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Preface

National Inventory Report, Icelarz22

The United Nations Framework Convention on Climate Change (UNFCCC) and the Kyoto Protocol to
the Convention requires the parties to develop andttomit annually to the UNFCCC national
inventories of anthropogenic emissions by sources and removals by sinks of all greenhouse gases not
controlled by the Montreal Protocol.

To comply with this requirement, Iceland has prepared a National Inventory R@H&) for the

years 1992020. The NIR together with the associated Common Reporting Format tables (CRF) and

GKS {dFyRIFENR 9fSOGNRYAO F2NXIG 0{9C0 A& LOSt I YRC
Convention, and under its bilateral agreemevith the EU regarding the second commitment period

of the Kyoto Protocol.

The NIR is written by the Environment Agency of Iceland (E#hverfisstofnun), the Saill
Conservation Service of Iceland (SSindgreedslan) and the Icelandic Forest Servi& (IF
Skogreektin). The EA is responsible for all chapters apart from those concerniAddegrichnedse
Change and Forestry (LULUCF antlBIRUCF), which are written by the Soil Conservation Service
and the Icelandic Forest Service, with major contributioypshe Agricultural University of Iceland
(AUI¢ Landblnadarhaskoli islands). Jén Gudmundsson from the Agricultural University is
acknowledged for his extensive contribution to the LULUCF chapters.

This NIR, together with the associated CRF tables an& k&vhplates, is submitted in accordance

with Art. 7.1 of the Monitoring Mechanism Regulation (MMR, Regulation No 525/2013) and relevant
articles and annexes in the implementing Regulation No 749/284 4tipulated by the transitional
provisionsstated in Art. 58 of Regulation (EU) 2018/1999 on the Governance of the Energy Union
and Climate Action.

Environment Agency of Iceland, Reykja®#04.2022

Note: This report was resubmitted to the UNFCBGetember2022 as requested by the UNFCCC
Expert Review Team during the UNF@®€ntory review. Changes were made to chafpteb.3
Table 12.4and chapter 15and correspond to Icela@dsubmission 2022y
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Global Warming Potentials (GWP) of Greenhouse Gases

Greenhouse gas

Chemical formula

2006 IPCC GWP

Carbondioxide CQ 1
Methane CH 25
Nitrous oxide N>O 298
Sulphur hexafluoride Sk 22,800
Perfluorocarbons (PFCs):
Tetrafluoromethane (PFC 14) Ch 7,390
Hexafluoroethane (PFC 116) Ghs 12,200
Octafluoropropane (PFC 218) GhRs 8,830
Hydrofluorocarbons (HFCs):
HFE23 CHE 14,800
HFG32 ChR 675
HFC125 GHF 3,500
HFCG134a GH:F4 (CHFCE) 1,430
HFCGl43a GHsF; (CRCH) 4,470
HFG152a GH4F (CHCHE) 124
HFG227ea GHF 3,220

Source: Table 2.14 of tlh@urth Assessment report (ARWGI), 106yr time horizon.

Definitions of Prefixes and Symbols Used in the Inventory

Prefix Symbol Power of 10
kilo- k 108
mega M 106
giga G 10°
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Executive Summary

ES.1 Background

The 1992 United Nations Framework Convention on Climate Change (UNFCCC) and the Kyoto
Protocol requires that the Parties report annually on their greenhouse gas (GHG) emissions by
sources and removals by sinks. In response to these requirements, Icelapdepared the present
National Inventory Report (NIR). This NIR together with the associated Common Reporting Format
(CRF) tables and Monitoring Mechanism Regulation (MMR) templates is submitted in accordance
with Article 7.1 of the MMR (Regulation No 32813) and relevant articles and annexes in the
Implementing Regulation No 749/2014.

The responsibility of producing the emissions data lies with the Environment Agency of Iceland (EA),
which compiles and maintains the GHG inventory. Emissions and removals calculations from the Land
Use, Land Use Change and Forestry (LULUCF) seatarrargly managed by the Soil Conservation
Service of Iceland (SCSI) and the Icelandic Forest Service (IFS). The national inventory and reporting
system are continually being developed and improved.

Iceland is a party to the UNFCCC and acceded to the Kyaitw&ron 23 May 2002. Earlier that

year, the government adopted a climate change policy that was formulated in close cooperation
between several ministries. The aim of the policy was to curb emissions of GHGs, so they would not
exceed the limits of Icel&ahQa 206t A3 GA2ya dzy RSNJ G6KS Ye2d32 tNRG2
increase the level of carbon sequestration through afforestation and revegetation programs. In
February 2007, a new climate change strategy was adopted by the Icelandic government. The
strategy set forth a longerm vision for the reduction of net emissions of GHGs by3% by the

year 2050 compared to 1990 levels. An Action Plan for climate change mitigation was adopted in
2010. The Action Plan built on an expert study on mitigation pgaeand cost from 2009 and took
account of the 2007 climate change strategy and likely international commitments. In 2012 the first
yearly progress report was published, where the emissions and removals are compared with the
goals put forward in the ActioPlan.

In September 2018 the Icelandic government published a new Climate Change Actipn Plan
containing a collection of 34 actions and associated funding of 49 million Euros for the period 2019 to
2023. The action plan focuses on two major partstlyirshe electrification of the transport sector;
secondly, an increased effort in afforestation, revegetation and wetland restoration. An update of

the 2018 action plan was published in June Z0@6th an associated budget of 46 billitaelandic kr.

(300 million Euros) for the period 202024.

L O S f intgfriatiddalobligationson climate changare listed here below

1 For the first commitment period of the Kyoto Protocol, from 2008 to 2012, the GHG gas
emissions were not to increasg Imore than 10% from the level of emissions in 1990.

T 5S0AaA2Y wmMnk/tdr 2y GKS aLYLI OG0 2F airAy3atsS LINZ
allowed Iceland to report certain industrial process carbon dioxide)(€®@issions separately
and not include tkem in national totals; to the extent they caused Iceland to exceed its

1Adgerdadeetlun i loftslagsmalum 202830:Climate Action plan 2018030, in Icelandic
2 Adgerdaaeetlun i loflagsmalum til 2B0: Climate Action plan, updated second edition, in Icelandic
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assigned amount. For the first commitment period, from 2008 to 2012, thee@(3sions
falling under decision 14/CP.7 were not to exceed 8,000,000 tonnes.

1 The second commitment period the Kyoto Protocol ran for eight years, from 2013 to 2020.
In 2015, it was agreédbetween the European Union (EU), its Member States and Iceland
that Iceland would participate in the joint fulfilment of commitments of the Union for the
second commitmenperiod of the Kyoto Protocol. Therein the Parties agree to fulfil their
quantified emission limitation and reduction commitments for the second commitment
period inscribed in the third column of Annex B to the Kyoto Protocol jointly. According to
this ageement, Iceland was allocated 15,327,217 t€for the second commitment period.

1 Under the Paris Agreement, Iceland will be part of a collective delivery by European countries
to reach a target 055% reduction of greenhouse gas emissions by 2030 cordpgar&990
levels. Iceland will ensure fulfilment of its fair share of the collective delivery @5M%e
target by: a) continuing participation in the EU Emissions Trading Scheme and b) reducing
emissions falling under the scope of the@&Bffort SharingRegulation (Regulation (EU)
2018/842) relative to the 2005 emission Iei/dlhe current Effort Sharing target for 2030 is
29% reduction relative to 2005, but at the time of this writing work is in progress to
determine a new target in line withtheupdate 2 ¥ G KS 9! Qa AaCAdG. F2NJ pp¢

ES.2 Summary of National Emission and Removal Related Trends

Greenhouse gases that, according to Annex A of the Kyoto Protocol as modified by the Doha
Amendment, have to be considered in national GHG inventaies,

i Carbon dioxide (Cp

Methane (Chk)

Nitrous oxide (BD)

Hydrofluorocarbons (HFCs)

Perfluorocarbons (PFCs)

Sulphur hexafluoride ($F

bAGNRBISY FEd2NARS 6bCi o0

E R B

Iceland reports emissions of @H, O, HFCs, PFCsanddsFb Ci A& y2 iU h=inStR Ay L C
0SSY AYLRNISR ad adzOK® LYy FRRAUGAZ2YI y2 AYyRdzaiNE
manufacture, solar panels and chemical lasers) is present in Iceland.

The distribution of reported greenhouse gas emissions over the UNFCCC secfioidirig LULUCF)
1990 t02020is shown in Figure ES. 1. Emissions from the Energy sector and Industrial Processes
contribute approximatelyvith 80%to the national total (excluding LULUCF). The emissions from the
Agriculture and Waste sectors are considdyasmaller.

I AdzYYI NE 2F LOStlIyRQa ylaGA2ylt S2020i prdseéntédiin T2 NJ & S
Table ES. 1. LULUCEF is the largest sector, with emissions of more than double the combined
emissions from the other sectors across the timdeserTotal GHG emissions (excluding LULUCF)

3 http://reqgister.consilium.europa.eu/doc/srv?I=EN&f=ST%2010941%202014%20INIT

4 EU Regulation 2018/842 was taken up into the EEA Agreement with the Joint Committee Decision nr. 269/2019
(https://www.efta.int/media/documents/legattexts/eea/otherlegatldocuments/adoptedoint-committee-
decisions/2019%20620English/262019.pd)
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increased by3%from 1990 t02020. LULUCF emissions have remained relatively constant since
1990. The greatest change in the trend over the time series is the increase in the contribution of
Industrial Processds total emissions. This is primarily due to the increased production of aluminium
in Iceland, which is a highly enerigyensive process.

A more detailed consideration of emissions trends can be found in Chapter
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Figure ES.Emissions of GHG by sector, without LULUCF, from 120Q@okt CQe]

Table ES. 1 Emissions of GHG by sector, without LULUCF, from 230 fid CQe]
1990 1995 2000 2005 2010

Change Change

Q@20 ‘1920

1 Energy 1,836 2053 2181 2155 2020 1,848 1,849 1659 -10%  -10%
2 Industrial

ndustria 958 565 1,010 955 1,917 1,983 2020 10986 107%  -1.7%
Processes
3 Agriculture 662 618 627 605 631 655 621 618  -65%  -0.5%

4 Land Use, Land
Use Changeand 9,199 9,175 9,194 9,232 9,196 9,107 9,020 9,010 -2.1% -0.1%
Forestry

5 Waste 219 270 302 304 296 261 223 247 12% 10%
Total without

wrthou 3,674 3506 4,119 4,019 4,865 4,746 4,713 4,510 23% -4.3%
LULUCF
Total with
LULUCE 12,873 12,681 13,314 13,251 14,061 13,853 13,733 13,519 5.0% -1.6%

The GHG emissions profile for Iceland is unusual in many respects:
XXX
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1 Emissions from generation of electricity and from space heating are very low owing to the
use of renewable energy sources (geothermal and hydropower).

1 Approximately 90% of emissions from the Energy sector stem from mobile sources
(transport, mobile machiery and commercial fishing vessels; excluding international aviation
and navigation).

1 Emissions from the Land Use, Land Use Change and Forestry (LULUCF) sector are high in
comparison to other sectors and to other parties. Recent research has indicatetth¢nat
are significant emissions of €ftom drained wetlands. These emissions can be attributed to
drainage of wetlands in the latter half of the 20th Century, which had largely ceased by 1990.
These emissions of G€bntinue for a long time after drainag

1 Individual sources of industrial process emissions have a significant proportional impact on
emissions at the national level. Expansion in existing production capacity as well as start of
new operations is reflected in the country’s emission profitefaa instance the start of two
YSg | fdzYAYyAdzy aYSEGSNB Ay mMdpy FYR Hant NBAELL
profile made it difficult to set meaningful targets for Iceland during the Kyoto Protocol
negotiations. This fact was acknowledgadecision 1/CP.3 paragraph 5(d), which
established a process for considering the issue and taking appropriate action. This process
was completed with Decision 14/CP.7 on the Impact of single projects on emissions in the
first commitment period.

XXXI



L National Inventory Report, Icelarz22

ES.3 Other Information ¢ Kyoto Accounting

First commitment period (2008 2012)

Under the Kyoto Protocol, Parties set targets which are expressed as Assigned Amount Units (AAUS).

LOStIIYRQAa AYAGAIFET 111 & F2N) GKS T iohksofG@2 YYAGYSyi

equivalents (Cg) for the period or 3,704,769 tonnes per year on average. Added to that are a total

of 1,541,960 removal units (RMUs) from Art. 3.3 and Art. 3.4 activities and total of 33,125 AAUs, CERs
and ERUs from Joint Implementation projects, resulting in an alaesigned amount of

20,098,931 AAUSs.

Emissions from Annex A sources during CP1 were 23,356,071 toryeesT6© means that Annex A
emissions were 3,257,140 tonnes {®excess of Iceland’s available assigned amount.

TotalCQe emissions falling undddecision 14/CP.7 during CP1 were 5,912,964 toQ@s.
Therefore, in order to comply with its goal for CP1, Iceland reported 3,257,140 tonnes@Bthe
emissions falling under decision 14/CP.7 separately and not include them in national totals.

The CR tables accompanying the current NIR, however, still contain Iceland’s Annex A emissions in
their entirety.

Second commitment period (20182020)

The second Commitment Period started 1 January 2013 and ended 31 December 2020. The EU, its
Member Statesaand Iceland have agreed to the immediate implementation of the Doha Amendment
as of 1 January 2013, and to fulfil the commitments under the second commitment period of the
Yye2i2 tNR(G202ft3 22AyiGted LOSt | yRQARANTRAWGA R dzl f

As part of its submission to UNFCCC, Iceland submits Standard Electronic Format (SEF) tables for the
Kyoto Protocol units issued in 2Dfor the second commitment period (CP2). There were no annual
external transactions made and at the endloé reported year At the end of the year there were
15,327,217 AAUs L O S t pasfyf@ding account.

XXX
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1 Introduction

1.1 Background Information

The 1992 United Nations Framework Convention on Climate Change (UNFCCC) was ratified by
Iceland in 1993 and entered into force in 1994. One of the requirements under the Convention is that
Parties are to report their national anthropogenic emissions by sources and removals by sinks of all
greenhouse gases (GHGs) not controlled by the MontreabBPogtusing methodologies agreed upon

by the Conference of the Parties to the Convention (COP). This National Inventory Report (NIR) is one
of the elements of the annual GHG inventory that is required to be submitted to the UNFCCC. The
NIR, together withlte associated Common Reporting Format (CRF) tables and Monitoring
Mechanism Regulation (MMR) templates is submitted in accordasitbearticle 7.1 of the MMR
(Regulation 512/2013) and relevant articles and annexes in the Implementing Regulation 749/2014
as per Art. 58 of Regulation 2018/1999 on transitional provisasgegardshe second commitment
period of the Kyoto Protocol.

In 1995 the Government of Iceland adopted an implementation strategy based on the commitments

of the Framework Convention. Themestic implementation strategy was revised in 2002, based on

the commitments of the Kyoto Protocol and the provisions in the Marrakech Accords. Iceland

acceded to the Kyoto Protocol on 23 May 2002. The Kyoto Protocol commits Annex | Parties to

individualf S3Fftfe& o0AYRAY3 (I NBSGA F2NJ 6KSANI DI D SYA&aA.
obligations with regards to its GHG emissions can be found here:

1.1.1 First commitment period of the Kyoto Protocol (20a8)12)

For the first commitment period of thKyoto Protocol, the GHG emissions were not to increase by

more than 10% from the level of emissions in 1990. Iceland Assigned Amount Units (AAUS) for the
FANEG O2YYAGYSYyd LISNA2R 68NB RSOARSR Ay LOSELYRC
amountedto 18,523,847 tonnes of carbon dioxide equivalents@Mecision 14/CP.7 on the

GLYLI OG 2F aAy3aftsS LINB2SOG 2y SYraaarazya Ay (GKS 02
industrial process carbon dioxide (§®missions separately and not inde them in national totals;

to the extent they caused Iceland to exceed its assigned amount. For the first commitment period,

from 2008 to 2012, the C@missions falling under decision 14/CP.7 were not to exceed 8,000,000

tonnes.

1.1.2 Second commitment perioaf the Kyoto Protocol (Doha amendmerrt20132020)

In 2015 a Joint Fulfilment Agreemémtas concluded between the European Union (EU), its Member

States and Iceland concerning Iceland’s participation in the joint fulfilment of commitments of the

Union,the Member States and Iceland in the second commitment period of the Kyoto Protocol.

Therein the Parties agree to fulfilintly their quantified emission limitation and reduction

commitments for the second commitment period inscribed in the third coluiArmex B to the

Ye2i2 tNRG202ft® LOStFIYRQA AYRAGARIZf | &daA3aySR Y

According to Article 4, cf. Annex I, of the Joint Fulfilment Agreement, Regulation (EU) No 525/2013
6daawéld YR OdzZNNBy (i | ymRenthgActddaEed anReglaion(BURNol Yy R L YL

Shttp://reqgister.consilium.europa.eu/doc/srv?I=EN&f=ST%2010941%202014%20INIT



http://register.consilium.europa.eu/doc/srv?l=EN&f=ST%2010941%202014%20INIT

L National Inventory Report, IcelargD22

525/2013 shall be binding upon Iceland. This includes for instance Commission Implementing
Regulation (EU) No 749/2014, which further details the content and format required for the various
reporting requirements uder Regulation (EU) No 525/2013. The legal acts were rendered applicable
in Iceland in 2015 with an amendment to Act No 70/2012, cf. Act No 62/2015.

1.1.3 Paris Agreement period (2022030)

Under the Paris Agreement, Iceland will be part of a collective dgllweEuropean countries to
reach a target 055% reduction of greenhouse gas emissions by 2030 compared to 1990 levels.
Iceland will ensure fulfilment of its fair share of the collective delivery ob8% target by

a) continuing participation in the EUnissions Trading SchenfleUET$according to Directive
2003/87/EC,

60 NBRdAzOAYy3 SYAaarzya FlLfftAy3d dzyRSNI GKS &a02LI8 27
2018/842- ESRrelative to the 2005 emission lev@lhe current Effort Sharingrget for 2030 is 29%
reduction relative to 2005, but at the time of this writing work is in progress to determine a new
GFNBSG Ay fAYyS 6A0GK (GKS dzLJRFGSa 2F GKS 9! Qa acCAd

c)implementing the reporting and accounting rules péniag to emissions and removals from the
land use, land use change and foresttLUCFas prescribed by the LULUCF regulation (Regulation
(EVU) 2018/841).

LOStFYRQa YR b2NBleQa 22Ay0G FdzZ FAE YSYy(d 6AGK (KS
agreedupon with the uptake in October 2019 of relevant EU legislation into the European Economic

Area (EEA) Agreemént his includes the LULUCF Regulation (Regulation (EU) 201 8#@4Effort

Sharing Regulation (Regulation (EU) 2018/842), as well as pénts Governance of the Energy

Union Regulation (Regulation (EU) 2918/1999) replacing the MMR Regulation (Regulation (EU) No
525/2013).

1.1.4 Climate change strategies

A climate change strategy was adopted by the Icelandic government in 2007. THerlongtrategy

was to reduce net GHG emissions in Iceland by B®6 by 2050, compared to 1990 levels. In the

shorter term, Iceland aimed to ensure that emissions of GHBslzt R y2 i SEOSSR LOSt |y
under the Kyoto Protocol in the first commitment period. In November 2010, the Icelandic

government adopted a Climate Change Action Plan in order to execute the strategy.

In September 2018 the Icelandic government jh#d a Climate Change Action Plom the years
20182030; an updated version of the action plan was released in Juné 20d0s the plan that is
currently being put in action. The action plan has two main gaalsieving the emission reductions
of the Paris Agreement for 2030 and reaching carbentrality in 2040. To reach these goals the
revisedaction plan set fortl8 actions which mostly focus on electrification of the transport sector
and increased efforts in afforestation, revegetation andlesed restoration.The revision of the plan
also contaired significantly improved analysis to estimate the individual and collective

mitigation gains of the measures presented

6 Decision of the EEA Joint Committee No 269/2019

7 Adgerdaaeetiun i loftslagsmalum 202830:Climate Action plan 20:8030, in Icelandic

8 Adgerdadeetiun i loftslagsmalum til 20&Climate Action plan, updated second edition, in Icelandic
2
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According to the Climate Act the Government shall, in consultation with stédtefs, review and

update the Climate Action Plan every fourth year, based on international commitments and the
D2@SNYYSyGQa 32Frfad /tAYFGS YSI &dzNB a-miaistdrid f 06 S
committee. The committee shall also prepareaamual progress report on the status of

implementation of the climate plan and its measures, emissions development and whether or not

the development is in accordance with the Climate Plan. The first such progress report was published
in September 2021 (Mistry of the Environment, Energy and Climate, 2p2d follow up on the

progress of the 2020 Climate Action Plan. Besides the 48 PaMs put forth in the 2020 Climate Action
Plan, two new GHG mitigation measures are introduced in the progress reponetgyechange in

the production sector; 2) increased knowledge and research to improve the LULUCF sector of the
GHG inventory. According to the progress report, thirty PaMs (out of fifty in total) have currently

been implemented, seventeen are in progressl @ahree are in preparation stages.

