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Synopsis

Greenhouse gas emissions in the Netherlands 1990—-2019

Total greenhouse gas (GHG) emissions in the Netherlands in 2019
decreased by 3.2 percent, in comparison with 2018 emissions. This
decrease was mainly the result of decreased coal combustion for energy
and heat production.

In 2019, total GHG emissions (including indirect CO, emissions and
excluding emissions from Land use, land use change and forestry
(LULUCF)) in the Netherlands amounted to 180.7 Tg CO, eq. This is
approximately 18 percent below the emissions in the base year 1990
(220.5 Tg CO; eq.).

CO, emissions in 2019 were 5.6 percent below the level in the base year.
The total of the emissions of methane, nitrous oxide and fluorinated gases
(CH4, N,O and F-gases) was reduced by 53 percent over this period.

This report documents the Netherlands’ annual submission for 2021 of
its GHG emissions inventory in accordance with the 2006 IPCC
Guidelines for National Greenhouse Gas Inventories (IPCC, 2006)
prescribed by the United Nations Framework Convention on Climate
Change (UNFCCC), the Kyoto Protocol (KP) and the European Union’s
Greenhouse Gas Monitoring Mechanism.

This report includes explanations of observed trends in emissions, an
assessment of the sources with the highest contribution to total national
emissions (key sources) and a description of the uncertainty in the
emissions estimates. Estimation methods, data sources and emission
factors (EFs) are described for each source category, and there is also a
description of the quality assurance system and the verification activities
performed on the data. The report also describes changes in
methodologies since the previous submission (NIR 2020), the results of
recalculations and planned improvements.

Keywords: greenhouse gases, emissions, trends, methodology, climate
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Publiekssamenvatting

Emissies van broeikasgassen tussen 1990 en 2019

In 2019 is de totale uitstoot van broeikasgassen in Nederland met
3,2 procent gedaald ten opzichte van 2018. Deze daling komt vooral
doordat er minder kolen zijn gebruikt om elektriciteit te produceren.

De totale uitstoot van broeikasgassen naar de lucht wordt uitgedrukt in
CO,-equivalenten en bedroeg in 2019 180,7 miljard kilogram. Het jaar
1990 geldt als referentiejaar (basisjaar) voor de te halen doelstellingen.
De uitstoot in 1990 bedroeg 220,5 miljard kilogram CO,-equivalenten.
Ten opzichte van het basisjaar is de uitstoot gedaald met 18 procent.

De uitstoot van CO, alleen, ligt 5,6 procent onder het niveau van het
basisjaar. De uitstoot van de andere broeikasgassen (methaan,
distikstofoxide en gefluoreerde gassen) is sinds 1990 met 53 procent
gedaald.

Dit blijkt uit de definitieve inventarisatie van broeikasgasemissies die het
RIVM jaarlijks op verzoek van het Ministerie van Economische Zaken en
Klimaat (EZK) opstelt. Met deze inventarisatie voldoet Nederland aan de
nationale rapportageverplichtingen voor 2021 van het Klimaatverdrag van
de Verenigde Naties (UNFCCC), van het Kyoto Protocol en van het
Bewakingsmechanisme Broeikasgassen van de Europese Unie. De
voorlopige emissiecijfers over 2019 zijn al in het najaar van 2020
gepubliceerd.

De inventarisatie bevat verder analyses van ontwikkelingen in de
uitstoot van broeikasgassen tussen 1990 en 2019, een analyse van de
belangrijkste bronnen die broeikasgassen uitstoten (‘sleutelbronnen’),
evenals de onzekerheid in de berekening van hun uitstoot. Daarnaast
zijn de gebruikte berekeningsmethoden en databronnen beschreven.
Ten slotte bevat het een overzicht van het kwaliteitssysteem en de
manier waarop de Nederlandse Emissieregistratie de berekeningen
controleert.

Kernwoorden: broeikasgassen, emissies, trends, methodiek, klimaat
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Executive summary

ES1 Background information on greenhouse gas (GHG)
inventories and climate change

This report documents the Netherlands’ annual submission for 2021 of
its greenhouse gas (GHG) emissions inventory, in line with the annual
reporting requirements under the United Nations Convention on Climate
Change (UNFCCC) and its Kyoto Protocol (KP). The report contributes to
fulfilling the reporting requirements under the EU Monitoring Mechanism
Regulation (EU 525/2013).

This report has been prepared in line with the reporting guidelines
provided in Decisions by the UNFCCC Conference of the Parties (COP)
and the Conference of the Parties serving as the meeting of the Parties
to the Kyoto Protocol (CMP).

Part | of the report is structured as follows:
e Chapter 1 documents the National System as approved by the
UNFCCC review in 2007 (and reconfirmed in 2017).
e Chapter 2 summarises the emissions trends, which are further
described and documented in the subsequent chapters.
e Chapters 3—8 document emissions and trends for the following
sectors, respectively:
Energy (sector 1);
Industrial Processes and Product Use (IPPU, sector 2);
Agriculture (sector 3);
Land Use, Land Use Change and Forestry (LULUCF, sector 4);
Waste (sector 5);
0 Other (sector 6).
e Chapter 9 describes indirect CO, emissions.
e Chapter 10 documents recalculations and improvements since
the previous report (NIR 2020).

O 0O O0OO0Oo

The supplementary information required under Article 7, paragraph 1 of
the Kyoto Protocol is reported in five additional Chapters in Part 11 of
this report.

Note that this report provides no specific information on government
policies for reducing GHG emissions. Such information can be found, for
example, in the Netherlands State of the Environment Report 2020
(biennial edition; in Dutch: Balans van de Leefomgeving) prepared by
the Netherlands Environmental Assessment Agency (PBL, 2020), the

7™ National Communication (NC7; EZK, 2017a), the 4" Biennial Report
(BR4: EZK, 2019), the Climate and Energy Outlook 2020 (PBL, TNO,
CBS and RIVM, 2020) and the National Energy and Climate Plan (EZK,
2019b).

The Common Reporting Format (CRF) files, containing data on
emissions, activity data and implied emission factors (IEFs), accompany
this report. The complete set of CRF tables, as well as the NIR 2021 in
PDF format, are also available on the National Systems website
http://english.rvo.nl/nie.
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Institutional arrangements for inventory preparation

The GHG emissions inventory process of the Netherlands is an integral
part of the national Pollutant Release and Transfer Register (NL-PRTR).
Figure ES.1 shows the structure of the inventory process and the bodies
responsible for each stage.

The National Institute for Public Health and the Environment (RIVM) has
been contracted by the Ministry of Infrastructure and Water Management
and the Ministry of Economic Affairs and Climate Policy (EZK) to compile
and maintain the PRTR and to coordinate the annual preparation of the

NIR and the completion of the CRF tables.

Personnel (expertise)
through general
agreements and
contracts with:
+ Statistics Netherlands
(CES)
« Rijkswaterstaat:
- Water, Traffic and
Environment
- Centre for Water
Management (WD)
- Centre for Transport
and Navigation (DVS)
+» Human Environment
and Transport
Inspactorata (ILT)
« PBL
= TNO
= Wageningen
- Economic Resaarch
- Environmental
Research
- Plant Research
- Livestock Resaarch
+ Deltares
+ Fugro

PRTR Strategic Council
= Ministry of Infrastructure and Water Managament (1eniwi:
- Air
- Water

« Ministry of Economic &ffairs and Climate Policy (EZK)
« Ministry of Agriculture, Mature and Food Quality (LNV)

PRTR Tactical Council

« Statistics Netherlands

+ Netherlands Environmental
Assessment Agency

+ Deltares

+ National Institute for Public Health
and the Environmant

+ Wageningen University Research

+ Head FRTR

Head PRTR

PRTR executive body (WEM)

= Head PRTR

= Representatives of the
contributing institutes

= Taskforcechaimen

Task Force on Agriculture
and land use (TGL)

Working group

on Uniformization on Land Use,

Working group

manure numbers Land Use Change and
(WLIMY Forestry (LLLUCF)
Task Force ENINA i
(Energy. industry and waste) i
of the
invohved
Task Force on Traffic Ministries

and transport

Task Force MEWAT
(Emissions to water)

Task Force WESP
(Service sector and
product use)

Task Force on
Spatial allocation

5

Ministry of Infrastructure and

‘Water Management

+ Dir. Gen. for the Environment
and International Affairs

+ Rijkswaterstaat (RWS)

Ministry of Economic

! Affairs and Climate Policy:

= Dir. Climate

Ministry of of Agriculture,

Mature and Food Quality:

+ Dir. Gen. for Agriculture &
Mature policy

Figure ES.1 Main elements in the GHG emissions inventory compilation process.
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Methodology reports

Emissions data are reported in accordance with the 2006 IPCC
Guidelines (IPCC, 2006). Methodologies are described in methodology
reports. The present CRF/NIR is based on these methodology reports,
which are part of the National System.

Note that the methodology reports are also part of the national GHG
submission. References are included in Annex 7 and are also available at
the National System website. The methodology reports, and any
changes in these, are prepared and approved under the lead of the chair
of the respective task force of the PRTR. Besides the methodology
reports are also reviewed and approved by the NIE.

Base year
In line with the reporting guidelines, the Netherlands uses 1990 as the
base year for all gases.

Key categories

The IPCC Approach 1 method consists of ranking the list of source
category/gas combinations according to their contribution to national
total annual emissions and to the national total trend. (for details of the
Approach 1 uncertainty analysis see Olivier et al., 2009).

The key categories are those whose emissions add up to 95% of the
national total (excluding LULUCF): 33 categories for annual level
assessment (emissions in 2019) and 40 categories for the trend
assessment. In total the Netherlands reports 118 source categories.

The IPCC Approach 2 method for the identification of key categories
requires the incorporation of the uncertainty in each of these source
categories before ordering the list of shares. This has been carried out
using the uncertainty estimates presented in Annex 2. Here, a total
contribution of up to 90% to the overall uncertainty has been used to
avoid the inclusion of too many small sources. The results of the
Approach 1 and Approach 2 level and trend assessments are
summarized in Annex 1. A combination of Approach 1 and 2 and level
and trend assessments, shows a total of 55 and 59 key categories;
excluding and including LULUCF, respectively.

ES2 Summary of trends in national emissions and removals

In 2019, total GHG emissions (including indirect CO, emissions and
excluding emissions from LULUCF) in the Netherlands were estimated at
180.7 Tg (Teragram or Megaton) CO, equivalents (CO, eq.). This is
approximately 18% below total emissions in the base year (220.5 Tg
CO, eq.).

CO, emissions (excluding LULUCF) in 2019 were about 5.6% lower than
in 1990. CH, emissions in 2019 were 45.9% lower than 1990 levels,
mainly due to decreases in emissions from the Waste sector and the
Agricultural sector. N,O emissions decreased by 54.9% in 2019
compared with 1990, mainly due to decreases in emissions from
Agriculture and from Industrial processes and product use (IPPU).

In contrast, CH,; and N,O emissions from fossil fuel combustion (for CHy,
mainly from agriculture and for N2O mainly from energy industries and
transport) increased.
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Compared with the base year, the emissions of F-gases (HFCs, PFCs and
SFs) decreased by 67.6%, 95.6% and 46.2%, respectively (see Table
ES.1). Total emissions of all F-gases were 75.9% lower than in 1990,
partly as a result of the Netherlands’ programme for reducing emissions
of non-CO, greenhouse gases (ROB). Figure ES.2 shows a graphical
representation of these trends.

Table ES.1 Summary of emissions trends per gas (Tg CO, equivalents, including
indirect CO, emissions), 1990—2019.

CO, excl. | CH;s excl. | N>O excl. | HFCs | PFC | SFg | Total excl.

LULUCF LULUCF LULUCF (S LULUCF
1990
(base yr) 162.7 31.8 17.5 5.6 2.7 | 0.2 220.5
1995 173.0 29.6 17.6 7.5 2.3 ] 0.3 230.3
2000 171.6 24.2 15.5 4.6 1.9| 0.3 218.1
2005 177.4 19.8 13.9 1.4 0.4 0.2 213.0
2010 182.0 19.4 8.2 2.1 0.3 ] 0.2 212.1
2015 164.7 18.1 8.3 1.8 0.1] 0.1 193.2
2018 159.5 17.3 8.0 1.7 0.2 0.1 186.8
2019 153.6 17.2 7.9 1.8 0.1 0.1 180.7

Compared with 2018, overall 2019 GHG emissions decreased by about
3.2%. The changes for the specific gases were as follows:

CO, emissions (excluding LULUCF) decreased by 3.7% (-5.9 Tg),
mainly due to less coal combustion (-7.1 Tg). The decreased use
of coal has been offset by an increase in gas consumption for
(1A1la) Electricity and heat production (+4.1 Tg CO,). Besides,
the amount of energy from renewables and waste in the
Netherlands showed an increase of c. 14% in 2019 compared to
2018.

CH4 emissions slightly decreased by 0.7% (-0.1 Tg CO; eq.),
mainly in category 3A1 (enteric fermentation cattle) and category
5A1 (Managed waste disposal on land).

N.O emissions decreased by about 1.4% (-0.1 Tg CO; eq.),
mainly due to a decrease of emissions in categories 3Da (Direct
N-O emissions form agricultural soils).

F-gas emissions increased by 5.1% (0.1 Tg CO, eq.). This was
primarily caused by an increase in HFC emissions of 9.5% (0.16
Tg CO, eqg.). Emissions of both PFCs and SFg slightly decreased.
Fluctuations in F-gas emissions over the past few years are
mainly due to market circumstances.
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Figure ES.2 Overview of the trends in GHG emissions (excl. LULUCF), 1990-2019.

