.(2019).E-Mobility Options for ADB Developing Member Counthiggs://www.adb.org/sites/default/files/publication/494566/sdwp
060-e-mobility-optionsadb-dmcs.pdf BNEF (2020) Electric Vehicle Outlook 2023://about.bnef.com/electrievehicleoutlook/
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Criteria Assessmeni Notes

1 Coordination challenges and network effects associated with the provision of
enabling infrastructure (e.g. charging stations) foréanbon vehicles continues to

Barriers to adoption A .
P be the most significant barrier.

,,,%,‘ Low 1  Though lowcarbon vehicles hav@storically faced barriers related to the unpricec
7] carbon externality and policy bias towards incumbent automotive and oil

distribution sectors, these barriers are reducing in many regions (e.g. India) du
EV cost declines and planned ICE ploass

The UK has substantial experience in increasing uptake of low emissions vehic
implementing demand management measures to both reduce personal vehicle
and integrate vehicles into the grid network.

There is substantial ietnational influence that can be leveraged within ongoing
activities, includingwork by9 L{ Qa / ht vc GSIY 2y 2@¢
to EVs across an extensive network of countries.

UK additionality

Source: Vivid Economics, ASI & Factor
Key lessons for supporting mitigation throwtgitarbonising passenger vehicles

Electric vehicles are expected to be an increasinglyefiesitive mitigation opportunity, forecast to
reach cost parity with internal combustigehicles in the 2020BEV deployment could therefore be
significantly faster than climate modelling suggddtswvever, to realise the full benefit of cost
declines will require EV adoption to be paired wéibid renewable deploymeitty 2030.

India and 8uth 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 théarge twewheeler marketmore so tharin South America (excluding Brazil).

Public sector intervention will be most cedtective when:
Targeting the provision of enabling infrastructure, such as EV charging stations.
Supporting low emission vehicle (LEWMNdly urban planning.
Ensuringhe 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 decarbonisatiohdeveloping countries

Passenger vehicles (cars and-tuwlweelers) currently emit.2 gigatonnes of carbon dioxid&#CQ) in low-

and middleincome countries, rising 3.1 GtC®in 2050 under a BAU scenarffassenger vehicles account
for approximately 14% of total emissions in #@BCD countries, and the majority of transport emiss$fins.
To reach 1.5 degreesmissions from paseger vehicles need to reduce to around 0.5 Gti@Q050 (a 70%
reduction versus BAU), while supporting a large increase (potent&tlin2rease) in road transport
demand®® This large increase in demand is expected to come hand in hand with substarg#des in
passenger vehicle fleet sizes, wWithir-wheelers increasing from 0.5 to 0.8 billion in #@BCD countries,
andtwo wheelers continuing to play a large role as w@liven the scale of the vehicle fleet, loarbon
pathways with EV adoptionill 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.

Twowheelers currently play a crucial role in roeghsport in NnOoROECD countries, but cars are expected to
gradually become more importar@urrently, up to 70% of passenger km in-Q@#CD countries are
travelled using vheelers (compared to 10% in the OEE®AIthough their relative importance is expedt

to continue, itis expected to decline to around 50% of passenger km travelled kentigry. This is driven
by a structural shift in transport demand, from heavily urban transport to moreirizan road transport, as
well as increasing wealth makicars more affordablet’

¢KS LI a3ASy3aSN) gSKAOES YINYSG A& YFOGSNRIff& RAFTFSN
impacts how mitigation opportunities can be achievidtk large expected growth in demand for vehicles as
populations and wealth grow underscores fmportance of decarbonising the sector. However, despite

rises in demand, the majority of vehicle sales in developing countries are $egwhdHence, changing the

makeup of the vehicle stock takes longer than, for example, in the UK. The spedditgelsadnd

opportunities for lowand middleincome countries to capture the mitigation potential in passenger vehicles

are set out in this opportunity report.

Scope considered in this assessment

The passenger vehiag@portunity considers all loemissbnspassengevehiclesexcept those used for
mass transitBroadly, we considéwo vehicle categories:

CarsThis includes FC&¥NdBEVs, and fuel efficiency ICEVs.

Two wheelersthe passenger vehicles category includes twdlaeg-wheelers, as they are a significant
share of passenger km in r@ECD countriesften over 60%. This includes all motorised two
wheelers, ranging from low powetbikes and mopeds to motorcycles arakshaws.

Across both cars and tweheelers indvidually owned and rented business models are considered.

507International Energy Agency. (2019). E@issions from Fuel Combustion Highlights (2019 edition). https://www.iea.org/reportstesgions
from-fuelcombustion2019

508 Measured in passenger km, based on SSP2. Data available from Integrated Assessment Modelling Consortium (IAMC) éxp® sereinairéo
https//data.ene.iiasa.ac.at/iamt.5cexplorer/#/workspaces

509nternational Energy Agency. (2017). Energy Technology Perspectives. Availablepfsdmavw.iea.org/topics/energyechndogy-perspectives
5%nternational Transport Forum and Organization for Economap€ation and Development. (2019). ITF Transport Outlook 2019. Available from:
https://www.oecdilibrary.org/docserver/transp_outloeén-2019-
en.pdf?expires=1595426275&id=id&accname=0cid75017725&checksum=4F15DOFE09C14B4DB96E31FA1EE5C365
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The assessmeiffdcuses orselectedOfficial DevelopmentAssistance (ODAigible regionshased on the
scale of emission reductions in passenger vehicles expected within these rélgioms:luded regions are:

India, the largest global market fivo-wheelers, and a large potential market for eledirio-wheelers
(following the transition thishas already occurred in China).

South Americgexcluding BrazjlK SNB I T i SNJ W{ 2 dzii K -focugesl Mefjidd fadbias the & |
largest absolute mitigation opportunity after Chiaa73 MtCQlyear (versus BAU).

North Africawhere passenger vaties account for 85% of mitigation potential in 2050 beyond BAU.

Central Americdike North Africapassenger vehicles in this region are responsible for most mitigation
beyond BAU, approximately 90% in 2050.

Eastern Europe and Central Asia has bothembkle absolute as well as relative mitigation opportunity,
of 65 MtCO2/year (versus BAU).

This assessmefdcuses on théenefit of supporting the opportunitys a wholanddoes not aim to
comprehensively asset® effectiveness of specific investmepiportunities or interventiongdowever, for
context, potential specific investment opportunities are detailed in Sedions
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Climateimpact
Mitigation potential and urgency

Across lowand middleincome countries, decarbonising passenger vehicles can help avoid around 20% (0.6
GtCQ) of CQemissions in the transport sectoy 2050 beyond BAIF! Most mitigation up to 2030 is

expected to come from energfficiency (Ql2 GtCO2, with near zero mitigation from EV or FCEV

deployment, compared to BAU, until later in the century. The minimakshrartmitigation from EVs is a

result of limited shorterm takeup of EVs (fouwheelers and twavheelers) in alnate modelling, as well as

the relatively high continued emissions intensity of electricity iR@BED countries (lowering the mitigation
potential of EVs). Consequenti/sare expensiverom aGBRCG; perspective in the short ternand

hence not takemup at scale in most climate mode®y 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 hydrogesxpectedn passenger transport.

Figure30 Range of mitigation potential compared to BAU in 2030 and 2050
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Note: The bars indicate the range of mitigation estimates from IMAGE across the six scenarios run. The national
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emissions reduction from 2015 in one scenario minus the emissions reductions from 2015 in the national
policies scenario.
Source:  Vivid EconomicsASI and Faar usingt . [INDAZBSEmodel

EV deployment could be significantly faster than climate modelling sudnésisuld need to be paired
with rapid renewable deployment to support largeale emissions reductions (several 100 My®®2030.

It is plausible ta 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 netimate factors (e.g. indtrial strategy and air pollutiorfRapid
policy developments likdor exampleplanned ICE phasaits in India, as well as faster than expected cost
reductions, are not fully captured in the modelliBgpombergexpects116 million EVs on the road by 203
which implies approximately 70 million are on the road in@&CD countri€d? Assuming a rapid coal

511 Measured again®8AU, emission reductions are significantly lower. This is because energy (fuel) efficiency is a major driver of the mitigatio
opportunity, and substantial energy efficiency improvements compared to today are expected in BAU as well.
512BloombergNEF. (20RElectric Vehicle Outlook 2020. Available frioips://about.bnef.com/electrievehicleoutlook/
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phaseout, this would be equivalent to around 140 Mt@@nual abatemeniby 2030°* Similarly, lhe

market for electric twewheelers is growing very rapidly, driven by cost and the ease of recharging-small
moped and/ore-bicycle batteriesAn earlier switchover to EVs would hadeockon impact on the EV fleet
size by 2050, driving the mitigatiopportunity up beyond the estimated 0.3 Gi§@ar against BAls
estimated in IMAGE

FCEVs are not expected to play a major @lecent cost projections suggested FCEVs are likely to be more
expensive than EVs in the passenger vehicle segment. AstaR€EVs are not expected to play a major
role in mitigating passenger emissions.

Achieving largecale mitigation in passenger vehicles requiigsificanichanges in theehiclefleetin the

short term and hence high sales penetration of electric vehicles anéfiicknt vehiclesin nonOECD

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 205¢°>While by 2030 EV penetration may still be low in-non

OECD countries, achieving lasgale emissions savings rghtury will require a rapid transition, and

around 50% (or abovsgples penetration by the late 2030s in many markédsably, the Indin government

aims for fast adoption of electric fourheelers, 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 réédiness.
Across most regions, rapidiyrning over the vehicle stock will be a substantially larger challenge than in
developed countries, given the importance of the seeoad market.

In regions with large twavheeler markets, most notably India, the transition to EVs could be faster

compaed to markets with mostljour-wheelers Although shorterm 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 t@de in the home. This means the technology is relativelly
positioned(compared to cars) to reach very high penetration rates, as has been demonstrated in China
already.

Fleet sizethe 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 sizeand associated transport demd unsurprisingly drive the mitigation opportunitiie largest
opportunities in passenger transport occur in regions with the largest passengerHtedtstance,
China has a mitigation potential from passenger vehicles of 150.M&a0in 2030 andsiexpected
to have a fleet of 200 million vehickés.

Current average fleet fuel economgries substantially by region. For example, in Italy fuel economy is
approximately 5.8tres gasolineequivalent(Lge)/100 km, in China it is 7.6 Lge/100 &ndl, inChile
it is 8 Lge/100 krit® Regions where fuel economy is currently poor have numerous relatively easy
mitigation opportunities available.

Mode-switching opportunities to mass trangéry substantially across regions, as set out in the Mass
Transit oppanity report. To illustrate, 8% of all passenger transport mitigation in China is expected

513The yearly mitigated emissions from EVs will vary by make and model, as well asritengitig in the country of use. In the UK, the yearly
emissions saved are estimated at about 2 tonnes ep€CEV (Hausfathe2019. Carbonbriehttps://www.carbonbrief.org/factcheckow-electric
vehicleshelp-to-tackleclimatechang8.

514Bloomberg New Energy Finance. (2020). Electric Vehicle Outlook 2020. https://about.bnef.cor/elgicteoutlook/

5150ECD. (2012). Transport Outldukps://www.oecd.org/greengrowth/greenirmansport/Transport%200utlook%202012. pdf

516 https://lwww.bbc.co.uk/news/worleasiaindia48961525

517Bloomberg New Energy Finance. (2020). Electric Vehicle Outlook 2020. https://about.bnef.cor/elgicteoutlook/

518|nternational Energy Agency. (2019). Fuel Economy in Major Car Markets: Technology and Policy Didgdrs. 2005
https://www.iea.org/reports/fueleconomyin-majorcarmarkets
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to come through modewitching to mass transit, compared to just 3%astern Europe ar@entral
Ash.>1°

The EV takepis 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 marketh Wweavily depend on secohdnd
imports (particularly Africa). By contrast, it will likely be faster in largevtveeler markets
(particularly Asian regions).

Box 22 Modelling uncertainty

The uncertainty around passenger vehicle mitigation isgpiiyrdriven by uncertainty around the relati
costs between EVs and ICEg 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 tha
estimated.

Uncertainty around mode switching is also significant but does not substantially change the mitiga
potential in passenger vehiclésrban planning policy etc. can discourage the use of passenger vehig
particularly in urban are&$ This is aizeable mitigation opportunity (analysed separately), but is like
represent a smaller uncertainty around passenger vehicle mitigation potential.

Transformational change

The Passenger Vehicles opportupitiers substantiadcopefor transformational changas set out in Table

2. The uptake of zercarbon vehicles including twand threewheelers can be massively scaled up with a
suitable framework of policy that sets out incentives to purchase and operate such vehiclesags well
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 wheltee 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 importargrttoes 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 railAs such, International Climate Finance (ICF) interventions should also consider demand
management interventions to achieve transformational change via reducing the use of private vehicles.

Table33 Assessment of transformational change

Transﬁorm_a thnal change Interventions to support change Regional potential
criterion
Sensitive intervention points
Capacity building for governments to implement and enfo
vehicle emissions standards.
Improvement of local Support policy and regulation that incentivise uptake of-z¢ North Africa, Central America,
capacities and capabilities i carbon vehicles. South America
Strengthening urban planning and building code legislatic
to incentivise EVs.

519By 2050under a 1.5°C scenario.
520 Jones, Peter. (2014). The evolution of arb®obility: The interplay of academic and policy perspectives.
https://doi.org/10.1016/j.iatssr.2014.06.001
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Trangormational change
criterion

Interventions to support change

Regional potential

Local ownership and strong
political will

Creatingstronger understanding of the rationale and the
levers to improve the uptake of more efficient and4ow
carbon vehicles can improve political will.

Eastern Europe and Central Asic

North Africa, Central America

Leverage / creation of
incentives for othero act

Support financial incentives for EVs or efficient ICEs, suc
tax rebates and subsidies.

Support in developing widespread EV charging infrastruc
helping to encourage uptake.

Support for demand management incentives such as low.
emission zones, paired with more efficient mass transit, s
cycling lanes, etc. helps reduce reliance ongrakvehicles.

Eastern Europe and Central Asic

North Africa, Central America

Spillovers

Broad scale and reach of
impacts

Supporting disruptive business models for electric vehicle
and two and threewheelers can achieve rapid growth and
scale.
Suppot to integrate EVs in providing grid balancing servic
as smart and flexible electricity grids are developed.
Potential for EV deployment to decrease costs of stationg
storage / provide second life batteries for the grid.
Charging infrastructure forggsenger vehicles can reduce
future costs of decarbonising heavy duty freight transport

India, North Africa, Central
America, South America

Sustainability (continuation

Support implementing urban planning measures to help

organisations or actors

pilots to other countriesind contexts.

beyond initial support) |unst§grate EVs and to manage demand for personal vehicl All regions
Replicability by other Support the dissemination of demonstration projects or All regions

Innovation

Catalyst for innovation

Support innovative development of mupiid solar to power
EV twe and threewheelers in ofgrid locations.

Enabling more widespread EV charging infrastructure.
Encouraging local manufacturing of tamd threewheelers

North Africa, Central America

Evidence of effectiveness is
shared publicly

Importance of sharing learning and evidence of what wor|
well and what has failed or could be improved.

All regions

Vivid EconomicsASI and Factor

Source:
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Development impact
SDG impacts

Cleaner passenger vehickgnificantlyhelp countriesn the target regionachieve several sustainable
development goals, as set dofTable34.

Poor air qualityn most cities in the target countriesconnected tananythousands of early deaths per
yearand many governments are actively seeking to decarbonise vehicle fleetside this.

HealthrelatedSDG benefitarelikely to be greater in the ned&erm in countries with large urban
centres, where negative health impacts of air pollution are concentrated

Table34 SDG impacts

Strength of  Most relevant

SDG . - Rationale
impact region
Positive Impacts
SDG & Good Allregiors Promoting low emission passenger vehicles would reduce a
Health and High pollution, thereby reducing pollution and contaminati@hated
wellbeing deaths andllnesses.
SDG % EitE, Sa EVs have an important role to play in smart and flexible

Affordable and Moderate
Clean Energy

electricity grids, helping to store power and feed back into tk

ATIEEE) (ST grid during times of high demand.

More sustainable passenger vehicles would promote innova
and innovative infrastructure, such as EV integration with
flexible grids. Local battery or twor three-wheeler production
could also led to greater industry and employment.

SDG € Industry,
Innovation and  High Allregiors
Infrastructure

China, India, Access to mobility options is a key consideration, including t

SDEs D ISy | ML South America role of autonomous vehicles in the longer term.

SDG 12

Respon3|b_le Moderate Allregiors Mo_rg sustalna_bly produced passenger vehicles that are mo
Consumption and efficient oremissions free.

Production

SDG 18 Climate Promotion of energefficient passenger vehicles would resul

Action g Aliegrers reducinggreenhouse gaseSHG emissions
Negative Impact
SDG 12 Impacts of EV batteries on the environment need to be care
Responsible managed. For instance, mineral extraction for batteries oug
Consumption and Low Allregiors meet environmental and ethical standarand batteries should
Productiory SDG be recycled appropriatelf’he production of landompetitive
15¢ Life on Land 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 targetegiors

Table35 Demand in target geographies

Region Demand Rationale

Recent rolout of plans and policies by national and -saltional

India Moderate High governments, sales of Passenger Electric Vehicles PEVS) increas
by year.

Eastern Europe and Variable regulatory environment and policies across different coun

: LowModerate L .

Central Asia mostly limited to tax exemptions.

North Africa LowModerate Vanaple regulatory environment and policies across different
countries.

Central America ModerateHigh Variable policy and regulatory gnvwonment, countries are developi
have developed targetedVpolicies.

South America ModerateHigh Variable policy and regulatory environment, countries are developi

have developed EV targeted policies lecChjle and Colombia.

Source: Vivid Economics, ASI and Factor

India India has &ision to make EV sales at least 30% pkakenger vehickales by 2030andin April
2019the governmentaunched the second phase of FAME (Faster Adoption and Manufacturing of
Hybrid & Electric Vehiclegithough progress against targets during 22020 has been hampered
by a range of factors, including Ce%®P?! In India more than ten state governmehve rolled out
EV Policy with both fiscal and rfigcal incentives. The fleet operators across the different segments
are exploring, and are tying up with, original equipment manufacturers (OEMSs) to develop low cost
and agile solutions for the EV markettal EV sales surpassed 750,000 vehicles in 2018, including
electric twowheelers growth of 130%earon-year), electric threavheelers and electric passenger
vehicles?? Finally, India has recently introduced the BS6 standard for ICE vehicle gffiviginh is
equivalent to Euro VI.