A minimum of ISK 46 billidapprox. 310 million EUR$ expected to be spent on key climate
measures in the period 2022024.

1.2 National System for Estimation of Greenhouse Gases

1.2.1 Institutional Arrangements

The Climate Ginge Act No 70/2012 establishes the national system for the estimation of GHG
emissions. In accordance witthis Act the Environment Agency of Iceland (EA), an agency under the
auspices of théinistry of the Environment, Energy and Climatarries the ograll responsibility for

the national inventory. EA compiles and maintains the GHG emission inventory, exdiyet for
LULUCBectorwhich is compiled by the Sd@llonservation Service of Iceland and the Icelandic Forest
Service in collaboration with the Agricultural University of Iceland (AUI). The EA reports to the
Convention and to the EU. The Act specifies that the EA is allowed to request all data needed for the
inventory from relevant authorities, agencies, companies and individuals; the obligations tuer f
elaborated in Regulation No 520/2017 on data collection and information from institutions related to
L OSt I Yy RQ &ee Als6 Oliaptat3. Wik regulation isurrently being recasiamongst other

things to reflected changes in responsibilities of various data providers.

The UNFCCC national focal paswithin the Ministry of the Environment, Energy and Climé@s.
HelgaBardadottif) andisresponsible for approving the final inventory before its submission to the
UNFCCC.

Figurel.lillustrates the flow of information and allocation of responsibilities. The main data
providing institutions are also listed, including information on which sector they are contributing data
to.

92021Progress report on the Climate Action Plpablished September 2021 (in icelandic)
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L National Inventory Report, Icelar&D22
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Figurel.l Information flow and distribution of responsibilities in the Icelandic emission inverystgns for
reporting to the UNFCCC.

1.2.2 National legislation

1.2.2.1 The Climate Change Act No 70/2012
In June 2012 the Icelandic Parliament passed a law on climate change (Act No 70/2012). The
objectives of the Climate Change Act are the following:

1 Reducing GHG emisess efficiently and effectively,

i Toincrease carbon sequestration from the atmosphere,

1 Promoting mitigation to the consequences of climate change, and

i To createa frameworkfor the government to fulfil its international obligations regarding
climate change.

Act No 70/2012 supersedes Act No 65/2007 on which basis the EA made formal agreements with the
necessary collaborating agencies involved in the preparation of the ingetd@over

responsibilities such as data collection and methodologies, data delivery timelines and uncertainty
estimates. The data collection for the first commitment period of the Kyoto protocol was based on
these agreements.
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Act No 70/2012 establishes the national system for the estimation of GHG emissions by sources and
removals by sinks, the national registry, emission permits and establishes the legal basis for
installations and aviation operators participating in the ES.Hhe Act specifies that the EA is the
responsible entity for the national accounting as well as for the inventory of emissions and removals
of GHGs according to Iceland's international obligations.

Article 6 of Act No 70/2012 addresses Icel@@HG irentory. It states that the Environment Agency
(EA) compiles Icela@GHG inventory in accordance with Iceland’s international obligations. Act No
70/2012 established the form of relations between the EA and other bodies concerning data
handling. Respondiities from the various bodies are further specified in Regulation No 520/2017, as
described below.

1.2.3 Regulation No 520/2017

The Regulation on data collection and information from institutions related to Ic@andentory on

GHG emissions and removal afteon from the atmosphere No 520/20%ivas adopted in June

2017. This regulation establishes formally the data provision modalities, such as content, format and
deadlines for data submission to the ;Eé&rthermore, itimplements EU Regulation No (EU) 3283

on a mechanism for monitoring and reporting GHG emissions and for reporting other information at
Y6IEGA2YLFE YR !'yA2y fS@St NBtS@OlIyld G2 OtAYFGS OKI
the Regulation can be found in Chapi&of L OSf I VY RQ& bLw HAHM

Regulation No 520/2017 has proved difficult to implement fully (see Chapter 13 in ISehiiti

20217 andis beng revised now. A final draft of the revised regulation is expected to be accepted

within the next few months and the updated regulation published in 2022. Main changes will be

KAIKE AIKGSR Ay ySEG &SI NR& bLwZgulatian Nd B2B/20174 dzo YA & & A
Main changes include clearer definitions of responsibilities of the various institutions and other data
providers involved, clearer deadlines and clearer provisions on what can be done if data providers fail

to provide the data requid as per the regulation.

Furthermore, Commission Implementing Regulation (EU) 2020/£20blishe stricter rules on the
establishment, operation and functioning of the National inventory systemferenc to which will
be included in the updated regption.

1.2.4 Planned improvements to the national system

In order to better implement the requirements of Articles 26 to 29 of Commission Implementing
Regulation (EU) 2020/1208, there are plans to set up a steering committee for the inventory, as a
part of thenational system. The exact roles and modalities of functioning of such a committee are
yet to be defined; it is thought that such a committe#l be coordinated by the EA and be

composed of representatives from the Soil Conservation Service, the Fogestrige, théMlinistry of

the Environment, Energy and Climated possibly other ministries, as well as major data providers
and stakeholders. The aim of such a committee will be, amongst other things, enhanced QA of the
inventory as well as prioritisatioof improvements needed-urthermore, it is planned to establish
separate working groups for various key subsectors of the inventory, to enhance collaboration

10 https://www.reglugerd.is/reglugerdir/eftirraduneytum/umhverfis-og-audlindaraduneyti/nr/05262017
11 Art. 2629 of Regulation (EU) 2020/1208



https://ust.is/library/Skrar/NIR%202021_15%20april_UNFCCC_submission_FINAL.pdf
https://www.reglugerd.is/reglugerdir/eftir-raduneytum/umhverfis--og-audlindaraduneyti/nr/0520-2017
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between experts in the inventory team, various ministries as well as exjpentsother institutions,
companiesuniversities andesearch centers.

1.3 Inventory Preparation: Data Collection, Processing and Storage

1.3.1 Data Collection

The data collection for individual sectors or subsectors is described in the corresponding sections of
the sectoralkchapters. Below is an overview of the main data collection process:

1 The EA collects the bulk of data necessary to run the general emission model, i.e. activity
data and emission factors, for all sectors apart from LULUCF. Activity data is collected from
various institutions and companies, as well as by EA directly as listed and illustrated above in
Sectionl.2.1

i Information on fuel use reported by all companies under the EU ETS (as per Directive
2003/87/EC) is usedrdictly in the inventory calculations.

1 According to Icelandic Regulation No 851/2002 on green accounting, industry is required to
hold, and to publish annually, information on how environmental issues are handled, the
amount of raw material and energy cameed, the amount of discharged pollutants,
including GHG emissions, and waste generated. Emissions reported by installations have to
be verified by independent auditors, who need to sign the reports before their submission to
the Environment Agency. Theegin accounts are then made publicly available on the
website of the EA.

1 The National Energy Authority collects fuel sales data by sector; however, the sectoral split of
the NEA does not entirely match that of the IPCC, thus the EA processes the dagx ito ord
ensure correct attribution to the IPCC codes as per the CRF.

1 The Soil Conservation Service of Iceland provides information on revegetated areas and
assesses other land use categories on the basis of its own geographical database and other
availablesupplementary land use information. The Icelandic Forest Service provides
information on forest land, natural birch shrubland and harvested wood products.

Emission factors are taken mainly from the 2006 IPCC Guidelines for National Greenhouse Gas
Inventories, the 2013 Supplement to the 2006 IPCC Guidelines for National Greenhouse Gas
Inventories: Wetlands and the 2013 Revised supplementary methods and good practice guidance
arising from the Kyoto ProtocdlVhen available, country specific emission factanes used.

The annual inventory cycl€ifurel.2) describes individual activities performed each year in
preparation for next submission of the emission estimates.
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A

1 INVENTORY PLANNING /2 INVENTORY PREPARATION \
*  Setting quality objectives *  Collecting activity data
Prioritisation of potential * Estimating greenhouse gas
improvements emissions and removals
Revision of methods and * Implementing QC checks
emission factors *  Uncertainty assessment

Key category analysis
Recalculations

\' Documentation and Archivy

4 PREPARING FOR SUBMISSION

* Completing the CRF tables 3 INVENTORY EVALUATION
* NIR ¢ Processing findings from ERT
¢ Conclusions for future actions e Possible recalculations

e Verification

Figurel.2 Iceland3 annual inventory cycle.

1.3.2 Processing

A new annual cycle begins with an initial planning of activities for the inventory cycle by the
inventory team and major data providers as needed, taking into account the outobthe internal

and external review as well as the recommendations from the UNFCCC and EUW.r€kewmitial
planning is followed by a period assigned for compilation of the national inventory and improvement
of the National System. The estimation metisoof all GHGs are harmonized with the IPCC Guidelines
for National Greenhouse Gas Inventories. Methodologies and data sources for each sector are
described in Chapters@y.

After compilation of activity data, emission estimates and uncertainties aceledd, and quality
checks performed to validate results. All emission estimates are imported into the CRF Reporter
software. The sectoral experts for LULUCF import the LULUCF data separately.

A series of internal review activities are carried out aniyu@lidetect and rectify any anomalies in
the estimates, e.g. time series variations, with priority given to emissions from industrial plants
falling under the EU ETS, other key source categories and for those categories where data and
methodological changehave recently occurred.

After an approval by th#linistry of the Environment, Energy and Climatee GHG inventory is
submitted to the UNFCCC by the EA.

1.3.3 Storage

A document management system (Gopro.net), is used to store email communications conteening
GHG inventory. Digital copies of paper documents, e.g. written letters, are also stored on the
document management system. The system runs on its own virtual server and uses a MS SQL server
2019 running on a separate server. Both servers are runningdWis Server 2019.
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Each staff member at Environmental Agency has a subscription to Microsoft Office 365 and emails
are sent and received using Microsoft Office 365 servers hosted in Ireland.

Numerical data, calculations and other related documents areeston a file server running
2AyR2g4a4 {SNOBSNI Hampd 9! Qa GANILdzZ f &aSNIBSNE | NB N

t NBYA&a OF2NX¥YSNIeée lyz2é6y a ca2ltySios I €20t L¢ C
9001 and 1S@Q7001 certified. The server and bagkrooms are in two locations, the primary server

room for EA is in Saudarkrokur (a town in northern Iceland) and the disaster recovery room storing

off-site backups is in Reykjavik city (located in southwestern Iceland). The rooms are separated by
roughly200 km straight line.

Backups are taken daily, a subset of those is regularly set for at least 15 months storage. The exact
backup schedule is currently under evaluation.

The land use database IGLUD is stored on a server of the Soil Conservation Sereiard(SCSI) as
well as spreadsheets containing calculations regarding other land use classes than forest land. Data
regarding forest land, forestry and harvested wood products are stored on servers of the Icelandic
Forest Service.

1.3.4 Training and capacitbuilding activities for inventory compilers

The Icelandic inventory team has proactively sought and engaged in training and capacity building
activities. These training and capacity building activities aim to support individuals within the
inventory teamas part of a staff development plan. In addition, more general training has been
received at the institutional level including the improvement to inventory systems and transparency.
This is important in terms of business continuity, for example whenndiyiduals leave the Agency,

or change roles, leaving knowledge gaps that may require filling at short notice. The main recent
activities are outlined below.

i Training by the consulting company which has been helping staff at the Environment Agency
for seveal years (Aether Itd.). Examples from the last few years include:

o0 Energy:During the review of the Energy files in 2018, a staff member from Aether
came to Iceland and worked with the EA staff to redo all the calculation files. This
served both to ascerta that all calculations were done using EFs and methodologies
consistent with the 2006 IPGMidelines angbrovided an opportunity for new staff
members to familiarise themselves with the Energy sector.

0 IPPUAImost 90% of the IPPU emissions come from metal production, where the
data is obtained from EU ETS verified reports and the data quality is considdred t
very good. The rest of the IPPU emissions are mostly from the use of refrigerants and
other F gases. During the review of the F gases inventory, started in 2019, a staff
member from Aether came to Iceland and worked with the main IPPU sectoral
expertof the agency, provided training in the methodologies to be used, and assisted
the EA in generating new calculations files. QC of the files by the Aether staff
provided further training opportunities, with numerous Skype meetings between
Aether and the Efo discuss the files.

0 Agriculture in 2018 and 2020, training sessions were organised with the consultant,
on the basics of estimating emissions from Agriculture, including practicalities of the
excel files, imports into CRF, as well as specific aspetisupar to thelcelandic
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conditions. Furthermore, updates of the Agriculture sector that took place for this
submission were done in collaboration with consultants at Aether.

o Waste:During an ircountry visit of Aether staff members in 2019, Aether prdedn
an overview of the waste calculations files. Furthermore, a Skype meeting was held
to explain the scientific background of GHG emissions from waste management.

0 Uncertainties(all sectors, including LULUCF): General, as well as-spetcific
trainingsessions were organised in late 2020/early 2021 with Aether to provide an
overview of uncertainty analyses, as well as to go over the uncertainty analysis of
each sector with sectoral experts at Aether.

i Participation in capacity building activities propddey the EUyearly sectotspecific
capacitybuilding webinarsamong them:

0 LULUCHULUCF Virtual Workshop 20Aresent challenges for LULUCF reporting
and accounting. Organized by Joint Research Centre’s European Commission.
Participation to Support tthe assessment of implications of the 2019 Refinement to
the 2006 IPCC Guidelines for National and EU Greenhouse Gas Inventories organized
by Aether for European Commission.

o All sectors:Capacitybuilding webinars organised G Climate action on ESD
review 2021 and LULUCEF trial review

 Participation in a Nordic invento& E LJSadkgiiolp, where inventory compilers from
Norway, Sweden, Finland, Denmark and Iceland meet once a yeardsepaeetings for
LULUCF and for the other sectors (including general/ QA/QC)) and discuss various aspects of
the inventory compilation, ranging from technical aspects of emission estimates to logistical
issues with submission to EU and/or UNFCCC.

i Particimation in a Nordic expert group on F gases, funded by the Nordic Council of Ministers,
discussing and comparing methods and parameters used by the various Nordic countries.

i Participation to theannual training sessidior the COPERT model, organized by the
European Environment Agency and carried lIjpEMISIAthe developer othe software.The
trainingincludesan overview of the softwarg@nformation on the latest updatesa Q&A
session with the participant3.his one and a half day trainiigyattended bythe members of
the inventory team every year.
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1.3.5 Capacity and staffing

Additional funding was allocated by the Icelandic government to the Environment Agemecgirt

years, irrecognition of the fact that the existing staff did not have the capacity iy adhere to all
reporting obligation, including (but not limited to) the work associated with the new EU regulations
pertaining to the commitment period under the Paris Agreement (22Q320- for instance, the

Effort Sharing Regulation (EU) 2018/842, @®vernance Regulation (EU) 2018/1999 and the
Commission Implementing Regulation (EU) 2020/1208). A new staff member was hired early 2020 to
work on the inventories early February 2020. Another new position was filled in JanuaryA2@24..

time of this witing, two new positions were filled earlier this yedrhis brings the capacity of the
inventory team to a total o7.5positionsfor the sectors covered by the EA (all except LULUCF) and
for the overall project managemenin addition to this, the inveiery team also includes a 50%

lawyer position, and a position specialising in communicafidns will ensure more time allocated to
each sector, which is expected to allow for more time for QA/QC activities. It is though worth noting
that the same inventry team is also responsible for producing the data and report on policies,
measures and projectiorsf greenhouse gasess submitted to the EU, as well as on the annual air

9
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pollutant inventory reported to the Convention on Lerange transport of atmosphér pollutants
(CLRTAP).
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Two fultime persons were added to the SCSI LULUCF inventory team in 2021. The LULUCF inventory
team now consists of 13 persons, some working part time on the project but four are full time
members. Two new members were addedhe current six members of the summer field campaign

staff. The main source of data used to estimate removals and emission regarding forest land and
forestry are sampled annually in the Icelandic national forest inventory. The NFI/LULUCF team of the
Icelardic Forest Service consist of six fulltime employees and two summer workers yielding 3.5

person years in NFI/LULUCF projects in 2021.

1.4 Key Category Analysis

According to the IPCC definition, a key category is one that is prioritized within the naticerabiryv
aeaitsSy 0SOFrdzaS Ada SaldAYFdS KFa | aAx3ayAFAOLyG Ay
in terms of the absolute level of emissions, the trend in emissions, or both. Total emissions from the

key categories amount to 95% of the total issions included in the inventory. Key Categories are

determined with Approach 1 described in Volume 1, Chapter 4 of the 2006 IPCC Guidelines.

The results of the key category analysis includindJ3B.are shown ifablel.1, and the key

category analysis excluding LULUCF is showallel.2 below. More detailed Key Category Analysis
tables can be found in Annex 1, including thegeetage contribution of each category to the total
emissions. The Key Category Analysis for theWRJCF emissions/removals can be found in Section
11.7.1

LOStIYyRQa 1S& OF GS32 N S A ctivtiestharkmaByPartieddaéitothe 6 N2 | RS N
relatively small anthropogenic emissions from power generation in Iceland. The results highlight the
AYLERNIFYOS 2F LOStlIYyRQa AyRdzaUGNALFIE &ASO02NEX |a o
plays a strongole in the national economy

10
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Tablel.1 Key categories of Iceland's GHG inventory (including LUIEGEy source category.

U

IPCC source category Gas Trend

1990 2020

Energy (CRF sector 1)

1A2 Fuel combustion Manufact_uring Industries and co Vv Vv
Construction

1A3b Road Transportation cQ \% \% \%

1A3e Other Mobile Machinery (ofe) \Y \%

1A4c Agriculture/Forestry/Fishing (ofe) \Y \Y \%

1B2d Fugitive Emissions from Fuel®ther (Geothermal) CcQ \Y \%

IPPU (CRF sector 2)

2C2 Ferroalloys Production (ofe) \Y \Y \%

2C3 Aluminium Production (efe) \Y \Y \%

2C3 Aluminium Production PFCs \% \%

2F1 Refrigeration and Air Conditioning Aggfgei[e \%

Agriculture (CRF sector 3)

3A1 Enteric Fermentation Cattle CH \Y

3A2 Enteric Fermentation Sheep CH \Y \Y \%

3D1 Direct NO Emissions from Managed Soils N.O \Y \Y

Land use, Land use change and Forestry (CRF sector 4)

4A1 Forest Land Remaining Forest Land cQa \% \%

4A2 LandConverted to Forest land (efe) \Y \%

4B1 Cropland Remaining Cropland cQa \% \% \%

4B2 Land Converted to Cropland cQa \% \%

4C1 Grassland Remaining Grassland (efe) \Y \Y \%

4C2 Land Converted to Grassland (efe) \Y \Y \%

4D1 Wetlands Remaining Wetlands cQa \% \% \%

a0y Grassne | SPESOrE S o fon e e ed v v

a0y Grassne | SPSOrE o fon e e ca v v

pwetarcs TSNS Mol o danage e en v v v

ywetarcs TSSO Mo o danage el ca v v

Waste (CRF sector 5)

5A1 Managed Waste Disposal Sites CH \% \%

5A2 Unmanaged Waste Disposal Sites CH \% \%

11
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Tablel.2 Key categories of Iceland's GHG inventory (excluding LUKy source category.

IPCC source category Gas Le) LEE Trend

1990 2020

Energy (CRF sector 1)

1A2 Fuel combustion Manufact_uring Industries and co Vv Vv Vv
Construction

1A3a Domestic Aviation cQa \% \%

1A3b Road Transportation (efe) \% \Y \Y,

1A3d Domestic Navigation CcQ \% \Y

1A3e Other Mobile Machinery (ofe) \% \Y

1A4b Residential Combustion (efe) \% \Y

1A4c Agriculture/Forestry/Fishing cQa \% \% \%

1B2d Fugitive Emissions froffuels- Other (Geothermal) cQa \% \% \%

IPPU (CRF sector 2)

2A1 Cement Production (efe) \% \Y

2B10 Fertilizer Production N.O \% \%

2C2 Ferroalloys Production (efe) \% \Y \Y,

2C3 Aluminium Production (efe) \% \Y \Y,

2C3 Aluminium Production PFCs \% \% \%

2F1 Refrigeration and Air Conditioning Aggffei[e \%

Agriculture (CRF sector 3)

3A1 Enteric Fermentation Cattle CH \% \Y

3A2 Enteric Fermentation Sheep CH \% \Y \Y,

3A4 Horses Enteric Fermentation Horses CH \% \Y

3B11 ManureManagement Cattle CH \% \%

3D1 Direct NO Emissions from Managed Soils N2O \% \% \Y,

3D2 Indirect NO Emissions from Managed Soils N2O \Y, \Y

Waste (CRF sector 5)

5A1 Managed Waste Disposal Sites CH \% \%

5A2 Unmanaged Waste Disposal Sites CH \% \Y,

5D2 Industrial Wastewater Treatment CH \Y, \Y,

12
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1.5 Quality Assurance & Quality Control (QA/AC)

The objective of QA/QC activities in national GHG inventories is to improve transparency,
consistency, comparability, completeness, accuraopfidenceand timeliness.