2005 2015

ES3 Overview of source and sink category emissions estimates
and trends

Table ES.2 and Figure ES.3 provide an overview of the emissions trends
(in CO; eq.) per IPCC sector. The Energy sector is by far the largest
contributor to national total GHG emissions. Emissions from this sector
in 2019 were c. 5.4% lower than in 1990. Emissions from all sectors
were lower than in the base year, the largest decreases being in Waste,
IPPU and Agriculture.

Source categories showing the largest increase in CO,-equivalent
emissions since 1990 are Transport (1A3) and Energy industries (1A1)
(10.7% and 7.7%, respectively).

Table ES.2 Summary of emissions trends per sector (Tg CO, equivalents, including
indirect CO, emissions), 1990—2019.

Energy IPPU Agri- LULUCF | Waste Total Total
(@D) (@) culture 4 5) incl. excl.
3) LULUCF | LULUCF
1990
(base yr) 158.6 23.3 24.5 6.1 14.2 226.6 220.5
1995 169.2 24.9 23.6 5.9 12.5 236.2 230.3
2000 167.0 21.3 20.1 5.5 9.8 223.6 218.1
2005 172.9 16.1 17.7 5.2 6.3 218.2 213.0
2010 178.8 11.2 17.6 5.0 4.6 217.2 212.1
2015 161.2 10.2 18.2 4.9 3.4 198.1 193.2
2018 155.5 10.4 17.9 4.6 3.0 191.4 186.8
2019 150.0 10.2 17.7 4.5 2.9 185.3 180.7
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Figure ES.3 Overview of trends in GHG emissions per sector (excl. LULUCF),
1990-2019.

ES4 Other information

General uncertainty evaluation

The results of the uncertainty estimation according to IPCC Approaches 1 and 2
are summarised in Annex 2 of this report (main focus is on Approach 2).

The level uncertainty in total CO,-equivalent emissions (excluding LULUCF) in
2019 is £3%. This means that, with a confidence level of 95%, total emissions
of greenhouse gases in the Netherlands are between 175 and 186 Tg CO, eq.
The trend uncertainty in total CO,-eq. emissions (excluding LULUCF) for 1990—
2019 is £2%. This means that the trend in total CO,-eq. emissions between
1990 and 2019 (excluding LULUCF), which is calculated to be a 18% decrease,
will range between a 16% decrease and a 20% decrease.

Per individual gas, the level uncertainties in emissions of CO,, CH,4, N,O and the
total group of F-gases have been calculated at 2%, +9%, +38% and +35%o,
respectively. The uncertainties in the trend for the individual gases are +1%,
+5%, £6% and +9%, respectively.

Annex 2 provides details of the uncertainties not only in 2019, but also in the
base year, 1990.

Completeness of the national inventory
The Netherlands GHG inventory includes almost all sources that, according to
the 2006 IPCC Guidelines, should be included in the inventory. The following
very minor sources are not included:
e CO, from Asphalt roofing (2A4d), due to missing activity data;
e CO, from Road paving (2A4d), due to missing activity data;
e CH,4 from Enteric fermentation of poultry (3A4), due to missing emission
factors;
e N,O from Industrial wastewater treatment (5D2) and Septic
tanks (5D3), due to negligible amounts;
e part of CH, from Industrial wastewater (5D2 sludge), due to
negligible amounts;
e precursor emissions (carbon monoxide (CO), nitrogen oxide
(NO,), non-methane volatile organic compounds (NMVOC) and
sulphur dioxide (S0,)) from memo item ‘International bunkers’
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(international transport), as these emissions are not included in
the National total emissions.

Methodological changes, recalculations and improvements
Since the NIR 2020 (Ruyssenaars et al., 2020), some improvements to
the inventory (including recalculations) have been implemented, and

these are documented in this NIR 2021. The rationale behind the
recalculations is documented in Chapters 3—8 and their impacts on the
inventory are summarised in Chapter 10. Table ES.3 shows the results
of these recalculations in the NIR 2021 in comparison with the figures

reported in the NIR 2020.

Table ES.3 Differences between the NIR 2020 and NIR 2021 for the period 1990—
2018 due to recalculations (Units: Tg CO, eq.; for F-gases: Gg CO- eq.).

Gas Source 1990 2000 2010 2015 2018
CO;, [Tg] NIR 2021 168.7 177.1 186.9 169.5 164.0
Incl. LULUCF NIR 2020 169.8 178.4 187.7 171.8 165.4
Difference -0.6% -0.76% -0.44% -1.37% -0.9%
CO, [Td] NIR 2021 162.7 171.6 182.0 164.7 159.5
Excl. LULUCF NIR 2020 163.3 172.4 182.6 166.8 160.6
Difference -0.4% -0.5% -0.3% -1.30% | -0.7%
CH, [Tg] NIR 2021 31.8 24.2 19.4 18.1 17.3
NIR 2020 31.8 24.3 19.4 18.2 17.3
Difference 0.0% -0.4% -0.2% -0.3% 0.2%
N.O [Tg] NIR 2021 17.5 15.5 8.2 8.3 8.0
NIR 2020 18.0 16.2 8.7 8.9 8.4
Difference -3.1% -4.2% -6.3% -6.6% -5.2%
PFCs [Gg] NIR 2021 2,662.9 | 1,902.8 | 313.8 104.2 163.0
NIR 2020 2,662.9 1,902.8 | 313.8 104.2 163.0
Difference 0.0% 0.0% 0.0% 0.0% 0.0%
HFCs [Gd] NIR 2021 5,606.3 | 4,608.5 | 2,128.8 1,801.2 1,660.2
NIR 2020 5,606.3 | 4,765.2 | 2,660.9 1,801.2 1,641.6
Difference 0.0% -3.3% -20.0% | 0.0% 1.1%
SFs [Ga] NIR 2021 206.7 258.8 153.8 139.5 123.7
NIR 2020 206.7 258.8 153.8 139.5 123.7
Difference 0.0% 0.0% 0.0% 0.0% 0.0%
Total NIR 2021 226.6 223.6 217.2 198.1 191.4
[Tg CO,-eq.] NIR 2020 228.1 225.8 219.0 201.0 193.1
Incl. LULUCF Difference -0.7% -1.0% -0.9% -1.4% -0.9%
Total NIR 2021 220.5 218.1 212.1 193.2 186.8
[Tg CO,-eq.] NIR 2020 221.7 219.8 213.7 195.9 188.2
Excl. LULUCF Difference -0.5% -0.8% -0.8% -1.4% -0.8%

Page 23 of 433




RIVM report 2021-0007

Improving the QA/QC system

The QA/QC (quality assurance/quality control) programme is up to date
and all procedures and processes meet National System requirements
(as part of the annual activity programme of the Netherlands’ PRTR).
QA/QC activities undertaken as part of the National System are
described in Chapter 1.

Emissions trends for indirect GHGs and SO,

Compared with 1990, CO and NMVOC emissions were reduced in 2019
by 45.5% and 60.9%, respectively. For SO,, the reduction was 88.4%;
for NO,, the 2018 emissions were 64.0% lower than the 1990 level.
Table ES.4 provides trend data. Further documentation of these gases
can be found in the annual Informative Inventory Report (IIR, Wever et
al., 2021).

Table ES.4 Emissions trends for indirect GHGs and SO, (in GQg)

1990 [ 1995 | 2000 | 2005 | 2010 | 2015 | 2017 | 2018 (2019
Total NO 662 563 472 416 350 282 259 253 238
Total CO 1148 928 762 730 666 562 596 628 626
Total NMVOC 606 434 335 267 268 251 248 245 237
Total SO, 197 136 78 67 36 31 27 25 23
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Part I: Annual inventory report
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Introduction

Background information on greenhouse gas inventories and
climate change

This report documents the Netherlands’ annual submission for 2021 of
its greenhouse gas (GHG) emissions inventory, in line with the annual
reporting requirements under the United Nations Convention on Climate
Change (UNFCCC) and its Kyoto Protocol (KP). The report is also in line
with the reporting requirements under the EU Monitoring Mechanism
Regulation (EU 525/2013). Chapter 1 provides accompanying
information to the national greenhouse gas inventory, like a description
of the national system, QA/QC procedures, key categories, uncertainties
and a general description on data sources.

Background information on climate change reporting

Climate Convention, Kyoto Protocol and EU Monitoring
Mechanism Regulation

The United Nations Framework Convention on Climate Change
(UNFCCC) was ratified for the European part of the Netherlands in 1994
and took effect in March 1994. In 2005, the Kyoto Protocol (KP) under
the Convention entered into force. Rules for Monitoring, Reporting and
Verification (MRV), initially agreed under the Convention itself, were
further elaborated in the KP under the Articles 5, 7 and 8, and have
been implemented successively. The National System for the
Netherlands under Article 5.1 of the KP was reviewed (Article 8 of the
KP) and accepted in 2007. The greenhouse gas (GHG) inventory is
prepared on an annual basis under this National System (Article 7.1 of
the KP). The latest UNFCCC review of the inventory in September 2019
confirmed that the Netherlands’ inventory and inventory process are still
in line with the rules for National Systems.

This National Inventory Report (NIR) 2021, accompanied by the
Common Reporting Format (CRF), reports on the national GHG
emissions of the Netherlands. The methodologies applied for calculating
the emissions are in accordance with the 2006 IPCC Guidelines.

The structure of this report complies with the format required by the
UNFCCC (FCCC/SBSTA/2004/8) and the latest annotated outline of the
National Inventory Report, including reporting elements under the Kyoto
Protocol. Part | of this NIR, together with the CRF, represents the 2021
national emissions inventory of GHGs under the UNFCCC and the KP.
Additional reporting requirements under the KP, such as supplementary
information under Article 7 of the Kyoto Protocol, are included in Part Il
of this report.

Geographical coverage

The reported emissions are those that derive from the legal territory of
the Netherlands. This includes inland water bodies and coastal water in
a zone stretching 12 miles from the coastline. It excludes Aruba,
Curacao and Sint Maarten, which are constituent countries of the
Kingdom of the Netherlands. It also excludes Bonaire, Saba and Sint
Eustatius, which since 10 October 2010 have been public bodies
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(openbare lichamen) with their own legislation that is not applicable to
the European part of the Netherlands.

Emissions from offshore oil and gas production on the Dutch part of the
continental shelf are included.

Background information on the GHG emissions inventory

The NIR (and CRF) cover the seven direct GHGs included in the Kyoto
Protocol: carbon dioxide (CO,), methane (CH,), nitrous oxide (N;O),
hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), sulphur
hexafluoride (SFe) and nitrogen trifluoride (NF3) (the last four are called
the F-gases). NF; emissions cannot be reported separately due to the
confidentiality of the data. Therefore, NF; emissions are included in the
PFC emissions.

The Netherlands reports total GHG emissions including indirect CO,
emissions. The following indirect GHG emissions are also reported:
nitrogen oxides (NO,), carbon monoxide (CO), non-methane volatile
organic compounds (NMVOC) and sulphur oxides (SO,).

This report provides explanations of the trends in GHG emissions per
gas and per sector for the period 1990-2019. It also summarises the
methods and data sources used for the Approach 1 assessments of the
uncertainty in annual emissions and in emissions trends; and the Key
Category Assessment following Approach 1 and 2 of the 2006 IPCC
Guidelines.

This inventory report does not include detailed assessments of the
extent to which changes in emissions are due to the implementation of
policy measures. This information can be found in the Netherlands’ State
of the Environment Report 2020 (biennial edition; in Dutch: Balans van
de Leefomgeving) (PBL, 2020), the 7" Netherlands National
Communication under the United Nations Framework Convention on
Climate Change (NC7: EZK, 2017a), the 4" Biennial Report (BR4: EZK,
2019), the Climate and Energy Outlook 2020 (PBL, TNO, CBS, RIVM
2020) and the National Energy and Climate Plan (EZK, 2019b).

The Netherlands also reports emissions under other international
agreements, All emissions estimates are taken from the Netherlands’
Pollutant Release and Transfer Register (PRTR), which is compiled by
various cooperating organisations, as described in Box 1 below. The
GHG emissions inventory and the PRTR share underlying data, which
ensures consistency between the inventories and other internationally
reported data such as data reported to the United Nations Economic
Commission for Europe (UNECE) Air Convention and the EU’s National
Emission Ceilings (NEC) Directive.

In line with the requirements of the National System and in accordance
with Article 5.1 of the KP, both the National System and the
methodologies for calculating GHG emissions in the Netherlands are
kept up to date on an annual basis. Information on the latest changes to
the National System is included in Chapter 13 of this report.

Since 2015, emissions data have been calculated according to the 2006
IPCC Guidelines (IPCC, 2006).

The methodologies applied in the Netherlands are documented in five
methodology reports. The NIR 2021 is based on these methodologies.
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The methodology reports are an integral part of this submission (see
Annex 7) and are available at the National System website:
http://english.rvo.nl/nie. The methodology reports are prepared- and
approved under the lead of the chair of the PRTR Task Force concerned.
Any changes in methodologies are also reviewed by the National
Inventory Entity (NIE). Changes in methodologies are described in the
relevant chapters. Chapter 10 documents the recalculations and
improvements made following the recommendations of the latest
reviews.

In this report, GHG emissions are given in gigagrams (Gg) and
teragrams (Tg). 1 gigagram is equal to 1 kiloton (kt); 1 teragram (Tg) is
equal to 1 megaton (Mt).