Eastern Europe and Central ASia out of nine countries mention transport as one of the mitigation
sectors in theiNationally Determined ContributiondC3¥ or Intended Nationally Determined
Contributions INDC¥ 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 &yrgyzstanKazakhstan, Turkmenistan, Tajikistan, Uzbekistapolicies or
incentives exist for EV&.In Ukraine there arevalueadded tax AT exemptions orimports of
EVS24 Many Eastern European countries benefit from knowledge sharing and resources within the
European Union (EU) and atkamonstrate commitment to the uptake of more efficient and less
polluting passenger vehicles via policy and financial inceftives.

North Africa Several North African countries, such as Egypt and Morocco, are actively seeking to
improve the efficiency dheir passenger vehicle fleets and have applied a total ban on the import of

521 Dwivedi, Shivali. (2020). Impact of COMmn the Indian-enobility sectorhttps://www.icf.com/insights/transportation/impactsovid19
emobility-sector?utm medium=empocial&utm_source=linkedin&utm campaigB8#&IndiaNextEnergy&utm content=article

522|nternational Energy Agency. (2019). India and IEA hold workshop on EV charging infrastipstifeww.iea.ag/news/indiaand-iea-hold-
workshopon-e-charginginfrastructure

523 Gritter and Kim. (2019)-Mobility Options for ADB Developing Member Countries.
https://www.adb.org/sites/default/files/publication/494566/sdwi50-e-mobility-optionsadb-dmcs.pdf

524 Eastern Partnership. (2018astern Partnership 14th Panel on Transport: Electric Vehicles in Uki@inap-csf.eu/wpcontent/uploads/EVts
in-Ukraine.pdf

525 See, for example: European Automobile Manufactsssociation. (2019). Electric Vehicles: Tax Benefits & Incentives in the EU.
https://www.acea.be/uploads/publications/Electric_vehieleg_benefits_incentives_in_the EA019.pdf
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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

used cars as a first stéfi.There is a need for further assistance in improving the regulations and
standards governing the efficiency of ICEs and the integration of new eabiges.

Central AmericaApproximately 90% of countries identify transport as a mitigation pathway in their
NDCs/INDCsGenerally, there isevy little policy in terms of fuel economy, but there are some
promising moves within electric mobility, padiye to advances in clean grid® provide a few
examples: There ar@mprehensive EV regulations in Costa Riba first in the region and it has
set an ambitious target to get 37,000 PEVs on the road by @@@2emala locally produces electric
three-wheelersPanama is implementing a National Strategy for Electric Mobility, along with the
Inter-American Development Bank, amak introduced 1,500-&xis Jamaica is developing an
Electric Vehicle Policy and a strategic framework for electric mabilitiorm policy and support a
seamless transition to battery electric vehicles.

South AmericaChile, Colombia, and Uruguay identify transport as a mitigation sector in their NDCs,
while Ecuador, Bolivia, Guyana, Paraguay, and Peru dtheot. is sigficant demand by a range of
stakeholders from the public and private sectors in South America for a rgngjecials and
technologies that reduce vehicle emissions, as demonstrated by the 2018 South America Summit on
Vehicle Emissions Control, which cabiéd in a draft regional workplan for more efficient
vehicles’?’ Chile is taking a regional lead in ambition for clean mobility, with targets to increase the
number of electric vehicle tenfolty 2022 ando transformthe private vehicle fleet t60% electric
by 2050°2 as well ashifting modes from private to public transport and increasing the use of green
hydrogenfor buses?® Chile also ne a further commitment in their revised NDC, to redtatel
carbonemissims by 25% in 2030 compared to 2016 le¥&lg Colombia, the Ministry of Transport
has taken steps tmovethe NDC forward by creating a new division caledsroup for
Environmental Affairs and Sustainable Developrf@AADS}p coordinatemitigationmeasures in
the transport sector.

526 Baskin, Ariadne. (2018). Africa Used Vehicle Réytprs://wedocs.unep.org/bitstream/handle/20.500.118222238/AfricaUsedVehicleReport.pdf
527Posada et al. (2018). 2018 South America Summit on Vehicle Emissions Control: Summary Report and Regional Workpdan. Available
https://theicct.org/sites/default/files/publications/ICCT_SouthAmerSummit2018_rpt.pdf

528 Changing Transport: Chile submits New Nationally Determined Contribution (NDC). Avdilibte/atww.changinetransport.org/chile
submitsnew-ndc/

529 Ramos Miranda, Natalia A. (2018). Chasing China: Chile drives Latin America's electric vehicle reymutiomww.smh.com.au/world/south
america/chasinghinachiledriveslatin-americas-electricvehiclerevolution20181216p50I7a.html

530 Climate and Clean Air Coalition. (2020). Chile Increases Climate Changa Avithifiargets that Simultaneously Improve Air Quality and Health.
https://breathelife2030.org/news/chilincreasesclimate changeambitiontargetssimultaneousiimproveair-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 BA&Jpassenger vehicle market is very large.
Carsalesalonein nonrOECD countries accded for approximatelyJSDL trillion revenues in 201731532

Data on the full twewheeler market is less available, but total market value is of a similar magnitude (more
sales, but lower unit value). Given the market,szen relatively smagdercentagencreases in average

vehicle costs can have a substantial impact on investment nédasugh these investments are mostly
distributed across a large number of households, mass market sales for EVs in both tearsidneetlers

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 cosffective to purchaseElectrc cars currently represent an additiogapfront)
investment of approximately SD10,000/vehicle, however this is expected to reducg$i0 in 510
years>**While electric vehicles remain more expensive now, at the point of masspakeleveloping
countries, electric vehicles will be at cost parity and do not represent a substantial additional investment
Electric twewheelers, particularly mopeds anébikes, are already cosbmpetitive in many countries, and
seeing substantial takep alongside gming wealth. This cost inversion implies investment needs against
BAU are expected to be negative, as showtigare31.

Figure31 Investment neds to turn over the fleet to lovearbon vehicles in a l-degrees scenario could be lower
than in the BAU, driven by lower EV costs as well as msbiftng
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levels on transport capital expenditure in the BAU andde§rees scenarios. Investment gap is
calculated as investment need in a i&grees scenario minus investment in a BAU scenario.

531 Statista. (2019). Revenuautomotive industry worldwide 2012030. https://www.statista.com/statistics/574151/glotaltomotiveindustry

revenue/

532Bullard, Nathaniel. (2019)d& t I NRY / KAYl Q& 1 dzy3ISNJ F2NJ 9f SOGNRO +SKAOf Shinad & 5 NA FAy 3
hungerelectricvehiclesdrivingmanufacturing/

533 Gritter and Kim(2019). EMobility Options for ADB Developing Member Countries.
https://www.adb.org/sites/default/files/publication/494566/sdwi50-e-mobility-optionsadb-dmcs.pdf
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Source:  Vivid EconomicsASI and FactarsinglEA (2017).Energy Technology Perspectives.

The ley additional investment to support lesarbon vehicle&the enabling infrastructurd=or example,

public charging networks will be required to support lesgale 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 estimaté8Bt billion by 2036* Scaling this by fleet

size suggests approximate investmeeeds ofUSD6 billion across all ne@ECD countriesA key difference
between regions is the importance of ttweo-wheeler fleet. Many electriovo-wheelers can easily be

charged using home electricity, whereas the larger battery size of cars requuisdispehargers (to

achieve practical charging timé®.

534Vivid Economics. (2018). Accelerating the EV transjfRamt 1: environmental and economic impacts.
https:/iwww.wwf.org.uk/sites/default/files/201-83/Final%2862 W WF%28%20accelerating%20the%20EV%20transitior%20part%201.pdf
535 Rajper & Albrecht. (2020). Prospects of Electric Vehicles in Developing Countries: A literature review. Avaitetie:ffemw.mdpi.com/2071
1050/12/5/1906
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Costeffectiveness
Costeffectiveness of lowarbon vehicles will improve over time.

In the short termdirect investment in (FC)EVs is unlikely to be-effisttive given the existing prigap
between EVs and IC&3d the limited emission savings pet EBAtypical EV saves approximately 10
tCQ of carbon compared to ICEs over its lifetifaithough this is heavily dependent on the carbon
intensity of electricityj*®*Giventhat the differen@ in capital cost between EVs and liSEgpically
around GBP 10,000pfront investment is costly for limited €€avings. EVs compare more
favourably to ICEs on a total cost of ownership basis (and hence on lifetime GBBjCOntrast,
measures to rcourage fuel efficient ICEs are eeffectivefrom a GBP/tC{point of view, given the
fuel savings

In the long termas set out aboveglectric cars are expected to become cheaper than ICE ones (first on a
lifetime basis, and later on a showroom caasib), and hence electric cars would have negative
abatement cost, and measures to support their uptake would typically be highbfiensive.

Unlike cars, supporting electric twiheelers is already cosffective for certain vehicle classéshikes ad
low power electric mopeds can be cost competitive with-sivoke ICEs (partly because cheap, small
batteries can be used). Over their lifetime, replacingsiwoke ICEs with electric substitutes saves
approximately 1 tCOhence small cost differencbstween the alternatives imply cesffective
investments>®

The coskffectiveness of enabling infrastructure will be conspecific, but is likely to be high many

cases, enabling infrastructure is likely to be a-effsctive investment in termsf GBPtCQ. 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

5% |nternational Energy Agency. (2019). Global EV Outlook 2019. https://www.iea.org/reportsglobtidbok-2019

537 Assuming 50,000 lifetime km driven, approximately 2@/g@Qlifference in emissions and similar material sioiss intensity. Detailed lifecycle
assessments are available from Cherry et al. (2009). Comparative environmental impacts of electric bikes in Chinaowailable
https://www.sciencedirect.com/science/article/pii/S1361920908001387
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Barriers to adoption

The largest barriet® the adoption of cleaner private passenger vehicles in the target regioredates to
political economy challengasarket failuresand the enabling environmenrur typology of barriers is
provided in the Methodology chapter in the Synthesis Report.

Figure32 Barriers to an opportunity

Political Economy Market failures Enabling environment
Higher costs of EVs or Weak zero-carbon
efficient ICEs regulatory frameworks
620 Investment costs of EV @Weak EV supportand low
charging roll-out Jenetration of renewables
Role confusion of EV %'Neak grids into which EVs
charging roll-out could be integrated
.- Range anxiety for Unpriced greenhouse m Poor or non-existent
@ potential buyers of EVs gases or road space charging infrastructure
E] Early supply chain @ Low levels of local
inefficiencies of EVs technical capacity

Entrenchment of
conventional ICEs

%1

Dynamics of status and
o

personal vehicles

Q“% Vested interests and high
$ . ol ¢
influence of oil industry

Source: Vivid EconomicsASI and Factor

Moderate political economy barriers reduce the uptake of more efficient ICE vehicles or EVs and ether zero
emissions vehicles.

Governments in the targeegiors 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 irNorth Africaand CentralAsia weakening political support for zecarbon vehicles

The cultural dynamics of personal status associated with owning a larger,\gelticlas asport utility
vehicle (SUVEan often act as a barrier to thuptake of more efficient vehicles aretuce the
incentive tocut downpersonal 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% ofiahcar sales today are SUVs, compaiiét less
than 20% a decade ago. As a consequence, SUVs have been thdagestdontributor to the
increase in global @@missions since 2010 after the power sector, but ahead of heavy in8@8try.

There may atsbe affordability and equity issues in some regions, particltalisyand North Africa
where highercost EVs and more efficient ICEs are only accessible to a minority-iotchigle
householdsHowever, affordability is to some degree an issue worlelvedd 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 initialectrification.

Range anxiety for potential buyers of EVs can be a significant barrier to uptake, in aktgogst
although perceptions are changing rapidly along with development in battery efficiency and the

538 |nternational Energy Agency. (201Qjowing preference for SUVs challenges emissions reductions in passenger caAweilible at:
https://www.iea.org/commentaries/growingreferencefor-suvschallengesmissiongeductionsin-passengecarmarket
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increased sharing of positive expeades of EV ownerBlevertheless, awarenesaising 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 redudirat 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 sugperinoportance of less
polluting vehicle§®

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 utildynpanies, 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 aml 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 comimént 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 bypriuder access to
parkirg 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 enadling 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 threewheelers, many have no, or rather weakhicle 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 rbust vehicle efficiency standarts.

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 incetive for public sector intervention.

Many countries in the target regions lack policy frameworks, national roadmaps, and incentives to
promote zereemission vehicles, to bring the relevant stakeholders together, and to unlock the
barriers to their deployent.>*! This is particularly the case in North Africa and Central Asia.

A major barrier to the uptake of EVs is the lack of charging infrastrueseand FCEVs, as well as
electric two and threewheelers, become increasingly attractive as a comprefeghiarging
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 Velfotditablehttps://www.mckinsey.com/industries/automotie@d-assembly/our
insights/makineglectricvehiclesprofitable

540 pPosadeet al. (2018). 2018 South America Summit on Vehicle Emissions Control: Summary Report and Regional Workplan. Available at:
https://theicct.org/sites/defalt/files/publications/ICCT SouthAmerSummit2018_rpt.pdf

54LUNEP. Why Does Electric Mobility Matter? Accessed 24/07/2020. Availattipst/www.unenvironment.org/exploréopics/transport/what
we-do/electricmobility/why-doeselectricmobility-matter
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charging stations in the country, halfvadfich are in the capital, SantiatféIndia, with a population
of almost 1.4 billion, had under 1,000 public charging points at the start 0f£020.

Lack of reliable electricity in some leleveloped countries is a major constraint to the uptake of idect
vehicles, where charging is likely to be disrupted and unreliable. There are also significant rural areas
that remain offgrid, particularly in India and South America, althoughridfrenewable energy
solutions for charging is a potentially higipact area of new developmepft!

Limited public awareness and public debate exists in many of the target regions, particularly in India and
Central Asia, on the issues of the climated air qualityrelated costs of polluting vehicles, and
around thebenefits of a shift to cleaner transportation. An undgormed 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 vehicis.

Battery swapping itiatives, more predictable to manage and thus often more effective for fleet
vehicles, including threeheeler urban freight vehicles, are hindered by a lack of standardisation on
battery specifications. This has been noted as a barrier in India, wreredtié 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.

52 Rame Miranda, Natalia A. (2018). Chasing China: Chile drives Latin America's electric vehicle rettphitionvw.smh.com.au/world/south
america/chasinghinachiledriveslatin-americas-electricvehiclerevolution-20181216p50I7a.html

543 Kwatra, Sameer. (2020). Mobilizing Finance for Electric Vehicle Charging itprediavww.nrdc.org/experts/sameekwatra/mobilzing
financeelectricvehiclecharging
india#:~:text=March%2027%2C%202020%20Sameer%20Kwatra%200{%20the%200ne,finance%20is%20critical%20to%20achieving%20the%20requir
ed%?20scale

544 Silverstein, Ken. (2020). SdPawered Electric Vehicle Charging StatioesJAst Around The Corner.
https://www.forbes.com/sites/kensilverstein/2020/02/10/solpowered-electricvehiclechargingstationsare-justaroundthe-
corner/#27c0a706320f

545Posada et al. (2018). 2018 South America Summit on Vehicle Emissions Control: Summary Report and Regional Workpdén. Available
https://theicct.org/sites/default/files/publications/ICCT_SouthAmerSummit2018 rpt.pdf
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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

UK additionality

The! YQA& | RyKsktidrig Acfoksithe design and implementation of dedn@anagement mechanisms,
financial and tasbased incentives, and installation and integration of charging infrastructure.

Via the Office for Low Emissions Vehicles (OLEVWKs continuing tstrengthen its expertise in
encouraging the uptake of EVM#tegrating EVs into the power secgtand rolling out charging
infrastructure areas where nof©ECD countries requisggnificantassistance.

The BEIS COP26 team is building extensive international networks to overcaang toatnansition 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 takased incentives facrapping old vehicles and encouraging the uptake of more
efficient ICEs and zesomissions vehicles.

In generalthere ishigh potential for UK additionality givére! Y Qa NB OSy (i f &fuel yy 2dzy OS
vehicle phas@ut. This should drive down coststilead 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 conpestiogzones
(London is a global study of bgsactice)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 Environménf  t N2 3 NJ YEte&ti2 &obdity Bréytamdnsaipports electric
mobility for developing and transitional countriésThe UNEP, supported by the IEA and several
other partners, is also implementing t@dobal Fuel Economy Initiati?éywhich aims to hip
stabilise greenhouse gas emissions from the global light duty vehicle fleet throuigh a 50
improvement of vehicle fuel efficiency worldwide by 26%0.

The EV30@30 Campaign, implemented byliean Energy Ministerjab which the UK government
contribues 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 cotfiiries campaign
supports the market for electric passenger cars, light commercigllasssand trucks (including
battery-electric, plugin hybrid, and fuel cell vehicle types). It also works towardm#tallationof
charging infrastructure to supply sufficient power to the vehicles deployed.

Inthe five regionsvith the largest mitigation potentiahe UK typically has strong ODA ties Wiiithia,
Colombia, Ukraine, and the British Overseas Territories in the Caribbean but limited ODA links with most of
the other highpotential countries, such as in North AfricaéEastern Europe.

Very fewUK GovernmenDDA programmes focus specifically on increasing the upt&ésahd more
efficient passenger vehicles.greater number have focused on reducing private vehicle use through
promoting active transport, such asliiag 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. Availattpstfwww.unenvironment.org/explorgopics/transport/what
we-do/electricmobility/why-doeselectricmobility-matter

547 GFEI Websitdtttps://www.globalfueleconomy.org

548 UNEP. Global Fuel Economy Initiativgas://www.unenvironment.org/exploréopics/transport/whatwe-do/globatfuel-economyinitiative

549 Clean Energy Ministerial websitetp://www .cleanenergyministerial.org/campaigleanenergyministerial/ev3030
campaign#:~:text=The%20EV30%4030%20campaign%20aims%20to%20gather%20commitments%20from,private%20sector%2C%20and%20the%20i
nvolvement%200f%20civil%20society%3B
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The Department for International Development (DfiiDyledHigh Volume Transport (HVT) Faasity
focused on applied researchaontribute to more efficient and lowarbon vehicles inational and
regional mass transport corridors and within cities inilos@me countries in Africa and South
Asia®°

TheForeign and Commonwealth Offi¢eg0Qis currently implementing a range oféngentions inndia
via the Prosperity Fund, several of which relatenbart citiessustainable urban developmeinda
low-carbon economy.