151 . F O1 IANRdzyR AYyF2NX¥IGA2Y 2y LOStIFIYRQ& v!kv/

Quality aspects of Iceland'si@éte Change and Air Quality Measurement, Reporting and Verification
(MRV) system are stored in the QA/QC Hub. The Hub is an online solution, and forms part of its Air
Quality and Climate Change Data Portal. The QA/QC Hub provides a centralized basis for th
inventory team to design, manage and record its QA/QC activities. The use of the QA/QC hub started
in the fall of 2019 and has not yet been fully operationalised; it is expected that it will be fully
implemented for the next submission.

The Hub is focesl around three interconnecting elements:

1 arecord of comments produced by previous review processes
i an area for planning and tracking improvement work; and
i an area for planning QA/QC activities.

The interaction of these elements is outlinedrigurel.3 below.

The logic of this design is that it will enable the inventory team to link its ongoing review outcomes
and internal development ideas to its 'live' improvements list and QA/QC activitiés should

ensure that over time, Iceland's inventory submissions continue to evolve in terms of quality.
Importantly, the inventory team will be able to provide transparent evidence to the way it handles
and prioritizes its inventory improvements a@h/QC activities.

13
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QA/Qc Plan One to one — items become
“Implemented” in

impravement plan and
copied into QASQC Plan if
weakness is in QA4/QC Reporting

- Cross-cutting QC Actions
(tracking in compilation file
QA sheets)

- Sector-specific QC Actions

- QA Activities _—— —

- Implemented QA/QC related e
improvement actions

QA/SQC Plan view for
MIR table

Improvement Plan
view for MIR/ |IR table
- List of improvement items (cross-cutting/
sectoral)

Improvement Plan

- Prioritising improvements

- Unique link/reference to
previous or ongoing review Review outcomes log
outcomes with implementation/

Reviewer Comments s e

- Complete list of reviewer
comments

- Tracking back to original
review and implicated
report/submission

One to many —
recommendations can be
adopted to the improvement
plan. Progress/
implementation can be
recorded against historical
review outcomes

- Inclusion of MS response
and suggested action(s)

Figurel.3 Schematic overview of the elements included in the QA/QC hub

The logic of this design is that it will enable the inventory team to link its ongoing review outcomes
and internaldevelopment ideas to its ‘'live’ improvements list and QA/QC activities. This should
ensure that over time, Iceland's inventory submissions continue to evolve in terms of quality.
Importantly, the inventory team will be able to provide transparent evidetoctne way it handles

and prioritizes its inventory improvements and QA/QC activities.

The live improvements and QA/QC lists can be viewed and recorded at sectoral esuttmgslevel.
Crucially, all activities are designed to be tibwmind and signedfbas part of the annual inventory
cycle. This enables the inventory team to provide an ongoing record of sgmeific and cross

cutting activities through its national inventory reporting. Once fully operationalised, the QA/QC Hub
will lead to:

1 enhancel transparency of inventory compilation and reporting

i increased documentation and understanding of Iceland's inventory improvement
prioritization (taking into account national capacity and feasibility)

1 improved response to, and engagement with, the inteio@al inventory review processes

14
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The QA/QC Hub also acts as a centralized document library for relevant training n{taedahtify

and track the engagement of key experts and stakeholders with the inventory team); and for the
storage of internal daament templates and specific QA/QC guidance for e.g. data collection, review
and analysis.
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1.5.2 Roles and responsibilities overview

The overall responsability over the inventory lies whik inventoryteam leaderat the Environment
Agency of Iceland (EAyhohas overall responsibility for the completion of QA/QC activities
submissionimprovements planningnd review coordinationWithin the inventory team at th&A

there are two sectoral subgroups within the team, one Energy/IPPU group and one
Agriculture/Waste group. Data collection, processing, QC and improvements are conducted within
each group, in collaboration with the team leader. The various roles within the inventory team are
described below:

1 Inventoryteam leader- overall responsibility for the aacate and timely production and
submission of the inventdgs, according to the rules and deadlines specified in relevant
domestic and international legislation; Tteam leadeilis responsible for the communication
with the Icelandic government and with @aproviders, as well as communication with EU
and UNFCCC experts/expert review teams.

1 NIR coordinator responsible for leading the work on producing the greenhouse gas
inventory

9 Sectoral expertsmain knowledge holders on individual inventory sectoteyrare
responsible for completion of dap-day data processing and QC activities. Each sector
comprises3 to 4 sectoral experts; prior to each submission cycle, it is decided how roles are
divided between the sectoral experts, making sure that QC deswitre done by someone
other than the individual who did the calculations. In addition, eldtRRchapter is proofead
by one of the experts not involved in the writing of the chapter.

1 Lawyerg responsible for all the legal aspects of the inventory wetkch as examining new
legal texts, implementing EU regulation into domestic legislation, as well as understanding
LOStfIYyRWa @FNAR2dza AN LIRftdzilyda FyR INBSYK2c

i Communications strategigtresponsible for coordinating all medialatedactivities relating
to the inventory work, such as publication of news, website updates, as well as lectures and
seminars.

The LULUCEF part of the inventory is overseen by the Soil Conservation Service of Iceland (SCSI), and
the calculations relating to f@stry are covered by the Icelandic Forestry Service (IFS).

1.5.3 Quality Assurance (QA)

LOStIIYRQ& DID AYy@SyUi2z2NE A& adzo2SOGSR &8SIENIe& G2 N
Commission and almost yearly by experts mandated by the UNFCCC. Results from these reviews are
considered annually and decisions are taken on how the recommendatidirise taken forward in

the development and improvement of the inventory and the national system. The inventory

submitted in 2017 was subjected to a UNFCG&imtry review, but no UNFCCC review took place

in 2018. In September 2019, a UNFCCC deskwr¢oak place.
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Iceland volunteered for an EU step 2 review (as described in Art. 32 of Regulation (EU) 749/2014),
which took place in April 201% 2020, the inventory was submitted to a comprehensive review by
the EU, aspecifiedby Art. 4 of Regulatio(EU) 2018/842. This review focussed on emissions falling
within the scope of Regulimn 2018/842, which are all emissions outside of theEHl$ and outside

of LULUCEso called "Efforsharing” emissionsjmissions of the years 2005, 2016, 2017 and 2018
were reviewed, as emissions for those years were used in order to determine Iceland's annual
emission allocations (AEAS) pertaining to Art. 4 of Regulation 2018/4Be end of the review,
Iceland provided the review team with 3 revised estimates (ortheé IPPU sector, one in the
Agriculture sector and one in th&aste sector). Details of the changes made following the
Comprehensive Review can be foundChapterl0.2

National Inventory Report, IcelargD22

The most recent review took place in the autumn of 2021, with a centralised UNFCCC review during
the first week of October 202The review did not lead to a resubmission of the 2021 inventdiy.
the time of this writing, we have not yet received tteaft review report from the ERT.

CdzNIIKSNJ vdzt t A& ! aadzNF yOS A& LINRPDGARSR o0& LOSt L YF
assist with and review sect@pecific methodological choices and calculations. As part of this

collaboration, the calculatins for the Agriculture and Waste sectors were revised and improved in

recent years, whereas the calculations for the Energy sector were revised in 2018. In 2019, F gases

and the Agriculture sector were largely reviewed and improved. Aether also asslatsllin the

development of QA/QC activities and provided Iceland with a tool running several quality assurance

checks on the latest GHG inventory. Those checks include:

1 Recalculations in comparison to the previous inventory (numerical and notation keys)
1 Inter-annual variation within the time series

1 Identifying flat trends in the data

i A comparison of implied emission factors with the-E3J

CAdINIKSNX¥2NB>X LOStIYR LI NOAOALI GS& Ay OFNA2dza Ay
and enhancingthe®@S NI f € ljdzr t A& 2F (GKS Ay@Syili2NR® [/ 2YLATL
following international collaborative groups:

 Participation in a Nordic invento& E LJSadkgiiolp, where inventory compilers from
Norway, Sweden, Finland, Denmark and leelemeet once a year (separate meetings for
LULUCF and for the other sectors (including general/ QA/QC)) and discuss various aspects of
the inventory compilation, ranging from technical aspects of emission estimates to logistical
issues with submission tdJeand/or UNFCCC.

i Participation in a Nordic expert group on F gases, funded by the Nordic Council of Ministers,
discussingand comparing methods and parameters used by the various Nordic countries.

1.5.4 Quality Control (QC)

The team uses standardised notatiorofmcols in the calculation files to document changes, possible
AadaadzsSa yR ySOSaalNE AYLINROSYSy(a pdevekigedbyA d R2Yy S
Aether), which allows the documentation of changes and flagging of issues by use of comments

starting with hashtags including the initials of the inventory compiler/QC reviewer, the date, and one

or more flags pertaining to the type of issue (such as, for instance, potentially identified issue,
transparency issue, or reason for change). A summary cbaments can be generated for each

calculation file, enabling for instance someone performing QC checks to track and verify changes
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made to the file, as well as check the status of flagged issues. The issues can then either be marked
as resolved, addresd immediately or added to the improvement plan, depending on the type of
issue. This tool is an important source of informatifomeeded QC activities are performed.

QC activities include the following:

i Are appropriate activity data, methods, calculatomnits, emission factors and notation
keys used?

Are all data sources well referenced/documented?

Are the emission estimate files consistent with summary files and CRF outputs?

Are there recalculations since the last submission, and if so, are theynyr@oeumented?
Documentation of performed checks within the emission estimation files and on separate
document to track progress and enhance transparency.

i Linking the yearly improvement plan to the outcomes of the QA/QC activities per sector.

=A =4 =4 =4

TheNIR cordinator makes sure to allocate time for all inventory compilers during the inventory
preparation cycle for performing thabovementionedquality checks and assists the compilers
regarding the tasks to be carried out and/ or implemented.

As the QA/QC picedure is still being implemented, sectand subsector specific guidelines on
nature and frequency of QC checks are in the process of being develapedample of a general
checklist all sectors have to complete is givemablel.3. As staff changes and general time
restrictions could affect QC procedures, the checklist is divided into three sections: minimum
requirements, which have to be carried out each year and danroessarily require a deep
knowledge of the sector and then further controls and checks which require a certain experience
within the sector and take also longer time to be performed.

Data and emissions pertaining to EU ETS under Directivei o K y TK 9/ 6 a¢KS 9¢{ 5ANE
calculated in the inventory, are systematically crobecked against the EU ETS annual emission

reports; such a comparison is used to report on emissions under the EU ETS via tHR MNiBe

10 Template. The compadn can also be found #nnex 4: ETS vs. n&T Sf this report. 40% of the

emissions reported by Icelarfdithout LULUCHre covered by the EU ETS and thereforecdthe

highest quality.

Further QC activities include the comparison between the atmospheric polluisCO, NMVOC
and SQ reported in this inventory with the data reported under CLRTAP. This comparison is
submitted to the EU via MMIR Article 7 tempite. In general, the data agrees well, except in the
case of aviation where the data reported under CLRTAP comes from the Eurocontrol dataset,
whereas the data reported in the NIR, where the disaggregation bethareting andake-off is not
necessary, arbased on fuel sales and emission factors from the 2006 IPCC Guidelines.
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Tablel.3 Example of minimum, medium and full QC requirements to be performed within the emission
inventory team according to time csimaints and staff capacities.

Check Description

1- MINIMUM: small degree of sector knowledge necessary

Activity data source  |s the appropriate data source being used for activity data?

Correct units Check that the correct units are being used

Unit carry through Are all units correctly carried through calculations to the summary table? This includes ac|
data and emission factors.

Calculations check Al calculations checked by a second person

Double counting Check to ensure no double coiimg is present

Notation keys Review the use of notation keys and the associated assumption to ensure they are correc

2- MEDIUM: a certain degree of sector knowledge necessary

Method validity Are the methods used valid and appropriate?

Trendcheck Carry out checks on the trend to identify possible errors. Document any stand out data po

EF;TSE;%TIECtor Where default emission factors are used, are they correct? Is source information providec

I(ergisstzrriif/ Are activity data and emission factor time series consistent?

Spot checks Complete random spot checks on a data set.

3- FULLsector specific knowledge required

Recalculations Check values against previous submission. Give reasons whevealvalues do not match.

f:g;?;fgﬁgs Is the reporting of each subategory complete? If not, this should be highlighted.

Documentation Is there sufficient documentation?

Colour coding Has colour coding been used in a consistentaeclirate manner? Are there any significant
data gaps of weaknesses?

Cross check data Where possible cross check data against alternative data sources.

Data source
referencing

Links to source data  Wherepossible, links to the source data must be provided

Raw primary data All raw primary data must be present in the workbook

All source data submitted must be referenced

1.5.5 Planned improvements for QA/QC activities

The configuration of roles and responsibilities mentioned in sedti6rRabove is still being
developed as well as the QC procedures mentioned abtivis.also planned to fully document the
results of QC activities for each sector and providing evidence of such activities by including
screenshots othe Q Comments tool discussed under sectioh4

Furthermore, it is planned to interlink QA/QC activities with the key category analysis and the
uncertainty analysis in order to prepare a prioritised improvemeant the sectoral level as well
as for the inventory work in general.
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U,

1.6 Uncertainty Analysis

The uncertainty analysis is based on the Approaglertor propagation of the IPCC 2006 Guidelines
(Vol.1, Chapter 3, Table 3.2). The uncertainties of actigitg dre collected from data providers or
evaluated based on expert judgements. The uncertaintiedeédultemission factors are derived

from the values proposed in the 2006 IPCC Guidelines or the 2019 EMER/IEBEBOOK The error
propagation is used tostimate the uncertainty for each category, the inventory as a whole and the

latest inventory year compared to the base year.

The complete uncertainty analysis is reporteddimex 2: Assessment of uncertaintyith Table A2.1
reporting the uncertainties including LULUCF and Table A2.2 excluding LULUCF.

The results of the uncertainty estimation are summarised here below:

Tablel.4 Uncertaintie2020
With LULUCF Without LULUCF
Uncertainty2020[%] Trend[%)] Uncertainty2020[%)] Trend [%]

CQ 22.0% 15.5% 1.6% 2.3%
CH 54.5% 8.5% 3.1% 4.3%
N.O 2.4% 0.8% 7.2% 3.3%
HFCs 1.5% 2.2% 4.6% 7.8%
PFCs 0.11% 0.49% 0.32% 2.09%
Sk 0.010% 0.011% 0.030% 0.039%

Total GHG 58.9% 17.9% 9.2% 10.0%

The total inventory uncertainty 58.9%and the trend uncertainty estimate for this submission is
17.9% When excluding LULUCF the trend uncertainti®%and the total inventory uncertainty is

9.2%as can be seen ifablel.4.

1.7 General Assessment of Completeness

¢KS SYAaaA2ya NBLENISR Ay
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temporal coverage, CRF tables are reported figrwhole time series from 1990 2020 Regarding
sectoral coverage, all sources considered to be above the threshold of signiffcaeceeported.
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24/CP.19, an emissias considered insignificant if the likely level of emissions is below 0.05 per cent of the national total

GHG emissions (without LULUCF).
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2 Trends in Greenhouse Gases

This chapter presents the trends in GHG emissions and removals. GHG are compiled under five main
sectors. Emissions which are calculated but are not included in the natiak are included as
WYSY2 A0SYaQo ¢KSAaS aSOG2NBA NS RSTAYSR &y

1 remissiams from fuel combustion dominated by carbon dioxi@€)) released from
the conversion of carbon in fuel ©Q and generation of heafTheEnergysectoralso
includes emissions of methan€l}) and other carbon rich volatile organic compounds
associated wh fugitive emissions from fuel production and storage. Typically, this sector is
dominated by the big fossil fuel users including electricity generation and road tran3past.
is however different in Iceland due to electricity being produced by hydsgp@nd
geothermal, and so the energy sector is dominated by road transport and fishing industry.

9 Industrial Processes and Project Us&~(): nonfuel related emissions from industrial
processes and use of products with global warming impacts. This is often dominaB€a by
and sometimes nitrous oxid®&{O) emissions from large industrial process biproducts (such
as converting limestone andtbmite to cement CQ) or hydrocarbons to base chemicals
(CQ, CH andNxO)). Emissions also occur as a result of the consumption of the use of
fluorinated substitutes for Ozone Depleting Substances (ODS), otherwise referred to as "F
gases", from air coritioning and refrigeration an&k from electrical equipment.

1 . nor-energy use emissions only from livestock and crop production. This
category can be broadly split into emissions from livestock and emissions from agricultural
soils. The main swces of emissions from livestoake from gases released from animals
(enteric fermentation), a digestive process in herbivores which e@tisand from the
management of animal manure which contains and e@igsandN.O. The methods of
storage and treament of manure impacts the quantity @H andN.O emitted. The
application or organic manure and synthetic fertiliser to land results in both direct and
indirect N,O from soils. Additional products which can be added to soils include liming and
urea, wheh react with the soils composition to relea€€). Finally, the process of burning
crop residues left on agricultural soils is typically a small sour€icdnd N>O from the
combustion as well as bioger@® (which is not counted in national totals).

i Land use change, land use and foresiry [ LUC)- emissions and removals from lange. This
sector focuses on the different carbon padlging biomass, dead organic matwivided into
litter and deadwoodsoil organic matter and harvested wood produd®movals occur
through carbon sequestratiodriven mostly by revegetation and afforestation activities
whereasemissions are dominateloly land management practices such as the drainage of
mineral and organic soilkand is categorised into one of six land usesest land, cropland,
grassland, wetland, settlements and other land.

1 non-energy use emissions associated with the management of solid and liquid waste.
Emissions from waste are split into four maategories; solid waste disposal, biological
treatment of solid waste, incineration/open burning, and wastewater. The main gases
emitted areCH through the anaerobic (absence of oxygen) decomposition of solid or liquid
waste,N.O from the oxygenation grotein rich compounds (e.g. foods) in the waste
streams andCQ from incineration of fossibased waste materials (e.g. plastiCH is
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emitted in solid waste disposal sites where organic matter decays over a period of many
years, at a declining rate. Aarobic conditions in wastewater treatment also produci.

The biological treatment of waste, such as composting, also resultis iemissions (from
anaerobic decomposition) afdkO emissions from oxidation of nitrogen rich materials (e.g.
protein). Inéneration and open burning of fos¢ibsed wastes (e.g. increasingly plastics) are
the most important sources d2Q emissions from waste incineration activities.

emissions which are not included in the national totals in accordance with
internationd reporting agreements, include international navigation, international aviation
andCQ from biomass (bieCQ).

2.1 Emission Trends Overview

GHGs that, according to Annex A of the Kyoto Protocol as modified by the Doha Ametidhzeset
to be considered in ridmnal GHG inventories, are:

1

=A =4 =4 =4 -4 =9

Carbon dioxideGQ)
Methane CH)

Nitrous oxide K.O)
Hydrofluorocarbons (HFCs)
Perfluorocarbons (PFCs)
Sulphur hexafluorideSfs)
Nitrogen fluoride§ Ci 0

Iceland reports emissions &Q, CH, N:O, HFCs, PFCs &g No enissions ob Cdccur in Iceland,
there are no imports and no industry potentially usim@C(&.g. semiconductors, LCD manufacture,
solar panels and chemical lasers) is present.

Total amounts of GHGs emitted in Iceland during the period 1990 to the musttrenventory year
are presented in the following figures and tables, expressed in terms of contribution by gas and
sector in ktCQ equivalents CQe).

Iceland also reports emissions from indirect GHGs, this includes:

)l

nitrogen oxidesNQ), non-methane volatile organic compounds (NMVOC) and carbon
monoxide (CO) which have an indirect effect on climate through their influence on GHGs,
especially ozone; and

sulphur dioxide $Q) which affects climate by increasing the level of aerosols thas irav

turn a cooling effect on the atmosphere.

The emission trends from indirect GHGs are presented separately in S2&ion

13 hitps://unfccc.int/process/thekyoto-protocol/the-dohaamendment
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In the most recent inventory year, the
Industrial Processes sector was the large:
contributor of GHG emissions in Iceland
(without LULUCEF), followed by Energy,
Agriculture, and Waste.
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Emissions [kt C@]
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started to gain momentum in Iceland. The mail
driver behind increasd emissions since 1990 is
the expansion of the metal production sector:
There was one aluminium plant in 1990
Second aluminium plant was established il
1998
Third aluminium plant opened in 2007
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The contributionof IPPU to total emissions
(without LULUCF) has more than doubled
over the time series, overtaking emissions
from the Energy sector in 2012.