Global warming potential (GWP) weighted emissions of the GHGs are
also provided (in CO, equivalents), using GWP values based on the
effects of GHGs over a 100-year horizon, in accordance with UNFCCC
Decision 24/CP.19 Annex I11 (UNFCCC, 2013) and the 4™ IPCC
Assessment Report (ARR4). The GWP of each individual GHG is given in
Annex 8.

The CRF spreadsheet files accompany this report as electronic annexes.
The CRF tables contain detailed information on GHG emissions, activity
data and (implied) emission factors (EFs) by sector, source category and
GHG. The complete set of CRF tables and this report comprise the NIR,
which is published on the website http://english.rvo.nl/nie.

Background information on supplementary information required by
Article 7 of the Kyoto Protocol

Supplementary information on Land use, land use change and forestry
according to the Kyoto Protocol definitions (KP-LULUCF) is included in
chapter 11 of this NIR and pertains to activities under Article 3,
paragraph 3, and supplementary information on Forest management
pertains to the mandatory activity under Article 3, paragraph 4. The
Netherlands has chosen not to include any other activities under Article
3, paragraph 4, of the Kyoto Protocol.

Information on the accounting of Kyoto units is also provided in the SEF
file RREG1_NL_2020_2_1.xlIsx, as submitted to the UNFCCC secretariat.

Description of the national inventory arrangements

Institutional, legal and procedural arrangements

The Ministry of Economic Affairs and Climate Policy (EZK) has overall
responsibility for climate change policy issues, including the preparation
of the National GHG Emissions Inventory.

The National System, in line with the Kyoto requirements, was finalised
and established by the end of 2005. The National System is described in
greater detail in the Seventh Netherlands National Communication under
the United Nations Framework Convention on Climate Change (NC7:
EZK, 2017a).

As part of this system, the Act on the Monitoring of Greenhouse Gases
also took effect in December 2005. This Act required the establishment
of the National System for the monitoring of GHGs and empowered the
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Minister of Economic Affairs and Climate Policy (EZK) to appoint an
authority responsible for the National System and the National GHG
Emissions Inventory. In a subsequent regulation, the Minister appointed
the RVO as the NIE, the single national entity required under the Kyoto
Protocol.

As well as coordinating the establishment and maintenance of a National
System, the RVO was tasked with the coordination of improved QA/QC
activities as part of the National System and the coordination of
support/response to the UNFCCC review process.

The National Institute for Public Health and the Environment (RIVM) has
been assigned by EZK as the institute responsible for coordinating the
compilation and maintenance of the pollutants emission
register/inventory (PRTR system), which includes GHGs. The main
purpose of the PRTR project is the production of an annual set of
unequivocal emissions data that is up-to-date, complete, transparent,
comparable, consistent and accurate. The PRTR project system is used
as the basis for the GHG emissions documented in this NIR and for the
completion of the CRF tables. The RIVM also coordinates the annual
compilation of the NIR.

Overview of inventory planning, preparation and management

The Dutch PRTR system has been in operation in the Netherlands since
1974. This system encompasses data collection, data processing and the
registering and reporting of emissions data for approximately 375
policy-relevant compounds and compound groups that are present in
air, water and soil. The emissions data are produced in an annual
(project) cycle (RIVM, 2020).

In addition to the RIVM, various external agencies contribute to the
PRTR by performing calculations or submitting activity data (see Box 1).

Box 1: Pollutant Release and Transfer Register (PRTR) project

Responsibilities for coordination of the PRTR project

Major decisions on tasks and priorities are taken by the Steering
Committee ER (SCER) by approving the Annual Work Plan. This
committee consists of representatives of the commissioning ministries,
regional governments, the RIVM, Statistics Netherlands (CBS) and the
Netherlands Environmental Assessment Agency (PBL).

As per September 2020 the SCER has been split in a Strategic Board
consisting of representatives of the commissioning ministries (Ministries
of Infrastructure and Water Management; Economic Affairs and Climate
policy; Agriculture, Nature and Food security) and a Tactical Board
consisting of representatives of the various external agencies and the
RIVM (see figure 1.3). The Strategic Board formally approves the Annual
Work Plan.

The PRTR project leader at the RIVM acts as Head of the PRTR and is
responsible for the PRTR process; the outcomes of that process are the
responsibility of the bodies involved. The collaboration of the various
bodies is ensured by means of contracts, covenants or other
agreements.
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Responsibility for reporting

RIVM is responsible for the preparation of the NIR Part | with input from
the relevant PRTR Task Forces and from the RVO in its role as NIE.

The RVO prepares most of the NIR Part Il. The RIVM integrates all
information into the NIR. The RVO takes care of submission to the
UNFCCC in its role as NIE, after approval by EZK.

Overview of inventory preparation and management under Article 7 of
the Kyoto Protocol

The supplementary information, as required according to Article 7 of the
Kyoto Protocol, is reported in the NIR Part Il. This information is
prepared by the RVO using information from various other organisations
involved, such as the NEa (Dutch Emissions Authority), WUR and EZK.
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Reporting, QA/QC, archiving and overall coordination

The preparation of the NIR includes the documentation and archiving of
statistical data for the estimates and QA/QC activities. The RVO is
responsible for coordinating QA/QC and responses to the EU and for
providing additional information requested by the UNFCCC after the NIR
and the CRF have been submitted. The RVO is also responsible for
coordinating the submission of supporting data for the UNFCCC review
process. The EZK formally approves the NIR before it is submitted; in
some cases, approval follows consultation with other ministries.

For KP-LULUCF, consistency with the values submitted for the
Convention is assured by using the same base data and calculation
structure. The data, as required in the KP-LULUCF CRF tables, are
derived from calculations required by the UNFCCC and specifically
aggregated to the KP-LULUCF activities. The data and calculations are
thus subject to the same QA/QC procedures (Arets et al., 2021).

The calculated values were generated using the LULUCF bookkeeping
model at Wageningen Environmental Research and checked by the
LULUCF sectoral expert. Subsequently, they were sent to the NL-PRTR
for the data to be entered in the CRF database for all sectors, and
checked again. Any unexpected or incomplete values were reported to
the LULUCF sectoral expert, checked and, if necessary, corrected.

Information on the QA/QC plan

As part of its National System, the Netherlands has developed and
implemented a QA/QC programme. This programme is assessed
annually and updated, if necessary. The key elements of the current
programme (RVO, 2020) are summarised in this chapter, notably those
relating to the current NIR.

QA/QC procedures for the CRF/NIR 2021

The system of methodology reports was developed and implemented in
order to increase the transparency of the inventory (including
methodologies, procedures, tasks, roles and responsibilities with regard
to inventories of GHGs). Transparent descriptions of all these aspects
are included in the methodology reports for each gas and sector and in
process descriptions for other relevant tasks in the National System. The
methodology reports are assessed annually and updated, if necessary.
The generic annual data- and QC process is as follows. The responsible
experts (in Dutch: “werkveldtrekkers”) within the respective PRTR Task
Forces fill in a standard-format database with emissions data for the
timeseries — this time 1990-2019 (with the exception of LULUCF).

This standard format database is uploaded to- and stored in the national
emissions database.

After a first check of the data by the RIVM for completeness, the
(corrected) data are made available to the relevant Task Forces for
consistency checks and trend analyses (comparability, accuracy). For
that purpose, the Task Forces are granted access to the national
emissions database.

Several weeks before the dataset was fixed, a trend verification
workshop was organised by the RIVM (3 December 2020). The
verification process is described in more detail in section 1.2.3.3. The
conclusions of this workshop (including how the experts should resolve
the issues for improvement, as identified during this workshop) are
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documented and collected by RIVM. Further improvements to the
dataset were then implemented by the Task Forces.

QA for the current NIR 2021 also includes the following activities:

e Taking into account any remaining issues from former UNFCCC
reviews and ESD reviews and making the requested
improvements (summarised in Annex 10).

e A peer and public review on the basis of the draft NIR in
January/February 2021. Results of these reviews are summarised
in Chapter 10. Issues will be addressed in upcoming NIRs.

The QA/QC system must operate within the available resources (both
capacity and finance). Within those limitations, QA/QC activities focus on:
The QA/QC programme (RVO, 2020), which has been developed and
implemented as part of the National System. This programme includes
quality objectives for the National System, the QA/QC plan and a
schedule for the implementation of the activities. It is updated annually as
part of an ‘evaluation and improvement cycle’ for the inventory and
National System and is kept available for review. Figure 1.1 summarises
the main elements of the annual QA/QC cycle, including the
corresponding timeline. To ensure high-quality and continuous
improvement, the annual inventory process is implemented as a cyclical
project. This cycle is a key quality management tool (based on the
Deming cycle of Plan—Do—Check—Act). QA/QC procedures for basic
LULUCF data are different from QA/QC procedures for other sectors, and
have been elaborated and documented in the description of QA/QC of the
external agencies (Wanders et al., 2020).

Inventory planning

«Methodology reports  (Mov-Febr)
*Process sheets/procedures (Oct)

+QC formats (Oct)

*QA/QC programme (Dec)
sAnnual PRTRworking plan  (Dec)

Inventory improvement Inventory preparation: CRF
«Improvement actions (in QA/QC Completed QC formats  (Dec-Mar)
programime) (War-Nov) « Trend verification (Nov)

Inventory preparation: NIR

Internal review (Dec-Mar)
Inventory evaluation ’7- Peer/public review(QA) (Jan-Mar)
*Collaborative reviews (occcasional)
*Annual evaluation (Jun)
sExfensive reviews (Mar-Jun)
sAudits (Nov)
*UNFCCC reviews (Sep-Jan)

Figure 1.1 QA/QC cycle (including timeline).

e Adaptation of the PRTR project to the quality system of the RIVM
(1SO 9001:2008 system), completed in 2012.

e The annual Work Plan of the RIVM (RIVM, 2020). The Work Plan
describes the tasks and responsibilities of the parties involved in
the PRTR process, such as products to be delivered, scheduling
(planning) and emissions estimation (including the methodology
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reports on GHGs), as well as those of the members of the Task

Forces. The annual Work Plan also describes the general QC

activities to be performed by the Task Forces before the annual

PRTR database is fixed (see Section 1.6.2).

e European Emission Trading Scheme (EU-ETS). Selected companies
(large emitters) are part of the EU-ETS. They are obliged to report
their CO, emissions in accordance with strict monitoring
procedures, which include strict QA/QC. The reported emissions
are checked and approved by the Dutch Emission authority (NEa)
and used in the inventory for QC and to calculate specific EFs.

e Agreements/covenants between the RIVM and other institutes
involved in the annual PRTR process. The general agreement is
that, by accepting the annual Work Plan, the institutes involved
commit themselves to delivering capacity for the work/products
specified in that Work Plan. The role and responsibilities of each
institute have been described (and agreed upon) within the
framework of the PRTR Work Plan.

e Specific procedures that have been established to fulfil the
QA/QC requirements of the UNFCCC and Kyoto Protocol. General
agreements on these procedures are described in the QA/QC
programme as part of the National System. The following specific
procedures and agreements have been described in the QA/QC
plan and the annual PRTR Work Plan:

0 QC on data input and data processing, as part of the annual
trend analysis and consolidation of the database following
approval of the institutions involved.

o0 Documentation of the consistency, completeness and
correctness of the CRF data (see also Section 1.6.2).
Documentation is required for all changes to the historical
dataset (recalculations) and for emissions trends that exceed
5% at the sector level and 0.5% at the national total level.
This is the Netherlands’ interpretation of the IPCC Good
Practice Guidance requirement in section 8.7.1.4: ‘[...] itis
good practice to check emissions estimates for all source
categories or sub-source categories that show greater than
10% change in a year compared to the previous year’s
inventory’.

0 A peer and public review on the basis of the draft NIR in
January/February 2021. Results of this review are
summarised in Chapter 10. Issues will be addressed in
upcoming NIRs.

0 Audits: In the context of the annual Work Plan, it has been
agreed that the institutions involved in the PRTR will inform
the RIVM about forthcoming internal audits. Furthermore, the
RVO is assigned the task of organising audits, if needed, of
relevant processes or organisational issues within the National
System.

o0 Archiving and documentation: Internal procedures are agreed
(in the PRTR annual Work Plan) for general data collection
and the storage of fixed datasets in the RIVM database,
including the documentation/archiving of QC checks. To
improve transparency, the implemented QC checklists have
also been documented and archived, as part of the QA/QC
plan. Since 2012, the RIVM database has held storage space
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where the Task Forces can store the data needed for their
emissions calculations. The use of this storage space is
optional, as the storage of essential data is also guaranteed
by the quality systems at the external agencies.