In Colombia, the FCO Prosperity Fund is focused on sustainable agriculture and some sustainable cities
and infrastructure suppore™!

SSOHVT websitehttps:/transportlinks.com
551 Foreign and Commonwealth Office. (2020). Annual Review for the Colombia Prosperity Fund Progras@2@29 20dgtehall, London.
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Intervention opportunities
Global intervention opportunities

To alleviate the barriers set outabove there is substantial opportunity across all regions forlikéo
draw oncore strengths and areas additionalityin order to deliver passenger vehicles interventions in the
following areas:

Supporting the uptake aleroemissions vehicles

Technical assistance to develop a national-eengssions vehicle strate@f.There is often strong value
in setting governmentsa 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 ansses-ground
questions ofvhatimplementation looks like in realityCF can buildn. 9 Lwol&lassOLEMo
help build the capacity of governments in the tangefiors. OLEV provides an innovative and
effective institutional model to helpcentivise the uptake of ultd@w emissions vehicles

Supportgovernments orthe implementation of appropriate financial incentivhslping to nake the
cost of electric vehicle ownership and use cheaper than conventional vehicles by enabling
appropriake 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
Withoutthe emergence ofiew business models that createvelrelationshipsetween private
drivers, fleet managers, city managers, energy providers, the auto industrgentral government,
it will be difficult to scale ufhe ownership otlectric vehicles> Examples includesthand
aggregation or bulk procurement for adoptiohelectric vehicles for a public or private flegar
sharing models can also significantly reduce the payback period.

Technical assistance faccelerating theoll-out of charging infrastructurelhere is fgh potential to
leverage UK experience uncsessfully establishing couningde charging networks, which can help
to address a critical barrier to greater EV deploymiEhnis could includeupporton standardisation
of infrastructure, setting up interoperable networks and concomitant businessisyoadeatalysing
investments in charging infrastructure, until the industry reaches a commercial scale.

Support innovative solutionsuch as linking cffrid 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 electitegeparticuldy
two- and threewheelers that require less electricity per charge. This is particularly promiBidggin
North Africa andCentraland South America

Technical assisstance towardsfi&hdly urban planning. There is strong valuerioney 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 utilitesto@na S o6 dzA f RAy3 O2RSa (2 06S02YS
enable charging at home, or other destinatiofisis could be achieved through supporting National
Urban Mobility Programmes (NUMPSs) as recently done in Colombia and India, and currently in
Uruguay K NP dz3 Kb ! | ayt**¢ads

{dzLIL2 NI AY 3T &aYIFINI INRAR YR 9+ AYGSANI A2y d 5NI ¢4
together aspects admart and flexible grigdenergystorage, demand side managemgamdEVs
This will be feasible in countries dress where there is a more developed digital ecosystem, which is

5521EA. (2019). Global EV Outlook 2019. Availahietas://www.iea.org/reports/globaév-outlook-2019#executivesummary
553 United Nations Industrial Development Organization. (2020). Best Practices in Electric Mobility.
https://www.unido.org/sites/default/files/files/20208/UNIDO_Electric_Mobility Paper.pdf

554 Euroclima+. Uruguay: electric urban mobilityp://euroclimaplus.org/movilidadurbana/item/22iump-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 (Al) for demand management and blobéichaéerto-
peer trading of electricit}?®

Promote therecently accepted methodology for selling carbon credits ftmutric vehicle chargirf§®
This could be used to offset the costs of building and maintaining the infrastructure network
required.

Suppet 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 interventionslilsely to be greatest in India, North Africa and some Central
Ameri@an and South American markets.

Electric wo- and threewheeler interventions

Support governments to implement appropriate policy and financial incentives to encourage the uptake
of electric twe and threewheelers.

Support governments in planning and implementation of safe and segregated road spacedodtwo
three-wheelers. Thee is strong correlation between safe cycling infrastructure and the penetration
of e-bikes. Examples of dedicated cycle highways could be drawn upon, including i°Beijing.

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, wherfleet vehicles can swap batteries at a depot. This issnitable
for India, North Africa and Central and South America.

Encourage and support governments to create the right conditions to develop manufacturing or
assembly for tweand threewheelersin the target regions, with spitiver linkages to local economic
growth.

There is an opportunity to incentivise the uptake of electric\ieelers to reduce car use as a
replacement for restricted mass transit during the time of Ga9idr his has beeateployed in Italy
following the Covid 9 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 andtSAuierica.

Demand management to reduce private ICE vehicle use:

Animportant area of policy supporttie focuson areduction in the use gfrivatepassenger vehicles via
demand management. Possilleasures includeupporting governments to undertaketial
consultation and planning faongestion charging and parking control and payrmetatives

Howeverthese are only politically possible where thareattractive masstransitor cyclingalternatives
¢ and this provides a synergy with Mass Ttaomportunities under ICHnterventions could include
promoting the use of electric twand threewheelers 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 explamégus://www.forbes.comsites/jemmagreen/2020/08/27 /thelistributedgrid-

explained/#10e741716518

556 Verrag Verified Carbon Standards. VM0038 Methodology for Electric Vehicle Charging Systems, v1.0. Accessed 24/07/2020. Available at:
https://verra.org/methodology/vm0038nethodolog-for-electricvehiclechargingsystemsv1-0/

S dza G AYFOES ¢NIYEALRNI Ay /KAYEFE® dunmpod . SA2Ay3aQa CANEBRG /@0tS | A3K
https://www.sustainabletransport.avarchives/7269
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trangport and land use planning, which could yield traosénted development and thus obviate
much private car use in the first place.

Supporting behavioural change interventions to raise public awareness and popularityaarbero
mobility solutions, inading 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 Southekican cities.

Interventions to encourage a transition to clean vehicles:

Support governments to developgulaions for vehiclesfficency and fuel standardselping to
encourage the uptake of greener vehiclBschnical assistance cangrevided in setting local
vehicle safety and emissions standards, and structuring import tariffs to penalise the dirtiest vehicles,
gAGK | WTSS owhidhcould Veiecklly nedtr@aicy support to draft national fuel and
vehicle standards, tanticipate the phasing out of ICEspecially fotwo-wheelers or to implement
a fuel economy roadmap and introduce electric mobility.

Data collection and strengthening the evidence lidseshicle emissions and impact in terms of climate,
environmentand poor healthDemonstrating how the uptake of zeemission vehicles can improve
the baseline will help to support public sector funding to encourage the uptake efarbm
vehicles, including through investing in charging infrastruckomglementng robust air quality
monitoring in relation to the contribution of transportation is also importartdmonstratethe
impact of lowemission vehiclesielping to create further public, private sector, and government
buy-in to the lowcarbon transition

:vivioeconomics 232



Intervention ase studies

Box21 UNEP Electric Mobility Programme for Twand Threewheelers, 201% ongoing

Two- and threewheelers are the fastest growing transport mode in many &md middleincome
countries. An estimated 2'fillion motorcycles are on the road today and by 2050 the global fleet o
motorcycles is projected to account for more than 400 million vehicles, representing a 50% increas
However, many of these internal combustion engine-&va threewheelers are oldnd inefficient, thus
emitting substantial amounts of particulate matter (PM) and black carbon (BC), a potetiitvglort
pollutant. Twestroke scooters, for example, produce more particle emissions than a passerigénca
India, forinstance two-wheders accountfor6@ p LISNJ OSy d 2F (GKS 02d¥ i

As such, experts agree that in most developing countries ambthreewheelers are the first priority in
moving to electric mobilit}?° The UNEP programme is the first global effort to introduce electricaimeb
three-wheelers in nofOECD countries, and will start the transition from internal combustion engine
electric and normotorised two- and threewheelers. Currently, with fundirfigpm several other
institutions, the programme is supporting electric t&ad three-wheeler projects in eight countries in
Africa and Asia: Ethiopia, Morocco, Kenya, Rwanda, Uganda, the Philippines,, @hdilieinam.

The objectives of the programnaee to enable transformative integration of electric twad three
wheelers into existing urban transport modes via a comprehensive policy framework and a range ¢
technical assistance support.

In pursuit of those objectives, the activities of fregramme areo:

i Understand the lessons learned in other countries throughout theegibns, as a first step
towards a general shift to electric mobility.

Support to governments on planning and project baseline setting, including the characteris
of fleets,and policies to inform the creation ofsdate-of-the-art electric grid

Ui KS | b9t Qa Sa2o /It Odzt I G2 NJ (-&aledapfogment af S
electric motorcycles. This can be used for regional and national assessments of energy red
as well asf the greenhouse gas and air pollutant emission reduction potentials of shifting to
electric motorcycles. It can also be usgdbvernments to develop a first order of magnitude
costbenefit analysis including technology costs as well as fuel and maintenance savings st
from a largescale introduction of electric motorcychRgs.

Designpolicybased on technical assessmeidgding to bespoke policy development that is
suitable for each country afsub-region.

Pilot the resulting policy initiatives with a process that includes stakeholder engagement a
mobilisation, awareness raisingnd behavioural change initiatives taceurage the uptake of
electric vehicles.

Facilitate kowledge management and policy replicat@iirough communications, global
studies, training tools developmemidpolicy best practices etc.

558 UNEP. Electric two and three wheelétsns://www.unenvironment.org/explor¢opics/transport/whatwe-do/electricmobility/electrictwo-and-
three-wheelers

59 NangiaPratishtha. (2019). How Indian twdeeler market will pan out with electrification of upto 150cc?
https://auto.economictimes.indiatimes.com/news/industry/hovill-indiantwo-wheelermarketpan-out-with-electrificatiorof-upto-
150cc/69832001

560 UNEP. Electric two and three wheelétsps://www.unenvironment.org/explor¢opics/transport/whatwe-do/electricmobility/electrictwo-and-
three-wheelers

561 |bid.
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Key stakeholders and clients include:
I National and lodagovernment departments
As a conseguence, the expected results of the programme are:

9 Ata global level, scenario calculations using the UN Environment eMob calculator show th
steep shift to 90% battery electric motorcycles sales by 2030 and 1@85GMygould result in
CQ emissions reductions of about 11 billion nes between now and 2050.

At the same time, overall monetary savings stemming from lower fuel and maintenance co;
taking into account a higher purchase price of elemintorcycles could amount to about USD
350 hillion by 2050.

The specific interventions carried out so far have resulted in policy improvements in a num
countries, as well as much greater levels of knowledge sharing and awareness between th
beneficiay governments and other stakeholdesach as donors and the private sector.

The challenges faced by the programme are:
1 A general lack of awareness and understanding of the technglbgtisn government and the
general populationis a challenge whenyting to implement enobility infrastructure.

Policy coordination among ministries and key stakeholders can be a barrier, particularly in
to charging infrastructure.

A lack of infrastructure and standards can constrain the uptake of electrigtyndthie
programme aims to diagnose the specific barriers to each country and help implement the
effective solutions.

High upfront costs of electric twand threewheelers remains a constraint. This is slowly bein
alleviated by the market but carsalbe aided by government tax relief and other incentives.

Learnings for BEIS include:

1 Focusing on twaand threewheelers is likely to be a higinpact entry point for ICF intervention
that seek to improve the uptake of electric mobility in the targgiors.

Technical assistance that supports governments to assess and quantify the economic,
environmentaland social benefits of a transition to electric taad threewheelers is valuable
and can be followed by assistance to implement appropriate @oityther incentives to
improve uptake.
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Box22 EUROCLIMA + and German Agency for International Cooperation (G1Z) Support for Electrig
Threewheelers in Guatemala, 20:8ngoing

EUROCLIMA + is the EU's flagship programraevaronmental sustainability and climate change with
Latin Americaltsobjectiveis toredua the impact of climate change and its effects in Latin America b
promoting mitigation and adaptation to climate change, resilicaice investment®? Under EURQIMA+
GIZ is promoting the uptake of electhicee-wheelersfor social transport, freight transpeendthe
replacement of units in the municipality of San Juan Comal&paatemala

The objectiveof the projectareto:

Support the city to procure and demonstrate the use of amon transport for passengers and
freight.

Reduce greenhouse gas emissiansl improve air quality in the city
In pursuit of those objectives, the activities of the programme are:
Devisingamodel to encourage the uptake of electric tricycles.

ReplacingV i dzO { (tridyceStiatiu€e gasoline) that have exceeded their useful life and are i
poor conditionwith electric tricycles

Establisinga series of pilot charging stations for the fleet

Improving the mobility of persons with disabilities arldexly populationshroughaccess t@lectric
tricycles.

Collecingand transporing refuseusing electric tricyclaa the narrow streetsacross the city that
are inaccessible to larger waste cdiilen vehicles.

Train electric tricycldriversand mechanical workshop personnel at the recimarstations
Key stakeholders and clients include:

Municipality of San Juan Comalgg@aommission on Urbanism, Security and Infrastructure, Cal
trade unons, Council of Urban and Rural Development of the Municipality, Ministry of Educat
Climate Change Directorate of the Ministry of Environment and Natural Resources

As a consequence the expected results of the programm®3are:

To have gpportedcity to acquire 50 electric threeheelers: 10 to transport elderly people, 13 tq
transport freight, and 27 to replace old conventional tricycles.

To have ged the electric threewheelers for ollection and transportation of trash and solid wast
in inacessible sectors (narrow streets).

Lessongor BEIS include:

I Smaliscale pilot projects such as this can raise awareness of the benefits of electric vehicles
demonstrate a successful procurement and operation process for a city government or priva
sedor fleet.

562 Euroclima+. EUROCLIMA&-flagship programme of the European Unibbatin Americéhttp://euroclimaplus.org/en/homeen/aboutthe-

programme
563 Euroclima+. Guatemala: Electric tricyches://www.euroclimaplus.org/en/projectsrban/item/447-guatemalaelectrictricycles
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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, Enertnd@strial Strategy

BESS Battery energy storage systems

BMZ DSNXYIyeQa CSRSNIf aAyAaidNB T2NI 902y 2YA
BOT Build operate transfer

BRT Bus rapid transit

CIF Climate Investment Funds

CIG Cities and Infrastructure f@rowth

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 a@@mmonwealth 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 Geographidnformation System

Glz 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

loT 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 Publieprivate partnership

PSO Public service obligation

RD&D Research, development and demonstration

SDG Sustainable Development Goal

System costs 'SrLcj)[t)zi)ll ;osts to the electricity systemgopply electricity at a given load and security of
SuvV Sport Utility Vehicle

VAT Valueadded tax

TOD Transitoriented development

UNEP United Nations Environmental Programme

UNIDO United Nations Industrial Development Organisation
USRAID United States Agency for International Development
usD United States Dollar

VAT Valueadded tax
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Forests

Summary

Theforestsopportunity considers khinterventions that affect rates of deforestation, forest degradation,
reforestation, restoration of@jraded woodlandsindafforestation as well as the use of improved forest
management technique$he mitigation potential from this opportunity is very large and primarily in

avoided deforestation and reforestation interventions. The higheffsttiveness 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 musdillincrease substantially under ad2gree compliant scenario.
Developmenimpacts 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 diffi@gtin 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 &pace h
overcome these barriers to have substantial impact, reinforcing the importance of careftériang
intervention desigishould BEIS choose to pursue investment in this area.

The interventions considered here to increase forest mitigation activibgirs fegions include

Transform the political narrativensure complementarity rather than competitiveness between forests
and other land uses and infrastructure, support the enhancement of forests policy and ambition, and
strengthen theenforcement of the law at national, state, and local levels.

Support largescale re/afforestation in regions with sizeable amounts of secondary forest and degraded
landas well as sustainable forest management via the deployment of bilateral public $it@ance
incentivise private investment, and establish comprehensive payment for ecosystem services (PES)
models and initiatives including all forest goods and services.

9Y I Ol AYLINPGSYSyida (2 NBERJIdZOSR RST2NEaegiongin 2y | yR
partnership with other donors, including progression towards jurisdictional and national initiatives,
coordination with other forestry initiativesjyeasurement, reporting, and verificatiMRYV), REDD+
readiness, and adaptation to dry forest ntnies.

Secure and clarify land tenure and land rigfgiisveen government, business, smallholders, and forest
and indigenous communities, offer letegm training and capacity development within national,
state, and local governments, and strengthen deradised 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, stas, and municipalities to form sustainable partnerships with international business
intereststo strengthen deforestatiofree commodity supply chains amdgrove domestic forest
carbon policies and standards to establish offset markets and increase prixegtment
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Table36 Forests assessment summary

Criteria Assessmené Notes

Climate impact

P

Development impact
280

1 According to IMAGE modelling results, forests may support up to 4 gigatonnes
equivalent per year (Gt CO2elyear) of land use éomissnitigation in lowand
middleincome countries by 2050.

1 Recent literature suggests the mitigation potential of forests could be even higt

1 Impact onSustainable Development Go&®Gkis high, including SDGs 1, 2, 3, 6
12, 13 and 15, focused on the nomonetised goods and services that forests
provide including no povertyero hungerhealth and air qualitthe quality and
supply of water, jobs and employmergsponsible consuntipn and production
and landbased biodiversity

1 If interventions are implemented insensitively there are potential negative SDG
impacts as welincludindoss of livelihoods, food shortages and higher food pric
particularly for women and indigenousogps water availabilityand biodiversity via
monocrop plantations

: 1 Global investment in the opportunity will need to scale up to, on average, USD
Investmenigap  bilioy LISNI @SENJ0SisSSYy y26 YR HNfees.
ej\ Low 1  While the cumulative investment gap of USD 1.7 trillion by 2050 appears large
T1l| a comparatively smaller investment gap than many other opportunities, such a
variable renewables at USD 9 trillion.

Forests ar®ne of the most costffective mitigation opportunities.

The cost of reforestation and afforestatisrsignificantly smaller than the present
=, day cost obio-energy with carbon capture and stora@ECQSthe only other

38 negative emissions technology wélturrently clear potential pathway to-stale
deployment.