Total GHG emissions (excluding LULUCF)
increased by approximately a third since
1990 mostly due to the expansion of the
metal production industry. Emissions from
the energy sector are dommated by fuel
combustion in road transport and fishing,
whereas the emissions due to electricity
production and district heating are
relatively small and almost exclusively
linked to C@emissions from geothermal
power plants.

Figure2.1 Overview of GHG emissifwithout LULUCHy,om top to bottom: (1) emission by sector for the
latest year(2) emission by sector over the time seged (3) emissions by gas for the latest year
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Overall trend

Since 1990, Icela®@itotal GHGemissions have increased by almasjuarterThis trend in increasing
emission is dominated by:

i1 the expansion of the metal production sector, in particular thexahium sector;
i increases in emissions from geothermal energy utilization due to an increase in electricity
production, which increased #8ld between 1990 and 2@®1 and
i the road transport secto€Q emissions almost doubling since 1990 due to increases in
population, number of cars per capita, more mileage driven, and an increase in the share of
larger vehicles.
In contrast, annual emissions have seen an overall decline since 1990 from commercial fishing, with
GHGemissions reducing by approximately a geaover the time series. Emissions from both
domestic flights and navigation have also declined since 1990.

Emissions during 19901999

By the middle of the 1998, economic growth started to gain momentum in Iceland. The main driver
behind increased emissions since 1990 is the expansion of the metal production sector. In 1990,
87,839 tonnes of aluminium were prodet in one aluminium plant in Iceland. A second aluminium
plant was established in 1998 and a third one in 2007.

Emissions during 20002007

The overall increasing tnel of GHG emissions until 2005 was counteracted to some extent by
decreased emissions of PFCs, caused by improved technology and process control in the aluminium
industry. Increased emissions due to an increase in production capacity of the aluminiunmindus
(since 2006) led to a trend of overall increase in GHG emissions between 2006 and 2008, when
emissions from the aluminium sector peaked.

Until 2007, Iceland experienced one of the highest GDP growth rates among OECD countries. A
knockoff effect of theincreased levels of economic growth until 2007 was an increase in
construction, especially residential building in the capital area. The construction of a large
hydropower plant (Karahnjukar, building time from 2002 to 2007) led to further increase gsiems
from the sector.

Emissions during 20082011

In the autumn of 2008, Iceland was hit by an economic crisis when three of the largest banks
collapsed. The blow was particularly handing to the large size of the banking sector in relation to

the overall economy as the sec@®mworth was about ten times the annual GDP of Iceland. The crisis
resulted in a serious contraction of the economy followed by an increase in unemployment, a
depreciation of the Icelandic kréna (ISK), and a drastic increase in external debt. Private consumption
contracted by 20% between 2007 and 2010. Emissions of GHGs decreased from most sectors
between 2008 and 2011.
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Emissions from fuel combustion in the trawespand construction sector decreased each year
between 2008 and 2011, because of the economic crisis. In 2015 the emissions were slightly higher
than in 2011, yet still approximately 20% below the peak in 2007.

National Inventory Report, Icelar&D22

Emissions since 2011

Emissions have beendreasing steadily since 2011, with the exception of the year 2016 which saw
a slight decrease.

In 2019, aluminium productionincreased almost tenfold compared to 1990. Parallel investments in
increased power capacity were needed to accommodate for tiosiease. The size of these
investments is large compared to the size of Iceland’s economy. St@@l emissions from the
aluminium sector were 13% lower than in 2008 due to improved technology and process control.

Table2.1 Emissions of GHG by sector in Iceland for the reported time Berie@e].

Change Change

Sector 1995 2000 2019 2020

WeHZ0  W9P0
1 Energy 1,836 2053 2181 2155 2020 1,848 1,849 1659 -10%  -10%
2 Industrial 958 565 1,010 955 1,917 1,983 2020 10986 107%  -1.7%
Processes
3 Agriculture 662 618 627 605 631 655 621 618  -65%  -0.5%
4 Land Use, Land
Use Change and 9,199 9,175 9194 9,232 9,196 9,107 9,020 9010 -21%  -0.1%
Forestry
5 Waste 219 270 302 304 296 261 223 247  12%  10%
Total without

3674 3506 4119 4019 4865 4746 4713 4510 23%  -4.3%

LULUCF , , , i i , i , 0 0
IE’E'J"(‘;';“ 12,873 12,681 13,314 13251 14,061 13,853 13,733 13519 50%  -1.6%
Memo Items 249 241 465 427 380 829 1170 342  37%  -71%

As shown immable2.2, the largest contributor by far to total GHG emissions without LULUCS,is
followed byCH, N,O and fluorinated gases (PFCs, HFCsS&hdOver the time series, emissions of
CQ have inceased the most, and PFCs afD emissions have decreased significantly.

Table2.2 Emissions of GHG gases by gas for the reported time series (without L[kt CClE].

% Total
1990 1995 2000 2005 2010 2015 2019 2020 &h;&g: &hgg‘e&e_ |a|tzst

year
CQ 2216 2460 2,923 2,968 3,617 3534 3546 3329 50%  -6.1%  74%
CH 606 630 659 648 656 631 570 590  -2.8%  3.4%  13%
NO 356 343 342 311 305 312 295 295  -17%  0.1%  6.5%
PFCs 495 69 150 31 172 104 97 96  81%  -14%  2.1%
HFCs 03 34 44 58 111 163 203 198 57348% 2%  4.4%
Sk 11 12 13 25 47 16 23 32  188%  39%  0.1%
Total 3,674 3506 4,119 4,019 4,865 4746 4713 4510 23% = -43%  100%
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2.1.1 Energy (CRF sector 1)

37%of total emissiongexcluding LULUCF)

Iceland ranks first among OECD

countries in the per capita consumptiol

of primary energy. However, the = 174 Fishing
proportion of domestic renewable

energy in the total energy budget is 1A3bi Cars
approx. 85%, which is a much higher
sharethan in most other countries,
with close to 100% of the energy * 1A3bi Heavy duty
demand covered by hydrpgeothermal

and wind power. The cool climate and "as o
sparse population call for high energy = Other

use and transport. Together with road

transport, fisheries also dominate

emissims in the energy sector.
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The energy sector is dominated by £&missions
from road transport and the fishing industry. £0
emissions from geothermal energy exploitation
have increased since 1990 with the opening of
new geothermal power plants; projects are
ongoing to capture COrom geothermal plants
and mineraliset underground for permanent
storage.

Figure2.2 Overview of emissions from the Energy sector, from top to bottbyremission bgulbsector for the
latest year, (2) emission Isybsector over the time seri@sd (3)emissions by gas for the latest year
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Key export industries such as fisheries and metal productioeeegy intensiveThe metal industry

uses around threguarters of thetotal electricity produced in Iceland. Iceland relies heavily on its
geothermal energy sources for space heating (over 90% of all homes) and electricity production (30%
of the electricity) and on hydropower for electricity production (70% of the elet)ici

The development of the energy sources in Iceland can be divided into three phases:

1) The electrification of the country and harnessing the most accessible geothermal fields,
mainly for space heating.

2) Harnessing the resources for powiatensive industy. This began in 1966 with agreements
on the building of an aluminium plant, and in 1979 a ferrosilicon plant began production.

3) Following the ail crisis of 1973074, efforts were made to use domestic sources of energy to
replace oilparticularly for space heating and fishmeal production. Oil has almost
disappeared as a source of energy for space heating in Iceland, and domestic energy has
replaced oil in industry and in other fields where such replacement is feasible and
economicallyiable.

The emission trends are discussed in more detail below by subsector. These are categorised into fuel
combustion, which covers all direct emissions from oxidation of fuel for generating heat or
mechanical work to a process, geothermal and fugitiveéssion, which covers emission from the
extraction, transformation and transportation of primary energy carriers. Emissions from transport
have significantly increased since 1990, whilst emissions from energy industries, fishing and
manufacturing industrie and construction have decreakas can be seen rable2.3. Thecauses of

these emission trends are discussed below.

Electricity and heat production

The Energy sectdncludes emissions from electricity and heat production. Iceland relies heavily on
renewable energy sources for electricity and heat production, thus emissions from this sector are
very low (accounting fore™s 2 F (0 KS einBgbi Bride &holéinfeselies) The sources of
emissions from electricity and heat production are:

1 ywhich occurs at two locations, which are located
far from the distribution system (two islands, Flatey and Grimsey).

1 in some electricity facilities using fuel combustion to be used if problems
occur in the distribution system

1 to produce heat from electricity are used at some district heating facilities

which lack access to geothermal energy sources. They depend on curtailable energy. These
heat plants have baelp fuel combustion in case of an electricity shortage or problems
the distribution system.

Emissions from the energy industries sector have generally decreased since 1990. In 1995 there were
issues in the electricity distribution system (snow avalanches in the west fjords and icing in the
northern part of the countrythat resulted in higher emissions that year. Unusual weather conditions
during the winter of 1997/1998 led to unfavourable water conditions for the hydropower plants. This
created a shortage of electricity which was met by burning oil for electricityhaat production. In

2007 a new aluminium plant was established. Due to the delay of the Karahnjukar hydropower
project, the aluminium plant was initially supplied with electricity from the distribution system. This
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led to electricity shortages for the digct heating systems and industry depending on curtailable
energy, leading to increased fuel combustion and emissions.

Manufacturing industries and construction

Increased emissions from the manufacturing industries and construction source categorp@ver t
period 1990 to 2007 are explained by the increased activity in the construction sector during the
period. The knocloff effect of the increased levels of economic growth was increased activity in the
construction sector. Emissions rose until 2007, whheerise, particularly in the years prior to 2007,
gla NBfIFIGSR (G2 GKS O2yadaNMzOGA2y 2F LOStFyRQa €I N
from 2002 to 2007). The construction sector collapsed in fall 2008 due to the economic crisis and the
emissions from the sector decreased by over half between 2007 and 2011. Emissions from fuel
combustion at the cement plant decreased rapidly due to the collapse of the construction sector and
in 2011 the plant closed. The fishmeal industry is the second mgetrtant source within

manufacturing industries and construction. Emissions from fishmeal production decreased over the
period due to replacement of oil with electricity as well as a drop in production.

Transport

Emissions from the Transport sector harmereased by over half across the time series. The largest
increase in emissions is from road transport, owing to an increase in the number of cars per capita,
more mileage driven and until 2007 an increase in larger vehicles. Since 1990, the vehiale fleet
Iceland has increased significantly, driven by the growing populatiorease in cars per capita and
increased tourismEmissions from road vehicles peaked in 2018 after a decreasing trend from the
previous 2007 peak which has been followed by aingead emissions since 221In recent years,
more fuel economic vehicles have, however, been impogtedurn-over of the trend from the years
2002 to 2007 when larger vehicles were importBigw registrations of electric vehicles and ping
hybrids hae also been increasing rapidly since 2@mhissions from both domestic flights and
navigation have declined since 1990. This decrease in navigation and aviation has compensated for
rising emissions in the transport sector to some extent.

Fishing

The fidieries dominate the Other sector (1A4). Emissions from fisheries rose from 1990 to 1996
because a substantial portion of the fishing fleet was operating in unusually distant fishing grounds.
From 1996, the emissiotave generally been decreasing and reztthevels below 1990 in 2011.
Emissions remain below 1990 levels, however there are large annual variations due to the inherent
nature of fisheries.

Geothermal Energy

Emissions from geothermal energy utilizatioas accountedor 3-8%o0f the totalannualGHG
emissiongexcluding LULUCIR)Icelandsince 2015Iceland relies heavily on geothermal energy for
space heating (over 90% of the homes) and electricity producsipprox. 306 of the total electricity
productionin recent yeark Table2.3 shows the emissions from geothermal energy from 1990 to
2019. Electricity production using geothermal power increaapgroximately20-fold during this

period resulting in aincrease in emissions. Emissions from geothermal utilization are site and time
specific and can vary greatly between areas and the wells within an area as well as by the time of
extraction.
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Distribution of oil products

Emissions from distribution of oirpducts are a minor source in Icelar€l (kt CQe). Thereare no
other transportation emissions in Iceland and no coal, oil or gas production emissions.

Memo items

Emissions from international aviation and marine bunker fuels are excluded from natioalsl astis
outlined in the IPCC Guidelines. These emissions are presented separately for information purposes
but are included imable2.3. GHG emissions from marine aadiation bunkers have more than
quadrupled since 199@ostly due to increased tourism in recent years.

CQ emissions from biomass are also reported as memo items and are excluded from national totals.
These emissions have been reported since 2003 and leae rapidly increasing over recent years
due to increase in the use bfofuels

Table2.3 Total GHG emissions from the Energy sector for the reported time [$&1@&3¢].

1A1 Energy industries 135 153 6.6 3.4 8.6 4.2 5.0 1.8 -87% -64%
ilngi S'\fr?:s”facm””g 238 217 226 185 85 62 54 45  81%  -17%
1A3 Transport 724 784 869 1,056 981 984 1,075 887 23% -17%
1A3a Domestic aviation 34 30 28 26 21 21 28 13 -61% -53%
1A3b Road transport 523 550 608 766 805 819 950 825 58% -13%
1A3d Domestic navigatior 33 38 13 23 35 27 53 25 -24% -53%

1A4 Other sectors (fishing) 797 952 920 761 737 630 546 545 -32% 0%
1A4a Commercial/

va 8 8 7 5 2 2 4 3 4%  -24%
Institutional

1A4b Residential 28 22 21 13 9 6 4 5 81%  23%
stationary

1Adc Fishing 761 922 892 743 727 622 538 537  -29% 0%
1A5 Other 0 2 5 20 14 0 2 0 197%  -79%
1B2 Fugitiveemissionsfrom
fuels (incl. Geothermal 62 83 155 120 195 168 167 179  189% 7%
energy

1B2d Geothermal 62 82 154 119 194 167 166 179  190% 8%
Total Emissions 1,836 2,053 2,181 2,155 2,020 1,848 1,849 1659 -10%  -10%
'(:Ateerr;";‘;'o”a' aviation 221 238 411 425 380 680 965 264  19%  -73%
'(',:Atimg'o”a' navigation 28 3 54 2 0 149 206 78  178%  -62%
CQ from biomass (memo) NO 4 5 6 7 43 58 53 - -9%
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2.1.2 Industrial Processes and Product Use (CRF sector 2)

44 %of total emissions
(excluding LULUCF)

The emissions in this sector fall =2C3
Aluminium

mostly under the EU emission production

trading system (EETS), where

the main subsectors in Iceland 2.c2

are Aluminium and Ferroalloy Ferroalloys
. . - production

production. The availability of

renewable energy like " 2F1

hydropower in Iceland allows the Refrigeration

metal industry to lower emissions andair

conditioning

of CQ per ton of metal produced

compared to the use dbssl

fuels for energy generation.

= Other

Change over the timeseries
+107%

Emissions [kt C@]

2.C.3 Aluminium production m2.C.2 Ferroalloys production H 2.F.1 Refrigeration and air conditioning m Other

Large part of the GHG emissida the form of Fgases
CQ as a result of the oxidation of carbdrased 15%
reductants (coal, coke) used in metal production. F CH,
gases in the form of PFCs are also formed during 0.2%
aluminium production, explaining part of the total F

gasemissions, while the rest can be assigned to N,O
Refrigeration and Air conditioning, Electrical 0.1%
equipment and Metered Dose Inhalers

Figure2.3 Overview of emissions from the IPPU sector, from top to bottbyremission bgubsector for the
latest year, (2) emission lsyibsector over the time seri@sd (3)emissions by gas for the latest year
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The Industrial Processes and Product Use (IPPU) sector is the sector largest contributor to national
GHG emissions after LULUCF (when removals are included). The emissions from this sector are
dominated byCQ, hydrofluorocarbons (HFCaihd perfluorocarbon(PFC)HFCs are used as

substitutes for ozone depleting substances (ODS) in refrigeration sydeemiliorocarbon emissions

in Iceland come mostly from the aluminium industry (tetrafluorometha@i and hexafluoroethang
GFe), and to a smakxtent from refrigeration equipment (hexafluoroethanek§} commercially

known as PFC116, and octafluoropropangd)Ccommercially known as PR2C8.

Emissions from IPPU have increased over the time series primarily due to the expansion of energy
intendve industry, primarily from metal production (aluminium smelting and ferroalloy produgtion)
seeTable2.4.

Metal production accounts for approximately 90% of the IRBBttor emissions in recent years:

is the main source within the metal production category, accounting for the
majority of total Industrial Processes emissions across the time series. Aluminium is produced at
three plants. The produaih technology in all aluminium plants is based on using centre worked
prebaked anode cells. The main energy source is electricity, and industrial p@@esgissions are
mainly due to the anodes that are consumed during electrolysis. In addition, tlieigion of
aluminium gives rise to emissions of PFCs. Due to the expansion of the existing aluminium plant in
1997 and the establishment of a second aluminium plant in 1998, emissions increased from 1997 to
1999. From 2000, the emissions showed a steadynieard trend until 2005. The PFC reduction was
achieved through improved technology and process control and led to a 98% decrease in the amount
of PFC emitted per tonne of aluminium produced during the period of 1990 to 2005. In 2006, the PFC
emissions ros significantly due to an expansion of one smelter, but PFC emissions per tonne of
aluminium decreased from 2007 to 2011 through improved process technology. The third aluminium
plant was established in 2007 and reached full production capacity in 2088 1Rissions per tonne
of aluminium are generally high during start up and usually rise during expansion. PFC emission
declined in 2009 and 2010 through improved process technology until December 2010 at the third
smelter, when a rectifier was damaged irefiThis led to increased PFC emissions leading to higher
emissions at the plant in 2010 than in 2009. Since 2010 the average PFC emissions for all three
aluminium smelters is around 0.XCQe/t Al produced.

The accounts for appximately a fifth of Industrial Processes emissions.

CQ s emitted due to the use of coal and coke as reducing agents and from the consumption of
electrodes and other carbeoontaining additives (carbon blocks, electrode casings and limestone). In
1998 apower shortage caused a temporary closure of the ferrosilicon plant, resulting in
exceptionally low emissions that year. In 1999, however, the plant was expanded (addition of the
third furnace) and emissions have therefore increased considesaindg 199. In late 2016, a silicon
metal plant opened, which contributed slightly to the increase in emissions from this subsector for
the year 2017The newplant ceased operations in mD17, but another silicon plant started its
operations in May 2018.

Emissios from the has significantly decreased since 1990. Cement
production was the dominant contributor until 2011 when the sole cement plant shut d@@n.
derived from carbon in the shellsand used as raw material is the sou€&eimissions from

cement production. Emissions from the cement industry reached a peak in 2000 but declined until
2003, partly because of cement imports. In 2004 to 2007 emissions increased again because of
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increased activity related to the construction of tKérahnjukar hydropower plant (built 2002 to
2007) although most of the cement used for the project was imported.

Emissions from the ceased in 2005. The production of fertilizers, which used to be
the main contributor to process emissiofiem the chemical industry wadosedin 2001. No

chemical industry has been in operation in Iceland after the closure of a diatomite (silica) production
facility in 2004.

Imports of HFCE ) started in 199 and have increased steadiytil 2018. In 2019 a tax
scheme was established, putting a tax on the import-ghBes according to their global warming
potential. Since 2019 the import has been decreadNgHFC/PFCs were routinely used for
refrigeration before 1993 and the only HFCs repdibefore then is HFC34 in Metered Dose
Inhalers, therefore the increase since 1990 is very large.

HFCs are used as substitutes for ozone depleting substances (ODS) that are being phased out in
accordance with the Montreal Protocol. Refrigeration airdcanditioning are the main uses of HFCs

in Iceland, and the fishing industry plays a preeminent role. HFCs stored in refrigeration units
constitute banks of refrigerants which emit HFCs during use due to leakage. Very minor amounts of
PFCs are used inrta&in refrigerant blends, and the PFC emissions from refrigeration and air
conditioning is on the order of a few tens of tonsGBe.

The sole source @k emissions is leakage from electrical equipment such as gas insulated

switchgear. Emissions havedreincreasing since 1990 due to the expansion of the Icelandic
electricity distribution Table2.5). The peak in leakage in 2010 was caused by two unrelated
accidents during which th8k contained in equipment leakedto the atmosphereThe peak in

2018 was due to equipment breakdown that caused leakage.

The use of and products containing solvents (CRF sector 2D3) leads to emissions of non
methane volatile organic compounds (NMVOC), which are regarded ascin@iHGs as the NMVOC
compounds are oxidized ©©Q in the atmosphere over time. The§#) emissions are also included
in this inventory.