0 Methodology reports: These have been updated and
documented and are an integral part of this submission (see
Annex 7).

0 The RVO (as NIE) maintains the National System website and
a central archive of relevant National System documents.

¢ Annual inventory improvement: Within the inventory project,
resources are made available to keep the total inventory up to
the latest standards. In an annual cycle, the Task Forces are
invited to draft proposals for the improvement of their emissions
estimates. The proposals are prioritised in a consensus process
and budgets are made available for the selected improvements.
The available resources have to be shared between the different
items of the inventory (GHG, air pollutants and water emissions).
GHG-related issues are given high priority when they relate to
improvements of key source estimates and/or if the reviews ask
for specific improvements in methods or activity data. Proposals
for improvements that contribute to a decrease in the uncertainty
of emissions estimates are given priority over others. All planned
improvements are documented in the annual Work Plan.

e Evaluation: Those involved in the annual inventory tasks are
invited once a year to participate in an evaluation of the process.
The results are used for the annual update of the QA/QC
programme and the annual Work Plan.

e General QC checks: To facilitate general QC checks, a checklist
was developed and implemented. A number of general QC checks
have been added to the annual Work Plan of the PRTR and are
also mentioned in the methodology reports. The QC checks
included in the Work Plan are aimed at covering issues such as
the consistency, completeness and correctness of the CRF data.
The general QC for the present inventory was largely performed
at the institutes involved, as an integral part of their PRTR work
(Wanders et al, 2020).

e Category-specific QC: The comparison of emissions data with
data from independent sources was one of the actions proposed
in the inventory improvement programme. However, because it
did not seem possible to reduce uncertainties substantially
through independent verification (measurements) — at least not
on a national scale — this issue has received low priority in recent
years.

In the PRTR project over the last two years, efforts have been

made to improve and update the assessment of uncertainties and

the sector-specific QC activities. A revised uncertainty
assessment (Approach 2 using Monte Carlo analysis) of Dutch

GHG emissions is performed on an annual basis. The results of

Approach 2 hardly differ from the results of Approach 1. Primarily

the results of Approach 1 are documented in the respective

subsections on uncertainties in chapter 3-8. Approach 2 is more

specifically documented in Annex 2.
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Verification activities for the CRF/NIR 2021

Two weeks prior to the trend analysis meeting, a snapshot from the
database was made available by the RIVM in a web-based application
(Emission Explorer, EmEX) for checking by the institutes and experts
involved (PRTR Task Forces). This allowed the Task Forces to check for
level errors and inconsistency in the algorithms/methods used for
calculations throughout the time series. The Task Forces performed
checks for all gases and sectors. The sector totals were compared with
the previous year’s dataset. Where significant differences were found,
the Task Forces evaluated the emissions data in greater detail. The
results of these checks were then brought up for discussion at the trend
analysis workshop and subsequently documented.

During the trend analysis, the GHG emissions for all years between 1990
and 2019 were checked in two ways:

1. The datasets from previous years’ submissions were compared
with the current submission; emissions from 1990 to 2018 should
be identical to those reported last year for all emissions for which
no methodological changes have been announced.

2. The data for 2019 were compared with the trend development for
each gas since 1990. Checks of outliers were carried out at a
more detailed level for the sub-sources of all sector background
tables. Experts have been specifically looking at:

annual changes in emissions of all GHGs;
annual changes in activity data;

annual changes in IEFs;

level values of IEFs.

Exceptional trend changes and observed outliers were noted and
discussed at the trend analysis workshop, resulting in an action list.
Items on this list must either be processed within two weeks or be dealt
with in the following year’s inventory.

Data checks were performed by sector experts and others involved in
preparing the emissions database and the inventory. Communications
(emails) between the participants in the data checks were centrally
collected and analysed. This resulted in a checklist of actions to be
taken. This checklist was used as input for the trend verification
workshop and was supplemented by the actions agreed in this
workshop. Table 1.1 shows the key verification actions for the CRF
tables/NIR 2020.

The completion of an action was reported on the checklist. Based on the
completed checklist and the documentation of trends, chairmen of the
Task Forces approved the dataset of their respective Task Force. Next
the dataset has been fixed by the Head of the PRTR (RIVM project
leader) and formally agreed to by the principal institutes: RIVM, PBL
CBS, Deltares and WUR.

The internal versions of the CRF and NIR and all documentation (emails,

data sheets and checklists) used in the preparation of the NIR are stored
electronically on a server at the RIVM.
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Table 1.1 Key actions for the NIR 2021

Item Date Who Result Documentation
Automated initial check on | During each Data Acceptance or rejection of result logging in the PRTR
internal and external data upload Exchange uploaded sector data database
consistency Module
(DEX)
Input of outstanding issues | 08-07-2020 RIVM-PRTR List of remaining Actiepunten voorlopige
for this inventory issues/actions from last cijfers 2018 v 8 juli 2020.
inventory Xls
sheets for comparing final | 26-11-2020 RIVM Input for trend analyses Verschiltabel_LuchtIPCC_2
data 2018 and 2019 6-11-2020.xlIsx
Trend analysis 3-12-2020 Task Forces Updated action list Actiepunten definitieve
cijfers 1990-2019 v7
december 2020.xls
Resolving the issues on the | Until 21-12- Task Forces Final dataset Actiepunten definitieve
action list 2020 RIVM/ TNO cijfers 1990-2019 v17
National december 2020.xls
Inventory
Compiler
(NIC)
Comparison of data in CRF | Until 10-02- NIC/TNO First draft CRF sent to EU 15-01-2021
tables and E-PRTR 2021
database final CRF to EU 15-03-2021

Writing and checks of NIR

Until 15-3-2021

Task Forces/

Draft texts

R:\.\NI National Inventory

NIC/TNO/NIE Report\NIR 2021\NIR
redactie
Generation of tables for Until 15-3-2021 | NIC/TNO Final text and tables NIR R:\....\NIR

NIR from CRF tables

2021\CRF....\Tables and
Figures v4.xlsx
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Some of the data used in the compilation of the inventory are

confidential and cannot be published in print or electronic format. For
these data items, the Netherlands uses the code ‘C’ in the CRF. All
confidential data can be made available to the official review process of

1.2.3.4 Treatment of confidentiality issues
the UNFCCC.

1.3

1.3.1 GHG and KP-LULUCF inventory

Inventory preparation: data collection, processing and storage

The primary process of preparing the GHG emissions inventory in the
Netherlands is summarised in Figure 1.2. This process comprises several
major steps, which are described in greater detail in the following

sections.

(Electronic)
Annual
Environmental AER database
Reports (AER)
(Individual
facilities)
Activity data
Statistics
Netherlands etc.

Emission factors

(Literature,
measurements)

(Task Forces PRTR)

\/—

Reporting
(RIVM and others)

ER-I database

(Task Forces
PRTR)

sources
(Task Forces PRTR)

. Area/diffuse
sources

(Task Forces PRTR)

[

Collective
industrial

Geographical
distribution
data

PRTR
database

CRF Connector

LULUCF and
KP Data

Review and
approval
(EZK and
UNFCCQ)

CRF reporter

Upload
Netherlands
Enterprise Agency
(RVO.nl)

Overall coordination of QA/QC (improvements)

Netherlands Enterprise Agency (RVO.nl)

Figure 1.2 Main elements in the GHG emissions inventory process.

The preparation of the KP-LULUCF inventory is combined with the work

for reporting LULUCF under the UNFCCC by the unit Wettelijke

Onderzoekstaken Natuur & Milieu, part of Wageningen UR. The LULUCF
project team (which is part of the Task Force Agriculture) is responsible
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for data management, the preparation of the reports on LULUCF, and
the QA/QC activities, and decides on further improvements.

Data collection
Various data suppliers provide the basic input data for emissions
estimates. The principal data sources for GHG emissions are:

Statistical data

Statistical data are provided under various (not specifically GHG-related)
obligations and legal arrangements. These include national statistics
from the CBS and a number of other sources of data on sinks, water and
waste. The provision of relevant data for GHGs is guaranteed through
covenants and an Order in Decree prepared by EZK.

For GHGs, relevant agreements with CBS and Rijkswaterstaat
Environment with respect to waste management are in place.

Data from individual companies

Data from individual companies are provided in the form of electronic
annual environmental reports (e-AERS). A large nhumber of companies
have a legal obligation to submit an e-AER that includes — in addition to
other environment-related information — emissions data validated by the
competent authorities (usually provincial and occasionally local
authorities), which also issue environmental permits to these companies.

Every industrial activity in the Netherlands requires an environmental
permit. As part of the permit application, the operator has to submit a
documented account of the emissions and the production capacity
(which need not be made available to the general public). On the basis
of these data, the competent authority will set (emissions) limits in the
environmental permit. The determination of the applicable (emissions)
limits is based on national policies and the specific expertise of the
competent authorities. This expertise is also used in the annual
verification of the emissions in the environmental reports. The national
inventory relies on this verification and only performs sample checks on
these data. This procedure is only possible due to the country-specific
situation in the Netherlands, where industry is fully aware of the need
for emissions reductions as required by legislation. This results in a very
open and constructive communication (on activity levels and emissions)
between plant operators and competent authorities (although these data
are not available to the general public). For this reason the inventory
team can limit the verification of the emissions data from individual
companies to a minimum.

Some companies provide data voluntarily within the framework of
environmental covenants. Large companies are also obliged to
participate in the European Emission Trading System (EU-ETS). These
companies have to report their CO, emissions in specific annual ETS
emissions reports.

Whenever these reports from major industries contain plant-specific
activity data and EFs of sufficient quality and transparency, these are
used in the calculation of CO, emissions estimates for specific sectors.
The AERs from individual companies also provide essential information
for calculating the emissions of substances other than CO,. The
calculations of industrial process emissions of non-CO, GHGs (e.g. N,O,
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HFC-23 and PFCs released as by-products) are mainly based on
information from these AERs, as are emissions figures for precursor
gases (CO, NO,, NMVOC and SO,). Only those AERs with high-quality
and transparent data are used as a basis for calculating total source
emissions in the Netherlands.

Many Dutch industrial (sub)sectors consist of just a single company.
This is the reason why the Netherlands cannot report activity data
(confidential business information) in the NIR or CRF on the most
detailed level. Although this may hamper the review process, all
confidential data can and will be made available to the ESD and UNFCCC
review teams (on request).

Additional GHG-related data

Additional GHG-related data are provided by other institutes and
consultants specifically contracted to provide information on sectors not
sufficiently covered by the above-mentioned data sources. For example,
the RIVM makes contracts and financial arrangements with various
agricultural institutes and the TNO.

In 2004, the Ministry of Agriculture, Nature and Food Quality (LNV)
contracted a number of agricultural institutes to develop a monitoring
system and methodology description for the LULUCF dataset. In
accordance with a written agreement between the Ministry of Economic
Affairs and Climate Policy (EZK) and the RIVM, these activities are also
part of the PRTR.

Data processing and storage

Data processing and storage are coordinated by the RIVM. These
processes consist most notably of the elaboration of emissions estimates
and data preparation in the PRTR database. The emissions data are
stored in a central database, thereby satisfying — in an efficient and
effective manner — national and international criteria for emissions
reporting. Using a custom-made programme (CRF Connector), all
relevant emissions and activity data are extracted from the PRTR
database and included in the CRF Reporter, thus ensuring the highest
level of consistency. Data from the CRF Reporter are used in the
compilation of the NIR.

The emissions calculations and estimates that are made using the input
data are performed by five Task Forces, as described in Section 1.2.
The Task Forces are responsible for assessing emissions estimates
based on the input data and EFs provided. The RIVM commissioned the
TNO to assist in the compilation of the CRF tables (see Figure 1.3).
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PRTR Strategic Counail
= Ministry of Infrastructure and Water Managemeant (lenw:
- Air
- Water

« Ministry of Economic &ffairs and Climate Policy (EZK)
= Ministry of Agriculture, Mature and Food Quality (LN

Personnel (expertise)
through general
agreements and
contracts with:

+ Statistics Netherlands

PRTR Tactical Council

+ Statistics Netherlands

+ Netheriands Environmental
Assessment Agancy

+ Deltares

+ National Institute for Public Health
and the Environment

+ Wageningen University Research

+ Head FRTR

Head PRTR

PRTR executive body (WEM)

= Head FRTR

= Representatives of the
contributing institutes

= Taskforcechaimen

Task Force on Agriculture
and land use (TGL)

(cBS)

« Fugro

Task Force WESP
(Service sector and
product use)

Task Force on
Spatial allocation

« Rijkswaterstaat: Working group Working group
- Water, Traffic and on Uniformization on Land Use,
Enviranment manure numbers Land Use Change and
- Centre for Water UM Forestry (LULUCF
Management (WD) QM) ve )
- Centre for Transport Interaction
and Navigation (DVS) TESlk Force ENINA e
« Human Environment (Energy, industry and waste) Directoratas
and Transport of the
Inspactorate (ILT) involed
« PBL Task Foree on Traffic Ministries
» NG and transport
+ Waganingen
- Economic Resaarch
St Task Force MEWAT
SR (Emissions to water)
- Livestock Resaarch
+ Deltares

Figure 1.3 Organisational arrangements for PRTR project.