Costeffectiveness

= —a

1 Inall regions, high political economy barriers, moderate to high market failures
high enabling environment barriers exist

1 Barriers include political commitmemintrenched interests, fiscal support, funding
Barriers to adoption shortfalls, carbon accounting, lack of carbon price and recognition of forest goc
0 (D) and services, REDD+ MRV and transaction costs, REDD+ suitability to dry fore
s % weak and competitive policy, unclear anceimge land tenure, judicial systems an
law enforcement, technical capacity, horizontal and vertical coordination, fragili
benefits to indigenous and forest communities, and REDD+ influence on gover
1  Moreover,competition for land use froragricuture, infrastructure growth, mining,

and food consumptiois amajor barriers.

'./II

1 Domestic value is moderate to high resulting from good technical expertise in
UK additionality re/afforestation, sustainable forest management (SFM), suppdorést
5 Moderate governance, markets and private sector engagement, REs’IDEDﬁpportunities
i FNRAEAY I FTNBY ithek26th UNYQdate Klgatgé Eoyiferen2e{COP26
1 The UK has good ties in Indonesia and Southern and West Africa and moderat
in Brazil ad South America with recent support focused on REDD+.

Source: Vivid Economics, ASI & Factor
Key lessons for supporting mitigation through investmefadristsinclude:

Combining REDDre/afforestationand SFM forests represent one of the single largest mitigation
opportunities explored in this series of reports. Wihke 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 opportesiavailable, and that natural forested
habitats offer a variety of development-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 pragraes 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 @il politic
will, technical capacity, availability of funding, law enforcement, land tenure and the economic
incentive to keep or restore forestsas 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 politicaldnay
incorporate a longerm plan. Mitigation efforts in the forests sector take time to mature and yield
benefits, and one common feature of past interventiaith suloptimal outcomes has been donor
planning horizons that are too short for the ldivggd nature of forest interventions. Experts
interviewed over the course of this work have suggested that donors must be prepared to make
longterm commitments oR0 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 dafercement, markets, and indigenous
and forest communitiegnterventions to address barriers should consist of a combination of
technical assistance and exchange of expertise and of sizeable-baseltspayments for forests
mitigation. Programmes shablilso 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¢ a combination of bilateral and multilateral channels will be necessard basUK
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 largescalere/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
Roleof the opportunity in decarbonisation of developing countries

Low and middleincome countries must radically change their relationship to forests in order to be
consistent with 1.5and 2degree pathwayd$eforestation currently contributesmissions of gproximately

3 GtCQlyear in low and middleincome countriesin East Africa, West Africa, Southern Africa, and Brazil,
RSF2NBadGldAz2zy Aa SldzA @It Sy {-wide2emigso@BRI° Whilewlaren2 T S| OK
commitmentsin low- and middleincome countries promise t@duce forest sector emissiorzgro
deforestation policandimplementation must be strengthened in order to reach mitigation tardétslel
results presented here suggest that in-de®jree scenario a minimm of an additional 0.6 Gt @@ear of
mitigation from avoided deforestation is required on top of the commitments already qiadenot yet
implementedg by low and middleincome countriesin parallel, substantial re/afforestation efforts
sufficient toredua emissions bpetween 0.1 and 3.6 Gt @@ear on average between 2020 and 2050,
depending on the scenario, are requirétiRe/afforestation efforts will require testing and piilgtearlybut
will likely be first deployed at scddger in the perid. 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/afforestaticdhetiotal
mitigation potential of re/afforestation is greatéeducing tropical deforestation provides about 55.1 Gt

CQ of abatement between 2020 and 2050 at a cost of less than USD 20%’E6r this same cost,
re/afforestation gives only 5.7 GOgof mitigation over this same periéé 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 re@oissom et al. (2017) find that
reforestation has a mitigation potential of 8.0 Gt@€ar, more than double that of avoided deforestation,

at 3.6 Gt C@year>®However, the authors also find that the uncertainty in these estimates are much higher
for reforestation, having a 95% confidence interval of2.7.9 Gt Céedyear, than for avoided deforestation,

with a 95% confidence interval of %,@.2 Gt C@year>°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 G@Qear of this reforestation potential is available at under USD 10Q/inGf@pical

regions>™

The exact mitigation contribution of forests, however, will be significantly influenced by the development of
the bioeconomyand potental improvements in agricultural productivi§ignificant 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 expelsiveontrast, increases in agricultural
productivity have the potential to have the opposite effect. Greater productivity means less land is required

$4h 2GS GKI G RSTF2NBadldAzy Ol y lolbaareioredt2ii ate @k dud down st as 2athonlsinks nakingnétQa Sy
emissions substantially lower than total positive emissions.

565 Calculated using net forest conversion data floeRODSTARQ20)and economywide emissions data from th&orld Bank (2020)Jsing emissions

from net forest conversion may underestimate emissions from deforestation if forests are expanding whareadeforestation is not taking place.

566 Differing assumptions on food demand and agricultural productivity lead to large differences in land used for agriasdsuseeawarios, which

leads to large differences in the area available for re/affotiestaThere 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

567While this report considers forestsdh low and middleincome countries, not just tropical forests, the vast majority (>80%) of forested land in

official development assistance (OfAgible countries lies in tropical regions. Additionally, the regions considered in this report ineltygealhef

(KS 62NI RQa GNRLAOIE F2NBada o6SEOSLII y2NIKSNY ! dza tebltstfrant theditsrat®ek | OO 2 dz
on tropical forests can be considered a minimum bound for the regions considered hém@piSaitregions are also discussed occasionally in this

report. These regions partially overlap with forest in the United States, Japan, and Australia, but the vast magrityGiliRdligible countries.

568 Busch et al. (2019). Potential for koag carbon dioxide removal through tropical reforestatiotips://www.nature.com/articles/s4155819

0485x.

569 Griscom et al. (2017). Natural climate solutiQssipporting information appendix.
https://www.pnas.org/content/pnas/suppl/2017/10/11/1D465114.DCSupplemental/pnas.1710465114.sapp.pdf

570 Thelntergovernmental Panel on Climate Change (IPCC) (2019) Special Report on Climate Chanddsa Isimilar 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
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per tonne of crops, reducing land competitibtowever, 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 forestrisk commodities are covered in more detail in the
Sustainable consumption aidjricultural productivityeports.

Scope considered in this assessment

The Forests opportuniipcludes all interventions that affect rates of deforestation, foregradation,
reforestation, restoration of degraded woodlandsdafforestation as well as the use of improved forest
management technique#quatic ecosystems, such as mangroves, are not assessed in this opportunity. The
definitions of forests and foresgitervention 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 doeseratakin the
low-carbon scenarios.

Re/afforestation: the shift of neforest cover to forest cover at the 30% tree cover threshold (includes
afforestation with native trees)?

Natural forest management: includes reduced impact loggingifoate, extended harvest cycles,
increased posharvest sequestration rates, and setides from logging activity. Does not include
avoidable illegal logging emissions.

The assessment focuses on a subset of-@ligible regions: Indonesia, West AfricajtBadmericaexcl.

Brazil) Southern Africéexcl. South Africagnd BrazilT hese regions werghosen based on IMAGE

modelling results. Regions with the largest mitigation potential in the forest sector, in terms of both absolute
mitigationLJ2 G SY 0 A+t YR YAGAIFGA2Y LRIOGSYGAlLfT NBtIFGAGBS 0
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 tfreésult and a desire to include Indonesia in thealisr

consultation with the steering grouphina was replaced by Indonesia. This list was created in consultation

with BEIS ICF stakeholders.

572Note that Griscom et al. (2020) also combine reforestation with afforestation using native trees. Here, this interVenéitedias
ANBFRINB &G GA2yE G2 6S GNIyaLl NByd Fo2dzi G§KS O2yFtldAazy 2F GKSasS (g2
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Climateimpact
Mitigation potential and urgency

Across alDDAeligible regions, forest interventions suppdri7 ¢ 4.0Gt CQlyear of land use emissions
abatementin 2050and-0.1-2.0 Gt C@lyear of abatement in 2030 from current emissions of about.7
CQlyear>73574 Mitigation via avoided deforestation isgent 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. ethéurie

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@&d#year, although subsequent
analysis from the same group of authors suggestaffsttive mitigation from tropical forests totals slightly
over4.0 Gt C@year, at the upper range of IMAGE estimates presented here (Griscom et al. (2020)).

Figure33 Land userange of mitigation potential compared to BAU in 2030 and 206&h is primarily driven by
changes in forests.
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Source:  Vivid EconomicsASI and Factdrased ot . [IMAZBE model results (Edegree 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 busiasssual (BAU) scenario, and so mitigation estimates
are calculated relative to the national li@es scenario.

Theforests mitigatiorpotential calculated by IMAGE is likely uedéimated, as the baseline scenario used
isrelatively optimistic and does not account for tipping poifte baseline applied in the IMAGE modelling
FdaadzySa GKFdG Fff O2dzydNASAQ O2YYAlUYSyida (2 NBRAzOS
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
halyear, respectively, whereas the baseline scerssomes these numbers will fall to an average of 81,000

573 Calculatedrbm 2017 Food and Agriculture Organisation of the United Nations (FAO) land use emissid\steldiwat negve mitigation

potential (positive emissions) can result because current emissions from deforestation are substantial. Interventioitttaddforestation can

be useful while still resulting in net carbon emissions.

574 Unlike in the otheenergy and land use opportunity reportsetIMAGE results included in the forests report do not include théebtee

pathway. This is because in order to get IMAGE to solve foldadrée pathway, land use assumptions that were more optimistic thiba B

degree pathways had to be implemented. Therefore, land use results from the IMAf@Eréé scenario are not comparable with land use results
from the rest of the scenarios. While other opportunity reports primarily discuss the results of-thegdeb 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 conservattingersp
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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 tippsnig point
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 tsato decreased precipitation in the region, which in turn leads to
additional tree mortality”®

There is large and urgent mitigation potential from avoided deforestation in West Africa, Indonesia, Brazil,
and South AmericdMAGE provides estimates oftrierest 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 mifigetio

avoided deforestation by region, and the forest cover gain in the mitigation scenarios ptioia@simum
potential of mitigation through re/afforestation in each region. These measures are minimum estimates only
because in every region there mag, andikelyis, both deforestation and afforestation occurring
simultaneously. These variables are presentédguare34 for each of the focus regions. The resuliggest

that the opportunity in avoided deforestation in West Africa is much larger than in the othéodaar
regions.However, the small mitigation potential in Indonesia, Brazil, and South America iukeliarge

part to theoptimisticbaselinesn theseregions as discussed abavEhis 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 GOmitigated per year, IMAGE results suggestBrazil and South America

have the potential teollectively mitigate 8t CQe/yearthrough avoided deforestation on average

between 2020 and 2050. By contraRge et al. (2017) propose thhD10Mt CQelyear should be mitigated

by 2050in Latin Americ&’® Similarly, Griscom et al. (2020) find that there is over 800®#/yearof cost
effective mitigation from avoided deforestation in Brazil alone and over 1,28@lyearin Latin
AmericaCombining all the above evidence togettaard 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 uncertairicpiarly in Brazil and
South America-igure34 suggestshat in all but West Africa, the mitigation potential of re/afforestation in
some or all scenarios is higheaththat of avoided deforestatiorlowever, it also illustrates the uncertainty
of these estimates. While Bouthern Africa and Indonesia there is significant re/afforestation in all
scenariosin South America, Brazind West Africtéhere is darge amaint of re/afforestation in the 2
degrees lifestyle changes scenduit zero re/afforestationin other scenariasThe results fronGriscom et

al. (2017pnlsosuggesthat reforestation potential is highest in South America and BYdzlthoughthey

are much higher than the results presented h&#AGE results indicate that Brazil and South America
combined have a maximum mitigation potential of about 1.2@¢/year, whereas results from Griscom et
Ffd OHAMTO &dZaA3Saldl GKS NBEIA2YyEAQ NBCOayeR &aweverh 2y YA
Griscom et al. (2020), looking only at esfféctive reforestation, suggest there are about 5000@e/year
worth of mitigation in Latin America.

Natural forest management provides smaller mitigation potential than avoided deforestation and
reforestation and is heavily concentrated in IndondsidAGE does not provide estimates of the mitigation
potential of naturaldrest management. Estimates from Griscom et al. (2020) suggest that Indonesia has the
largest coseffective mitigation potential from natural forest management out of all tropical couysties
approximately 200 Mt Cfyear. West Africa and South Ameritave natural forest management mitigation
potentials of 81 and 30 Mt G@ear, respectively

575Reyer et al. (2015). Forest resilience and tipping points at differenv-spanporal scales: approaches and challenges.
https://besjournals.onlinelibrary iey.com/doi/pdf/10.1111/1365
2745.12337#:.~:text=A%20tipping%20point%20describes%20a,Friend%201999%3B%20C0x%20et%20al.

576Roe 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

577Griscom et al. (2017) estimates reforestation potential only (not afforestation) but uses a fairly broad definitionstéatieioré&he adtors
include expanding forests on grazing land as reforestation, as long as it takes place in a forested ecoregion. THégreotiaté dirazing lands,
and whether they can be reforested, based on how long ago they were cleared.
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Figure34 Change in re/afforestation and deforestationfofest cover in 2050 compared to BAU.
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Notes: Forestcover 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,lietl is, both deforestation and afforestation
occurring simultaneously.

Box23 Modelling uncertainty

There is large uncertainty over the pathway of forest cover change and associated land use chang
emissions, largely due to uncertainty over what land competition will look like in the future.

1 The amount of BECCS deployed in the peystem has a strong impact on forest cover chang
In scenarios where BECCS provides cheaper negative emissions than forestry, bioenergy
planted instead of forests in some regions, leading to substantially less forest cover. Howe
levels oBECCS deployment predicted by IMAGE ought to be treated with caution. In the m
ambitious BECCS scenario, it relies on an ambitious assumption of bioenergy supply of
approximately 200 exajoules (EJ)year, far higher than tgd E0/year predicted by the

Committee on Climate Change (CTT).

Forest cover is also heavily impacted by competition from food production. Forest cover-in
degrees lifestyle changes scenario, which sees a significant curtailment of meat consumpti
capita, is substantiglhigher than in the rest of thedegree scenarios.

Assumptions on BAU also heavily impact the abatement potential of forests.

I The BAU scenario used here assumes countries implement current climate legislation. In s
regions, particularly Southeast @dhis is likely optimistic as countries are currently not on trg
to meet deforestation goals set by domestic policy.

578 UK Committee on Clate Change. (2018). Biomass in a-tanbon economyhttps://www.theccc.org.uk/publication/biomass-a-low-carbon
economy!/
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Transformational change

Transformational change involves actions that themselves catalyse further change, lebrbiagédo,
faster, or more ambitious climate actidnterventions may deliver transformational change in a number of
ways:

They may targedensitive interventions poirtts encourage further changes in socioeconomic/
technological/ political systems to adwa climate change mitigation by improving the enabling
environment.

They may creatspilloverghat increase efficiency of the overall system, either nationally or globally, and
so increase the speed or depth of mitigation action.

They may suppoihnovaionin 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 chawgeased forest cover is a

likely outcome ointerventions 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 biodityeend ecosystem loss, as both are susceptible to
tipping points at which they are unable to sustain themselves.

Table37 Assessment of transformational change

Transformational change criterion Interventions to support change Regimal potential

Sensitive intervention points

Improvement of local capacities and Raising national capabilities to undertake All regions
capabilities integrated, longerm, forest sector planning can
reconcile tradeoffs between different land uses
and promotenational objectives aligned with
forest preservation and restoration.
Overcoming constraints in carbon accounting,
e.g. in quality, scope, and accuracy, and reduc
the costs of MRV in all forest types will ensure
current forest preservation models areakable
and can attract private investment.

Local ownership and strong political will Given the dearth of political will in many foreste All regions
countries, the alignment of plans and policies f
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 fore
sector ambitions and effectiveness.

Leverage / creation of incentives for Establishing broad consensus between natione All regions
others to act and subnational government, large and small
businesses, and forest communities can alter
norms around forests and raise ambition

Spillovers

Broad scale and reach of impacts Donor willingness to fund comprehensive All regions
reduced deforestation, re/afforestation, and SF
initiatives at scales far higher than exist presen
will transform ambition and effectiveness
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Transformational change criterion Interventions to support change Regimal potential

Sustainability (continugin beyond initial | Designing and implementing PES models that: All regions
support) adequately compensate for a range of forest
goods and servicesincluding those commercial
products such as timber, pulp, and paper, as w
as undervalued services such as carbon
sequestration, water, air quality, and mediciges
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 landises will enable sustainable
initiatives

Innovation

Catalyst for innovation Accessing credible and transparent oversight ¢ All regions
forest product supply chains and enacting
standards and certification of products within
supply chains will incentivise businesses, as wi
as national and subational government, to
reduce deforestation an8FM

Evidence of effectiveness is shared Raising awareness of the relationship between All regions
publicly consumer products and forests via standards,
certification and labelling can change consume
demand and offer commercial incentives for
reducing @forestation and SFM

Source: Vivid Economics, ASI and Factor
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Development impact
Sustainable Development Goal impacts
Forests haveubstantial nepositive impacts on achieving SR@ss the focus countries:

Impact on SDGs is likely to be high, focuseithe nonmonetised goods and services that forests
provide. These includeo poverty DG 1), zero hunger (SDG 2), supporting health and air quality
(SDG 3), the quality and supply of water (SDG 6), jobsvaridyenent(SDG 8),asponsible
consumption and productiof6DG 1p, climate action (SDG 1a@)d the substantial benefits to land
based biodiversity (SDG 15).

However, if interventions are implemented insensitively and without regard to rajaltranstion
there are potential negative SDG impacts as well. Reduced access to forests and the conversion of
agricultural land to forests could leadltss of livelihood$pod shortagesand higher food prices
(SDGs 1 and 2). Limitations on local populatioasacto forests caaisolead to the loss of
livelihoods (SDG 8), particularly for wonagia indigenous groups. Re/afforestatitan have
detrimental effects onvater availability (SDG 6) abiddiversity (SDG 15) via monocrop plantations,
the use of nomative trees, and the conversion of biomes into forests.

Table38 SDG impacts

SDG Impact Most re_zlevant Rationale
region

Positive Impacts

Allregions,

especiallyndonesia Positive potential of forestry exists in providing local livelihoo

SDG & No poverty Moderate o o Africa, employment, and agricultural productivitpm the provision of
WestAfrica forestgoods and services.
Allregions, Forests support agriculture by providing fodder for livest
especially Indonesia nutrients for cropsrainfall, prevention of soil erosion, insect a
=IO £ TS MRS Southern Africa, bird pollination, and regulaibn of local climatic conditions
West Africa Agroforestry offers direct benefits to food security.