Also included inhe IPPUsector are emissions o0 from medical and other uses and emissions of
CQ from lubricans and paraffin wax usé. of emissions included in the Icelandic
inventory areCH andNO emissions from tobacco, as well as GHG and precursor emissions from
firework use. Historically, Industrial Processes has been an important souxg® difut emissions
have been significantly reduced since the shutdown of the fertilizer plant in 2001.
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Industry Sector

1990

1995

2000

Table2.4 GHG emissions from Industrial ProcessesProduct Uséor the reported time serigkt CQe].
2005

Change Change

2010 2015 2019 2020

g0- 20 ®9-PO

2A Mineral products 52 38 65 55 10 0.7 1.0 0.9 -98% -6%
2B Chemical industry 47 41 18 - - - - - NA NA
2C Metalproduction 844 469 868 828 1,781 1,807 1,805 1,775 110% -2%
2D Nonenergy

products fromfuels 7.1 7.8 7.7 7.3 5.6 6.1 6.0 6.2 -13% 3%
andsolvent use

2F Product uses as

substitutes for ozone 0.3 3.4 44 58 111 163 203 198 57367% -2%
depleting substances

2G Other product 72 58 63 65 86 49 51 60  -17%  18%
manufacture and use

Total Emissions 958 565 1,010 955 1,917 1,983 2,020 1,986 107% 2%

Table2.5 Total HFC, PFC a8& emissions fromJ§as consumptiofkt CQe].

GHG 1990 1995 2000 2005 2010 2015 2019 2020

HFCs 0.%4 3.4 44 58 111 163 203 198 57348% -2%
PFCs 495 69 150 31 172 104 97 96 -81% -1%
Sk 11 1.2 13 25 4.7 1.6 2.3 3.2 188% 39%
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2.1.3 Agriculture (CRF sector 3)

14%of total emissiongexcluding LULUCF)
EmiSSionS are = 3.D.1 Direct N20
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dominated by managed soils
agricultural soils and 3.A.2 Enteric
enteric fermentation fermentation - Sheep
across the time
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enteric fermentation management - CH4
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m 3.A.1 Enteric fermentation - Cattle m 3.B.1 Manure management - CH4 emissions
m 3.D.2 Indirect N20 emissions from managed soil m Other
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Enteric fermentation is the main source ¢
CH. Agriculture is the main source of®l
emissions which are generated from
agricultural soils and manure
management.

Figure2.4 Overview of emissions from the agriculture sector, from top to bot{@nemission bgubsector for
the latest year, (2) emission bybsector over the time seriesd (3)emissiondy gas for the latest year
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Iceland is sel$ufficient in all major livestock products, such as meat, milk, and eggs. Traditional
livestock production is grassland based and most farm animals are native breeds, i.e.ttlairy ca

sheep, horses, and goats, which are all of an ancient Nordic origin, one breed for each species. These
animals are generally smaller than the breeds common elsewhere in Europe. Beef production,
however, is partly through imported breeds, as is mastlpry and all pork production. There is not

much arable crop production in Iceland, due to a cold climate and short growing season. Cropland in
Iceland consists mainly of cultivated hayfields, but potatoes, barley, beets, and carrots are grown on
limited acreage. Emissions from agriculture are closely coupled with livestock population sizes,
especially cattle and sheefinotherfactor that has a considerable impact on emission estimates is

the amount of nitrogen in fertilizer applied annually to agricudtiusoils. A decrease in livestock
population size of sheep between 1990 and 2005 was partly counteracted by increases of livestock
population sizes of horses, swine, and poultry, but led to overall emission decreases and resulted in a
decrease of total ageulture emissions during the same periddgure2.4 and Table2.6).

Since 2005, emissions from agriculture have increased dag tncrease in livestock population size
but still remainclose t01990 levels. This general trend is modified by the amount of synthetic
nitrogen applied annually to agricultural soils.

N2O emissions from the agriculture sector have decreased since T880is mainly due to a
decrease in livestock population accompanied by a decrease in manure production.

Table2.6 GHG emissions from agriculture sector for the reported time J&ti€e].
Agriculture

1090 1995 2000 2005 2010 2015 2019 2020 Crange Change

sector YhHH WYWmhH
3A Enteric
I. 326 303 298 289 303 314 297 291 -11% 2%
fermentation
3B Manure
86 76 77 74 76 79 76 74 -14% -2%
managment
3D Agricultural
soilsg' ui 248 239 252 238 250 258 243 248 0% 2%
3G Liming 0.5 0.0001 0.04 1.8 0.3 2.1 3.7 3.9 735% 4%
3H Urea
L 0.06 0.06 0.07 0.07 0.13 0.17 0.22 0.19 252% -12%
application
3l OtherG
containing NE NE NE 2.3 1.7 1.2 1.9 1.4 NA -26%
fertilizers
Total Emissions 662 618 627 605 631 655 621 618 -6.5% -0.5%
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2.1.4 Land Use, Lantlse Change and Forestry (LULUCF, CRF sector 4)

66%of total emissions

Both emissions from

sources and removals
by sinks are reported
for this sector.
Overall, the LULUCF
sector results in net

emissions, which are
greater that all other
sectors combined.
This is primarily due
to emissions from
grassland, wetlands 4.AForest 4B Croplandi.C Grassland.D Wetlands ~ 4E ~ 4FOther ~ 4G 4H Other
Land Settlements land Harvested (N20O from
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products  drained soils)
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Figure2.5 Overview of emissions and removals from the LULUCF sector, from top to Hdjtabsolute
emissiorand removaldy subsector for the latesear, (2) emissioand removaldy subsector over the time
series and (3bsoluteemissionsand removaldy gas for the latest year
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Net emissions (emissioqgemovals) in the LULUCF sector have slightly decreased over the time
period. Emission increase from Grassland is explained by drainage of wetlandrting Wetlands

to Grassland, which is somewhat counterbalanced within the category by increased removals
through revegetation. Increase in wetland drainage decreases the area of wetland and consequently
the emissions. The increased removals throudbrattation are explained by increased activity in

the category and changes in forest growth with stand age. Decreased emissions from Cropland are
explained by changes in the agricultural sector, leading to less cropland area.

Analyses of trends in emissi® of the LULUCF sector must be interpreted with care as some
potential sinks and sources are not included. Uncertainty estimates for reported emissions are
considerable and observed changes in reported emissions therefore not necessarily significantly

different from zero.

Table2.7 GHG emissiorend removalsrom the LULUCF sector the reported time seriggt CQe].

LULUCF Sector 1990 1995 2000

4AForestland -30 53 -89  -140 205  -400  -490 510  1604% 4%
4B Cropland 1979 1,977 1974 1972 1970 1969 1967 1967 1% 0%
4C Grassland 5375 5372 5446 5557 5718 5744 5756 5766 7% 0%
4D Wetlands 1,852 1858 1844 1825 1,799 1,791 1,784 1,783  -4% 0%
AE Setflements 22 22 18 18 4 4 4 4 8% 3%
4FOtherland NANE NANE NANE NANE NANE 00028 NANE 0001  NA NA
3\'/((;’0';?’:;:?‘:3 NO,NA NONA 00004 -00002 -003 -0.12 -0.08 -004 NA  -47%
Total Emissions 9199 9,175 9194 9232 9196 9,107 9,020 9010 21%  -0.1%
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2.1.5 Waste (CRF sector 5)

5%of total emissiongexcluding LULUCF)

Emissions from the = 5.A.1 Managed waste
waste sector show a disposal sites
parabolic shape
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similar levels of 1990. 12.5% disposal sites
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dominated by solid = 5.D.2 Industrial wastewater
waste disposal and
wastewater treatment
activities.

Change over the timeseries:12%

© N~ 0 O O
I 4 d 4
o O O O o
N N N N N

Cee
N
g

N
o
o

Emissions [kt
=
u
o

[s2]
o
o
N

m5.A.1 Managed waste disposal sites 5.D.1 Domestic Wastewater m5.A.2 unmanaged waste disposal sites

<
(=}
o
N

W 5.D.2 Industrial wastewater m Other

Emissions from the waste sector are
dominated by ClHemissions from solid
waste disposal and wastewater
treatment and discharge.

Figure2.6 Overview of emissions from the waste sector, from top to bot{d@nemission by subsector for the
latest year, (2) emission lsyibsector over the time series and (3) emissions by gas for the latest year
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The majority of emissions from the waste sectioe CH emissiondrom solid waste disposal on land.
The remaining emissions arose from wastewateatment, waste incineration and the biological
treatment of waste, i.e. composting. The trend in waste emissions is dominated by:

An increase irsolid Waste Disposal (SWemissions between 1990 and Zb@as caused by the
accumulation of degradable aagic carbon in recently established managed, anaerobic solid waste
disposal sites which are characterised by higher methane production potential than the unmanaged
SWDS they succeeded. The decrease in emissions from the waste sector séisecad8ed by

decrease in SWD emissions which is due to a rapidly decreasing share of waste landfilled dince 200
and by an increase in methane recovery at SWDS. The total increase of SWD emissions between 1990
and 20D amounted t09%.

Emissions fromompostinghavebeen steadily increasing from 1995 when composting started.
Improved collection of organic waste leads to a rapid increase of the emissions in recent years.

The significant decrease in emissions fromineration and open burnindrom 1990 igdue to a

deaease in the amount of waste incinerated and a change in waste incineration technology. During
the early 1990s waste was either burned in open pits or in waste incinerators at low or varying
temperatures. Since the mitl990s increasing amounts of waste ameinerated in proper waste
incinerators that control combustion temperatures which lead to lower emissions per waste amount
incinerated.From 2011 only one incineration plant has been in operation in Iceland.

Wastewater handlingemissions have decreasstightly since 1990. Emissions from domestic
wastewater have increased due to an increase in population. Industrial wastewater emissions are
based on amount of fish processed in Iceland, and there are some annual fluctuations which cause
changes in emisgis.

Table2.8 GHG emissions from the waste sector for the reported time J&ti€e].

Waste Sector 1990 1995 2000 2005 2010 2015 2019 2020 o ange Change

YhHH . PMeH
5A Solid Waste Disposal 150 201 227 234 243 200 162 187 25% 16%

5B Biological Treatment
of Solid Waste

5C Incineration and Opet
Burning of Waste

5D Wastewater
Treatment and Discharge

Total 219 270 302 304 296 261 223 247 12.4% 10.5%

NO 0.3 0.3 0.9 2.6 3.7 41 54 NA 33%

15 10 6.0 55 6.5 7.1 9.4 6.0 -60% -36%

55 59 68 64 45 50 48 48 -12% 0%
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2.2 Emission Trends for Indirect Greenhouse Gases 64

Nitrogen oxidesNCOx), norntmethane volatile organic compounds (NMVOC) and carbon monoxide
(CO) have an indirect effect afimate through their influence on GHGs, especially ozone. Sulphur
dioxide SQ) affects climate by increasing the level of aerosols that have in turn a cooling effect on
the atmosphere. Data presented here, and submitted to the UNFCCC, is in accordance wi
guidelines for reporting air pollutants under the CLRFAMe emissions presented in this section

are from the energy, IPPU, agriculture and waste sectors as no indirect emissions from the LULUCF
sector have been compiled to date.

2.2.1 NitrogenOxides NOx)

The main source dfiCkin Iceland is the Energy sector, as can be seéigimre2.7. The main
contributors to this sector are commercial fishing and transport, followed by manufacturing
industries and construction. In industrial processes, the méikrsource iderroalloysproduction.
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Figure2.7 Emissions dllOx by sector for the reported time seripd].
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2.2.2 Non-Methane Volatile Organic Compounds (NMVOC)

The main sources of NMVOCs are limdustrial processes, followed by Agriculture and Erergy

sector, as can be seenkigure2.8. In the energy sector, NMVOC emissions are dominated by road
transport. These emissions decreased rapidly after the use of catalytic converters in all new vehicles
became obligatory in 1995. In Industrial processes, NM&@@ostly emitted in various solvent

uses, as well as in food and beverage production. In the Agriculture sector, manure management is
the greatest source of NMVOC. The total emissions have been showing a general downward trend
since 1990.

14 Convention on Lonr&ange Transboundary Air Pollution, find out morehés://www.ceip.at/
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Figure2.8 Emissions of NMVOC by sector for the reported time dJétjes
2.2.3 Carbon Monoxide (CO)

IndustrialProcesses are the most prominent contributors to CO emissions in Iceland, as can be seen
in Figure2.9. Within industrial processes, almost all the CO emissions are due to primary Aluminium
production. It is worth mentioning that emissions from road transp@vd decreased rapidly after

the use of catalytic converters in all new vehicles became obligatory in 1995. Total CO emissions have
more than doubled since 1990
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Figure2.9 Emissions of CO by sector for taported time seriefkt].
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2.2.4 Sulphur Dioxide $Q)

Geothermal energy exploitation is by far the largest sourc8@emissions in Iceland. Sulphur

emitted from geothermal power plants is in the form of hydrogen sulphide and is reported here in kt
SQ-equivalents. Emissions have doubled since 1990 due to an increase in electricity production at
geothermal power plants. @er significant sources @&Q in Iceland are industrial processes, as can
be seen irFigure2.10.

Emissions from industrial processes are dominated by metal production. Until 1996 industrial process
sulphur dioxide missions were relatively stable. Since then, the metal industry has expanded,

leading to an increase BQ emissions. The fishmeal industry is the main contributd8@

emissions from fuel combustion in the sector Manufacturing Industries and ConetruEtinissions

from the fishmeal industry increased from 1990 to 1997 but have declined since as fuel has been
replaced with electricity and production has decreased.

SQ from the fishing fleet depend upon the use of residual fuel oil. When fuel priceghisese of
residual fuel oil rises and the use of gas oil drops. This leads to higher sulphur emissions as the
sulphur content of residual fuel oil is significantly higher than in gas oil. The rising fuel prices since
2008 have led to highe3Q emissiors from the commercial fishing fleet in recent years. As a result
of this, emissions have decreased at a lower rate compared to fuel consumption.

Across the time series, annua emissions in Iceland have more than doubled.
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Figure2.10 Emissions of by sector for the reported time seripg SQJ.

In 2010, the volcano Eyjafjallajokull erupted. The eruption lasted from 14 April until 23 May. During
that time, 127 kt ofSQ were emitted which is 71% moréan total anthropogenic emissions in 2010.
In 2011, the volcano Grimsvétn started erupting. The eruption lasted from 21 until 28 May. During
that time around 1000 kt 06Q were emitted, or 12 times more than total anthropogenic emissions
in 2011.
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A largeeffusive eruption started in Holuhraun on 29 August 2014 and ended on 27 February 2015. It
was the biggest eruption in Iceland since the Laki eruption 1783. $Gt@mission from this

eruption was estimated 12,006 kt. Divided on calendar years 10,8803® was emitted in the year
2014 and 1,126 kt dbQ in the year 2015. To put these numbers in perspective it can be said that the
total SQ emission from all the European Union countries for the year 2012 was 4,576 kt. So, the
emission from the eruption in the year 2014 i.e. from 29 August 2014 to 31 December 2014 was
more than twice the totaBQ emission from all the European Union coungrier the whole year. For
September alone, during the most intensive period of the eruption,3@eemission from the

eruption was similar to the annual emission of the European Union.

As the emissions from volcanos are natural, they are not includedtional totals.
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3 Energy (CRF sector 1)

3.1 Overview

The Energy sector contains all emissions from fuel combustion, energy production, and distribution
of fuels.

The energy sector is reported under four main chapters:

Stationary Combustion (CRF 1A1, 1%} and 1A5)

Transport and other mobile sources (CRF 1A2, 1A3 and 1A4)

Fugitive emissions including geothermal energy production (CRF 1B)

Reference approach, feedstocks, and remergy use of fuels (CRF 1AB, 1AC and 1AD)

=A =4 =4 =4

3.1.1 Methodology

Emissions from fuel conustion activities are estimated at the sector level based on methodologies
suggested by the 2006 IPCC Guidelines. They are calculated by multiplying energy use by source and
sector with pollutant specific emission factors. In all calculations, the omitiédictor was set to the

default value of 1. Emissions from Road Transport are estimated using CORERIh&h uses a

tier 3 methodology to estimate XD and Cllemissions, and a tier 2 methodology to estimate,CO
emissions. A more detailed descriptioan be found in chapte3.3.3RoadTransport (CRF 1A3b)

3.1.2 Key category analysis

The key categories for 1990, ZDand 19962020 trend in the Energy sector aghown inTable3.1
(compared to total emissions without LULUCF):

Table3.1 Key category analysis for the Energy sector

IPCC source category Gas ig;%l Iég\g(a)l Trend
Energy (CRF sector 1)

1A2 Fuel combustion Manufacturing Industries and Construction CQ \Y, \Y \Y
1A3a Domestic Aviation (efe) \% \Y,
1A3b Road Transportation (efe) \% \Y, \Y,
1A3d Domestic Navigation (efe) \Y, \Y

1A3e Other Mobile machinery CQ \% \%
1A4b Residential Combustion CcQ \% \Y
1A4c Agriculture/Forestry/Fishing (efe) \% \Y, \Y,
1B2d Fugitive Emissions froffuels- Other (Geothermal) cQo \% \% \%

3.1.3 Completeness

Table3.2 gives an overview of the IPCC source categories included in this chapter and presents the
status of emission estimates from all ssburces in thd&Energysector.
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Table3.2 Energyc completenes$E: estimated, NA: not applicable, NO: not occurring)
Sources CQ CH N,O Methodology

1A Fuel Combustion Activities

1. Energy Industries

a. Publielectricity and heat production E E E T1, T2

b. Petroleum Refining NO NO NO -

¢. Manufacture of Solid Fuels and Other Energy Indust NO NO NO -

2. Manufacturing Industries and Construction

a. Iron and Steel E E E T1

b. NonFerrous Metals E E E T1

c. Chemicals E E E T1 NO since 2004

d. Pulp, Paper and Print NO NO NO -

e. Food Processing, Beverages and Tobacco E E E T1

f. NonMetallic Minerals E E E T1
|E for 199€2018,

g. Transport Equipment E E E T1 gapzc_)%e;j L:/:?}?(;g:gﬁg
2GKSNJ YI O

3. Transport

a. Domestic Aviation E E E T1

b.i. Cars E E E T2, T3

b.ii. Light duty trucks E E E T2, T3

b.iii. Heavy duty trucks and buses E E E T2, T3

b.iv.Motorcycles E E E T2, T3

b.v. Other NO NO NO -

c. Railways NO NO NO -

d. Waterborne Navigation E E E T2, T1

e. Other Transportation E E E T1

4. Other sectors

a. Commercial/Institutional E E E T1

b. Residential E E E T1

ci. Agriculture/Forestry/FishingStationary E E E T1
|E for 199€2018,

cii. Agriculture/Forestry/FishingOff-road vehicles E E E T1 ?Z?%Z% l:/gi?gligzig
20KSNJ YI O

ci. Agriculture/Forestry/FishingFishing E E E T2, T1

5. Nonspecified elsewhere

a. Stationary E E E T1

b. Mobile NO NO NO -

1. Solid Fuels

a. Coal Mining and Handling NO NO NO -

b. Solid Fuels Transformation NO NO NO -

c. Other NO NO NO -
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Sources CQ CH N,O Methodology Notes

2. Oil and Natural Gas and Other Emissions from Energy Production

All other subsectors of

ab Oilg Distribution of Oil Products E E NA T1 1B2a are NO
b. Natural Gas NO NO NO
c.Venting and Flaring NO NO NO

d. Otherg Geothermal Energy

1C C@Transport and Storage

1. Transport of CO2 NO NO NO

2. Injections and Storage NO NO NO

3. Other NO NO NO -

1. International Bunkers E E E T1
a. International Aviation E E E T1
b. International Navigation E E E T2, T1

2. Multilateral Operations NO NO NO

3. CQ Emissions from Biomass E E E T1

4. CQCaptured NO NO NO

3.1.4 Source Specific QA/QRrocedures

General QA/QC activities performed for the Energy sector are listed in CHapt&urther sector
specific activities include:

i1 Identify and document discrepancies between the sectoral approach anefbeence
approach

i1 All emissions calculations are quality checked by a second sectoral expert, which did not

compile the inventory.

9 Crosschecks with data from the NEA with total input data in calculations files to ensure that

all fuels are accounted for.

1 Review of the Energy chapter in this NIR by external stakeholders (planned improvement).
1 Monthly meetings with the NEA are held in order to address discrepancies between energy

statistics and data used in the inventory. Activity data for the whole timesare checked
and the attribution between IPCC subsectors are discussed.

3.1.5 Planned Improvements

Several improvements are planned for the next submission:

91 Increased collaboration with the Icelandic Transport Authority to streamline data transfer to

the EA

i Itis planned to investigate the availability of more refined data on fleet composition/engine

types in order tanove to a higher tier for estimating emissions from the navigation and
fishing subsectors.

i The use of charcoal for grilling is being investigated. This issue was brought up in the 2017

UNFCCC oountry review and Iceland is planning on working waitlito obtain this data.
i Itis planned to send the Energy chapter for review by national stakeholders.
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Activity data is provided by the National Energy Authority (NEA), which collects data from the oll
companies on fuel sales by sector. For 2020 submission a comprehensive review was performed
on how the fuels sales data from the NEA is attributed to IPCC sectors. For that submission the
review only included the years 20@®18 because the methodology used to collect the data by the
NEA changdbetween 2002 and 2003. the 2021submission the same attribution of fuels to IPCC
categories for 199@002 was performed with a review of the sales statistics. Consequently, the
whole time series has been reviewed and methodologies harmonised fromat@Pnwards.