1+ Rijkswaterstaat (RWS)

| Ministry of Economic
! Affairs and Climate Policy:

Ministry of Infrastructure and

Water Management:

+ Dir. Gen. for the Environment
and International Affairs

= Dir. Climate

Ministry of of Agriculture,

Mature and Food Quality:

= Dir. Gen. for Agriculture &
Mature policy

General description of methodologies (including tiers used) and

data sources used

GHG emissions inventory

Methodologies

Table 1.2 provides an overview of the methods used to estimate GHG
emissions. Methodology reports documenting the methodologies, data
sources and QA/QC procedures used in the GHG emissions inventory of
the Netherlands, as well as other key documents, are listed in Annex 3.
The sector-specific chapters of this report provide a brief description of
the methodologies applied for estimating the emissions from each key

source
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Table 1.2 CRF Summary Table 3 with methods and EFs applied

GREENHOUSE GAS SOURCE AND SINK CO, CH,4 N-O
CATEGORIES Method Emission . Emission Method |Emission
. Method applied .
applied factor factor applied factor
1. Energy CS,T1,T2,T3 CS,D,PS OTH,T1,T1b,T2,T3| CS,D,0TH,PS| D,T1,T2,T3 CS,D
A. Fuel combustion CS,T1,T2 CS.D T1,T2,T3 CS,D| D,T1,T2,T3 CS,D
1. Energy industries CS, T2 CS,D T1,T2 CS,D D,T1 D
2. Manufacturing industries and
construction T2 CS,D T1,T2 CS,D T1,T2 D
3. Transport T1,T2 CS,D T1,T3 CS,D T1,T2 CS,D
4. Other sectors T1,T2 CS,D T1,T2 CS,D T1,T2,T3 CS,D
5. Other T2 CS T2 CS T2 CS
B. Fugitive emissions from fuels CS,T1,T2,T3 CS,D,PS| OTH,T1,T1b,T2,T3| CS,D,0TH,PS
1. Solid fuels T2 CS OTH OTH
2. Oil and natural gas CS,T1,T2,T3 CS,D,PS T1,T1b,T2,T3 CS,D,PS

C. CO, transport and storage

2. Industrial processes

CS,T1,T14,T2,T3

Cs,T1 csTLT2|  CSpPS

A. Mineral industry CS,T1,72,T3
B. Chemical industry CS,T1,T3 CS CS CS T1,T2 PS
C. Metal industry T1a,T2 CS,D
D. Non-energy products from fuels and
solvent use T1,T3 CS,D T1 D

E. Electronic industry

F. Product uses as ODS substitutes

G. Other product manufacture and use CS CS CS CS CS CS
H. Other T1 CS
Agriculture T1 D T1,7T2,T3 CS,D| T1,Ti1b,T2 CS,D

Enteric fermentation

Manure management

Rice cultivation

O|0|m|>|w

Agricultural soils®

T1,7T2,T3

T1,T2
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Other

GREENHOUSE GAS SOURCE AND SINK CO, CH,4 N,O
CATEGORIES Method Emission . Emission Method |Emission
. Method applied .

applied factor factor applied factor
E. Prescribed burning of savannas
F. Field burning of agricultural residues
G. Liming Tl D
H. Urea application T1 D
I. Other carbon-containing fertilizers
J. Other
4. Land use land-use change and forestry CS,T1,T2 CS,D Cs,T1 CS,D Cs,D,T1 CS,D
A. Forest land T1,T2 CS,D T1 CS,D T1 CS,D
B. Cropland CS,T1 CS,D D,T1 CS
C. Grassland CS,T1,T2 CS,D CS D CS,D,T1 CS,D
D. Wetlands T1,T2 CS.D D,T1 CS
E. Settlements CS,T1,T2 CS,D T1 CS
F. Other land CS,T1,T2 CS,D T1 CS
G. Harvested wood products T1 D
H. Other
5. Waste CS CS CS,T1,T2 CS,D CS,T1,T2 CS,D
A. Solid waste disposal T2 CS
B. Biological treatment of solid waste T1 CS T1 CS
C. Incineration and open burning of waste CS CS CS CS
D. Waste water treatment and discharge T1,T2 CS,D T1,T2 D
E.
6.

Other (as specified in summary 1.A)
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Unspecified mix

HFCs PFCs SFe of HFCs and PFCs NFs
Method |Emission Method Emission | Method | Emission | Method | Emission Method Emission
applied factor applied factor |applied| factor |applied| factor applied factor
2. Industrial processes T2 CS T1,T3 CS T2 CS
A. Mineral industry
B. Chemical industry T2 CS T2 CS
C. Metal industry T2 CS

D. Non-energy products from
fuels and solvent use

E. Electronic industry

F. Product uses as ODS
substitutes

T2

CS

T2

Cs

G. Other product manufacture
and use

T1,T3

Cs

H. Other
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Data sources

The methodology reports provide detailed information on the activity data
used for the inventory. In general, the following primary data sources
supply the annual activity data used in the emissions calculations:

e Fossil fuel data: (1) national energy statistics from the CBS
(Energy Monitor); (2) natural gas and diesel consumption in the
agricultural sector (Wageningen Economic Research (WecR); (3)
(residential) bio fuel data: national renewable energy statistics
from the CBS (Renewable Energy).

e Transport statistics: (1) monthly statistics for traffic and
transport; (2) national renewable energy statistics from the CBS
(Renewable Energy).

e Industrial production statistics: (1) AERs from individual
companies; (2) national statistics; ETS reports as data source
and for QA/QC reasons.

o Confidential data obtained directly from firms: production data
and N,O emission data from the Chemelot plant - because it had
a site permit for the AERs, therefore N,O emission data is not
available on company level.

¢ Consumption/emissions of PFCs and SFg: reported by individual
firms.

o Refrigerant use data from inspection authorities: data about
filling, reusing, dismantling and retrofitting stationary cooling
installations, for calculating HFC emissions from stationary
cooling.

e Anaesthetic gas: data provided by the three suppliers of this gas
in the Netherlands. In case not all suppliers provide their data,
gap-filling is performed on the basis of market shares.

e Spray cans containing N»,O: the Dutch Association of Aerosol
Producers (Nederlandse Aerosol Vereniging, NAV).

¢ Animal numbers and Manure production and handling: CBS/WecR
agricultural database, data from the annual agricultural census
and the I&R system of the RVO.

e Fertiliser statistics and distribution: WecR agricultural statistics
and the INITIATOR model from WenR.

e Forest and wood statistics:

o0 stem volume, annual growth, carbon balance: data from
three National Forest Inventories: HOSP (1988-1992), fifth
National Forest Inventory (NFI-5, 2001-2005) and sixth
National Forest Inventory (NFI-6 2012-2013);

o0 harvest data: wood balance data from the National Forest
Inventories NFI-5 and NFI-6, in combination with FAO harvest
statistics.

e Land use and land use change: based on digitised and digital
topographical maps of 1990 (Kramer and van Dorland, 2009),
2004 (Kramer et al., 2007), 2009 (Kramer and Clement, 2016),
2013 (Kramer and Clement, 2015) and 2017 (Kramer, 2019).

e Soil maps: de Vries et al. (2003) and 2014 update (de Vries et
al., 2014).

e Soil information system: information on soil profiles, soil organic
matter, bulk density (Finke et al., 2001; Kuikman et al., 2003;
de Groot et al., 2005a; Lesschen et al., 2012).
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e Waste production and handling and CH,4 recovery from landfills:
Working Group on Waste Registration (WAR), Rijkswaterstaat
Environment and the CBS.

Many recent statistics are available at Statistics Netherlands’ statistical
website StatLine and in the CBS/PBL/RIVM Environmental Data
Compendium. It should be noted, however, that the units and definitions
used for domestic purposes on those websites occasionally differ from
those used in this report (for instance: temperature-corrected CO-
emissions versus actual emissions in this report; in other cases,
emissions are presented with or without the inclusion of organic CO, and
with or without LULUCF sinks and sources).

KP-LULUCF inventory

Methodologies

The methods used to estimate data on sinks and sources as well as the
units of land subject to Article 3.3 Afforestation/Reforestation (AR) and
Deforestation (D) and Article 3.4 Forest management (FM) are similar to
the methods used for LULUCF. Mostly the same base data are used; only
the aggregation to the KP activities differs from the aggregations to the
UNFCCC LULUCF categories.

The methodology used by the Netherlands to assess emissions from
LULUCEF is based on a wall-to-wall approach for the estimation of area
per category of land use. For the wall-to-wall map overlay approach,
harmonised and validated digital topographical maps dated 1 January
1970, 1990, 2004, 2009, 2013 and 2017 were used (Kramer and van
Dorland, 2009; Kramer et al., 2007; Kramer and Clement, 2016;
Kramer and Clement, 2015; Kramer, 2019; Arets et al., 2021). The
results were national-scale land use and land use change matrices
(1970-1990, 1990-2004, 2004—2009, 2009—-2013 and 2013-2017; see
Arets et al., 2021).

To distinguish between mineral soils and peat soils, overlays were made
with the Dutch Soil Map (de Vries et al., 2004, 2003) and its 2014
update of organic soils (de Vries et al., 2014). The result was a map
with national coverage that identifies for each pixel whether it was
subject to AR, D or FM between 1990 and 2017, whether it is located on
a mineral soil or on an organic soil (peat or peaty) and, if on a mineral
soil, what the aggregated soil type is. Land use changes after 2017 are
extrapolated from the latest land use change matrix. These changes will
be updated once a new land use map becomes available. A future land
use map is anticipated with a map date of 1 January 2021.

Data sources

The base data sources used for calculating emissions and removals for

KP-LULUCF are the same as those used for reporting under the

convention. Like the GHG emissions inventory, it uses:

e Forest and wood statistics:
o stem volume, annual growth, carbon balance: data from

three National Forest Inventories: HOSP (1988-1992), fifth
National Forest Inventory (NFI-5, 2001-2005) and sixth
National Forest Inventory (NFI-6 2012-2013);

Page 46 of 433



1.5
1.5.1

1.5.2

RIVM report 2021-0007

o0 harvest data: wood balance data from the National Forest
Inventories NFI-5 and NFI-6, in combination with FAO harvest
statistics.

e Land use and land use change: based on digitised and digital
topographical maps of 1990 (Kramer and van Dorland, 2009),
2004 (Kramer et al., 2007), 2009 (Kramer and Clement, 2016),
2013 (Kramer and Clement, 2015) and 2017 (Kramer, 2019).

e Soil maps: de Vries et al. (2003) and 2014 update (de Vries et
al., 2014).

¢ Soil information system: information on soil profiles, soil organic
matter and bulk density (Finke et al., 2001; Kuikman et al.,
2003; de Groot et al., 2005; Lesschen et al., 2012).

Brief description of key categories

GHG emissions inventory

The analysis of key categories is performed in accordance with the 2006
IPCC Guidelines. To facilitate the identification of key sources, the
contribution of source categories to emissions per gas is classified
according to the IPCC potential key category list, as presented in volume
1, chapter 4, Table 4.1 of the 2006 IPCC Guidelines.

An extensive overview of the results of the key category analysis is
provided in Annex 1 of this report. Per sector, the key categories are
also listed in the first section of each of Chapters 3 to 9 (in overview
tables). Please note that the Netherlands uses a country-specific
aggregation of sources. The key category analysis is used for the
prioritisation of possible inventory improvement actions.

Compared with the NIR 2019, one source is no longer a key category:
e 3G Liming (C0O2).

The Netherlands includes 4 extra source categories in the Key category
Analysis in 2021 compared to 2020:

e 1A1 Energy industries “all fuels” N20;

e 2A1 Cement production CO2;

e 2B10 Other N20;

e 5D Wastewater treatment CH4;

The IPCC Approach 1 method shows 33 categories for annual level
assessment (emissions in 2019) and 40 categories for the trend
assessment out of a total of 118 source categories. A combination of
Approach 1 and 2 and level and trend assessment, shows a total of 55
key categories (excluding LULUCF) and 59 including LULUCF.

KP-LULUCF inventory

Key Categories included in this NIR are primarily assessed excluding
LULUCEF. This section intends to put the LULUCF sources in perspective
of the Key Category Analysis.

The smallest key category based on the Approach 1 level analysis
including LULUCF, is category 1A4 Liquids (excl 1A4c) (CO2), 573 Gg
CO2 eq. With net emissions of -625 Gg CO, eq, the absolute annual
contribution of Afforestation/Reforestation under the KP-LULUCF in 2019
is larger than the smallest key category. Deforestation under the KP-
LULUCF in 2019 causes a net emission of 1327.3 Gg CO,, which is also
more than the smallest key category. With a net emission of -1028.5 Gg
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CO, eq, the absolute contribution of Forest management is larger than
the smallest key category, too.

General uncertainty evaluation, including data on the overall
uncertainty of the inventory totals

The IPCC Approach 1 methodology for estimating uncertainty in annual
emissions and trends has been applied to the list of potential key
categories (see Annex 1) in order to obtain an estimate of the
uncertainties in annual emissions, as well as in the trends.

The IPCC Approach 2 methodology for estimating uncertainty in annual
emissions has been applied to all of the emission categories in order to
obtain an estimate of the uncertainties in annual emissions (and to
compare this with the Approach 1 methodology).

GHG emissions inventory

Approach 1 uncertainty — propagation of error

The following information sources were used for estimating the
Approach 1 uncertainty in activity data and EFs (Olivier et al., 2009):

e estimates used for reporting uncertainty in GHG emissions in the
Netherlands that were discussed at a national workshop in 1999
(Amstel et al., 2000);

e default uncertainty estimates provided in the 2006 IPCC
Guidelines;

e RIVM fact sheets on calculation methodology and data uncertainty
(RIVM, 1999);

e other information on the quality of data (Boonekamp et al., 2001);

e a comparison with uncertainty ranges reported by other European
countries, which has led to a number of improvements in (and
increased underpinning of) the Netherlands’ assumptions for the
present Approach 1 assessment (Ramirez-Ramirez et al., 2006).

The uncertainty of waste incineration, landfilling and composting, and
digestion is described in a separate report (RWS, 2014).

These data sources were supplemented by expert judgements by RIVM,
PBL, WUR and CBS emissions experts. They prepared, independent from
one another, uncertainty estimates. Their views were discussed to reach
a consensus on the estimates.

This was followed by an estimation of the uncertainty in the emissions in
1990 and 2019 according to the IPCC Approach 1 methodology — for
both annual emissions and the emissions trend for the Netherlands. All
uncertainty figures should be interpreted as corresponding to a
confidence interval of two standard deviations (20), or 95%. In cases
where asymmetric uncertainty ranges were assumed, the larger
percentage was used in the calculation.