Forests offer products for both Wesh and traditional medicines

SDG 2 Good health prevent infectious diseases such as malaria, redup®iutionas

and weklbein High Allregions a cause of death, including that caused by use of wood
g charcoal for fugland improvewell-being, including mentatell-
being

Forests have the capability to improve quality of water, cor
High All regions water cycls and rainfaJlreduce cost of water treatment, preve
floods and diminish the risk of drought.

SDG & Clean water anc
sanitation

Wood is an essential fuel, contributing 6% of global energy s
and 33% in developing countries. Two billion people glo
depend on wood for heating and cookhi§Forests store wate
used in hydropaer generation.

Allregionsespecially
High Southern Africa and
West Africa

SDG % Affordable and
cleanenergy

Forests create weplaying jobs, e.@n plantatiors, and are

SDG & Decent work Moderate = Allregions sources of livelihoodat all stages of fores_t value chaiAs least
and economic growth 54 million people globally are employed in the se@8% of
income of communities in or near forests comes from forestry

ST9FAO. (2018.) Forests Pathways to Sustainable Develogrtipritwww.fao.org/policysupport/toolsand-publications/resources
details/en/c/1144279/
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SDG Impact Most rc::levant Rationale
region

sectors and1.5 hillion people depend on forests fmme
aspects ofheir livelihood>°

SDG 12, Responsible Better treatment of forests and recognition of the value of fore
consumption and Moderate | Allregions products and services can improve the sustainability of natur.
production resources and food.

Forest service® water quality soil quality, climate stability,
SDG 13Climateaction High Allregions flood preventionand drought managemeras well as livelihooc
provision make societie@conomies more resilient.

T 27F K Sbhaged hiddiveRity likin fofasts.
Degradation of forests results in loss of biodiversity and adve

SDG 1§ Life on land High Allregions effects onthe micro- as well as macrolimate. Restoration of
forest habitats can have positive impacts.
Negative Impacts
. Forest mitigation could limit agricultural larédduce food
Allregions, . . . . . -
especiallyndonesi supplies, and raise food prices, especially with growing globa
SDG £, No Poverty Low P a populationsand result in loss of livelihoods, especially amonc

Southern Africa,

. women andhose that depend on forests for livelihood$is
West Africa

raises the need for a just rural transition.

Forest mitigation could limit agricultural lamdduce food
supplies, and raise food prices, especially with growing globa
populationsand result in loss of livelihoods, especially amonc
women andhose that depend on forests for livelihoodsis

Allregions,
especially Indonesia

SDG Z, Zero hunger Moderate Solithern Africa,

West Africa raises the need for a just rural transition.
SDGS ¢ Clean water anc Re/afforestatiorusing trees with high water needs and
C Low All regions absorption capacity can have detrimergéfects on water

sanitation
supply.

Forest mitigation could result in loss of livelihoods, especially
Moderate . Allregions amongstwomen andhose that depend on forests for
livelihoods This raises the need for a just rural transition.

SDG & Decent work
and economic growth

Re/afforestationcan, in cases of monulture plantations, have

SDG 1§ Life on land Low Allregions detrimental effects on biodiversity

Source: Vivid Economics, ASI and Factor

Demand in targetegions

The five regions show generally low to moderate commitment to forests evidenced by NDCs and national
level policiesGlobally 55 countries mention REDD+ in their NDCs and 50 countries have initiated national
REDD+ programmes. All countries have foredegfiess, policiesand lawsoften developed in partnership

with multilateral and bilateral donorBespite the strength of forest policy across target countries, the

extent of political commitment and the translation of policy into practice are signiflaamteners on

demand, and the long track record of forestry development assistance with mixed records of success further

0Cl hd 6unmnedd {dGFGS 2F GKS 2 2NI RQa C2 NB athawvw ey &d/3E0Rgeddf i KS { 20428502y
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subdue demand for assistanée.some countries, Brazil above all, political will significdithinishes policy
commitments.

Table39 Demand in targetegions

Region Demand Rationale
Robust policies and commitments are in place tdespite ambition a
Brazil Lowc Moderate | the subnational level, there ideclining political will under the prese
govenment
Indonesia Moderatec High | Ambitious policies and targets asdmeprogress in meeting them
Southern Africa Moderate Early states of implementation of national plans and policies
South America Moderate Ambitious policies and targets jilace and progress towards meeti
them.
West Africa Low¢ Moderate Policies and plans in place and progress in meeting.them

SourceVivid Economics, ASI and Factor

Brazil demonstrates robust NDC and policy commitments but political willisthiz. 2 F . NI T A f Q&
emission reductions are expected to derive from reduced deforestatidrdegradation via an 80% and 40%
reduction in deforestation in the Amazon and Caoreespectively®! As per its NDC, Brazil aims to restore

and reforest 12million hectares of forests by 2038.The National Policy on Climate Change and the Forest
Code of 2012 set the policy framework, whilst a National REDD+ Strategy, ENREDStyt@dsn

201583 Brazil has committed to zero illegal deforestation in Amazonia by B08@verdeforestation in

Brazil's Amazon in the first three months of 2020 rose 51% from a year earlgifarebtation on

indigenous land increased by 74%nira018 to 201984 Recent political decisions are indicative of declining
interest in climate actiorJnder thegovernment of President Jair Bolsontre political cimate has tilted in
favour of deforestation for agriculture, agribusiness, and mininginfloence of the Ministry of

Environment and other forestry bodies such asNldonal Space Research Instithges diminished,
regulabry and budgetary measurémve loosened NI T A f Q& Sy @GiadNuading @ yNi- A ffQag a
National Policy on Climate Chamges fallen by0%:>8° %8 Qvil society and indigenous groups also have less
purchase and influence under the present governmidntvever, running counter to national trends are
decisions and actions at the state level. &atuch as Acre, Amazonas, Matosso, and Para have

committed to maintain plans for reducing deforestation and degradation, implemeataféprestationand
SFMforged international agreements under t®vernors Climate and Forests Taskfara intenational
businessand established jurisdictional REDD+ programmes in partnership with multilateral®86i§®rs.

Indonesia has ambitious policies and targets and is making progress in meetingitbenis coverage ,of

and reliance ojreduced 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 peatlandscénsl moratorium bans palm oil lices for

81 Gallo, Patricia, Brites, Alice and Micheletti, Tatiane, (2REL)D+ achievements and challenges in Brazil: Perceptions over tiri®201EOR.
https://www.cifororg/publications/pdf files/infobrief/762fobrief.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

583May, Peter, et al. (2016). The Context of REDD+ in Brazil: Drivers, Actors and IngtBrdiguition. CIFOR and CGIAR.
http://www.cifor.org/knowledge/publication/6338/

584DW. (2020). 5 deadly countries for environmental defendiss://www.dw.com/en/5deadlycountriesfor-environmentaldefenders/a
54298499

585Gonzales, Jenny. (2020). Mongalbetyps://news.mongabay.com/2020/08/brashd-runsenvironmentallawsvia-hugesurgein-executiveacts
study/

586 Angelo, Mauricio. (2020). Reutengips://www.reuters.com/article/usrazitdeforestationclimatechangea/brazitslashesbudgetto-fight-
climatechangeasdeforestationspikesidUSKBN2392L.C

587 Gallo, Patricia, Brites, Aliand Micheletti, Tatiane, (202®EDD+ achievements and challenges in Brazil: Perceptions over tiri®201EOR.
https://www.cifor.org/publications/pdf files/imfbrief/7628infobrief.pdf

588 nsight from expert interview. (2020).
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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

three years from 2018. In 2018 therewas &> RS ONBIF 4S Ay RSF2NBadl dAz2zy Ay
compared to the average annual rate of loss from 2002 to . Z29T/er the past two decades Indonesia has
decentralised the forests sector to provinces, giving them greater powers of governance and

management® Provinces such as East and North KalimaMalyku, and West Papua have enacted

measures to protect primary forests and slow deforestation and are affiliated wihavernors Climate

and Forests Taskforé¥%92In 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.

Nonethelessii KS O2dzy iNEQa HAnHANn hYYyAoddza [l 6 NIAasSa O2yOSH
other economic sectors arigtesident Joko Widodo haanounced plans to delay and dilute Indonesia's

forest commitment as part of its CoMi@ stimulu$®%*L y R2y S&aAl Qa G241t F NBI 27F
by 0.36% in 2018 and by 0.35% in 28%19.

Southern African countries are beginning to implement national plans and policies to protect fiorests.

Southern Africa, eight ¢&n countries identify broader el 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.

altl gAQa bradAz2ylt /tAYFGS / KFIy3aS alyl3asSyYySyid t2ftA0
forest degradation and fostering carbon sinks, Zambia has a National Investment Plan to reduce

Deforestation and Foresthile Mozambique has a National Strategy and Action Plan of Biological Diversity
(20152035), which encourages sustainable managemeftaNB a G ad ! y3I2t | Qa4 bl A2yl
Strategy Action Plan (20£2025) aims to restore one million hectares of degraded forest by 2025.

Similarly, Madagascar has adopted a National Biodiversity Strategy and Action Plgr2(28)5From

2013 t02019, 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 3.4f6 in Madagascar by 1F9%.

South American nations generally have ambitious national level policies in place and are slgndsg pr

and political will in meeting therm South America, 83% of countries mention land use change and forests

in their NDCsBoliviaand Colombia set specific forestlated targets in their NDCs. Chile has doult¢ed
commitmentsand made its forest anagement and reforestation targaiaconditional. Colombia plangt

zero deforestation by 2020 and increaseorested land areanore than 2.5 milliomectares®®” Bolivia aims

to achieve zero illegal deforestation by 2020 and to increase the surfawesied and reforested areas to

4.5 million hectares by 2038 There are several national level plans and politigs Ot dzZRAy 3 ! NBESy
brdAz2ylf 1 OdAzy tfly 2y C2NBada |yR /fNatdnalS / KI y3
Strategy foREDDH, Y Rt SNXzQ& bl (A 2y Y@k MBR3foy2819,lhk fotal bréail A 2 Y
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 meetimg\tfesn.
Africa, 14 out of 17 countries identify land use change and forests as a mitigation pathway in their NDCs
though specific foreatelated targets a absent. An exception is Ghana, which intends to increase

589 Global Forest Watch. (2018). Mayips://www.globalforestwatch.org/

590Thung, Paul Hasan. (2019). Decentralisation of governmentstry in Indonesia. CIFOR and CGIAR.
https://www.cifor.org/publications/pdf files/Books/BBarr0601.pdf

59t|nsight from expert interview. (2020).

592\Wijaya, Arief, et al. (2019ndonesia Is Reducing Deforestation, but Problem Areas R&wlihttps://www.wri.org/blog/2019/07/indonesia
reducingdeforestationproblemareasremain

593 Jacques, Harry. (2020). Indonesia inches forward on communisy foa, hobbled by pandemReutershttps://www.reuters.com/article/us
indonesiaforestscommunitiestrfn/indonesiainchesforward-on-communityforestgoathobbledby-pandemicidUSKCN252194

5% |nsight from expert interview. (2020).

5% bid.

5% |bid.

597 UNFCCC. (2015). Government of Colombia Intended Nationally Determined Contribution.
https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/Colombia%20First/Colombia%20iN DC%20Unofficial Y6@0% ity . pdf
5% UNFCCC. (2015). State of Bolivia Intended Nationally Determined Contribution.

https://www4 .unfccc.int/sites/ndcstaging/PublishedDocuments/Bolivia%20(Plurinational%20State%200f) %20 FBstiih#z@glish. pdf

59 Forest Legality Initiative. (2020). A tool to help companies buy legal forest pridimst#/forestlegality.org/riskool/

800 KfW and GIZ. (2015). Rewarding REDD+ Action and Supportideftu@station Development in the Colombian Amaidips://www.kfw-
entwicklungsbank.de/PDF/Entwicklungsfinanzierung/Thelteld/REMColombiaagreementresumen_english_final.pdf
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re/afforestationof degraded lands by 10,000 hectares annually and REDD+ on 20,000 &cfamrs. is a

high presence of forests in national policy and strategy. This in¢ched€entral Africafrorest Code, the
5SY2O0N} GAO wSLIz0f A0 2FDIREYyRAY ERRBYRHON2REEBBG (I YR
Policg bAISNAIFQa blatdf 2NNI C2REFSE Q821 RPOASNBNENR2 Y YIQER
Forest Code has been awagtigovernment approval for over 20 ye&@¥&Nest African countriesxcept

Mauritania have joined thEorestry Partnership Carbon Facility andREDD+ programmierom 2013 to

2019, the total area of primary forest in Cameroon decreased by 2.8% DRC § 2.9%, inhe Gabon

0.61%, in Ghana by 5.1%, in Nigeria by 4.1%, and in the Republic of Congo 8 086849 has added

impetus to deforestation in the DRE.

601 UNFCCC. (2015). Republic of Ghana Intended Nationally Determined Contribution.
https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/Ghana%20First/GH _INDC 2392015.pdf

602|pid.

603 |nsight from expert interview. (2020).

604 id.

805DW. (2020). WWF: Rainforest deforestatioore than doubled under cover of coronavirigps://www.dw.com/en/wwfrainforest
deforestationmore-than-doubledunder-coverof-coronavirus/a53526064

:vivideconomics 253


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

Investment need

In the most ambitious of the-@egree scenarios, global investment irdeekts in lowand middleincome
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 todaylAGE does not produce investment need estimates for forestry
and sainvestment cost estimates presented hér&N\S ISy SNl G§SR 6& O2Yo0AyAy3
with per hectarecost estimates for avoédi deforestation and re/afforestation from the literatut® This
results in an estimatedumulative investment gapyt20500f approximately USD. Ztrillion or, equivalently,
an average annual investment of USD 58 billion/year up to. 20@ugh this number appears large,
relative to other opportunitiethe scale of required investment is small. For example, anvagitinent
requirements for orgrid renewables are multipleundredsof billions, although generating only about two
times the mitigationThis estimate islightly larger thathe range of cost estimates in the literature for
achieving similarly ambitiousrést targets. Kindermann et al. (2008) estimate that reducing deforestation
by 50%, resulting in 257 Gt C@year in mitigation, would cost USD 1-22.0 billion/yeaf®” New York
Declaration on Foresfsssessment Partnef8017) estimates that achiegrthe New York Declaration on
Forests which aims to end deforestation and restore 350 Mh2030, delivering 4-8.8 Gt CQlyear in
mitigation would cost USD 83%,208 billion°80°

Figure35 Investment need in forests is largayt low compared to other opportunities

Total
investment
need in 1.5C
world by 2050
= USD405
trillion

2 Forests

1.8 A Other

1.6 A

Trillion USD
=

0.8 -
0.6 -
0.4 4

Cumulative investment need by 2050 Cumulative investment gap by 2050

Source:  VividEconomics, ASI and Factoaldtilation using . [IMASE 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 Cission (2018) report on REDD+ financing and

606 More specifically, investment need is calculated by multiplying the avoided deforestation and re/afforestation poteetitdgneBigure34, by
per hectare cost estimates that vary by region and between avoided deforestation and re/afforestation. The cost of decidéatida is taken
from the national costs of foregone land uses fl@nmegGran (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 reggosn &eanage global cost of
tropical reforestation per hectare of USD 4,100/ha, fidaiB (200Mflated to USD 2019.

807Kindermann et al. (2008). Global cost estimates of reducing carbon emissionk thvoiatpd deforestation.
https://www.pnas.org/content/105/30/10302.shart

808 NYDF Assessment Partners. (2019). Protecting and Restoring Forests: A Story of Large Commitments yet Limited PrarEex|&latioviaon
Forests Fiv&ear Assessment Repdrtips://forestdeclaration.org/images/uploads/resource/2019NYDFReport.pdf

609UNDP. (2017). Global platform for New York Declaration on Forests ladrtghedwww.undp.org/content/undp/en/home/news
centre/news/2017/newyork-declarationon-forestsglobatplatform-launched.html

:vivideconomics 254



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

so does not include re/afforestatiofit°The Climate Policy Initiative (2019) calculates that total climate
finance going to forestry and agriculture is approximately USD 11 Hiti&ven if this number is usexs
the baseline annual investment there is a large investment gap.

Across focusegions the cumulativeinvestment gap between now and 2050 ranges between USD 43 billion
and USD 326 billion in thed2grees lifestyle scenaridhe calculated investmentgés greatest in South
America at USD 326 billion in thel@grees lifestyle scenari® 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 vey 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 sdesaim his 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 riziso 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 indsith America is in betweet® The large opportunity cost of deforestation in
Indonesia is due to the high profitability of palitplantationsé

Figure36 Range of cumulative investment need estimates across focus regions.
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Source:  Vivid Economics, ASI and Factor u$M@gGE outputs and literate.

610 European Commission (2018). Study on EU financing of REDD+ relatésbaatidtresultbased payments prand posi2020.
https://op.europa.eu/en/publicatioftletail/-/publication/6f8dealeb6fe-11e899ee0laa75ed71al

611 Climate Policy Initiative. (2019). Global Landscape of Climate Financet2@18climatepolicyinitiative.org/wgcontent/uploads/2019/11/2019
GlobaiLandscap®f-ClimateFinance.pdf

612]MAGE results suggest the cumulative investment need in China is over USD 400 billicdegteesifestyle scenario. However, China was not
selected as a focus region, in part becahsgelarge 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 adapted3ra@gGran (2008)

614 bid.
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Costeffectiveness

Forests are one of the most ceffective mitigation opportunities, and re/afforestation provides a cheap
source of potential negative emissiomge first 500 Mt C@/year of abatement from avoided deforestation
in tropical regions costs on average USD 34 Cke first 500 Mt C@/year of re/afforestation in tropical
regions costs about USD 33/t averagé®® However, within this first 500 Mt Gi@ear of abatement
there is large variation in the cost of refafstation projects with a range between close to USD 0/a@®
about USD 70/t COEven though the cost of re/afforestationdsm averagenotably higher than avoided
deforestation, it is significantly cheaper than the prestant cost of BECQGBe only other negative
emissions technology with a currently clear potential pathway-szale deploymerft®

Costeffectiveness varies across regions due to four principal characteristics:

Potential for mitigation through avoiding deforestatimre/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-effsttiveness of avoided
deforestation, forestsitigation investments in these regions will be more -eff&ctive. Hence,
IMAGE results suggest that forest mitigation in West Africa will be particularbffeasit/e.