The aim of the review of the fuel sales data from the ME2Ato make the adjustments from the
sales statistics to the IPCC categories more transparent. This is what was done for each IPCC category
to achieve the following:

1 1Al Energy Indug#sq sales statistics are used directly and no adjustments are needed

1 1A2 Manufacturing Industriesadjustments are needed to transform sales statistics into
IPCC categories (detailed description below)

1 1A4a and b Commercial/Residential combustigales statistics are used directly and no
adjustments are needed

1 1A5 Other all fuels that are categorised as Other in sales statistics without any explanation
of use are attributed to this category.

Due to insufficiently detailed splits in the sales statisthetween fuel used for different
manufacturing industries that belong to IPCC category 1A2 some adjustments are needed. To try to
have this input data as accurate as possible:

i1 Itis assumed that Green Accounting repdRegulation 851/2002and EU ETShAual
Emission Reports from 2013 are correct for each company and that data is used for 1A2a,
1A2b, 1A2c and 1A2fthis is the known usage.

1 Because these fuels are purchased from domestic oil companies, they will be subtracted
from the sales statistics ceived from the NEA.

i1 The difference between known usage and sales statistics is attributed to the category
1A2gviii Other Industry.

These adjustments are describedrigure3.1. For some fuel types and years, the sabtion of

known use from sales statistics does result in a negative number indicating that usage was more than
what was sold. It is considered more likely that some data is missing from sales statistics and
therefore these values will be input as zero.sThill cause more fuel used than what is in the sales
statistics, and a possible overestimate of emissions. This is however a very low amount compared to
the total energy emissions.
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Known use
Green accounting and ETS
for companies

Sale statistics
Data from the NEA

ejep |euidlQ

Known use is
subtracted from
sale statistics

Input data for Difference is
1A2a, 1A2b, 1A2c attributed to
and 1A2f 1A2gviii

ejep ndui |eulq

Figure3.1 Description badjustments in input data for IPCC category 1A2
In the sales statistics received from the NEA there are unspecified categories for all fuels, labelled as

GhiGKSNEDP ¢KSAS FdzSta INB | 0O02dzyiSR F2NJ Ay /wC OF
with the NEA to aim to attribute these fuels to specific categories.

3.1.7 Emissions factors

For most categories in the energy sector, default emission factors from the 2006 IPCC guidelines are
used for emission calculations. These emission fatorstationaly combustiorcan be seen iffable

3.3. Emission factors for mobile combustion are shown in the chapters for each subsector as they
vary.

Table3.3 Emission factors used for calculations emissions from stationary combustion

Fuel / Factor Value Unit Reference
Gas/Diesel Oll
NCV 428 Tikt Country Specific from 2017, based on annual
measurements
Gcontent 20.2 t/TJ Table 1.3 2006 IPCC Guidelines, V2, Chl
CH emission factor 3.0 kg/TJ Table 2.2 2006 IPCC Guidelines, V2, Ch2
N.O emission factor 0.60 kg/TJ Table 2.2 2006 IPCC Guidelines, V2, Ch2
Residual Fuel Oil
NCV 40.4 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Chl
Gcontent 21.1 t/TJ Table 1.3 2006 IPCC Guidelines, V2, Chl
CH emission factor 3.0 kg/TJ Table 2.2 2006 IPCC Guidelines, V2, Ch2
N>O emission factor 0.60 kg/TJ Table 2.2 2006 IPCC Guidelines, V2, Ch2
Biomethane
NCV 50.4 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Ch1l
G-content 14.9 t/TJ Table 1.3 2006 IPCC Guidelines, V2, Chl
CH, emission factor 1.0 kg/TJ Table 2.2 2006 IPCC Guidelines, V2, Ch2
N>O emission factor 0.10 kg/TJ Table 2.2 2006 IPQ&iidelines, V2, Ch2
Biodiesel
NCV 27.0 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Chl
Gcontent 19.3 t/TJ Table 1.3 2006 IPCC Guidelines, V2, Chl
CH emission factor 3.0 kg/TJ Table 2.2 2006 IPCC Guidelines, V2, Ch2
N>O emission factor 0.60 kg/TJ Table 2.2 2006 IPCC Guidelines, V2, Ch2

47



L National Inventory Report, IcelargD22

Fuel / Factor Value Unit Reference
Waste
NCV 10.0 Tkt Table 1.2 2006 IPCC C_Buidelines, \/_2, Ch1 (Municip
Wastes (norbiomass fraction))
Annual fluctuations between years based on
G-content - - -
composition of waste
o kg/kt Table 5.3 p.5.20, Chapter 5 in Volume 5 of the 2006 |
CH emission factor 237.0 MSW Guidelines
N,O emission factor 60.0 g/t MSW  Table 5.6 p.5.22, Chaptgr 5.in Volume 5 of the 2006 |
waste Guidelines
LPG
NCV 47.3 TJ/kt Table 1.2 2006 IPC&idelines, V2, Chl
G-content 17.2 t/TJ Table 1.3 2006 IPCC Guidelines, V2, Chl
CH emission factor 1.0 kg/TJ Table 2.3 2006 IPCC Guidelines, V2, Ch2
N>O emission factor 0.10 kg/TJ Table 2.3 2006 IPCC Guidelines, V2, Ch2
Waste Oil
NCV 40.2 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Chl
Gcontent 20.0 t/TJ Table 1.3 2006 IPCC Guidelines, V2, Chl
CH, emission factor 30.0 kg/TJ Table 2.3 2006 IPCC Guidelines, V2, Ch2
N>O emission factor 4.0 kg/TJ Table 2.3 2006 IPCC Guidelines, V2, Ch2
Petroleum Coke
NCV 325 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Chl
Gcontent 26.6 t/TJ Table 1.3 2006 IPCC Guidelines, V2, Chl
CH, emission factor 3.0 kg/TJ Table 2.2 2006 IPCC Guidelines, V2, Ch2
N,O emission factor 0.60 kg/TJ Table 2.2 2006PCC Guidelines, V2, Ch2
Other Bituminous Coal
NCV 25.8 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Chl
CG-content 25.8 t/TJ Table 1.3 2006 IPCC Guidelines, V2, Chl
CH, emission factor 10.0 kg/TJ Table 2.3 2006 IPCC Guidelines, V2, Ch2
N2>O emission factor 15 kg/TJ Table 2.3 2006 IPCC Guidelines, V2, Ch2

3.2 Stationary Combustion (CRIFAL, 1A2, 1A4 and 1A5)

3.2.1 Energy Industrie§CRF 1Alai and 1A1laiii)

Iceland has used renewable energy sources extensively for electricity and heat productiopastthe
few decades, and the emissions from energy industries are therefore lower than in most other
countries, which utilize a higher share of fossil fuelshttuldbe noted that only approximately
0.01% of the electricity in Iceland is produced with ft@hbustion and less than 5% of buildings in
Iceland are heated with fossil fuels.

1Alai: Electricity GeneratiorElectricity is produced from hydropower, geothermal energy, fuel
combustion and wind power in Icelan@iable3.4), with hydropower as the main source of electricity
(Orkustofnun, 2019)Electricity was produced with fuel combustion abtplaces that are located far
from the distribution network (two islands, Grimsey and Flatey). Some public electricity facilities
have emergency backup fuel combustion power plants which they can use when problems occur in
the distribution system. Thosdamts are however very seldom used, apart from testing and during
maintenance. In 2013 the first wind turbines were connected and used for public electricity
production.
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Table3.4 Electricity production in &dand[GWH

Hydropower 4,159 4,677 6,350 7,015 12,592 13,781 13,462 13,157
Geothermall 283 290 1,323 1,658 4,465 5,003 6,018 5,961
Fuel combustion 4.6 8.4 4.4 7.8 1.7 3.9 2.7 3.1
Wind power - - - - - 10.9 6.6 6.7
Total 4,446 4,976 7,678 8,681 17,059 18,799 19,489 19,127

Emissions from hydropower reservoirs are included in the LULUCF sector and emissions from geothermal power plants are
reported in sector 1B2d

1Alaiii: Heat PlantsGeothermal energy was thmain source of heat production in 2019. Some

district heating facilities, which lack access to geothermal energy sources, use electric boilers to
produce heat from electricity. They depend on curtailable energy. These heat plants hawgpback

fuel combustn systems in case of electricity shortages or problems in the distribution system. Three
district heating stations burned waste to produce heat and were connected to the local distribution
system. They stopped production in 2012. Emissions from thesewasheration plants are

reported here.

3.2.1.1 Activity data

1Alai: Electricity GeneratiorActivity data for whole timeseries is sales numbers for fuel sold for
electricity production from the NEAn the past decade 0.0190.02% of theannualelectricity
productionin Icelandwaswith fuel combustion. Activity data for fuel combustion are giveiiable
3.5. During 20022007 biomethane was used for electricity production &4 #2018 biodiesel was
used. These fuels are both reported as biomass in CRF.

Table3.5 Fuel usdkt] from electricity production.
1990 1995 2000 2005 2010 2015 2019 2020

Gas/Diesel oil 1.30 1.09 1.07 0.02 1.01 1.19 1.24 0.56
Residual fuel oil NO NO NO NO NO NO NO NO
Biomethane NO NO NO 0.29 NO NO NO NO
Biodiesel NO NO NO NO NO NO NO NO

1Alalii: Heat PlantsActivity data for heat production with fuel combustion and waste incineration
are given inrable3.6. According to Annex Il in the waste framework Directive 2008/98/EC
incineration facilities dedicated to the processing of municipal solid waste need to havehergy
efficiency equal or above 6066% in order to qualify as recovery operations. Since 2013 there has
been only one incineration facility, Kalka, in Iceland and it does not qualify as a recovery operation.
From 2013, no solid waste was used fog firoduction of heat.

Table3.6 Fuel usgkt] from heat production

2005 2010 2015

Gas/Diesel Oll NO NO NO NO NO NO 0.33 NO
Residual Fuel Oil 2.99 3.08 0.12 0.20 NO 0.14 NO NO
Biodiesel NO NO NO NO NO NO 0.02 NO
Waste- fossil NO 1.49 1.94 191 3.42 NO NO NO
Waste- biogenic NO 3.16 4.11 4.04 4.69 NO NO NO

3.2.1.2 Emission factors
All emission factors for this sector can be seefable3.3. The IEF for energy industries is affected
by the different consumption of waste and fossil fuels, as waste, gas/diesel oil and residual fuel oil
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have different EFs. In years where marasteoil is used the IEF is considerably higher tfuarother
years.

CQ emission factors reflect the average carbon content of fossil fuels and are taken from 2006 IPCC
Guidelines for National GHG Inventories. For diegehtry specifitNCV values are usedrf2017 and
onwards which are reflected in the t @Cfuel emission factors. For other fuels and other years in

the timeline, default IPCC values are used.

Emission factors for energy recovery from waste incineration are described in the Waste sector,
chapter 7.4. The emission factors are based on the fossil content of the waste incinerated and varies
due to the varying waste composition each year.

3.2.1.3 Emissions

Emissions from 1Alai and 1Alaii have generally been decreasing over the timeline, due to less
dependence on fossil fuels for energy production in Iceland. In 2007 there was an unusually high
emissions fronelectricity production. That year a new aluminiypfant was established in Iceland.
Because the Karahnjukar hydropower project (hydropower plant built for this aluminium plant) was
delayed, the aluminium plant was supplied with electricity for a while from the distribution system.
This led to electricitghortages for the district heating system and industry depending on curtailable
energy leading to increased fuel combustion.
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Figure3.2 Emissions from 1A1 Energy industries
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Table3.7 Emissiongkt CQe]from 1Al Energy industries
1990 1995 2000 2005 2010 2015 2019 2020
1A1lai Electricity generation 4.15 3.49 3.40 0.07 3.238 3.79 3.96 1.78

1A1laii Heat plants 9.37 11.8 3.15 3.34 5.35 0.43 1.04 NO
Total Emissions [kt C&] 135 15.3 6.56 3.40 8.58 4.22 5.01 1.78

3.2.1.4 Recalculations

1Alai: Electricity Generation

A minor recalculation was done for biodiesel emissions from electricity generation 1Alai. This was
due to an error in the NCV for biodiesehich has been corrected according to IPCC guidebook and
now utilizes the default NCV for biodiesel. This has affected emissions©{hi€H and NO for

the years 2017 and 2018.

Table3.8 Recalculations dEH and NO in 1Alai

Electricity Generation 2017 2018 \
2021 v1 submission [GEkt] 2.2266 2.3825

2022 submission [GO kt] 2.2265 2.3824
Change relative to 2021 submission -0.006% -0.003%

1A1laiii: Heat Plants

Recalculations were made for hgalaints. Recalculations apply only to£&@d from 19932013.
Recalculations were made on the basis that a significant part of the waste used for heat plants was of
biomass origin. Therefore, the biomass@@issions are subtractedom other fossil fuelaind

reported as biomass instead of fossil. Consequently,g@tssions of fossil origirfrom heat plants

are reduced by 0:8.6 kt CQor by 2063% during the years 1998013(seeTable3.9) and these

emissions are not reported as biomass. Moreover, emissions in 2019 are affected to a small degree
due to a correction in the NCV for biodiesel.

Table3.9 Recalculations, fodsin 1Alaiii due to waste and biodiesel

Heat Plants Fossil emissions 1995 2000 2005 2010 2013 2019
2021 v1 submissiofCQ ki] 14.0 15.2 7.6 7.7 10.6 11 1.044
2022 submissiofiCQ kt] 11.3 11.6 3.0 3.2 5.2 0.5 1.041
Change relative t@021 submission -20% -23% -61% -59% -51% -50% -0.4%

3.2.1.5 Planned Improvements
No improvements are planned for this sector

3.2.1.6 Uncertainties

Uncertainty for the activity data (fuel sales) is estimated by the data provider (NEA) to be 5%.

Emission factouncertainties are 5% for G006 IPCC Guidelines default), 100% far(Céhtral

value for the default range given in the 2006 IPCC Guidelines) and 100%@ftaxXgert judgement,

' SGKSNI [GRZ o6FaSR 2y I 0O2Y Liistdkalk WIRWheth €omidningt SNJ 02 d
the AD and EF uncertainties, the total uncertainty is 7% for GI0.1% for C+and 100.1% for 0.

The complete uncertainty analysis is shown in Annex 2.
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3.2.2 Manufacturing Industries and ConstructiofCRF 1A2, excluding mitd sources)

Table3.10 shows the structure of thetationary combustion part d€RF sector 1A2, and the
industries includedinder eachsubcategoy. The mobile sourcegnder CRF 1A2 can be seen in
section3.3.1

Table3.10 Overview oftationarymanufacturing industries reported in $ec 1A2

CRF code IPCC name Included

1A2a Iron and Steel Ferroalloy production, Silicon production and Secondary steel recycling
1A2b Nonferrous Metals Aluminium production (primary and secondary)

1A2c Chemicals Fertilizer productior(19902001), Diatomite production (1998004)

1A2d Pulp, Paper and Print  NO

1A2e Food Processing Fishmeal production and other food processing.

1A2f Non-metallic Minerals ~ Cement (199€011), Mineral wool

1A2gviii Otherindustries All production that is not attributed to any of the other 1A2 subcategorie

3.2.2.1 Activity data

The total amount of fuel sold to the manufacturing industries for stationary combustion was
obtained from the National Energy Authority (NEA). The sales statistiostdolly specify by which

type of industry the fuel is being purchased. This division is made by the Environment Agency (EA) on
the basis of the reported fuel use by all major industrial plants falling under Act 70/2012 and the EU
ETS Directive 2003/87/Efetal production, fish meal production and mineral wool) and from green
accounts submitted by the industry in accordance with regulation No 851/2002. All major industries
falling under Act 70/2012 report their fuel use to the EA along with other relawdotmation for
industrial processes. The difference between the given total for the sector and the sum of the fuel
use as reported by industrial facilities is categorized as 1A2gviii othespexified industry (see
Figure3.1).

Table3.11 showsthe fuel sales statistics for the various fuel types usgdstationary combustion in
CRFector 1A2:

Table3.11 Fuel usdkt] from stationary combustion from subsectors in the manufacturing industry (1A2)

1990 1995 2000 2005 2010 2015

1A2a- Iron and steel

Gas/Diesel Oll 0.11 0.22 0.56 0.46 0.46 0.29 0.20 0.21
LPG NO NO NO NO NO 0.10 0.37 0.20
1A2b- Non-ferrous metals

Gas/Diesel Oil NO NO 0.55 5.37 1.35 0.05 0.62 1.72
Residual Fuel Oll 3.93 5.16 7.51 NO 3.31 1.40 1.80 NO
LPG 0.41 0.31 0.67 0.66 0.61 0.39 0.25 0.23
1A2c- Chemicals

Residual Fuel Oll 2.38 2.31 2.27 NO NO NO NO NO
1A2e- Food processing, beverages and tobacco (Fishmeal production)

Gas/Diesel Oil NO NO NO NO 2.16 NO NO NO
Residual Fuel Oil 41.03 48.54 36.37 5.37 9.61 8.41 0.88 1.22
Waste Oll NO NO NO NO 1.36 1.59 0.70 0.37
Biodiesel NO NO NO NO NO NO NO NO
1A2e- Food processing, beverages and tobacco (Other)

Gas/Diesel Oil NO NO NO NO 2.71 3.75 3.26 3.37
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U

1990 1995
Residual Fuel Oil NO NO NO NO 1.71 0.33 NO NO
1A2f- Non-metallic minerals (cement)
Gas/Diesel Oil NO NO 0.01 0.02 0.01 NO NO NO
Residual Fuel oil 0.06 NO NO NO NO NO NO NO
Petroleum Coke NO NO NO 8.13 NO NO NO NO
Waste Oll NO 4.99 6.04 1.82 NO NO NO NO
Other Bituminous Coal  18.60 8.65 13.26 9.91 3.65 NO NO NO
1A2f- Non-metallic minerals (mineral wool)
Gas/Diesel Oil NO 0.15 0.17 0.16 0.07 0.11 0.13 0.13
Residual Fuel Oil 0.59 NO NO NO NO NO NO NO
Petroleum Coke NO NO NO NO NO NO NO NO
1A2gviii- Other industry
Gas/Diesel Oil 4.96 0.76 7.64 9.19 NO 2.92 NO 2.13
Residual Fuel oil 7.91 0.16 0.00 19.64 0.30 0.05 NO NO
LPG NO NO 0.19 0.27 0.44 0.32 0.94 0.57
Other bituminous coal NO NO NO NO NO NO NO NO

3.2.2.2 Emission factors

All emission factors used for stationary combustion from CRF 1A2 can be JednteB.3.

3.2.2.3 Emissions

Emissions from stationary combustion from CRF 1A2 have historically been dominated by emissions
from fishmeal production (CRF 1A2e). Over the past years more fishmeal factories have been using
electricity instead of fossil fuels and therefore the emissibage decreased.
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Table3.12 Emissiongkt CQe] from stationary combustion of subcategories of CRF 1A2
1990 1995 2000 2005 2010 2015 2019 2020

1A2a- Iron and steel 0.36 0.72 1.78 1.45 1.46 1.22 1.77 1.28
1A2b- Nonferrous metals 135 17.1 27.3 19.1 16.5 5.69 8.40 6.15
1A2c- Chemicals 7.45 7.26 7.11 NO NO NO NO NO
1A2e- Food processing, 128.7 1522 1141  16.8 55.1 44.2 15.3 15.7

beverages and tobacco
1A2f- Non-metallic minerals 47.8 36.5 51.0 56.2 9.22 0.34 0.42 0.41

1A2gviii- Other industry 40.7 2.93 25.0 91.8 2.24 10.44 2.79 8.45
Total Emissions [kt C©] 238.4 216.7 226.2 185.3 84.5 61.9 28.7 32.0

3.2.2.4 Recalculations
1A2a, 1A2b, 1A2c, 1A2f, 1A2gviii
For these categories not recalculations have been performed for the current submission.

1A2f: Nonmetallic minerals

Recalculations were made in 1A2f due to an issue with double counting petroleum coke. Total
emissions in the subector were reduced by 07Q; 0.13 kt C@e in the time period 2018 2019, see
Table3.13. Petroleum coke was reported under 1A2f because it was reported as energy use in the
AER However, after review with ETS experts it was removed from the energy sector and is now only

reported under the IPPU sector.