The results of the uncertainty calculation according to the IPCC
Approach 1 and 2 are summarised in Annex 2 of this report. The
Approach 1 uncertainties are also indicated in the relevant sections of
Chapters 3—-9.

The Approach 1 calculation of annual uncertainty in CO,-equivalent
emissions results in an overall uncertainty of approximately 3% in 2019,
based on calculated uncertainties of 2%, 9%, 38% and 35% for CO,
(excluding LULUCF), CH4, No-O and F-gases, respectively.
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The uncertainty in CO,-equivalent emissions including emissions from
LULUCF has not been elaborated in this report, but is also calculated to
be 3%.

However, these figures do not include the correlation between source
categories (e.g. cattle numbers for enteric fermentation and animal
manure production), nor a correction for non-reported sources. The
correlation between source categories can be included in an Approach 2
uncertainty assessment.

Approach 2 uncertainty — Monte Carlo analysis

An Approach 2 uncertainty assessment (using Monte Carlo analysis) has
been implemented in the Dutch emissions inventory and results are
used as a comparison with the Approach 1 results.

Most of the uncertainty estimates now incorporated in the Dutch
Inventory database are based on the results of expert elicitations (within
the Task Forces ENINA (Energy/Industry/Waste), Traffic and transport,
Agriculture, and WESP (product use)). For the sectors Agriculture and
Waste, the expert elicitation was combined with a recent Approach 1
uncertainty calculation (Agriculture and Waste). For LULUCF, a sector-
specific Approach 2 uncertainty calculation was already available from
the Task Force.
The expert elicitations were set up following the expert elicitation
guidance in the 2006 IPCC Guidelines (motivating, structuring,
conditioning, encoding and verification). These expert elicitations were
performed to assess the uncertainties of the individual source-specific
activity data and EFs separately (this approach is more detailed than the
uncertainty assessment on the level of the CRF categories).
Correlations between activity data and the EFs of different emissions
sources have been included in the Monte Carlo analysis (as far as
possible). These correlations are included for the following types of data:
e Activity data:

0 The energy statistics are more accurate on an aggregated
level (e.g. for Industry) than on a detailed level (e.g. for the
individual industry sectors separately). This type of
correlation is also used in several Transport sub-sectors (such
as road transport, shipping and aviation).

0 The number of animals in one emissions source is correlated
to the number of the same? animals in another emissions
source. This type of correlation is used where the identifier of
the activity (animal number or inhabitants) has to be equal in
different source/ pollutant combinations.

e Emission factors:

0 The uncertainty of an EF of a fuel from stationary combustion
is assumed to be equal for all of the sources that use the
specific fuel in the stationary combustion sector. This type of
correlation is also used in several Transport subsectors (such
as shipping and aviation).

0 The EFs for the different types of cows (cows for meat
production or dairy cows) are assumed to be correlated. The
same holds for the EFs for ducks and chickens, and for horses
and asses.
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The results of the Approach 2 uncertainty analysis are presented in
Table 1.3.

Table 1.3 Uncertainties (95% confidence ranges) based on the Approach 2
uncertainty assessment (Monte Carlo analysis) for 2019.

CRF CO> CH,4 N>O F-gases Total
category (CO; eq.)
1 3% 35% 30% 3%
2 15% 62% 24% 26% 12%
3 19% 10% 39% 14%
4 35% 35%
5 22% 37% 21%
Total 3% 9% 28% 26% 3%

Results of the uncertainty analyses

The results of the calculated Approach 2 uncertainty analysis are of the
same order of magnitude as the Approach 1 uncertainty assessment for
total CO, equivalents. For methane, nitrous oxide and F-gases, the
uncertainty according to Approach 2 is somewhat lower.

Table 1.4 shows the currently estimated values for the Approach 1 and
Approach 2 analyses.

Table 1.4 Approach 1 and the Approach 2 uncertainty assessment of 2019
emissions (without LULUCF).

Greenhouse Approach 1 Approach 2

gas annual annual
uncertainty uncertainty

CO, 2% 3%

CH,4 9% 9%

N.O 38% 28%

F-gases 35% 26%

Total 3% 3%

Table 1.4 shows that taking into account the correlations between
source categories increases the uncertainty of the national CO,
emissions. For the other gases, the Approach 2 analysis yields lower
uncertainties. The lower uncertainties in the Approach 2 calculations are
also caused by lower initial uncertainties.

Table 1.5 shows the estimates of the trend uncertainties for 1990-2019
calculated according to the IPCC Approach 1.
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Table 1.5 Uncertainty in the emission trend 1990-2019 (without LULUCF).

Greenhouse gas Emission trend Uncertainty in
1990-2019 emissions trend

CO, -5.6% +/- 1%

CH,4 - 45.9% +/- 5%

N>O - 54.9% +/- 6%

F-gases - 75.9% +/- 9%

Total -18% +/- 2%

The result is a trend uncertainty in total CO,-equivalent emissions
(including LULUCF) for 1990—-2019 of +£2%. This means that the trend in
total CO,-equivalent emissions between 1990 and 2019 (excluding
LULUCF), which is calculated to be a 18% decrease, will be between a
16% and a 20% decrease.

More details on the level and trend uncertainty assessment can be found
in Annex 2. In the analyses described above (and in more detail in
Annex 2), only random errors were estimated, on the assumption that
the methodology used for the calculations did not include systematic
errors, which can occur in practice.

An independent verification of emissions levels and emissions trends
using, for example, comparisons with atmospheric concentration
measurements is therefore encouraged by the 2006 IPCC Guidelines
(IPCC, 2006). In the Netherlands, such approaches, funded by the
National Research Programme on Global Air Pollution and Climate
Change (NOP-MLK) or by the Dutch Reduction Programme on Other
Greenhouse Gases (ROB), have been used for several years. The results
of these studies can for instance be found in Berdowski et al. (2001),
Roemer and Tarasova (2002) and Roemer et al. (2003).

Several institutes involved in the Netherlands’ PRTR are currently
involved in the Horizon 2020 projects VERIFY and CoCO2. Progress in
this project is closely followed, with a view to considering linking the
resulting approach to the Netherlands’ inventory system.

Base year (1990) uncertainties

As a result of a recommendation in the 2019 inventory review, Annex 2
also includes an overview of uncertainties in the base year. Because the
Netherlands uses the uncertainties in the current year as an instrument
to set priorities for further inventory improvement, we have paid little
attention in the past to reporting the uncertainties in the base year.
Table 1.6 shows the uncertainties in the base year (Approach 1) based
on expert judgement in 2000 (van Amstel et al., 2000) as well as on the
current, more detailed, methodology (taking into account the specific
uncertainties for all source categories).
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Table 1.6 Assessment of uncertainties in 1990 emissions (without LULUCF).

Greenhouse gas Approach 1 Approach 1
2000 methodology | 2020 methodology

CO, 3% 3%

CH,4 17% 21%

N,O 34% 70%

HFC/SFe 41%

PFC 100% 70%

F-gases 100% 70%

Total 4.4% 4.3%

KP-LULUCF inventory

The uncertainty analysis uses Monte Carlo simulations to combine
different types of uncertainties and correctly represent the uncertainties
in the land use matrix (see chapter 14 in Arets et al. (2021) for details).
The analysis combines uncertainty estimates of forest statistics, land
use and land use change data (topographical data) and the method used
to calculate the yearly growth in carbon increase and removals.

The uncertainty analysis is performed for Forest Land and is based on
the same data and calculations used for the KP Article 3.3 categories
and Article 3.4 Forest Management. Thus, the uncertainty for total net
emissions from units of land under Article 3.3 Afforestation/
Reforestation are estimated at +10% to -12%, which is equal to the
uncertainty in Land converted to Forest Land.

Similarly, the uncertainty for total net removals from units of land under
Article 3.4 Forest Management is estimated at +26% to -21%, which
equals the uncertainty of Forest Land remaining Forest Land (see
Section 6.4.3).

General assessment of completeness
GHG emissions inventory
DNV GL (2020) has been commisoned by the NIE to investigate the
completeness of the Netherlands Greenhouse Gas Inventory. As a result,
the conclusions from the former assessment of completeness still stand.
The Netherlands’ GHG inventory includes almost all sources that,
according to the 2006 IPCC Guidelines, should be included in the
inventory. The following very minor sources are not included:
e CO, from Asphalt roofing (2D3), due to missing activity data;
e CO, from Road paving (2D3), due to missing activity data;
e CH, from Enteric fermentation of poultry (3A4), due to missing
emission factors;
e N,O from Industrial wastewater (5D2) and septic tanks, due to
negligible amounts;
e part of CH, from Industrial wastewater (5D2 sludge), due to
negligible amounts.

A number of recommendations by DNV GL, related to the 2019
refinement of the IPCC Guidelines, will be further explored and
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implemented once these guidelines become mandatory for calculating
greenhouse gas emissions.

Annex 6 presents the assessment of completeness and sources,
potential sources and sinks for this submission of the NIR 2021 and the
CRF tables.

KP-LULUCF inventory

The inventory for KP-LULUCF in general is complete. Changes in carbon
stocks are reported for all significant pools for Afforestation,
Reforestation (AR), Deforestation (D) and Forest Management (FM).

In the Netherlands, the conversion of non-forest to forest (AR) involves
a build-up of carbon in litter. However, because good data are lacking to
quantify this sink, we report the accumulation of carbon in litter for AR
conservatively as ‘not a source’ (notation key NR in CRF Table NIR 1)
and as ‘not estimated’ (NE) in the CRF Tables 4(KP-1)A.1 and 4(KP-
DHB.1.

Because no other land use category includes carbon in dead wood, the
conversion of non-forest to forest involves a build-up of carbon in dead
wood. But as it is unlikely that much dead wood will accumulate in a
forest of very young trees, the accumulation of carbon in dead wood in
AR plots is a very small sink. We therefore report this carbon sink during
the first 20 years conservatively as zero. Once forest becomes older
(>20 years), changes in carbon stocks in dead wood are estimated in
the same way as is done for Forest land remaining forest land under the
Convention.

Fertilisation in Re/afforested areas and areas under Forest management
does not occur in the Netherlands, so is reported as ‘NO’ (not occurring).
Fertilisation on Grassland and cropland is included in the Agriculture
sector.
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Trends in GHG emissions

Emissions trends for aggregated GHG emissions

This chapter summarises the trends in GHG emissions over the period
1990-2019 by GHG and by sector. More sectoral details are provided in
chapters 3—8. In 2019, total GHG emissions (including indirect CO,
emissions and excluding emissions from LULUCF) in the Netherlands
were estimated at 180.7 Tg CO, eq. This is 18% lower than the 220.5
Tg CO; eqg. reported for the base year (1990).

Figure 2.1 shows the trends and contributions of the different gases to
the aggregated national GHG emissions. In the period 1990-2019,
emissions of carbon dioxide (CO,) decreased by 5.6% (excluding
LULUCF). Emissions of non-CO, GHGs methane (CH,), nitrous oxide
(N20) and F-gases decreased by 45.9%, 54.9% and 75.9%,
respectively.

Tg CO_eq
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z D F-gases

z

: [ No
200 B CH4

Bl co, (excl. LULUCF)
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100 -
50

o —
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Figure 2.1 Greenhouse gases: emission levels and trend (excl. LULUCF),
1990-2019.

Emissions from LULUCF-related sources decreased over the period
1990-2019 by 25.5%. Total GHG emissions in the Netherlands for the
year 2019 (including LULUCF) were 185.3 Tg CO, eq.

Figure 2.2. shows the index of economic development (GDP) since 1990,
compared with the development in GHG emissions over the period
1990-2019. The economy increased by more than 80%; total GHG
emissions decreased in the same period by 18%. The trend in total GHG
emissions was largely determined by the emission reductions achieved
in non-CO, gases (53% reduction in 2019 compared with 1990; CO,
emissions were reduced over the same period by 5.6%).

The following sections will provide more details of the trend
developments in the individual GHGs over the period 1990-2019.
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trend GDP vs greenhouse gases 1990-2019

Index [1990=100)
=

growth over the period 1990-2019.

Energy consumption — most important source of greenhousegas
emissions

About 83% of total GHG emissions in the Netherlands are related to
sector 1, Energy. Figure 2.3 shows both the division of energy demand
between specific sectors and the energy supply divided between energy
sources (in PJ NCV per year). The upper part of Figure 2.3 shows that
primary energy consumption in the period 1990-2019 increased by
about 6.7%. However, energy demand decreased over the last couple of
years. In 2019, primary energy demand decreased by c. 1.6%
compared with 2018.

Final energy consumption slightly decreased between 2018 and 2019 to
1,855 PJ (compared to 1,882 in 2018); in 2019 it was 3.7% above 1990
levels. Most energy is consumed in the built environment, followed by
industry and transport.

The effect of the economic crisis in 2008 is most clearly visible in the
industrial sector. The energy consumption of industry has not returned
to the pre-2008 level. In 2019 it is at about the same level as in 2009.

Year-on-year dips and jumps in energy demand can largely be explained
by weather conditions. Natural gas is the main source of energy used in
the Netherlands for space heating. Figure 2.3 shows that the winters of
1996 and 2010 were relatively cold, whereas the winter of 2014 was
relatively warm.
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Energy demand
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Figure 2.3 Overview of energy supply and energy demand in the Netherlands,
1990—2019 (‘Electricity’ refers to imported electricity only).