Competition from other land useGrowth in global demand for bioenergy and foalll wcrease 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 inbSsaharan Africa, Central and South America, and
Southeast Asi&’ 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-BaBalban Africa is
lowestamongst the three regions. Phan et al. (2014) similarly find that theeffestiveness of
avoided deforestation interventions is significantly higher in Africa than in Latin America and
Southeast Asi&t®

Strength of government institutions to monitorchanforce protected area&egions where technology,
technical knowhow, and enforcement ability are stronger will allow for more-effsictive forestry
interventions. The strength of government institutions, as measured by the World Development
Indicatod Q D2 @BSNYYSyYy il 9FFSOUAQBSYySaa aO2NBsI Aa KAIK!
West Africa, Southern Africa, and BF&xil

Climatic conditioa 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 cadywityl here is particularly
high. Therefore, all else equal, protecting one hectare of forested land in Indonesia is more cost
effective per t C&xthan in most other region®® However, the practical implementation of varying
the per tonne cost of abateméwmith climatic conditions requires having MRV and pricing systems in
place to accurately assess these conditions in each potential intervention area. Seedgection
discussion on how the difficulty of implementing MRV and pricing systems varies across the focus
regions.

615Busch et al. (2019). Potential for koast carbon dioxide removal through tropical reforestatidmps://www.nature.com/articles/s4155819
0485x.

616 Fuss et al2018). Negative ens®nsg Part 2: Costs, potentials and side effelstips://iopscience.iop.org/article/10.1088/1748326/aabfof/pdf
617 Overmars et a{2014). Estimating the opportunity costs of reducing carbon dioxide emissions via avoided deforestation, using integrated
assessment modellingttps://www.sciencedireccom/science/article/abs/pii/S0264837714000799

618 Phan et al(2014). The economic costs of avoided deforestation in the developing world: -amaétsis.
https://www.sciencedirect.com/science/article/abs/pii/S1104689913000263

619\World Bank (2020). Worldwide Governance Indicators. https://databank.worldbank.org/source/woddweteancendicators

620 Qvermars et a[2014) and Phan et al. (2014) assess regionakffestiveness in terms of dollars per t{£ated. Hence, their results account
for regional differences in the carbon density of forests.

:vivioeconomics 256



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

Table4d0 Summary of coséffectiveness by region and influencing factor.

Ratio of avoided
. deforestation vs Competition from : Strength of government L .
Region . . S Climatic conditions
re/afforestation other land uses institutions
potential
Brazil Moderate Moderate Moderate Moderate
Indonesia Moderate Low High High
So_uthern Low High Moderate Moderate
Africa
SOUth. Moderate Moderate High Moderate
America
West .
Africa High High Low High
Note: This table summarises which regions have the highest forest interventioretfestiveness when

evaluated along four influencing factors. High indicates bgteffectiveness as assessed along the
influencing factor given in the corresponding column, while low indicates lowaftesttiveness.
Source:  Vivid Economics, ASI and Factor
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Barriers to adoption

The largest barriers to governance for dcarbon tramitions faced are those related to i) political economy
challenges, ii) market failures, and iii) enabling environifiegtire37). Each of these barriers are then
mapped to regions and potential solutidselow. 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 oilpgging, paper and pulp), transport and urban infrastructure expansion, mining, and food
consumption patterns, and lack of access to affordable ermeaigg in the policies and market forces that
drive them. Between 2001 and 2015 lamgale agriculture vgaresponsible 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 %Commercial agriculture was the largest driver in Latin

America andmallholder agriculture the highest driver in Africa and Asia. This section equally identifies the
barriers that exist within the forests sector itself.

Figure37 Barriers to an opportunity

Political Economy Market failures Enabling environment

Weak, competitive policy,

Private and private
funding

Lack of political will

e.g., with agriculture

Unclear and insecure
land tenure

Agribusiness, logging :
%61  ° t ! @20 Carbon accountin
= mining, charcoal interests &

B Corruption and rule of .
Lack of carbon price
2 aw = P

Weak judicial systems/law
enforcement

e L€

Technical and

= Fiscal support and o3a Valuing forest goods and
— administrative capacity

subsidies services

Horizontal and vertical

@ High REDD+ transaction
coordination

and MRV costs

REDD+ suitability to dry
forests

Benefits to indigenous
and forest communities

REDD+ influence on

QPH@

governance

Slow REDD+ readiness

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, feemdgovernmental
priorities lie with other sectors, resulting in weak, competing, and contradictory enforcement and
policy implementationEnforcement of the Brazilian Forest Code has varied in recent decades
alongside the strength of promotion of agricué and livestock expansion, and since 2018 the
3 2 @S NJ/ de Sagtareagation of laws and its public messaging have led to a surge in

621 Chaturvedi, Rohini, et al. (2019). PuBlector Measures to Conserve and Restore Forests: Overcoming Econdruliteatl Economy Barriers.
WRI https://www.wri.org/publication/foluovercomingeconomicand-politicatbarriers
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In all regions, powerful lobbies exist in logging, charcoal, agricultestotii, and mining, all of which
are interests leading to high rates of deforestation and degrad®fitny R2 y Sa Al Qa S 02y 2
heavily on palm oil for its rural economy and exports and politically influential companies and
individuals have been showm gain hold of forest concessions for profitable purp§€ds.
Colombia, Guyana, and Peru illegal logging and mining are pefgaSiventries in Southern Africa
have an entrenched fuelwood and charcoal indu&frin West Africa, agriculture and timber
concessions are dispensed to private actors without oversight and transp&fency.

In all regions, weakness of government institutismommon, leading to unclear and insecure land
tenure, corruption, and poor lanwnércement with regards to forestry, and therefore resultingen
factoimmunity for those in breach of the 1&#.631532There is a correlation between deforestation
and countries with high levels of corruption.

Fiscal policies such as agricultural or madity subsidies, often offered under popular pressure and
under the influence of powerful interesexistat either the producer or consumer end in all regions
and encourage deforestation and degradation and discousdgéorestation®?

Moderate to hitp 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 gctor have yet demonstrated the willingness and ability to provide funds at the level
envisaged by the Paris Agreem&#£3 The lack of confidence in the availability of compensation
has not yet incentivised the necessary scale of ch&h@dobally, annal agriculture sector
investments have totalled USD 55 billion compared to USD 2.2 billion for REBBzil, 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+ creditsat! earntg the remainder emerging from federal and state
budgets®¥®The USD 5 price for a tonne of CO2e determined by REDD+ is likely*f8®imto
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 Ingt8tdi&iuktion CIFOR and CGIAR.
http://www.cifor.org/knowledge/publication/6338/

623 Chaturvedi, Bhini, et al(2019). PubliSector Measures to Conserve and Restore Forests: Overcoming Economic and Political Economy Barriers.
WRILhttps://www.wri.org/publication/foluovercomingeconomicand-politicatbarriers

624|nsight from expert interview. (2020).

625 May, Peter, et al. (2016). The Context of REDD+ in Brazil: Drivers, Actors and Ingt8tdigubtion CIFOR and CGIAR.
http://www.cifor.org/knowledge/publication/6338/

626 ChaturvediRohini, et al(2019). PubliSector Measures to Conserve and Restore Forests: Overcoming Economic and Political Economy Barriers.
WRILhttps://www.wri.org/publication/foluovercomingeconomicand-politicatbarriers

527bid.

628 |nsight from expert interview$2020).

629]nsight from expert interview. (2020).

630 Chaturvedi, Rohini, et al. (2019). PuBlector Measures to Conserve and Restore Forests: Overcoming Economic and Political Economy Barriers.
WRILhttps://www.wri.org/publication/foluovercomingeconomé-and-politicatbarriers

631 May, Peter, et al. (2016). The Context of REDD+ in Brazil: Drivers, Actors and Ingt8rdi&uktion. CIFOR and CGIAR.
http://www.cifor.org/knowledge/publicabn/6338/

632 Mpoyi, Augustin, et al. (2013). The context of REDD+ in the Democratic Republic of Congo: Drivers, agents and@is@iions.
https://www.cifor.org/knowledge/publication/4267/

633|nsight from expert interviews. (2020).

634 Angelsen, Prof Ad, et al. (2018). Transforming REDD+: Lessons and new directionsh@EQ@Rww.cifor.org/knowledge/publication/7045

635 Forest Carbon Partnership Facility. (2019). Forest Carbon Partnership Facility Annual Report 2019.
https://forestcarbonpartnership.org/system/files/doments/FCPF_Annual%20Report 2019.pdf

636 Insight from expert interview. (2020).

637 Angelsen, Prof Arild, et al. (2018). Transforming REDD+: Lessons and new directiofmstgSIF@Rw.cifor.org/knowledge/publication/7045

638 Angelson, Prof A. (2017). REDD+ as Remsdi Aid: General Lessons and Bilateral Agreement of Norway.
https://onlinelibrary.wiley.com/doi/full/10.1111/rode.12271

639 nsight from expert interview. (2020).
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hasnot yet contributed sizeable volumes either via carbon market mechanisms (REDD+ or earlier
mechanisms such as the Clean Development Mechanism) or supply chain irfittfRet#ance on
limited and unpredictable resultsased payments and the absence gi@bal forest carbon market

¢ nascent and voluntary market initiativesch ashe Carbon Offsetting and Reduction Scheme for
International AviationGQORS)AArchitecture for REDD+ Transactiqiihe REDD+ Environmental
Excellency StandardRFTREBSand theCalifornialropical Forest Standambtwithstandingg

means the potential supply of emissions credits exceeds detffand

In all regions, carbon accounting is a significant barrier to effective and affordable MRV and to the
establishment of resubbased 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 uncertapgynodnence 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. Theeiease 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 sequestratidi¥? Brazil has also experienced leakage is&tes.

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 welbfferestationand
SFM, into questioff* Competitive factors drivinglternative land uses are the value of agricultural
commodities, land values, access to markets, and capital avaifébifithe nonforests benefit to
land is high and the return on forests is low the incentive is against the preservation and/or
exparsion of forest$*

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-nmarket and intangible
benefits from forests are ignored ondervalued®’/ 2 a G wA OF Qa f 2y 3aidl yRAyYy3
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 t&§*ate.

In all regions, and especialljthviegards tae/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 governmmenbgland
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 cal
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 defatist and degradatioff® 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). PuBlector Measures to Conserve and Restore Forestsc@wielg Economic and Political Economy Barriers.
WRILhttps://www.wri.org/publication/foluovercomingeconomicandpoliticatbarriers

641 |bid

642|bid.

6431bid.

644 FAO. (2016). Forests for a fomrbon future http://www.fao.org/3/ai5857e.pdf

645 1bid.

646Chaturvedi, Rohini, et al. (2019). PuBlector Measures to Conserve and Restore Forests: Overcoming Economic and Political Economy Barriers.
WRILhttps://www.wri.org/publication/foluovercomingeconomicand-politicatbarriers

647FAO. (2018.) Forests Pathways to Sustainable Develogrtipritwww.fao.org/policysupport/toolsand-publications/resources
details/erlc/1144279/

848]IED. (2012). Payments for environmental services in Costa Rica: from Rio to Rio andiiyeydipdbs.iied.org/171261IED/

649 Chaturvedi, Rohini, et al. (2019). PuBlector Measures to @serve and Restore Forests: Overcoming Economic and Political Economy Barriers.
WRILhttps://www.wri.org/publication/foluovercomingeconomicand-politicatbarriers
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enabling emironment issues laid out beld#.651%52But, as described in SectiBpdomestic

financial contributions have risen, sizeable bilateral and multilateral REDDs-vasall payments

have been awarded to the likes of Brazil, Guyana, and Indonesia, and several other countries have
agreed to resultbased finance initiatives with multilateral donbt.

REDD+, as currently designed, is better suited to closed, moiss fiorése tropics than to regions home
to dry forest savanna and dry deciduous forests, such as Angola, Bolivia, Mozambique, arf§*Zambia.
This is due to the denser forest canopy cover in the former, their more clearly defined boundary,
their high carbona@ntent, and the resulting (relatively) greater simplicity and-effsttiveness of
MRV? 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 this egsykt to be
determined®®

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 driereasftdton and
degradation and a deterrent of/afforestationin all region$>’ Land tenure concerns enable
deforestation by contesting land use demarcations and permissions, by permitting widespread illegal
occupation of public and community land andtpcted 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 dficult to identify individuals responsible for deforestatiéfChallenges to effective
land tenure include incomplete or unreliable land registries, lack of integrated databases, and
institutional, policy and regulatory complexityBrazil and other $th American countries have, in
the past, retroactively given rights to those who have illegally occupieéftand.

In all regions, weak judicial systems and sparsely applied law enforcement mechanisms at national, state,
and municipal levels of governmesgrve 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 degradatidiit 662663

Technical and administrative capacitygogparing 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 directiimstgSIF@ww.cifor.org/knowledge/publication/7045
551 1bid.

652\World Rainforest Movement. (2020). The GCF Board must refrain from approving more REDD+ fundinghtéogiéstsn.org.uy/actionsand
campaigns/supporthis-opentletter-the-gctboardmustrefrainfrom-approvingmore-redd-fundingrequests/

653 Angelsen, Prof Arild, et al. (2018). Transforming REDD+: Lessons and new directiofmstpgSIF@Rw.cifor.org/knowledge/publication/7045
854|nsight from expert interviews. (2020).

855 |nsight from expert interview. (2020).

656 Forest Carbon Partnership Facility. (2019). Forest Carbon PartnershipAiauilél/Report 2019.
https://forestcarbonpartnership.org/system/files/documents/FCPF_Annual%20Report 2019.pdf

857|nsight from expert interviews. (2020).

658 May, Peter, et al. (2016). The Context of REDD+ in Brazil: Drivers, Actors and IngtBrdiguition. CIFOR and CGIAR.
http://www.cifor.org/knowledge/publication/6338/

859 Gallo, Patdia, Brites, Alice and Micheletti, Tatiane, (2020). REDD+ achievements and challenges in Brazil: Perceptions ov&8tiGIEQRL5
https://www.cifor.org/publicatbns/pdf files/infobrief/7628nfobrief.pdf

660 Chaturvedi, Rohini, et al. (2019). PuBlector Measures to Conserve and Restore Forests: Overcoming Economic and Political Economy Barriers.
WRILhttps://www.wri.org/publication/foluovercomingeconomicandpoliticatbarriers

661 Duchelle, Amy, et al. (2019). Forbased Climate Mitigation: Lessons from REDD+ ImplementatiorhtW&I/www.wri.org/publication/forest
basedclimatemitigation

662 Mpoyi, Augustin, et al. (2013). The context of REDD+ in the Democratic Republic of Congo: Drivers, agents and its@tgtions. C
https://www.cifor.org/knowledge/publication/4267/

663 Insidht from expert interview. (2020).
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implementation of forest policies and programmes is highly uneven between priority régions.
Brazil has a reliable and transpar¢éethnologybasedforest monitoring system in the form of
PRODERuUt implementation skills fiashort®®® In Southern and West Africa, in countries fritwe
DRC and Liberia to Madagascar and Malawi, ministries of forestgssociated government
departments generally contain few people with scientific and technical knovwiddgare
responsible for a high number of functions and vast areas of public and communf§} $&hd.
Capacity constraints are particularly acutehat fevel of states and municipalities affecting the
effectiveness of their mandates. With a srhalinan resourcepool, the loss of people through
emigration or to donor programmes has a substantial effect.

The involvement of multiple institutions of gomerent¢ amongst them ministries of forests,
environment, agriculture, and transpayat national and suational levels leads to horizontal and
vertical coordination failures, duplications, and competition in the design and delivery of policy and
regulaton 5¢8 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 decentratigei@ms 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 effofi.

Forest and indigenous communities are often the greatest victimhsfofestation 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/° Fa these reasons, forest and indigenous communities have risked exclusion and
damage to livelihoods from the benefits that REDD+ as welladforestationand SFM initiatives
may bringt’* 72 Their participation is, nonetheless, essential for conserving forests and for MRV and
their opposition can be an impediment to succ&$Successful forest initiatives have adequately
involved indigenous communities in consultation and planning, offeeadey 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 drsocial and economic returf% 87 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 anabling 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 degradatio§’® On the one hand, REDD+ has been a valuable dfipengress 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 boepéatafralbinitiatives across the globe.
http://www.cifor.org/knowledge/publicatin/5202/

665May, Peter, et al. (2016). The Context of REDD+ in Brazil: Drivers, Actors and IngtBrdiguition. CIFOR and CGIAR.
http://www.cifor.org/knowledge/publication/6338/

665 |nsight from expert interview. (2020).

667 Mpoyi, Augustin, et al. (2013). The context of REDD+ in the Democratic Republic of Congo: Drivers, agents and@iB@&ions.
https://www.cifor.org/knowledge/publication/4267/

868Duchelle, Amy, et a2019). Foresbased Climate Mitigation: Lessons from REDD+ Implementatiorht&I/www.wri.org/publication/forest
basedclimatemitigation

669 bid.

5701bid.
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672|nsight from expert interviews. (2020).

673 Duchelle, Amy, et al. (2019). Forbased Climate Mitigation: Lessons from REDD+ ImplementatiorhtW&I/www.wri.org/publication/forest
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674 Silk, Erin, et al. (2014). CIFOR. REDD+ On the ground: A case boolatidsabinitiatives across the globe.
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675 Angelsen, Prof Arild, et §2018). Transforming REDD+: Lessons and new dire@i&i@Rnttps://www.cifor.org/knowledge/publication/7045
576 |bid.