Table3.13 Recalculations in 1A2f due to double counting of petroleum coke

Norn-metallic minerals 2013 2014 2015 2016 2017 2018 2019
2021 v1 submission [GOkt] 0.35 0.32 0.43 0.44 0.51 0.50 0.54
2022 submission [G@ kt] 0.28 0.24 0.34 0.33 0.39 0.38 0.42
Change relative to 2021 submission jE&X] -0.07 -0.08 -0.09 -0.11 -0.11 -0.12 -0.13

1A2e: Food processing, beverages and tobacco
Three different recalculations were done in this subsector:

1. Arecalculation was made for €&hd NO emissions from waste oil utilization in food
processing due to the application of IPCC default EF for waste oil. In previous years the
emission factor for diesel had been applied which is substantially lower. This caused and
nine-fold and almossixfold increase in CHand NO emissions, respectively, in the time
period 20072019 (se€Table3.14 and Table3.15). Consequently, total emissions increased
by 0.05¢ 0.16 kt C@e in the time period 200¢ 2019.

Table3.14 Recalculations in 1A2e due to waste oik CH

Food processing, beverages and tobaer@/aste Oil 2007 2010 2015 2018 2019

2021 v1 submissiofCH ki] 0.000272 0.000164 0.000192 0.000151 0.000085
2022 submissiofCH, kt] 0.00272 0.00164 0.00192 0.00151 0.00085
Change relative to 2021 submission 900% 900% 900% 900% 900%
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Table3.15 Recalculations in 1A2e due to waste DN

Food processing, beverages and tobaer@/aste Oil 2007 2010 2015 2018 2019

2021 v1 submissiofiN2O k] 0.00005 0.00003 0.00004 0.00003 0.00002
2022 submissiofiN2O k] 0.00036 0.00022 0.00026 0.00020 0.00011
Change relative to 2021 submission 567% 567% 567% 567% 567%

2. Arecalculation was made for 1A2e in 2019 due to reallocation of gas/diesel oil, by the NEA,
between subcategories within 1A2€lhe previously mentioned factors combined caused a
recalculation of 0.047 kt G&, where emissions increased by 0.392049.

3. During a review of the activity data for fishmeal factories, significant outliers were noted in
the years 20022006. This was investigated with the Association for fishmeal factories as well
as the data providemMNEA The data set for stationary energy fuel use showed that
unallocated fuel for norspecified industry in the same years, increased significantly. By
allocating norspecified fuel to the 1A2e category, the dataset became aligned with the
dataset from the Asociation for fishmeal factories. This was further analysed with respect to
fish processed and electricity utilised. The reallocation of fuels was therefore executed by the
NEAThis does not change total emissions from eneayyy the allocation between

subcategories.
Table3.16 Recalculation 1A2e due to reallocation of fuels
Food processing, beverages and tobacco 2003 2004 2005 2006
2021 v1 submission G&Ykt] 30.9 45 54 128
2022 submission GO[kt] 39.9 30.7 21.4 20.0
Change relative to 2021 submission gkt] 9.0 26.2 16.1 7.2

3.2.2.5 Planned Improvements

The drop in emissions from 1A2e and subsequent increase in emissions from 1A2gvii in 2004 is most
likely due to an error in allocation of fuels. This is being looked into and will be corrected for the next
submission.

3.2.2.6 Uncertainties

For subsectors 1A2a add\2b (Iron and Steel, and nderrous metals respectively), the activity data
uncertainty is small, or 1.5%, due to the uncertainty constraints imposed on companies participating
in the EU ETS trading scheme. The combined uncertainty for those two sed&dt$o for CO

emissions (with an activity data uncertainty of 1.5% and emission factor uncertainty of 5% (Default
2006 IPCC Guidelines), 100% fox €Hhissions (with an activity data uncertainty of 1.5% and

emission factor uncertainty of 100% (centralue of default range, 2006 IPCC Guidelines) and 100%
for NbO emissions (with an activity data uncertainty of 1.5% and emission factor uncertainty of 100%
(expert judgement, Aether Itd, based on the comparison with other countries NIR (for instance UK
NIR).

The uncertainty of Cemissions from the other subsectors (1A2c, e, f and g) and 1A5a is 7% (with an
activity data uncertainty of 5%, as given by the data provider (NEA), and emission factor uncertainty
of 5%), 100.1% for GlEmissions (with an actiwitdata uncertainty of 5% and emission factor
uncertainty of 100% (central value of default range, 2006 IPCC Guidelines)), and 100.1@ for N
emissions (with an activity data uncertainty of 5% and emission factor uncertainty of 100% (expert
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judgement, Aetler Itd, based on the comparison with other countries NIR (for instance UK NIR)). This
can be seen in the quantitative uncertainty table in Annex 2.

3.2.3 Commercial / Institutional, Residential and Agricultural Stationary Fuel Combustion
(CRF 1A4ai, 1A4bi ardd\4ci)

Since Iceland relies largely on its renewable energy sources, fuel use for residential, commercial, and
institutional heating is low and GHG emissions fiationarysubsectorof 1A4a and 1A4b are very

low. Residential heating with electricitysabsidized and occurs in areas far from public heat plants.
Commercial fuel combustion includes the heating of swimming pools, but only a few swimming pools
in the country are heated with oiMobile combustion under CRF 1A4 is reported in secoBd

and3.3.4

3.2.3.1 Activity data
TheNational Energy Authority (NEA) collects data on fuel sales by sector. Activity data for fuel
combustion from the Commercial/Institutional sector and in the Residential sector are giVeablia

3.17.

Table3.17 Fuel usdin k] from stationary combustion from subsectors of CRF 1A4

1A4ai- Commercial/Institutional

Gas/Diesel Oil 1.80 1.60 1.60 1.00 0.30 0.30 0.65 0.53
LPG 0.78 0.83 0.46 0.50 0.17 0.37 0.59 0.41
Wastec fossil NO 0.14 0.19 0.19 0.15 NO NO NO
Wasteg Biogenic NO 0.31 0.39 0.39 0.20 NO NO NO
1A4bi- Residential

Gas/Diesel Oil 8.82 6.94 6.03 3.24 1.34 0.99 0.30 0.66
Biodiesel NO NO NO NO NO NO NO NO
LPG NO NO 0.72 0.93 1.42 0.93 1.14 1.10
1A4ci- Agriculture

LPG NO NO NO NO NO 0.004 0.006 0.008

3.2.3.2 Emission factors
All emission factors for this subsector can be se€Fainle3.3.

The IEF for th&@ Adai Commercial/Institutionahows fluctuations over the time series. From 1993 to
2012, waste was incinerated to produce heat at two locations (swimming pools, schoahdpuilthe
IEF for waste is considerably higher than for liquid,faet therefore this influences the IEF for this
sector.

3.2.3.3 Emissions
Emissions from stationary combustion under CRF 1A4 have generally been decreasing over the past
years, with some annualittuations. These emissions can be sedrigure3.4 and Table3.18.

Table3.18 Emissions from stationary combustion of subsectors under CRF 1A4
1990 1995 2000 2005 2010 2015 2019 2020

1A4ai- Commercial/lnstitutional 8.09 7.83 6.77 4.95 1.71 2.07 3.83 2.92
1A4bi- Residential 28.3 22.2 214 13.2 8.52 5.96 4.37 5.39
1A4ci- Agriculture NO NO NO NO NO 0.012 0.018 0.024
Total Emissions [kt C@] 36.4 30.0 28.2 18.1 10.2 8.04 8.22 8.33
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Figure3.4 Emissions from stationary combustiohsubsectorsinder CRF 1A4
3.2.3.4 Recalculations

1A4ai Commercial/Institutional

Recalculations in 1A4ai are due to three separate issues. Firstly, frm@NO emissions in
previoussubmission of the NIR had been interchanged for waste burning. Therefore, the figure for
CH was reported as PO and NO as CH Waste was used in the time period 1993012.
Recalculations due to this amounted to between 0¢@L03 kt C@e in the previaisly mentioned.
Consequently, total emissions were reduced by approximately @®87% (sedable3.19).

Table3.19 Recalculations in 1A4ai due to error in EF

Commercial/Institutional 1993 1995 2000 2005 2010 2012
2021 v1 submission [GOkt] 8.45 7.85 6.79 4.98 1.73 251
2022 submission [GO kt] 8.43 7.83 6.77 4.95 1.71 2.50
Change relative to 2021 submission -0.26% -0.28% -0.41% -0.56% -0.97% -0.35%

Secondly, recalculations in 1A4ai are due to a change in the NEA data on fuel allocation. Gas/Diesel
oil was increased between submissions by 123% in the year 2019 aneasR&reased 333, 556

and 517% in the years 20PD19, respectively. This increased emissions from 1A4ai by2161 7kt

CQe in the respective years, s&able3.20.

Table3.20 Recalculations in 1A4ai due to reallocation of fuels

Commercial/Institutional 2017 2018 2019 |
2021 v1 submission [GOkt] 0.83 0.72 1.22
2022 submission [GO kt] 2.00 2.07 3.83
Change relative to 2021 submissi@Qe kt] 1.17 1.35 2.61

Thirdly, the biomass fraction of waste had not been reported in CRF. Therefore, biomass emissions
from 1Adai are now reported correctly and occur between 19032, seelable3.21.
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Table3.21 Recalculations in 1A4ai due to biomass in waste

Commercial/Institutional 1993 1995 2000 2005 2010 2012
2021 v1 submission Biomdg$3Q kt] NO NO NO NO NO NO
2022 submission BiomaRSQ kt] 0.34 0.34 0.44 0.44 0.23 0.12

1A4bi Residential Stationary

Recalculations in 1A4bi occurred in the years 20QY9 due to reallocation of fuels by the NEA. This
caused gas/diesel oil to become reduced in 2019 andre@@&ed in 20172019. This reduced total
emissions from 1A4bi by 1.38, 1.47 and 2.74 kieG@the years 2012019, respectively, seEable
3.22.

Table3.22 Recalculations in 1A4bi due to fuel reallocation

Residential Stationary 2017 2018 2019
2021 v1 submission [GOKkt] 10.91 7.47 7.11
2022 submission [GO kt] 9.53 6.00 4.37
Change relative to 2021 submissi@Qe k] -1.38 -1.47 -2.74

3.2.3.5 Planned Improvements
There are no planned improvements for this sector

3.2.3.6 Uncertainties

Uncertainty for the activity data (fuel sales) is estimated by the data provider (NEA) to be 5%.
Emissiorfactor uncertainties are 5% for @006 IPCC Guidelines default), 100% far(Cahtral
value for the default range given in the 2006 IPCC Guidelines), and 1009@fadgdert judgement,
Aether Itd, based on comparison with other countries NIR (faam=e UK NIR)). When combining
the AD and EF uncertainties, total uncertainty is 7% for 0% for CiHand 100% for pD. The
complete uncertainty analysis is shown in Annex 2.

3.2.4 Other (CRF 1A5)

For the 2020submission sector 1Alvasreported for the first time for the timeseries 20018 as

part of the review of the energy input dat&or the 2021 submission a review for the timeseries
19902002 was performed-or previous submissions these emissivase reported under CRF
categorylA2gvii but after a review of the sales statistics no justification was found for that
FGONROdziAZ2YD® ¢KSNBFT2NBs ff FdzSfa OFGS3aI2NAT SR
type of useare nowallocated to CRF category 1A5. For futurbreissions the EA will work with the

NEA to try to investigate where these fuels were used so they can be attributed to the correct
categories.

3.2.4.1 Activity data
Table3.23 Fuel usdin ki] from sector 1A5 Other

1990 1995 2000 2005 2010 2015 2019 2020 ‘

Gas/Diesel Oil NO 0.458 1.386 8.928 2.728 NO 0.393 0.084
Residual Fuel Oil 0.039 0.052 0.067 NO 1.629 NO 0.075 NO

Other Kerosene NO NO NO 0.151 0.047 0.029 0.064 0.030
LPG NO NO NO NO NO 0.032 NO NO

Biodiesel NO NO NO NO NO NO 0.022 0.044
Biomethane NO NO NO NO NO NO 0.091 0.111
Biogasoline NO NO NO NO NO NO NO 0.001
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3.2.4.2 Emission factors
All emission factors for this sector can be seemable3.3.

3.2.4.3 Emissions

Emissions from unallocated fuels from CRF 1A5 have been decreasing over the past years. There was
a sharp increase in emissions in 2806 and it is likely that this is fuel thsfiould have been

allocated to CRF 1A2e. This is being investigated and will be resolved for future submissions.
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Figure3.5 Emissions from stationary sbustion from CRF 1A5
Table3.24 Emissions from stationary combustion from CRF 1A5

1990 1995 2000 2005 2010

1A5- Total emissions [kt G&) 0.122 1.63 4.64 29.0 14.0 0.19 1.69 0.363

3.2.44 Recalculations

Recalculations in 1A5 are twofold. Firstly, recalculations are due to a correction in the applied NCV
for bio-gasoline. In previous submissions the wrong NCV was applied to bio gasoline which caused an
overestimation of emissions. Biomass@@issions fra bio gasoline have been reduced by

between 0.030.34 kt CQin the time periods 2012013 and 201€019, se€lable3.25.

Table3.25Recalculations in 1A5 due to bio gasoline NCV

Other ¢ Liquid bio fuel

2021 v1 submissiofbio-CQ kt] 0.26 0.93 0.09 0.18 0.14 0.07
2022 submissiofbio-CQ k] 0.16 0.59 0.06 0.11 0.08 0.04
Change relative to 2021 submissi@Q kt] -0.10 -0.34 -0.03 -0.07 -0.05 -0.03

Secondly, bio methane has now been allocated to the year 2019 in the current submission of activity
data from the NEA. This had been reported as NO in the presidusission. Therefore, bio
methane emissions in 2019 have been increased by 0.25 KisS€€X able3.26.
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Table3.26 Recalculation in 1A5 due to change in activity data of bio methane

Other - Bio methane 2019

2021 v1 submission biomethane [kt] NO
2022 submission biomethane [kt] 0.25

3.2.4.5 Uncertainties

The uncertainty of C{emissions fromLASis 7% (with an activity data uncertainty of 5%, as given by
the data provider (NEA), and emission factor uncertainty of 5%), 100.1% fenm@sions (with an
activity data uncertainty of 5% and emission factor uncertainty of 100%réartiue of default

range, 2006 IPCC Guidelines)), and 100.1%@refissions (with an activity data uncertainty of 5%
and emission factor uncertainty of 100% (expert judgement, Aether Itd, based on the comparison
with other countries NIR (for instan¢#K NIR)). This can be seen in the quantitative uncertainty table
in Annex 2.

3.2.4.6 Planned Improvements
For future submissions the EA will work with the NEA to try to investigate where these fuels were
used so they can be attributed to the correxttegories.

3.3 Transport andother mobile sources (CRF 1A2, 1A3 and 1A4)

3.3.1 Mobile machinery (CRF 1A2gvii, 1A3eii and 1A4cii)

This section includes all mobile sources that are included under CRF 1A2, 1A3 and 1A4. Information
on the specific subsectors can be séeTable3.27.

Table3.27 Information on subsectors reported as Mobile Machinery
CRF code IPCC name Included |

1A2guii Off-road vehicles and other IE (19962018, included in 12eii Off-road vehicles and other
machineryin Construction machinery), Construction from 2019

1A36i Off-road vehicles and other All off-road machinery for 1992018 (including fronconstuction
machinery andagriculture/forestry subsectorspther machinery after 2019

1A4Gii Agriculture/forestry/fishing: Of IE (19962018, included in 12eii Off-road vehicles and other
road vehicles and other machinery machinery) Mobile machinery used in agricuteifrom 2019

3.3.1.1 Activity data

Activity data for mobile combustion in these sectors is provided by the N&eAfuel used can be

seen inTable3.28.

1A3ei: OtherOff-road vehiclesand machinery:Activity data and information available from the NEA
for 19902018 do not allow the distinction between fuels sold to machinery in construction,
agriculture or other uses, but provides data on fuel sold from fuel delivery trucks (as opposed to fuel
sold d petrol stations). However, improvements were made in the data gathering by the NEA and it
waspossible to distinguish between aféad vehicles in agriculture and construction from the
inventory yeas 2019andonwards.

For this submission, categoiy\3ei Other offroad vehicles and machineincludes all emissions
derived from fuels sold to offoad machinery for 199Q018, including/obile machinery in
Construction (1A2gvii)Agriculture/Forestry/Fishing: Offoad vehicles and other machinery
(LA4cii)as well as transport activities not reported under road transport such as ground activities in
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airports and harbours (1A3eiJategories1A2gvii and 1A4ci N3 Y I N} SR & aL9é Ay
for 19902018 and are all included under 3&ii. For 201%nd onwardsMobile machinery in

construction (1A2gW¥) and Agriculture/Forestry/Fishing: @ffiad vehicles and other machinery

(1A4cii) are reported separately bather transport activities not reported under road transport such

as ground activities in airpts and harboursre still reported under 12eii.

Table3.28 Fuel use (in kt) from mobile combustion in the construction industry (1A2gv), Agriculture (1A4cii) and
other (LA2gvii).

1A2gvii- Mobile machinery in Construction

Gas/Diesel Oil IE IE IE IE IE IE 7.1 3.7
Biodiesel IE IE IE IE IE IE NO NO
1A3eii- Other mobile machinery

Gas/Diesel Oil 38.0 46.7 61.9 67.8 32.2 33.1 12.3 6.4
Other kerosene NO NO NO 0.02 1.17 0.16 0.03 0.33
Biodiesel NO NO NO NO NO NO NO NO
1A4cii- Mobile machinery in Agriculture

Gas/Diesel Oil IE IE IE IE IE IE 54 7.6
Biodiesel IE IE IE IE IE IE 0.028 NO

3.3.1.2 Emission factors
All emission factors used to calculate emissions from fuel combustion from mobile machinery can be
seen inTable3.29. All factors, except NCV for diesel, are from 2[BC guidelines.

Table3.29 Emission factors for GOCH and NO from mobile combustion reported under BAR, 1A3eiand
1AA4cii

Fuel / Factor Value Unit Reference \
Diesel Oil
NCV 42.8 TJ/kt Country Specific from 2017, based on annual measurem
G-content 20.2 7N Table 1.3 2006 IPCC Guidelines, V2, Chl
CH, emission factor 4.2 kg/TJ Table 3.3.1 2006 IPCC Guidelines, "Industry" defaults
N>O emission factor 28.6 kg/TJ Table 3.3.1 2006 IPCC Guidelines, "Industry" defaults
Other kerosene
NCV 404 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Chl
Gcontent 211 T Table 1.2006 IPCC Guidelines, V2, Chl
CH emission factor 4.2 kg/TJ Table 3.3.1 2006 IPCC Guidelines, "Industry" defaults
N>O emission factor 28.6 kg/TJ Table 3.3.1 2006 IPCC Guidelines, "Industry" defaults
Biodiesel
NCV 27.0 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Chl
Gcontent 19.3 tTJ Table 1.3 2006 IPCC Guidelines, V2, Chl
CH emission factor 3.0 kg/TJ Table 2.2 2006 IPC&uidelines, V2, Ch2
N,O emission factor 0.6 kg/TJ Table 2.2 2006 IPCC Guidelines, V2, Ch2

3.3.1.3 Emissions

As can be seen irigure3.6 and Table3.30, emissions from mobile machinery increased in the
beginning of the timeseries but they hevgenerally been decreasing from 2008, with some
fluctuations.
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Table3.30 Emissiongkt CQe] from mobile machinery (1A2gvii, 1A3eii and 1A4cii). For-P8A@ 1A2gvii and
1AA4cii are included in 1A3eii

1A2gvii- Mobile machinery in Constructior  |E IE IE IE IE IE 254 13.2
1A3eii- Other mobile machinery 135.1 166.2 220.1 2411 118.7 118.2 440 23.8
1A4cii- Mobile machinery in Agriculture IE IE IE IE IE IE 19.3 26.8
Total 1351 166.2 2201 2411 118.7 118.2 88.6 63.8
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Figure3.6 Combined emissions fromobile machinery (1A2gvii, 1A3eii and 1A4cii)

3.3.1.4 Recalculations

During the 2021 UNFCCC review it was pointed out that Iceland should be allocating fuels used for
mobile machinery differently that it was. Therefore, allocations of fuels for the whole timeseries for
two subsectors was changed (sEable3.31). This did not affect total emissions from the energy
sectors, but it did affect emissions from subcategories 1A2 and 1A3e.

Table3.31 Changes in allocation of fuels to CRF categories from this submission

2021 submission 2022 submission \
1A2gv¢ Construction - 1A2gvii- Mobile machinery in Construction
1A2gviic Mobile Machinery - 1A3eii- Othermobile machinery

Category 1A3eii (previously reported under the category 1A2gvii) has recalculations due to two
aL)SOiad CANRGERY GKS b9! KFA NBIFfEt20FrGSR 3l akRA
2014 and 2019, byrkt and 5.2 kt, resgctively. This caused a recalculation24.9 kt C@e in 2014

and 18.5 kt Ce2 in 2019, sedable3.32.