Energy mix

The lower part of Figure 2.3 shows the energy mix. Natural gas (44%)
and oil (36%) are the most important energy sources in the
Netherlands. The amount of coal used is decreasing; in 2019 by about
22% compared to 2018. This is a result of the energy policy (Energy
Agreement) in the Netherlands, leading to a closure of old coal-fired
powerplants. The total amount of coal used in the Netherlands in 2019
decreased by c. 42% compared to 2016. In 2016 and 2017, there was a
shift from coal to natural gas for electricity production. In 2018, the
lower use of coal was compensated by an increase in electricity
importation (29 PJ, or 7% of total electricity consumption; CBS, 2019);
and by an increase in energy from renewables and waste. In 2019, due
to market circumstances, electricity importation decreased by c. 89%
compared to 2018 (to 3 PJ), whereas there was an increase in the use of
natural gas (c. 4%).
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Figure 2.3 shows that also the amount of energy from renewables and
waste in the Netherlands is increasing (an increase of c. 14% in 2019
compared to 2018). Figure 2.4 shows the mix of renewable energy
sources in the Netherlands and the trend. Renewables accounted for 181
PJ in 2019 (8.7% of total energy use in the Netherlands).

Eindverbruik hernieuwbare energie naar bron

% van totaal energieverbruik

10 .
Waterkracht, zonne-energie,

aardwarmte, bodemenergie
en buitenluchtwarmte

Windenergie
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o
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CBS/sepao
Bron: CBS www.clo.nl/nlo38536

Figure 2.4 Development of renewable energy as a percentage of total energy
demand in the Netherlands, 1990—-2019 (CLO, 2020)2.

Energy efficiency

The efficiency for final energy consumption, as measured by the so-
called technical ODEX has improved by around 1.8% per year since
200032. Smaller than average gains have been registered in transport
(0.3% per year including international aviation) and services (1.3% per
year). Larger gains of 2.8% per year occurred in the residential sector
and in industry, where efficiency improved by 2.4% per year. The
slowdown of efficiency improvements from 2008 until 2015 in industry
may have been due to lower investments in new equipment since the
crisis. A speed-up in efficiency in industry is visible after 2015.

Emissions trends by gas

Carbon dioxide

Figure 2.5 shows the contribution of the most important sectors to the
trend in total national CO, emissions (excluding LULUCF). In the period
1990-2019, national CO, emissions decreased by 5.6% (from 162.7 Tg
CO, eq. to 153.6 Tg CO, eq.).

In 2019, total CO, emissions decreased by about 3.7% compared with
2018 (-5.9 Tg CO; eq.). The main reasons for the decrease were:
e reduction in coal combustion for Electricity and heat production
(1Ala), compensated by an increase in gas consumption and
energy from renewables and waste;

2

https://www.clo.nl/en/indicators/en0385-renewable-energy-use (consulted 26 January 2021).
3 https://www.odyssee-mure.eu/publications/efficiency-trends-policies-profiles/netherlands.html (consulted 03
March 2020)
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e total energy use decreased (for the second year in row), by
about 1.6% compared with 2018.
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Figure 2.5 CO, trend and emissions levels of sectors (excl. LULUCF), 1990—-2019.

Energy industries (1A1)

The Energy sector (Energy industries, Category 1A1) is the largest
contributor to total CO, emissions in the Netherlands (36.9%). Figure
2.6 shows the emissions trend in category 1A1 between 1990 and 2019.
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Il A2 Public electricity and
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Figure 2.6 1A1 Energy industries — trend in total GHG emission by sub-category,
1990-2019.

The Dutch electricity sector (1Ala) has a few notable features: it has a
large share of coal-fired power stations and a large proportion of gas-
fired cogeneration plants, many of the latter being operated as joint
ventures with industries. The increase in electric power production
corresponds to a substantial increase in CO, emissions from fossil fuel
combustion by power plants, though over the last couple of years there
is a substantial reduction (less coal combustion).

Over the years there has been a fluctuation in CO, emissions in 1Ala
due to market circumstances. Influencing factors have been:
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e In some years the import of electricity was higher (e.g. 1999—
2008, 2012—2014) than in other years;

e an increase in natural gas combustion due to a change in the
ownership structure of plants (which resulted in a substantial
shift of natural gas combustion allocation from 1A2 to 1A1a) in
1990-1998;

e new, large coal-fired power plants in 2015 and 2016, resulting in
a shift from natural gas to coal;

e closure of old coal-fired power plants in 2015-2017, resulting in a
decrease in coal consumption (and a shift to natural gas and
renewables & waste).

There are five large refineries in the Netherlands, which export
approximately 50% of their products to the European market. As a
consequence, the Dutch petrochemical industry (category 1A1b) is
relatively large. Between 1990 and 2019, total CO, emissions from the
refineries (including fugitive CO, emissions from hydrogen production
reported in 1B2a-iv Refining) fluctuated between 10 and 13 Tg CO..
CO, emissions from this source sub-category increased from 2008
onwards, mainly due to the operation of less productive sites for oil and
gas production, compared with those operated in the past. This fact
explains the steady increase over time shown by this category with
respect to gas consumption. Between 2014 and 2019, the production of
natural gas was reduced by more than 50%, which also resulted in a
decrease in the amount of natural gas combusted in this sector.

Manufacturing Industries (1A2)
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Figure 2.7 1A2 Manufacturing industries and construction — trend and emissions
levels of source categories, 1990—2019.

Manufacturing industries consists of 7 sub-categories. As Figure 2.7
shows, category 1A2c Chemicals is the most important one. CO,
emissions from this sub-category have decreased since 1990. A shift in
the ownership of cogeneration plants in category 1A2c to joint ventures
in the 1990s, has led to a reallocation of emissions to energy industries
(category 1A1).

Figure 2.7 clearly shows the effect of the economic crisis in 2008.
Besides the effects indicated above in 1A2c, emissions in the category
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1A2 generally follow production in the manufacturing industries: over
2016 and 2017, emissions tended to increase because of positive
economic development. In 2018 and 2019 there was a decrease,
especially in category 1A2c (chemicals) as a result of less natural and
residual gas combustion.

Road transport (1A3)

GHG emissions from road transport steadily increased between 1990
and 2006; see Figure 2.8. The increase was more or less in line with the
increase in road transport volumes.

Emissions
Tg CO_eq

40 2
3 D 1A3d Waterborne navigation
:

35 3 [ ] 1A3c Railways

30 D 1A3b Road transport, other

[ 1A3b Road transport, diesel

%5 I 'A3b Road transport, gasoline

20 Il 'A3a Civil aviation

15

10

5

0
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Figure 2.8 1A3 Transport — emissions levels of source categories, 1990—2019.

Between 2006 and 2008, emissions stabilised due to an increase in the
use of biofuels in road transport*.

Between 2011 and 2014, CO, emissions decreased by 13%. This can
largely be attributed to an increase in cross-border refuelling resulting
from an increasing difference in fuel prices between the Netherlands and
Belgium/Germany (Geilenkirchen et al., 2021). Since 2014 GHG
emissions have increased again by c. 1% per year. In 2019, GHG
emissions from transport were 1.6% lower than in 2018, caused by a
decrease in transport volumes.

Other sectors (1A4)
The principal developments in Other sectors (1A4) are:

e Substantial interannual fluctuations in emissions, as a result of
fluctuations in temperature, as clearly shown in Figure 2.9. More
natural gas is used during cold winters (e.g. 1996 and 2010) and
less in warm winters (e.g. 2014).

¢ In the residential category (1A4b), CO, emissions have
decreased since 1990, while the number of households has
increased. This is mainly due to the improved insulation of

4 €02 emissions from biofuels are reported separately in the inventory and are not part of the national
emissions totals
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dwellings and the increased use of high-efficiency boilers for
central heating.

More information is provided in Section 3.2.7.
TgCo,

1A4b Residential CH
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s s
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1A4a Commercial/
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fisheries -‘:02

30 1A4b Residential CO2

20
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Figure 2.9 1A4 (Other sectors) — trend and emissions levels of source sub-
categories, 1990-2019.

Methane

Figure 2.10 shows the contribution of the most relevant sectors to the
trend in total CH, emissions. National CH, emissions decreased by
45.9%, from 31.8 Tg in to 17.2 Tg CO, eq., between 1990 and 2019.
The Agriculture and Waste sectors (69.5% and 15.8%o, respectively)
were the largest contributors in 2019.

Compared with 2018, national CH,; emissions decreased by about 0.7%
in 2019 (-0.1 Tg CO; eq.). CH4 emissions mainly decreased in category
3A1 (Enteric fermentation) and category 5A1(Solid waste disposal on
land). The 1990—-2019 trend shows a relatively strong reduction in CH,
emissions between 1990 and 2005 (especially in category 5 Waste).
After 2005, emissions were further reduced, but at a slower pace.

Tg Cozeq
35 ¢ [ ] 2 Industrial processes
§ and product use
30 B
= [ ] 1 Energy
25 - 5 Waste

3 Agriculture
20

1990 1995 2000 2005 2010 2015 2020
Figure 2.10 CH, — trend and emissions levels of sectors, 1990-2019.
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Emissions from the Waste sector decreased by 80.6% between 1990
and 2019 (from 14.0 Tg CO, eq. in 1990 to 2.7 Tg CO, eq.), mainly due
to an 82.7% reduction in CH, from Landfills (6A1). The main reductions
in 5A1 were achieved between 1990 and 2005 (-57.4%). Between 2018
and 2019, CH,4 emissions from landfills decreased by 4.7%.
Decreased methane emissions from landfills since 1990 are the result of:
e increased recycling of waste;
e a considerable reduction in the amount of municipal solid waste
(MSW) disposal at landfills;
e a decrease in the organic waste fraction in the waste disposed;
¢ increased methane recovery from landfills (from 4% in 1990 to
13% in 2019).

CH, emissions from Agriculture (categories 3A and 3B) reduced by
18.5% overall between 1990 and 2019. After an initial decrease of
23.2% between 1990 and 2005, emissions increased again (slightly) in
the following period. In the past few years (2017 — 2019), CH,4 emissions
from enteric fermentation and manure management decreased again.
The trend in emissions is mainly explained by the change in the number
of mature dairy cattle. The number of dairy cattle has decreased since
the 1990s (and milk production per cow has increased). Over the period
2009-2015 the number of cows has increased, due to the fact that the
European Commission slightly raised the milk quota, anticipating the
cancellation of the milk quota in 2015. Over the past few years, the
number of cows decreased again.

Nitrous oxide

Figure 2.11 shows the contribution of the most relevant sectors to the
trend in national total N,O emissions. The total national inventory of N,O
emissions decreased by about 54.9%, from 17.5 Tg CO, eq. in 1990 to
7.9 Tg CO, eq. in 2019.

The IPPU sector contributed the most to this decrease; N,O emissions
decreased by 80.3% compared with the base year. This is a result of a
change in the process of nitric acid production (2B2), leading to a
substantive emission reduction in this source category (from 5.4 Gg CO,
eg. in 2005 to 0.3 Gg CO, eq. in 2010).

Tg COzeq
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D 5 Waste
|:| 1 Energy
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- 3 Agriculture
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15
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Figure 2.11 N,O — trend and emissions levels of sectors, 1990-2019.
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Compared with 2018, total N,O emissions decreased by 1.4% in 2019
(-0.1 Tg CO; eq.) This was mainly due to a decrease in emissions in
category 3DA (Direct N,O emissions from agricultural soils) -0.14 Tg CO,

eq.).

In 2019 agricultural soils were responsible for 25.7% of total GHG
emissions in the Agriculture sector. As Figure 2.11 shows, total N,O
emissions from agricultural soils decreased by 44.8% between 1990 and
2019 (Table 5.8). In 2019, N,O emissions from grazing decreased by
about 2.9% compared to 2018. Emissions from both organic and
inorganic N fertilizers decreased by 6.0% respectively 2.9% in 2019
compared to 2018, due to a decrease in application. Emissions from
crop residues in 2019 were similar to those of 2018.

The decrease in total N,O emissions from 1990 was caused by a
relatively large decrease in N input into soil (from inorganic fertilizer and
organic N fertilizer application and production of animal manure on
pasture during grazing; Figure 5.6). This was partly counteracted by a
shift from applying manure on top of the soil (surface spreading)
towards incorporating manure into the soil, initiated by the Dutch
ammonia policy. Incorporating manure into the soil reduces emissions of
ammonia but increases direct emissions of N,O.However, indirect N,O
emissions are lower because of reduced atmospheric deposition of NH3
and NOy, resulting from EU policies on air pollution (specifically the
NECD Directive (2016/2284/EU)) and the Gothenburg Protocol under the
UNECE Convention on Long Range Transboundary Air Pollution (LRTAP).

Fluorinated gases

Figure 2.12 shows the trend in F-gas emissions included in the National
GHG Emissions Inventory. Total emissions of F-gases have decreased by
75.9% from 8.5 Tg CO eq. in 1990 to 2.0 Tg CO, eq. in 2019. Emissions
of hydrofluorocarbons (HFCs) and perfluorocarbons (PFCs) have
decreased by 67.7% and 95.6%, respectively, during the same period,
while sulphur hexafluoride (SFg) emissions have decreased by 46.2%.

It should be noted that, due to the fact that there is no separate
registration of NF; in the Netherlands, emissions of NF; are included in
PFC emissions.