:vivioeconomics 262



http://www.cifor.org/knowledge/publication/5202/
http://www.cifor.org/knowledge/publication/6338/
https://www.cifor.org/knowledge/publication/4267/
https://www.wri.org/publication/forest-based-climate-mitigation
https://www.wri.org/publication/forest-based-climate-mitigation
https://www.cifor.org/publications/pdf_files/infobrief/7628-infobrief.pdf
https://www.wri.org/publication/forest-based-climate-mitigation
https://www.wri.org/publication/forest-based-climate-mitigation
http://www.cifor.org/knowledge/publication/5202/
https://www.cifor.org/knowledge/publication/7045

and community rights and livelihoods, civil society mobilisation, and international collab®t2tion.
However, the persishce of issues in land tenure, vertical coordination, law enforcement, and
stakeholder engagement point to the limitations of REDD+ influence at the national level of
government7968°

Becoming ready for REDD¢ich carries greatest potential for succdsss absorbed more time than

anticipated, particularly at jurisdictional and national levels, and in all regions there remain gaps in
regulation, funding, participation, and transpareff¢y®2 REDD+ readiness consists of planning and
policy, stakeholder emgement, 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 countfiigaltyf turned to
implementation and resultbased payment®: 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 sourcebave inhibited effective participation in REDD+ to ¢t %8¢ |n 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 departmerkgdaal points and
organisation and capacity has not spread to wider government bodies or cascaded to state or

municipal level&’

Table41l Barriers per region

Region | Political economy barrier: Market failures Enablingenvironment barriers
Brazil High Moderateto high High
Political commitment, Funding shortfalls, carbon | Weak and competitive policynclear
entrenched interest§in accounting, lack of carbon = and insecure land tenuygudicial
logging, charcoal, price and recognitio of systems / law enforcement, technical
agriculture, livestocland | forest goods and services, | capacity, horizontal / vertical
mining, corruption, fiscal | REDD+ MRV and transactiot coordination, benefits to indigenous /
support. Costs. forestcommunities, REDD+ influence o
governance.
Indonesia | High Moderateto high Moderate to high
Political commitment, Funding shortfalls, carbon | Weak and competitive policynclear
entrenched interest§in accounting, lack of carbon = and insecure land tenuygudicial
logging, charcoal, price and recognition of systems / law enforcement, technical
agriculture, livestogland : forest goods and services, | capacity, horizorl / vertical
mining), corruption, fiscal | REDD+ MRV and transactiot coordination, benefits to indigenous /
support. Costs. forest communities, REDD+ influence ¢
governance.
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685BEIS. (2019). Forest Carbon Partnership Facility Carbon Fund Annual Revieitp20/k@ienceandinnovatiornetwork.s3.euwest
2.amazonaws.com/BEIS+ICF/FCPF/FCPF+Annual+Review+2019.pdf

686 Angelsen, Prof Arild, et al. (2018). Transforming REDD+: Lessons divéctmms. CIFORttps://www.cifor.org/knowledge/publication/7045
687 |nsight from expert interviews. (2020).
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https://www.cifor.org/publications/pdf_files/infobrief/7628-infobrief.pdf
https://forestcarbonpartnership.org/system/files/documents/FCPF_Annual%20Report_2019.pdf
https://www.cifor.org/knowledge/publication/7045
https://www.cifor.org/knowledge/publication/4267/
https://www.wri.org/publication/forest-based-climate-mitigation
https://www.wri.org/publication/forest-based-climate-mitigation
https://www.wri.org/publication/forest-based-climate-mitigation
https://www.wri.org/publication/forest-based-climate-mitigation
https://science-and-innovation-network.s3.eu-west-2.amazonaws.com/BEIS+ICF/FCPF/FCPF+Annual+Review+2019.pdf
https://science-and-innovation-network.s3.eu-west-2.amazonaws.com/BEIS+ICF/FCPF/FCPF+Annual+Review+2019.pdf
https://www.cifor.org/knowledge/publication/7045

Region | Political economy barrier: Market failures Enablingenvironment barriers

Southern = High Moderateto high High

Africa Political commitment, Funding shortfalls, carbon | Weak and competitive policynclear
entrenched interestén accounting, lack of carbon  and insecure lantenure, judicial
logging, charcoal, price and recognition of systems / law enforcement, technical
agriculture, livestocland | forest goods and services, | capacity, horizontal / vertical
mining), corruption, fiscal REDD+ MRV and transactiot coordination, benefits to indigenous /
support. costs, REDD+ suitability to d forest communities, REDD+ influence ¢

forests. governance, slow REDD+ readiness.

South High Moderateto high Moderate to high

America | Political commitment, Funding shortfalls, carbon | Weak and competitive policynclear
entrenched inteests(in accounting, lack of carbon = and insecure land tenuygudicial
logging, charcoal, price and recognition of systems / law enforcement, technical
agriculture, livestocland | forest goods and services,  capacity, horizontal / vertical
mining), corruption, fiscal | REDD+ MRV and transactiot coordination, benefits to indigenous /
support. Costs. forest communities, REDD+ influence ¢

governance.

West High Moderateto high High

Africa Political commitment, Funding shortfalls, carbon | Weak and competitive policynclear
entrenched interest§in accounting, lack of carbon = and insecure land tenuygudicial
logging, charcoal, price and recognition of systems / law enforcement, technical
agriculture, livestocland : forest goodsind services, capacity, horizontal / vertical
mining, corruption, fiscal | REDD+ MRV and transactiot coordination, benefits to oigenous /
support. costs, REDD+ suitability to d forest communities, REDD+ influence ¢

forests. 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 @S8dthe

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 market®8y comparsison, relatively Igtbilateral or multilateral assistance is
channelled tae/afforestationand 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+ especiaffifNorway channels most of its funding bilaterally into resbdtsed 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 iBm5 bil
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-bese@ltspayments
at jurisdictional and projectlevels. 98 Ay Of dzZRS (G KS 22NX R . Iyl Qa C2N
(FCPF), the Bibarbon 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-Carton Fund ISFL further links REDD+ to commaodity 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 Sectiymecent developmentsiay indicate an acceleration
of REDD+ progress and payméfit3here are at least50 REDD+ projects in 53 tropical countries
and analyses of jurisdictional@paches in 39 states in 12 tropical countries point to a reasonable
degree of commitment and sustainabifi®fThe FCPF has 47 countries in its Readiness Fund, 19 in its
Carbon Fund, and in the past two years has signedfoission reduction paymentsragments
69wt ! ao Ay [/ KAfST GKS 5w/ X DKIEYLFZ FYyR a2l YOA
Peru, and the Republic of Congo ERPA preparations are proc8&timgREDD Early Movers
Programme has recently completed a suite of reshdsed gyments 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 SuBaharan Africa, pniarily the DRC. Indonesia, which receives relatively little
multilateral finance, receives a large volume of bilataral finance from Norway and Atftralia.

In priority regions, the UK has typically had good ties in Indonesia and Southern and WestdAfrica an
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 betweentigetion 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 inb the Paris Agreement and promoted by the UNFCCC.

68 0DI. (2016). Climate Finance Thematic Briefing: REDD+ Hirtiguscéwww.odi.org/publications/1061@limatefinancethematicbriefingredd
finance

689 BEIS. (2019). Forest Carbon Partnership Facility Carbon Fund Annual Revieitp20/k@ienceandinnovatiornetwork.s3.euwest
2.amazonaws.com/BEIS+ICF/FCPF/FCPF+Annual+Review+2019.pdf

6% Angelsen, Prof Adi et al. (2018). Transforming REDD+: Lessons and new directionsh@E@Rww.cifor.org/knowledge/publication/7045
691 Forest Carbon Partnership Facility. (2019). Forest Carbon BaimEacility Annual Report 2019.
https://forestcarbonpartnership.org/system/files/documents/FCPF_Annual%20Report 2019.pdf

6920DI. (2016)Climate Finance Thematic Briefing: REDD+ Firtathee//www.odi.org/publications/1061@limatefinancethematicbriefingredd
finance
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https://www.odi.org/publications/10610-climate-finance-thematic-briefing-redd-finance
https://www.odi.org/publications/10610-climate-finance-thematic-briefing-redd-finance
https://science-and-innovation-network.s3.eu-west-2.amazonaws.com/BEIS+ICF/FCPF/FCPF+Annual+Review+2019.pdf
https://science-and-innovation-network.s3.eu-west-2.amazonaws.com/BEIS+ICF/FCPF/FCPF+Annual+Review+2019.pdf
https://www.cifor.org/knowledge/publication/7045
https://forestcarbonpartnership.org/system/files/documents/FCPF_Annual%20Report_2019.pdf
https://www.odi.org/publications/10610-climate-finance-thematic-briefing-redd-finance
https://www.odi.org/publications/10610-climate-finance-thematic-briefing-redd-finance

The UK has decades of bilateral ODA experience in forested countries and continued Department for
International Development (DFID), ntwe Foreign, Commonwealth and Development Office
(FCDOxnd/or BEISresence 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 FLEGR,approa
Investments in Forests and Sustainable Land Use, which concerngpuéte partnerships and
supply chainsand 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 foreshgose and land
rights. BEIS has a hilgivel 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,
namelythe FCPF, the Bidarbon Fund ISRind the REDD Readiness Programme.

¢CKS 'YQ3d FRRAGAZ2YIE OFfdzS A& Y2RSNIGS GZhekdsaK NBA
moderate to high potentual for UK additionalityforested countriegiven domestic technical expertise in

forests particularly irre/afforestatior  { Ca> odzi It a2 Ay (GKS !'YQa | ROAOS
governance, markets, and private sector engagement, and multilateral and bilateral REDD+ initiatives. The
''YyQa SELISNIGAAS Ay Of A Wlaldcnddey I yOS | yR FAaOlt YSI a

¢KS 'YQa Kz2adAy3d 2F /htuc YR GKS ONBIFIRUGK 2F Az
enhance political ambition, address political economy constraints, and channel assistance to address
policy and market barriers.

There is substantial domestic expertisesifafforestationand 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 agitng 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.

¢ KS ! Y i@rce iSdevelSping strorsjandardised 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 limitaibns 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 dewetsp €arbon policies.

TheCommonwealth Forestry Association, an international forum for forestergptiestry Commissisn
in England, Wales, Scotland, and Northern Ireldreddepartment responsible for the sustainable
management of UK forests, and BEd¢estry Standards, which seustainalke forests standards, can
be a model for UK spprt to the promotion and expansion 8FM ande/afforestationin 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 successfullye to high levels of need and mitigation potential and the
ability to focus on specific countsi@and intervention there is high potential to provide additional support
despite a number of other actors in the space. The barriers, however, are subsgtpatiadularly those

related to political commitment, corruption, and capacignd the currentevel 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 ambition$ér eéctors, notably livestock and
agriculture; logging, pulp and paper; food consumption; and energy and transport infrastaqucture
these are explored in related reports on Agriculture and Food Productivity Enhancement, Mass
Transit, Passenger Vehiclearigble Renewables, Ndfariable Renewables, Demaside
Management, and Energy Storagibere will need to be transformational shifts in national
development planning, policy, and coordination with regards to these sectors.

Influentialnon-forest interventions could include joint agriculture and forests programmes with
emphasis on productivity, agroforestry, and clirsitgart agriculture; reforming agricultural
subsidies and fiscal incentives; tightening agricultural credit systerslimgcpenalising 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 deplegtrare:

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 infrastruetur

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 agdantbend 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 techiical 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 resulisased payments for forests mitigatiorhe Ukshould 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 irthe 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 vgrg combinatiorof bilateral and multilateral channels will be
necessary based on UK additionality and the strengths of existing multilateral mech@nisrmation

between all dnorsand programmeneeds to improve.
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Rédafforestation andSFM interventions could inclutiee following.

In regions with sizeable amounts of secondary forest and degraded land, such as Brazil, Ghana,
IndonesiaMalawi andUganda support largescale re/afforestation via a resultased grant funding
model, appropriate MRV, and drawing on khesons 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 foramatised
benefits lile carbon sequestration and biodiversity. Thieeeefitswill appeailin 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. Bilateralgfilsids 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 satinclusion, indigenous and other community and business participation,
and livelihoods generation will be vital.

Support SFM and associated semtonomic benefits in all regions via the deployment of bilateral public
finances to incentivise private gstment. In addition to carbon sequestration and biodiversity, this
could include a variety of measures including mixed plantations, controlled usegbfaistg and
exotic species, agroforestry, harvesting, and redticgriact logging, increased tree abibn 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 regionsrapdrtnership 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 {oapady 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 sensitity, 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 lauaciaiitog
receiving resultbased 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 ahancement 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.

Recogising 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 deforestatind 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 mstiathenterprises
and entrepreneurship angising the benefits that these communities receive.

Support countries, states, and municipalities to form sustainable partnerships with international business
interests to strengthen deforestatieinee commodity supply chains and alter consumer demand.
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notwithstanding, the Consumer Goods Forum, the New York Bemtaon Forests, the Tropical
Forests Alliance, and the Cocoa and Forests Initiative. There need to be more companies and
financial institutions making deforestatifree supply chain commitments, greater implementation
of commitments already made, andats 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 bewen 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 ministfiesests,
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 involvestiage and local levels of governmeas, 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, andeleelal bf governmertiy
bolstering judicial capacity via funding and training, putiémgote sensing tools in place to detect
and prosecute deforestation in protected argesreasing transparency about land use changes,
penalising individuals and busiges that are responsible for land use changes as well as financial
institutions that fund them, seizing illegally converted land, and appointing forest law enforcement
championsLaw enforcement should be fair in pursuing those responsible and avoicsjpenali
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 indigenond 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 differdértypes 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 nagomatnments. International
partnerships of sulmational actors, such as ti&overnors' Climatand Forests Taskrceand
Cities4Forests, can also be influential.

Offer longterm training and capacity development within national, state, and dosarnments,

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 communitiasd 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 raiseatbeito
economic actors dependent on forests or ladversion anihcreasethe economic incentive to
avoid deforestation and return land to fore$his will involve, firstly, understanding the full value of
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goods and services and the opportunity cost of forested lar@hwissother land uses in all regs,
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 dgencome, and livelihoods of local populations.

In Brazil, Indonesia, and South Amerieaetbp and improve domestic forest carbon policies and
standards to establish standardised offset markets and increase private investment intg forests
building onnascent and voluntary market initiativesch asCORSIA, ART/TREB8 California
Tropical Forest Standaashd the work of organisations such as Plan.\&Effective and transparent
forest carbon policies, incentives, standaedsl codes in alignment wifinancial 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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Box24 Uganda Sawlog Production Grant Scheme (SP&S

By 1998, following a long periotlinternal instability, exacerbated by refugees from neighbouring
O2dzy i NASaz | 3l yRI Qa-expla@tetBvihinZondugeNtBevereSsibRdddaivie 2
timber. Plantation resources had been inefficiently liquidated and seed stands destvbitedield
technical competence had been seriously eroded. The tree seed centre was unable to produce hig
guality seed that was true to type. The climate amitsre generally conducive to productive wood
plantations: large grassland areas of degraded iarfdrest reservesvere available for plantations.

The objectives of SPGS were to:
1 Establish a rapidly maturing resource of utility timber to reduce pressunatural forests

I Engage a wider range of actors in growing timber to provide employment and income
1 Demonstrate good practices in plantation silviculture and inculcate required skills

In pursuit of those objectives, the activities of SPGS twere
Define operating standardmdregister approved nurseries and contractors

Provide guidance on species choice, simple plan developamehtraining opportunities for field
tasksc initially, only robust species were planted until skills levels rose

Visit all scheme participants to provide advice and check standards prior to payments, supj
by an informativenewsletter and simple technical publications

As a consequence, the results of SPGS were:
I More than 45,00Mectaresof highquality plantations established within 15 years

9 Substantiaforestrybenefits accruing from wethanged planted trees, opportunities for
diversification

In the course of the programme, important clients and stakeholders Betgormed groupslarger
FINYSNES O2yiNIOl2NARZ (GNBS ydZNESNE 246y SNAZ
National Forestry Authority (NFA), Miny of Financeanddonors.

Key risks managed during SPGS included:
Elite capture, undermining of core atiegy, and subsumption by government agency

Pests and disease riskghich wereminimised by good nursery hygiene and correct species
choice

Limited grategic level planning BYFA, which the project could hfilly remedy
Exposure to tenure dispute amongstdaseholders in forest reseryes
Lack of attention to road planning for extraction and group marketing opportunities

SPGS provided multiple lessons and practical experiences which are:
I Resultshased grant payments can delivéghihquality plantationd.e. there is10 need for cash
up-front;

Most field tasks are within the capacity of average farmers if practical skills training;is give
Regular contact witforestextension advisers is crucial for strong motivation and success

Commerciakcale companies can provide useful demonstrations of good prdmitogrant levels
must be reduced compared with those for srsathle planters

Lowgrowing intercrops can be grown by the tree owners, without conflict from diffevmngrs,
to increase early benefits
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Box25 Bolsa Floresta Programme, 20@0D18

The Bolsa Floresta Programme (BFP) was launched in 2007 by the State of Amazonas, Brazil,
implement incentivebased forestonservation. It was one of the first initiatives in Brazil to rely on d
conservatiorconditional incentives to protect forests at large s€li.is operated by a negovernmental
organization, the Sustainable Amazonas Foundation (Fundacdo Amazonas Sustentavel, FAS),-

financed by Amazonas State and the Amazon Fund, and has also been supported by multiple do

foreign private dnors over the year®?®

The objectives of Bolsa Floresta aoereduce deforestation and conserve biodiversity by impro
livelihoods and increasing income of local residents with forestry and biodiversity products
empowering residents of commuigs living in supported Conservation Uf@&)s)It is important to note|
that the programme was aimed at meeting livelihoods with a consequence of reducing pressure g
resources and achieving forest protectid¢tnis also intended torpmote involement of communities i
reducing deforestation and enhancing local appreciation of the standing frest.

FAS established four modalities within the Bolsa Floresta Programme: (i) Family Bolsa Flores
monthly payment of R$50 for the women of faeslliving irCUscontingent on signingzerodeforestation
commitment(and nottied to complex conditions(ii) Bolsa Floresta Association, earmarked for resid
associations of the CUs to strengtloapacity andocial organisation and increase comityimvolvement;
(iif) Bolsa Floresta Income, destined for the support of sustainable production to add value to aamki
revenue of forest and biodiversity products; and (iv) Bolsa Floresta Social for collective actions

improving educatiorhealth, communication and transportatiét.

As a consequence, the results of BFP were:

There ared85,000 participants from 15 protected areameringroughly 10 million hectares
Over 906 of the familiesthat participated in the educational workshops sidnthe formal
commitment to zero deforestatigff®

Deforestation at the aggregate regional scale betweerAmplementing and comparable ndéF+P
reserves suggests that deforestation in BFP reserves has been reducéd donidared to the
comparison group®

In the course of the programme, important clients and stakeholders lveaé communities and leade
Amazonas State Secretariat of the Environment and Sustainable Development, State Centre for
Areas, State Centre on Climathange and the State Secretariat of Planning and Economic Develo
And private sector actors.