Emissions of HFC-23 increased by approximately 35% in the period
1995-1998, due to increased production of HCFC-22. In the period
1998-2001, however, emissions of HFC-23 decreased by 69% following
the installation of a thermal converter (TC) at the plant. The improved
removal efficiency of the TC (kg HFC-23 processed in TC/kg HFC-23 in
untreated flow/year) was the primary factor and a decrease in
production levels the secondary factor influencing the variation in
emissions during the 2000—2008 period.
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Figure 2.12 Fluorinated gases — trend and emissions levels of individual F-gases,
1990-2019.

Primarily as a result of the economic recovery since the economic crisis
of 2008, the production level of HCFC-22 was substantially higher in
2010, resulting in higher HFC-23 emissions in 2010, compared with
2009. After 2010 the emission fluctuations were mainly caused by
fluctuations in the handling activities, which depend on market
circumstances.

From 2003 onwards, the level of PFC emissions from Aluminium
production (2C3) decreased sharply because reduction measures (side
feed to point feed) were taken (see Figure 2.12). From then on, emission
levels depended mainly on the number of anode effects, rather than on
production level. Closure of 2 companies resulted in a decrease of
emissions in 2013/2014. The restart under the name Klesch Aluminium
Delfzijl at the end of 2014 resulted in increases in PFC emissions in 2015
and 2016.

There is a substantial increase since 1990 of HFC consumption as a
substitute for (H)CFC use (2F). In 2019, this category accounted for
0.8% of national total emission of GHG emissions (1.4 Tg CO eq.).

Between 2018 and 2019 aggregated emissions of F-gases increased
overall by 5.1%. HFC emissions increased by 9.5%; PFC and SFg
emissions decreased by 28% and 10.1%, respectively, between 2018
and 2019. The increase in HFC emissions was mainly a result of
emissions in category 2B9 (Fluorochemical production). The emissions in
this category (especially in sub-category 2B9b3 Handling activities)
fluctuated significantly during the period 1992—-2019. This can be
explained by the large fluctuations in handling activities, which depend
on market circumstances. Please note that, though the relative changes
are substantial, the absolute changes are small.
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2.2.5 Uncertainty in emissions specified by greenhouse gas
The uncertainty in the trend of CO,-equivalent emissions of the six
GHGs together is approximately 2%, based on IPCC Approach 1 Trend
Uncertainty Assessment (see Section 1.6 and Annex 2).
For each individual gas, the trend uncertainty in total emissions of CO,,
CHg4, N,O and the sum of the F-gases is estimated to be 1%, +5%,
+6% and *+9%, respectively.

The uncertainty estimates in annual emissions for CO,, CH, and N,O
are +2%, +9% and *+38%, respectively, and for HFCs, PFCs and SFg
+35% (see Section 1.7 and Annex 2). For all GHG emissions together,
the estimated uncertainty is 3%.

2.3 Emissions trends by source category
Figure 2.13 provides an overview of emissions trends for each IPCC
sector in Tg CO, equivalents.

The Energy sector is, as expected, by far the largest contributor to total
GHG emissions in the national inventory (contributing 71.9% in the base
year and 83% in 2019). The emissions of the Energy sector decreased
by 5.4% in the period 1990-2019.

Total GHG emissions of all other sectors (IPPU, Agriculture, LULUCF and
Waste) decreased, by 56%, 28%, 25.5% and 79.6%, respectively, in
2019 compared with the base year. Trends in emissions by sector
category are described in more detail in Chapters 3—8. The trends per
gas were given in Section 2.2.
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Figure 2.13 Aggregated GHGs — trend and emissions levels of sectors (excl.
LULUCF), 1990-2019.

2.3.1 Uncertainty in emissions by sector
The uncertainty estimates in annual CO,-equivalent emissions of IPCC
sectors Energy (1), IPPU (2), Agriculture (3) and Waste (5) are about
+2%, £10%, +19% and *=20%, respectively; for the LULUCF sector (4)
the uncertainty is estimated at +35%.
The uncertainty in the trend of CO,-equivalent emissions per sector is
calculated for sector 1 (Energy) at 2% in the 2% decrease, for sector 2

Page 66 of 433



2.4

RIVM report 2021-0007

(IPPU) at +£6% in the 51% decrease, for sector 3 (Agriculture) at 7%
in the 27% decrease and for sector 5 (Waste) at +1% in the 79%
decrease.

Emissions trends for indirect greenhouse gases and SO,

Figure 2.14 shows the trends in total emissions of carbon monoxide
(CO), nitrogen oxides (NO,), non-methane volatile organic compounds
(NMVOC) and sulphur dioxide (SO,), which reduced by 45.5%, 64.0%,
60.9% and 88.4%, respectively, in 2019 compared with 1990 levels.
With the exception of NMVOC, most of the emissions stem from fuel
combustion.

The emissions data for the years 1991-1994 and 1996-1998 are of
lower quality. Because of problems (incomplete reporting) identified with
annual environmental reports, emissions of indirect GHGs and SO, from
industrial sources have not been verified for those years.

The uncertainty in the EFs for NO,, CO and NMVOC from fuel combustion
is estimated to be in the range 10-50%. The uncertainty in the EFs of
SO, from fuel combustion (basically the sulphur content of the fuels) is
estimated to be 5%. For most compounds, the uncertainty in the activity
data is relatively small compared with the uncertainty in the EFs.
Therefore, the uncertainty in the overall total of sources included in the
inventory is estimated to be in the order of 25% for CO, 17% for NOy,
20% for SO, and 54% for NMVOC.
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Figure 2.14 Emissions levels and trends of NO,, CO, NMVOC and SO,, 1990-2019
(Go)
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Energy (CRF sector 1)

Overview of sector

Energy supply and energy demand

The energy system in the Netherlands is largely driven by the combustion
of fossil fuels (Figure 3.1). Natural gas is used the most, followed by liquid
fuels and solid fuels. The contribution of non-fossil fuels, including
renewables and waste streams, is small.

Part of the supply of fossil fuels is not used for energy purposes, but it is
used as feed stocks in the (petro-)chemical or fertiliser industries.
Emissions from fuel combustion are consistent with national energy
statistics.
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Figure 3.1 Overview of energy supply and energy demand in the Netherlands,
1990—2019 (‘Electricity’ refers to imported electricity only).

Trends in fossil fuel use and fuel mix

Natural gas represents a very large share of national energy consumption
in all non-transport subsectors: Power generation, Industrial processes
and Other (mainly for space heating). Oil products are primarily used in
transport, refineries and the petrochemical industry, while the use of coal
is limited to power generation and steel production.

In the 1990—-2019 period, total fossil fuel combustion increased by
0.2%, due to a 5% increase in liquid fuel consumption, a 4% increase in
gaseous fuel consumption and a 27% decrease in solid fuel
consumption.

Total fossil fuel consumption for combustion decreased by about 2.5%
between 2018 and 2019, due to a decrease of 22.3% for solid fuel
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combustion, a 4.2% decrease in liquid fuel combustion and a 4.3%
increase in gaseous fuel combustion.

Note that solid fuel consumption showed an increase in 2014 and 2015,
caused by the new coal-fired power plants. The decrease in solid fuel
consumption between 2016—2019 was due to the closure of three old
coal-fired power plants in these years.

The winter temperature has a large influence on gas consumption,
because natural gas is used for space heating in most buildings in the
Netherlands. The years 1996 and 2010 both had a cold winter compared
with the other years. This caused an increase in the use of gaseous fuel
for space heating in these years compared with other years. The year
2014 had a warm winter compared with other years. This caused a
decrease in the use of gaseous fuel for space heating in that year.

3.1.3 GHG emissions from the Energy sector
Table 3.1 shows the emissions in the main categories in the Energy
sector. The Energy sector is the prime sector in the Dutch GHG
emissions inventory and is responsible for more than 95% of the total
CO, emissions in the country, resulting from primarily combustion and a
relatively limited amount of fugitive emissions.
Table 3.1 Overview of emissions in the Energy sector in the base year and the last
two years of the inventory (in Tg CO, eq.).
2 0
0 Q )
(o)) 0 c -
o & 00O >
= 0 N o 0 ) F=Oe
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\ O] Y o ©) o > 0 = 0
N = « « o T =
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total total CO2
Emissions in Tg CO2 eq % sector gas eq
1 Energy Cco2 155.4 152.7 147.1| -5.3%| 98.1% 93.1% 79.4%
CH4 2.8 2.1 2.2 -23.1% 1.5% 12.7% 1.2%
N20 0.3 0.6 0.7 96.9% 0.5% 8.5% 0.4%
all 158.6 155.5 150.0| -5.4%(100.0% 81.0%
1A Fuel co2 154.5 151.6 146.1| -5.5%| 97.4% 92.4% 78.8%
combustion CH4 0.9 1.6 1.7] 91.6% 1.2% 10.0% 0.9%
N20 0.3 0.6 0.7 96.9% 0.5% 8.5% 0.4%
all 155.7 153.9 148.5| -4.7%| 99.0% 80.1%
1B Fugitive Cco2 0.9 1.1 1.1 19.9% 0.7% 0.7% 0.6%
emissions CH4 1.9 0.5 0.5 -76.3% 0.3% 2.7% 0.2%
all 2.8 1.6 1.5]| -46.2% 1.0% 0.8%
Total national CcOo2 162.7 159.5 153.6| -5.6%
emissions CH4 31.8 17.3 17.2| -45.9%
(excl LULUCF) N20 17.5 8.0 7.9] -54.9%
total” 220.5 186.8  180.7| -18.0%
* including F-gases

The Energy sector includes:

use of fuels in stationary and mobile applications;

conversion of primary energy sources into more usable energy
forms in refineries and power plants;

Page 71 of 433




3.1.4

3.2

RIVM report 2021-0007

e exploration and exploitation of primary energy sources;
o distribution of fuels.

Overview of shares and trends in emissions

Figure 3.2 show the contributions of the source categories and emissions
trends in the Energy sector. Most of the CO, emissions from fuel
combustion stem from the combustion of natural gas. followed by liquid
fuels and solid fuels. CH, and N,O emissions from fuel combustion
contribute less than 2% to total emissions from this sector.
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Figure 3.2 Sector 1 Energy — trend and emissions levels of total greenhouse
gas emissions per source category, 1990-2019

Fuel combustion (1A)

Table 3.2 presents the source categories under category 1A in the
Energy sector. Aggregated emissions by fuel type and category are used
for the categorisation of key categories in 1A1, 1A2, 1A3 and 1A4. This
is in line with the IPCC Guidelines (see volume 1, Table 4.1 in IPCC,
2006).
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Table 3.2 Overview of emissions in the Fuel combustion sector (1A) in the base
year and the last two years of the inventory (in Tg CO, eq.).

2019
VS Contribution to total in
Sector/category Gas Key 1990 2018 2019 1990 2019 (20) by
total total CO,
Emissions in Tg CO, eq %0 sector gas eq

1A Fuel

combustion CO, 154.5 151.6 146.1| -5.5%(97.4% 95.1% 80.8%
CH, 0.9 1.6 1.7] 91.6%| 1.2% 10.0% 1.0%
N,O 0.3 0.6 0.7]| 96.9%| 0.5% 0.0% 0.4%
All 155.7 153.9 148.5| -4.7%(99.0% 105.1% 82.1%

1A1 Energy

Industries CO, 53.1 59.5 56.6 6.6% | 37.8% 36.9% 31.3%
CH; non key 0.1 0.1 0.1| 77.1%| 0.1% 0.7% 0.1%
N,O LT 0.1 0.3 0.31119.9%| 0.2% 0.0% 0.2%
All 53.4 59.9 57.1 7.0% | 38.1% 31.6%

1A2 CO, L,T 34.4 27.8 26.8| -22.2%(17.9% 17.4% 14.8%

Manufacturing

industries and

construction CH; non key 0.1 0.1 0.1] -7.4%| 0.0% 0.4% 0.0%
N,O non key 0.0 0.0 0.0] 20.5%| 0.0% 0.0% 0.0%
All 34.5 27.9 26.9| -22.1%| 17.9% 14.9%

1A3. Transport CO, 27.7 31.2 30.7| 10.7%]| 20.5% 20.0% 17.0%
CH, 0.2 0.1 0.1] -65.8% | 0.0% 0.4% 0.0%
N>O 0.1 0.3 0.3]143.6%| 0.2% 0.0% 0.1%
All 28.0 31.5 31.0( 10.7%| 20.7% 17.2%

1A4. Other

sectors CO, 38.9 33.0 31.8| -18.2% | 21.2% 20.7% 17.6%
CH, 0.6 1.4 1.5|159.4% | 1.0% 8.6% 0.8%
N,O non key 0.0 0.1 0.1 2.1%| 0.0% 0.0% 0.0%
All 39.5 34.5 33.3| -15.6% | 22.2% 18.4%

1A5 Other CO, non key 0.3 0.2 0.2] -49.3%| 0.1% 0.1% 0.1%
CH; non key 0.0 0.0 0.0| -55.5% | 0.0% 0.0% 0.0%
N,O non key 0.0 0.0 0.0]| -54.9% | 0.0% 0.0% 0.0%
All 0.3 0.2 0.2] -49.4%| 0.1% 0.1%

3.2.1 Comparison of the Sectoral Approach with the Reference Approach

Emissions from fuel combustion are generally estimated by multiplying
fuel quantities combusted through specific energy processes by fuel-
specific emission factors (EFs) and, in the case of non-CO, GHGs, source
category-dependent EFs. This Sectoral Approach (SA) is based on actual
fuel demand statistics. The IPCC Guidelines also require — as a quality
control activity — the estimation of CO, emissions from fuel combustion

on th