Key risks and challenges which the BFP faced and noiwdigey:

I There is debate as to the extent of, and limitations in, enforcement of the condiiena
conservation compliancgssociated with the programme;

6% Forest Compass. (2007). The Bolsa Floresta Programme: direct incentive payments for forest cortstpgaffomestcompass.org/case
studies/bolsdlorestaprogrammedirectincentivepaymentsforestconservation.html

899N orld Bank. (2019). Impacts of conservation incentives in protected areas: The case of Bolsa Floresta, Brazil.
http://documents1.worldbank.org/curated/en/963101576773519234/pdf/Impaift€onservatioAncentivesin-ProtectedAreasThe Caseof-Bolsa
FlorestaBrazil.pdf

6% Brazilian Development Bank. (2019) Effective Evaluation RBpb# .Floresta Project
http://www.fundoamazonia.gov.br/export/sites/default/en/.galleries/documentos/monitogrgluation/impactevaluationsexpost/Bolsa
Floresta Effectiveness_Evaluation_Report.pdf

597 bid.

698 Viana M. (2010). Sustainable Development int& Lessons Learned from Amazohégs://pubs.iied.org/pdfs/17508I11ED.pdf

699 Borner Jan et a{2013). Promoting Forest Stewardship in the Bolsa Floresta Programme: Local Livelihood Strategies and Preliminary Impacts

https://www.cifor.org/publications/pdf files/Book8Borner1301.pdf
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https://www.cifor.org/publications/pdf_files/Books/BBorner1301.pdf

I There were no mechanisms to manage outside pressuresservesand communities
9 Buyin from stakeholderand ensuring local participation and buyfrom local communities wa
a risk duringlesign andmplementation;

These are the primary lessons from the BPF programme for BEIS

I Benefit-sharing mechanisms within REDD+ programmes can simultaneously benefit the p
protect forests Resultswere achieved at relatively low costith strong spport and engageme
of local communities, and in an open, transparent and democratic process.

The programme provides an example of how money can be disbursed through a combinati
kind and cash payments. The system is a simpleespecially if it involves financially wea
section of the community, and can be adapted for other regions of the developing world.
BFP implied a change both in actor and institutional structiiegaging with the communit
empoweing and trainingcommunity associationsand exparding general participation amon
households at all levelgaskey forthe project to achieve impact®

Engagingstakeholders anébcal groups and empowering them to make decisibascontribute
to sustainability of the progmmeis important BFPwas established by engaging the pulli
leaders of social organisations, public officials and researchersdentifying and developin
solutions that most help them and the foredtscases where there were conflicts betweenaurl
and forest stakeholders, the project tended to favour those coming from communities.

Though the programme lacked sanctidosal peer pressure and behavioural chasgered to help with
the issue of compliancdutwhen deforestation pressures an@her 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

:vivioeconomics 274



https://www.eldis.org/document/A102073

Glossary

Acronym / Term

Definition

ARTTREES Architecture for REDD+ Transactiqrishe REDD+ Environmental Excellency Standard
Avoided Forestloss which occurs in the baseline scenario but does not take place in tharloon
deforestation scenarios.

BAU Businessisusual

BECCS Biomass energy with carbon capture and storage

BEIS UK Department of Business, Energy and Industrial Strategy

BFP BolsaFloresta 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 Fundagdo Amazonas Sustentavel

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 CO2elyear Gigatonne carbon dioxide equivalent per year

ha Hectare

ICF International Climate Finance

IPCC Intergovernmental Panel on Climate Change

MRV MeasurementReporting and Verification

Natural Forest

Includes reduced impact logging for climate, extended harvest cycles, increased post
harvest sequestration rates, and sstides from logging activity. Does not include avoide

Management illegal logging emissis.

NDC Nationally Determined Contribution
NFA National Forest Authority

NGO Nongovernmental organizations
ODA Official Development Assistance
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Acronym / Term Definition

PES Payments for Ecosystem Services

RD&D Research, design and development

The shift of norforest cover to forest cover at the 30% tree cover threshold (includes

Refafforestation afforestation with native trees).

Reducing emissions from deforestation and forest degradation in developing countrie
REDD+ the role ofconservation, sustainable management of forests, and enhancement of fore
carbon stocks in developing countries.

SDG Sustainable Development Goal
SFM Sustainable Forest Management
SPGS Uganda Sawlog Production Grant Scheme
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AgriculturalProductivity

Summary

Theagricultural productivity opportunity encompassinggriculture and food production productivity
enhancementg considers all mitigation measures in agriculture which have a demonstrable impact on
productivity. The mitigation potentiadf this opportunityis large being highest in regions with low
agricultural productivity and/or high current rates of deforestatlomestment need is large in absolute
terms, but moderately sized relative to energy opportunities assessed in the other congapootunity
reports.The coskffectiveness and positive development impactthefproductivityenhancing
interventionsconsidered in this analysise generally high, due to measures often being-sasing or
incomeboosting, leading to increased incersecurity and reduced hung®arriers toadoptionare
significantlargelydue to difficulties disseminating information amongst many small landholders, agricultural
lobbies wielding significant political influence in many of the focus regions, anduaselafrastructure
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 inresgioasinclude:

Technical assistance and capacity builéinghe constructionof new infrastructure, application of
natural solutionsand use of climatemart agriculture practices.

Collection and distribution of datar improved farmmanagementecisions.

Developing effective dissemination stratedlest resonate with targetdrmers.

Table42 Agricultual productivityassessment summary

Criteria Assessmené Notes

1  The mitigation potential of agricultural productivity enhancements is large by 2
at well over a fewgigatonne carbon dixide per year (GEQ/year).

1 Precise estimates of the mitigation potential of productivity enhancements are
prevalent in the literature as they are difficult to quantify and depend heavily on
uncertain projections over how crop yields will evolvebaseline scenario.

Climate impact

P

Development impact

1 Significant potential to achieve immediate and lasting impacts onSusstinable
Development GoalSDGs), and particularly in addressing hunger and malnutriti

L 3§ . . . . . .
reducing poverty and promoting sustainable and equitable livelihoods; as well
building climate resilience, and promoting the sustainable use of water resourc
soils, and the environment.

Investment need 1 The absolute magnitude of the cumulative investment need is substantial at ov
ej - Medium USD 4 trillion to 2050, however, this figure is only moderately sized relative to t
llll : * investment need assessed in the companion enepgyrtunity reports.

Costeffectiveness

Many agriculture productivity enhancement measures are-sagng, leading to
negative or clos¢o-zero marginal abatement costs. Measures that are necessa
couple with productivity enhancement measurasch as forest protection, are als
relatively cheap in the regions assessed, at under 10 USR/t CO

o0
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Criteria Assessmené Notes

1 Significant market failureelated barriers exist, including poor information
dissemination networks, key knowledge gaps, and unpriced greenhouse gases

Barriers to adoption emissions.
i 1 Key political economy barriers exist, including powerful agricultural lobbies; the
é = %‘ can stymie progress, as can productivity enhancement interventions that are o
& 8 simplistic and focus on technocratic or managerial solutions.

9  Significant enabling environment barriers include inadequate (food storage anc
distribution) infrastructure antimited agricultural data collection systems.

9  Strong ongoing ties and historical track record in supporting agriculture sector

UK additionality development, especially within various target regions.
‘ . 1  Leadership roles and collaboration building within multilateral programmes; alb
Medium . .
- that the agriculture sector is a yecrowded development space.

1 Significant donor funding provider, and solid track record in both Research, De
and Development (RD&D) and leveraging private sector participation.

Source: Vivid Economics,3& Factor

Key lessons for supporting mitgn throughimproving 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 carlirectly 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 agniltural productivity increases will only be realised if productivity enhancing
interventions focus on promoting climasenart agriculture over conventional agriculture, and if
forest protection policies are implemented to prevent productivity enhancenfiemtsleading 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 largesgation 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 incfaeber unless significant productivity gains

are madeacross developing regiomsccording to the Intergovernmental Panel on Climate Change (IPCC),
between 2007 and 2016, Agriculture, Forestry and Other Land Use (AFOLU) activities accounted for around
23%o0f total net anthropogenic GHG emissidisApproximately half of these emissions came directly from
agriculture, with the sector emitting over 5.4 Gt ear in 2017, about 11% of global emissiGhas
agriculture and food production activities arergasing internationally, emissions from agriculture are
increasing further, especially in developing economies, as shdviguie38. While world agricultural

emissios grew by 14% between 2000 and 2016, agricultural emissitow incomecountriesgrew by

44%. This increase in agricultural emissions is driven by significant population growth as well as a growing
demand for more emissionstensive animal products diets as countries get wealthigx.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 £2/&&xCO
recorded in 2010 to over 37 Gt efyear in 2050. However, the report also concludes that almost all of this
increase can be avoided through productivity enhancing investment.

Figure38 Historical relationship between agricultunaroduction and agricultural emissionslaw incomecountries
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Source:  Vivid Economics calculation from UN Food and Agriculture Organization (FAO) data.

Note: The data presented in this figure does not include emissions &griculturedriven 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 cauistkiele to both increasing

direct agricultural emissions and indirect emissions through land use chBirgesemissions from

agriculture include emissions from livestock and their pastures, cropland management, and manure and
fertiliser management. Migation of these emissions can be achieved through adopting clsnete

agriculture (CSA) or regenerative practices, many of which are productivity enhancing, as well as investments

70LIPCC. (2019). Climate chamagel land: Summary for policymakergps://www.ipcc.ch/site/assets/uploads/2019/08/4.
SPM_Approved Microsite FINAL.pdf
702 Calculated fronfrAO (201p, Eulopean Commission (20180d Centre for Climate and Energy Solutions (2019)
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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.

to directly increase crop and livestock yields. Indirect land use ensigfime 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 canmodities such as beef, soy, and palm oil as well as from shifting agriétilttfriedence, emissions

from deforestation can theoretically be reduced by increasing crop and livestock yields through RD&D,
irrigation, and other infrastructure investments,decrease the use of emissiaingensive inputs, such as
land/%®

Scope considered in this assessment

The agricultusl productivityopportunity covers interventions that directly increase crop and livestock yields
as well as GOnitigation measures in agtilture which have a demonstrable impact on productivity.
Therefore the opportunity encompasses darm investmentsuch as improved irrigation, improved

product distribution infrastructure, research and developmantdatadriven farm management pracés

as well as natural solution€SAand regenerativeneasures which have a clear impact on productivity.

The assessment focuses on a subseffafial development assistand@A-eligible regionsWest Africa,

East Africa, Brazil, South America (Brelzilf K Sy OS T 2 NIi K an® Ihdlad#iese regiohSwWeke O Q =
chosenconsidering 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 igated, 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 produ@mitgsncements and the
likelihood of success of interventions in each region. This regional list was ameairdultation with BEIS

ICF stakeholders.

This assessmefdcuses on théenefit of supporting the opportunitys a wholanddoes not aim to
comprehensively assesise effectiveness of specific investment opportunities or interventidnaever, for
context, potential specific investment opportunities to support productivity could irclude

Provision of support to agriculture productivity enhanceni®D&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
Africancountries.

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 agricultupoduct 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-stimst@and
optimal farming and production decisiomaking, (including agriculture extension services, climate
and weather data, service providers, and market detveand pricing data) and which could help
optimise coordination and best practice dissemination. The Climate Intelligence and Data
opportunity provides an idepth assessment of data collection and dissemination interventions in all
sectors, including agritture. Prioritised regions for support include East Africa, West Adrlodja.

703 Curtis et al. (2018). Classifying drivers of global forestiss.//science.sciencemag.org/content/361/6407/1108

704 Shifting agricture is defined by Curtis et al. (2018) as sitmlinediumscale forest and shrubland conversion for agriculture that is later
abandoned and followed by subsequent forest regrowth.

705 See Sectiof for discussion on why productivity enhancements on their own may not lead to reduced emissions from deforestation.
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Case studies on some of the potential investment opportunities are detailed in ection
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Climateimpact
Mitigation potential and urgency

The mitigation potential of agricultural productivity enhancements is largecent report by the WRI finds
that investments into agricultural productivity enhancements are reduoevoid growth of emissions from
agriculture of around 25 Gt @year by 20503% 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 induituikalicegr
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 productivignhancing infastructure such as irrigation systems. Hence, without significant
international public funding into both RD&D and expanding existing clsmated management practices, it
is unlikely that historical productivity gains will be continued in the futurelelner 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 reductionslin et al. (2013) investigate thefdiEnces in productivity
enhancement mitigation potential delivered via improvements to infrastructure, RD&D, and -dinate
agriculture’®’¢ KSe FAYR GKFG Of2aAiAy3da pr>r 2F GKS g2NI RQA
conventional intensifation can lead to about 450 Mt g&@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 G&/year. Productivity increaseglivered via climatesmart agriculture

measures are found to lead to the largest mitigation, of over 600 Mt/@gar, 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 accourtdintpé baseline used lead to estimates closer in

magnitude to the WRI numbef¥.

The mitigation opportunity is high and urgent across all focus regions, but how this mitigation is likely to be
achieved varies across thehs illustrated ifrigure39, West and East Africa currently have very low
agricultural productivity and high projected population growth rates over the next three decades. Without
productivity enhancemas, this suggests there will be large strains on local land systems and that emissions
will increase to meet increases in local food dem@h@iven the current low share of irrigated agricultural
land in these regions, a large portion of the requiredgaiion 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 commadityen deforestation, particularly from cattle rarmui

Further, agricultural systems in Latin America are relatively emigstensive. This is in part due to the fact
that the primary purpose of cattle ranching is often occupying land or storing value as a financiti’&set.
Therefore, much of the riigation 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 toidinsarvices. India has one of the

706\World Resources Institute. (2019). Creating a sustainable food fotto®//wrr-food.wri.org/sites/default/files/201®7/creatingsustainable
food-future_2_5.pdf

707Valin et al. (2013). Agricultural productivity andegiteouse gas emissions: tradffs or synergies between mitigation and food security?
https://iopscience.iop.org/article/10.1088/1748326/8/3/035019/meta

™Valinetal{ nmo 0 f oSt 2yS 2F GKSANI LI dKglrea aadzadl Ayl of S -shaftadiguuieT A OF G A 2
employed here as it includes productivity gains/abatement from optimised rotationlivesfock system integrationnd precision farming.

709The World Resources Institute (2019) estimates that agricultural productivity enhancements can deliver aBg/2eatr of mitigation in 2050

relative to a baseline where yields increase at historical rates. WEeyf 2 NA y3 FSSRol 01&az #FftAy SiG Fftd 6unmov
50% via sustainable intensification will lead to about 1.6 @t/@#ar by 2050, relative to a baseline where yields increase at historical rates.

70 This is assuming impoxtannot sustainably support this growth, given food security and poverty concerns.

711Monga Bay. (2019). Brazil fails to give adequate public access to Amazon land title data, sthdpdindsws.mongabay.com/2019/03/brazil
failsto-giveadequatepublicaccesgo-amazonlandtitle-data-study-finds/

72Thornton, PK. (2010). Livestock production: recent trends, future grisspeps://www.ncbi.nlm.nih.gov/pmc/articles/PMC2935116/
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most emissiond Y 1 SY aA @S | ANR Odzf GdzNF £ &aSOG2NE 2F GKS RS@St
mitigation potential is likely to come through adopting CSA and regenerative practices. Given the rapid

growth in populabn, forestrisk 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 emissiortensive practices.

Much of the mitigation potential in Brazil, South America, and West Abinasvia avoided commodity

driven deforestationbut to achieve this mitigation productivity enhancements must be coupled with strong
forest conservation policies to prevent produityiincreases 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 reducededgétion. The opposite

effect could theoretically hold, due to higher productivity leading to an incentive to further expand
agricultural land. However, recent research suggests that Hoefooestation policies are coupled with
productivity investmentsboth crop output growth and zemeforestation goals can be achieved. Assuncao

and Braganca (2019) find that investments in productivity coupled with foretgiction policies can lead to

a 79105% increase in crop output and a 27% increase in beaifitouiihnout any additional deforestation.

"31n fact, Koch et al. (2019) find that forest conservation policies may actually induce productivity increases
as they incentivise farmers to invest infanm capital rather than forestlearing/** There is alssome

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 £2@D6 in Brazil!® 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.

78 Assuncao & Braganca. (2019). Pathways for sustainable agricultural production in Brazil: necessary investments agaimotafritiateasing
efficiency https://climatepolicyinitiative.org/publication/pathwayer-sustainableagriculturaiproductionin-brazil/

74Koch et al. (2019). Agricultural productivity and forest conservation: Evidence from the Brazilian Amazon.
https://academic.oup.com/ajae/article/101/3/919/5376645

715 Assuncaet al. (2016). Agricultural productivity and deforestation in Bragiks://climatepolicyinitiative.org/wp
contert/uploads/2017/06/AgriculturaProductivityand-Deforestatiorin-BrazdCPI.pdf
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Source:  Vivid EconomicsASland Factorcalculation 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 OBWgible 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 quitei (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. Fent, 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 sothat both are displayed on the graph.

Transformational change

Enhancing agricultural productivity offers enormous potential for transformational chantiee economy.
rty2ad it 2F (2RIF&Qa I RJI y G§rivultute? pdaductNilyadithe A Y R dza (i N&
WHAANIL dz2dza Q RS@OSt 2LIYSyid O0eo0ftS GKIG A theqaptds&®htidl KSR 0 &
example of transformational changeeconomies. Within the agriculture sector, increasing productivity
supportsrising rural household income, which in turn incredseal demand and capacity to invest, which
stimulates further growth and activitigricultural productivity investments algall overinto the wider

economy by improving labour productivity, whadlows 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 dispropertionat

share of oAfarm and household labour carsteadbe put toward education or outside job opportunities.

Strategic investments in agricultural productivity now also have potential to create transformational change
to benefit the environmentStrategic, calytic investment now, especialtyinnovativeapproaches such as
climatesmart or regenerative agriculture and its enabling environment, could help break the patterns of
development that expand conventional agriculture. Conventional efforts to enlhgriceltural 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. Hencesoianiaaad
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