Secondly, changes in years where biodiesel is in the activity data affect total emissions due to
changes in the NCV for biodiesel and are visible in the table below in the years 2013, 2016 and 2017.
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Table3.32 Recalculations in 1A3eii due to activity data change in 2014 and 2019 and due to biodiesel NCV
Other mobile machinery 2013 2014 2016 2017 2018 2019

2021 v1 submission [GOkt] 100.59 144.33 137.27 140.76 112.34 25.49
2022 submission [G® kt] 100.60 119.45 137.28 140.79 112.40 43.98
Change relative to 2021 submissi@Qe kt] 0.01% -17.24% 0.01% 0.03% 0.05% 72.53%

Mobile machinery in construction, 1A2gv, is affected by a change in activity data reported by the
NEA. This caused a decreaserinissions by approximately 31% due to a decrease in activity data for
the year 2019 by 3 kt of gas/diesel oil.

Table3.33 Recalculations in 1A2gv due to activity data change
Mobile machinery in construction

2021 v1 submission [GOKkt] 36.68
2022 submission [GO kt] 25.39
Change relative to 2021 submissi@Qe k] -30.78%

Agricultural machinery, 1A4cii,a$fected by a change in activity data reported by the NEA. This
caused a decrease in emissions by approximately 27% due to a decrease in activity data for the year
2019 hy 2 kt of gas/diesel oil.

Table3.34 Recalculations in 1Aciidue to activity data change

Agricultural machinery 2019
2021 v1 submission [GEkt] 26.43
2022 submission [GO kt] 19.26
Change relative to 2021 submissi@Qe k] -27.12%

NCV for biodiesel has been corrected in tibmission to the IPCC default and was in previous
submission incorrectly reported. Effective change in total emissions due to this correction is under
0.05 kt CGe.

3.3.1.5 Planned Improvements
For future submissions it is planned to extrapolate the activity dpta, which is available from
2019, to previous years.

3.3.1.6 Uncertainties

The uncertainty of C{emissions from the other subsectors (1A2c, e, f and g) and 1A5a is 7% (with an
activity data uncertainty of 5%, as given by the data provider (NEA), and enfasimnuncertainty

of 5%), 100.1% for Glmissions (with an activity data uncertainty of 5% and emission factor
uncertainty of 100% (central value of default range, 2006 IPCC Guidelines)), and 100.2@ for N
emissions (with an activity data uncertainty/5%0 and emission factor uncertainty of 100% (expert
judgement, Aether Itd, based on the comparison with other countries NIR (for instance UK NIR)). This
can be seen in the quantitative uncertainty table in Annex 2.

63



L National Inventory Report, Icelar&D22

3.3.2 Domestic aviation (CRF 1A3a)

3.3.2.1 Activity data

Domestic aviation (12e) includes flights departing from and subsequently landing in IceRhts,

that would be accounted under military operations in 1A5b are not occurring in Iceland as there is no
Icelandic military.

Total use of jet kerosene araviationgasoline is based on the NEA's annual sales statistics for fossil
fuels sold fofflightsin all airports that service domestic flighhese are all airports in Iceland
except one, which services international flightstivity data for fuel saleare given iffable3.35.

Table3.35 Fuel usgkt] for domestic aviation.

1990 1995 2000 2005 2010 2015 2019 2020 ‘
Aviation gasoline 1.68 1.13 1.10 0.87 0.65 0.50 0.37 0.20
Jet kerosene 8.92 8.41 7.87 7.39 6.07 5.99 8.44 3.98

3.3.2.2 Emission factors

The emission factors for greenhouse gases are taken from the 2006 IPCC Guidelines and are
presented m Table3.36. Emission factors fdNG, NMVOC and CO are taken from EMEP/EES 201
guidebook, Table 3.3.

Table3.36 Emission factorfor greenhouse gasder aviation
Fuel / Factor Value Unit Reference

Aviation Gasoline
NCV 44.3 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Chl
Gcontent 19.1 t/TJ Table 1.3 2006 IPCC Guidelines, V2, Chl
CH, emission factor 0.5 kg/TJ Table 3.6.5 2006 IPCC Guidelines, V2, Ch3
N,O emssions Facto 2.0 kg/TJ Table 3.6.5 2006 IPCC Guidelines, V2, Ch4
Jet kerosene
NCV 44.1 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Chl
Gcontent 19.5 t/TJ Table 1.3 2006 IPCC Guidelines, V2, Chl
CH emission factor 0.5 kg/TJ Table 3.6.5 2006 IPCC Guidelines, V2, Ch3
N>O emssions Facto 2.0 kg/TJ Table3.6.5 2006 IPCC Guidelines, V2, Ch4

3.3.2.3 Emissions

Emissions from 1A3a Domestic aviation had generally been decreasing over the time patittey
increased during 2023019, most likely due to increase in tourism in Iceland. There was a drop in
emissions in 2020 due to the COVID pandemic. These emissions can beTsaa3i37.

Table3.37 Emissions [kt G8)] from 1A3a Domestic aviation
1990 1995 2000 2005 2010 2015 2019 2020

Total emissions [kt G€] 33.6 30.3 285 26.2 21.3 20.6 28.0 13.3

3.3.2.4 Recalculations

Recalculations for domestic aviation only occur in 2014 where the activity data for jet kerosene was
changed by the NEA. The fuel is reduced by approximately 7 kt which affected emissions by 52% in
the year 2014, se&able3.38. During the 2021 UNFCCC review the ERT asked about an outlier in
2014 for domestic aviation. This was brought up with the NEA which inquired the data provider
about this specific subector. The NEA and the data provider reached a conclusion that an over
allocation of fuel was done for domestic aviation in 2014 and an under allocation in international
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aviation. Therefore, the amount of jet kerosene in 2014 was reduced for domesitiavand
added the same amount to international aviation.

Table3.38 Recalculations in 1A3a due to activity data change

Domestic aviation 2014
2021 v1 submission [GOKkt] 40.68
2022 submission [GO kt] 19.37
Change relative to 2021 submissi@Qe kt] -52.38%

3.3.2.5 Planned Improvements
No improvements are planned for this sector.

3.3.2.6 Uncertainties

Fuel sales uncertainties are reported by the data provider (NEA) to be within 5%. The uncertainty of
CQ emissions from domestic aviation is 7% (with an activity data uncertainty of 5% and emission
factor uncertainty of 5% (2006 IPCC Guidelines)), whilst them@idsions uncertainty is 100% (with

an activity data uncertainty of 5% and emission factor uraiaty of 100% (highest value in the

range given by the IPCC guidelines) and #{@ &missions uncertainty is 200% (with an activity data
uncertainty of 5% and emission factor uncertainty of 200%). The complete uncertainty analysis is
shown in Annex 2.

3.3.3 RoadTransport (CRF 1A3b)
Emissions from the road transport category is split into four subcategories:

1 1A3bi Cars

i 1A3bii Light duty trucks

1 1A3biii Heavy duty trucks and buses
1 1A3biv Motorcycles

Emissions from Road Transport are estimated using COPERWbich uses a tier 3 methodology

to estimate NO and Clemissions, and a tier 2 methodology to estimate, €Qissions All emission

factors in COPERT are from the 2006 IPCC guidelines and 2019 EMEP/EEA guidebook. These factors
are default in COPERT if coyrs$pecific data is not available.

3.3.3.1 Activity data
Total use of diesel oil, gasoline and biofuels in road transport are based on the NEA's annual sales
statistics and can be found rable3.39.

Table3.39 Fuel usgkt] in road transport

Gasoline 67.1 117.6 142.6 156.7 148.2 1325 118.7 91.6
Gasoline, leaded 60.7 18.0 NO NO NO NO NO NO
Gas/Diesel Oil 36.6 36.9 47.5 83.5 106.4 126.4 180.9 167.9
Biomethane NO NO 0.006 0.039 0.595 2.18 1.49 1.44
Biodiesel NO NO NO NO NO 11.9 14.9 13.0
Biogasoline NO NO NO NO NO 1.93 6.24 11.04
Hydrogen NO NO NO 0.00001  0.002 NO 0.001 0.0004
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All ofthe biogasoline in Iceland is bioethanol and does therefore not include any fossil catmon
team for chemicals at the EA, which is responsible for monitoring reporting under the Fuel Quality
Directive (Directive 2009/30/EC of the European Parliamedtarihe Council), has confirmed that

no FAME biodiesel has been imported to Iceland, only HVO. Therefore, there is no carbon of fossil
origin in biodiesel for which G@missions would need to be accounted for in this inventory.

Activity Data for COPERT
Country specific data was used where it was available. That data is:

1 Average temperature values were obtained from the Icelandic Met Office.

1 Vehicle stock numbers for 202020 were obtained from the Icelandic Transport Authority.

1 Measurements collected e EA for energy content, density and sulphur content were
used where available.

i Total fuel sales were obtained from sales statistics collected by the NEA for the whole
timeseries.

1 Measurements of carbon content (%C/%H/%0) in gasoline and diesel oihused
transport were done from fuel samples from 2019. These values were appli@¢89612019
New measurements were done for 2020.

A comprehensive dataset was purchased from Emisia, the company that develops COPERT. That data
was used whereountry specific data was not available.

3.3.3.2 Emission factors

Emissions from Road Transportation are estimated using COPERTWhAIch uses a tier 3
methodology to estimate PO and Chemissions, and a tier 2 methodology to estimate, CO
emissions. Energy laice feature in COPERT was preformed to ensure that emissions from all fuel
sold is accounted foilhe emission factors can be seeable3.40.

Table3.40 Emission factors used for calculations emissions foad transport

Fuel / Factor 19902016 2017 2018 2019 2020 Note/Reference
Gasdine

Table 1.2 2006 IPCC Guidelines, V2, Ch!

NCV [TJ/kt] 43.90 44.00 43.70 43.90 43.90 19902016, country specific measuremen
from 2017

Country specific measurement of carbor

content peformed in 2019 was applied tc

the whole timeseries. New measuremen
for 2020.

Gcontent [t/TJ] 19.38 19.28 19.41 19.32 19.38

Diesel

Table 1.2 2006 IPCC Guidelines, V2, Ch!
NCV [TJ/kt] 42.80 43.10 43.20 43.10 42.80 19902016, countryspecific measurements
from 2017
Country specific measurement of carbor
content peformedn 2019 was applied to
the whole timeseries. New measuremen
for 2020.

Gceontent [t/TJ] 20.20 20.01 19.97 20.01 20.20

3.3.3.3 Emissions
Emissions from road transport were steadily increasing from 280Y. In 2008 emissions started
decreasing due to the financial crisis and they remained steady until Pbto increased tourism
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emissions started increasing again in 2016 but a drop in emissions were observed in 2020 due to the
COVID pandemic. The emissions can be se€able3.41 andFigure3.7.

National Inventory Report, Icelar22

Only CHand NO emissions from biofuels are included in the national totals, whereagi@idsions
are reported as a memo item under CRF category 1D3.

Table3.41 Emissions from subcategories and total emissions [k¢]dfom 1A3b Road transport
Sector 1990 1995 2000 2005 2010 2015 2019 2020 ‘

1A3bi- Passnger cars 407.1 439.0 4852 5719 553.0 560.7 590.0 515.9
1A3bii- Light duty trucks 27.0 28.0 31.9 49.0 78.5 86.0 1429 128.0
1A3bii- Heavy duty trucks and buses 86.0 80.3 87.4 141.8 164.3 161.7 213.1 1785
1A3biv- Motorcycles 2.53 2.68 3.21 3.44 9.43 10.44 3.66 2.77
Total [kt CGe] 522.6 550.0 607.7 766.2 805.3 8189 9498 8252
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Figure3.7 Emissions from subcategories and total emissions [kt CO2e] from 1A3b Road transport

3.3.3.4 Recalculations

The most extensive recalculation in road transport between the 2021 submission and 2022
submission is due to a reallocation of diesel oil in road transport in 2014. Review by the NEA of
allocation of diesel between swtectors of mobile comisstion revealed outliers which the NEA

corrected for this submission. Diesel oil utilized in mobile machinery walaeated to road

transport for 2014 which caused an increase of 301 TJ which increased total emissions by 2.7% or 21
kt CQe.

Emissions o0 from heavy duty trucks and buses due to diesel consumption has decreased total
emissions by 0.00160.006 kt NO or 0.5¢ 2.2 kt C@e over the timeline (se&able3.42). The reason
for this is a change of emission factors feONn COPERT for diesel in heavy duty trucks and buses.
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According to patch notes released by Emisia for version 5.4.52, in MaytBegd was a correction
of N;O calculations for urban buses CNG.

Calculations of TJ of biomass were altered substantially due to an error found in the NCV for

biodiesel in previous submissions. NCV has now been corrected and is aligned with the IPCC default

value. This decreased the energy use of biomass¢®841TJ over the timeline.

Table3.42 Summary of road transport recalculations done for this submission

Road Transport 1990 1995 2000 2005 2010 2014 2015

CQ [kt COe]

2021 v1 submission 512 537 593 751 797 767 811 961 940
2022 submission 512 537 593 751 797 789 811 961 940
Change - - - - - 22.14 0.00 0.00 -0.03
CH [kt CQe]

2021 v1 submission 5.58 5.04 3.77 2.97 2.14 1.65 1.68 1.54 1.27
2022 submission 5.58 5.04 3.77 2.97 2.14 1.66 1.68 1.54 1.26
Change - - - - - 0.01 0.00 0.00 0.00
N2O [kt CQe]

2021 v1 submission 5.78 8.27 11.75 13.30 7.25 6.57 7.50 9.13 10.25
2022 submission 5.26 7.80 11.20 12.38 6.04 5.57 6.01 7.88 8.03
Change -0.52 -0.47 -0.55 -0.93 -1.22 -1.00 -1.50 -1.25 -2.21
Total [kt CGe]

2021 v1 submission 523 550 608 767 806 775 820 971 952
2022 submission 523 550 608 766 805 796 819 970 950
Total change [kt G®] -0.52 -0.47 -0.55 -0.93 -1.22 21.15 -1.50 -1.25 -2.24
Total change (%) -0.10% -0.09% -0.09% -0.12% -0.15% 2.73% -0.18% -0.13% -0.24%

Recalculations in the 2021 submission:

Forthe 2021submission a measurement of country specific carbon content in fuels was applied to
the whole time series, replacing the default carbon content, which caused recalculationfdfe2O
the 2021submission a updated version of COPERT was implemented (RDBE.36) for
calculations of emissions for the whole timeseries, which caused recalculationssfan€CNO.

Emissions of Cave decreased for the whole timeseries b§@kt CQ. This is due to a
measurement of country specific carbon content inlfuehich was applied to the whole time series,
replacing the default carbon content. Thereaismall increase in Glemissions, i.e. 0.08.1 kt C@e
over the timeseries and emissions giNhave increased by between 6l& kt C@e over the
timeseries. ese recalculations are due to updated parameters in version 5.4.36. of COPERT.

3.3.3.5 Planned Improvements

For future submissions further collaboration with tlfeelandic Transport Authorityill be needed to
obtain information on vehicle stock numbers splitlyro standards and driven kilometres for each
vehicle category.

Carbon content in gasoline and diesel will be measured again using samples frbto géka
comparative value.
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3.3.3.6 Uncertainties

Fuel sales uncertainties are reported by the data provider jN&EBe within 5%. The G@mission

factor uncertainty is 2.8% which is based in the uncertainty of the carbon content measurements
performed in 2020 on fuels used in road transport in Iceland. The emission factor uncertainties for
CH and NO are estimatd to be 219% and 188%, respectively. The emission factor uncertainties for
CH and NO are found using Combined Uncertainty (for diesel, gasoline and biomass) as per EQ. 3.2
from 2006 IPCC GL, Vol 3 Chap 5 using uncertainty ranges in IPCC Volume 3lahjee3.2.2

The combined uncertainty of G@&missions from road vehicles is 5.7%, @Hissions it is 219% and
for N.O emissions from road vehicles is 188%. The complete uncertainty analysis is shown in Annex 2.

3.3.4 Domestic Navigation and Fishing (CR&3d and 1A4ciii)

The Domestic navigation sector (CRF 1A&dlides all vessels of all flags which purchase fuel in
Iceland and sail between two Icelandic harbodise Fishing ship sector (1A4ciii) includes all fishing
ships of all flaga/hich purchaseuel in Iceland

3.3.4.1 Activity data
1A3d Domestic navigatioriTotal use of fuel for national navigation is based on NEA's annual sales
statistics. Activity data for fuel combustion in domestic navigaéimngivenn Table3.43.

Table3.43 Fuel usdin k] in 1A3ddomesticnavigation

1990 1995 2000 2005 2010 2015 2019 2020
Residual Fuel Oil 3.94 4.76 0.54 0.88 2.61 0.44 4.82 NO
Gas/Diesel Oil 6.40 7.04 3.43 6.20 8.46 7.89 11.88 7.83
Biodiesel NO NO NO NO NO NO 0.001 NO

1A4ciii: FishingTotal use of fuel for fishing is based on the BEahnual sales statistics to fishing
vessels of all flags and déstinations (domestic and international). Activity data for fuel combustion
in the Fishing sector are givenTable3.44.

Table3.44 Fuel usdin ki] in 1A4ciifishing

1990 1995 2000 2005 2010 2015 2019 2020 ‘
Residual Fuel Oil 35.64 57.15 22.27 32.61 69.89 52.45 25.84 NO
Gas/Diesel Oll 202.6 231.8 256.9 199.9 158.3 1425 136.6 158.7
Biodiesel NO NO NO NO NO 0.094 0.034 0.075

Fuel sales data provided by the NEA allows the correct attribution of fuel sold to fishing vessels vs.
international ships for the time period 1995 to the current year. During the years 1990 to 1994 fuel
sales statistics were recorded differently and feeld for international use was recorded without
information on whether it was used for a fishing vessel or another ship. Therefore, the share of fuel
use by fishing vessels had to be approximated. This was done by averaging the percentage of fuel
sold to fshing vessels relative to total fuel sales over the years 1995 to 1999, for diesel oil and fuel
oil; this percentage was then applied to the fuel sales for the years 1990 to 1994.

3.3.4.2 Emission factors
Default C contents and oxidation factor are usedyvall as default emission factors for £ahd NO
(taken from the 2006 IPCC guidelines, Table 3.5.3 Volume 2 Chapter 3 forgogeguships). A
country specific NCV for gas/diesel oil is used from 2017 and onwards based on annual
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measurements, for other fels and years a default NCV is used. These factors are presetailén
3.45.

Table3.45 Emission factors for GOQCHand NO for oceargoing ships
Fuel / Factor Value Unit Reference

Marine Diesel Oil
NCV 42.8 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Chl, ceséwgific from 2017
Gcontent  20.26* t/TJ Table 1.3 2006 IPCC Guidelines, V2, Chl
CH, emission factor 7.0 kg/TJ Table 3.5.3 2006 IPCC Guidelines, V2, Ch3
N>O emssions Facto 2.0 kg/TJ Table 3.5.3 2006 IPCC Guidelines, V2, Ch3
Residual Fuel Oil
NCV 40.4 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Chl
Gcontent 21.1 t/TJ Tablel.3 2006 IPCC Guidelines, V2, Chl
CH, emission factor 7.0 kg/TJ Table 3.5.3 2006 IPCC Guidelines, V2, Ch3
N>O emssions Facto 2.0 kg/TJ Table 3.5.3 2006 IPCC Guidelines, V2, Ch3
Biodiesel
NCV 27.0 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Chl
Gcontent 19.3 t/TJ Table 1.3 2006 IPCC Guidelines, V2, Chl
CH, emission factor 10.0 kg/TJ Table 2.5 2006 IPCC Guidelines, V2, Ch2
N,O emssions Facto 0.6 kg/TJ Table 2.5 2006 IPCC Guidelines, V2, Ch2

*A country specific value for 2020

3.3.4.3 Emissions

Emissions from oceagoing ships in Iceland is dominated by the fishing sector. Emissions from the
fishing sector has decreased by approximately a third over the time series. These emissions can be
seen inTable3.46:

Table3.46 Emissions [kt C8)] from oceargoing ships
1990 1995 2000 2005 2010 2015 2019 2020 ‘

1A3d- Domestic navigation  33.0 37.7 12.7 22.7 355 26.8 53.5 25.1
1AA4ciii- Fishing 764.6 926.4 896.9 746.4 729.9 624.2 522.2 508.3
Total 797.6 964.0 909.6 769.1 765.4 651.0 575.7 533.3
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Figure3.8 Emissiond4990-2020from oceangoing ships

3.3.4.4 Recalculations

1A3d Domestic navigation

Recalculatioafor domestic navigation are linked to recalculations in 1A4ciii Fishing and 1D1b
International Navigation (memo). During review of the activity data and allocation of fudis in t
years 199a1994 for the abovementioned categories outliers were revealed. This prompted research
into the allocation of fuels between these three categories by the NEA which led to reallocation of
fuels between the categories. Therefore, between327k CQe were withdrawn, by the NEA, from
domestic navigation and allocated to fishing-@%kt CQe) and international navigation {¥6 kt

CQe), through reallocation of gas/diesel oil and residual fuel oil, Ts#®#e3.47. Moreover, emissions
from domestic navigation were reduced by 0.000007 kigd®2017 and 2019 due to an error
correction of the NCV of biodiesel, and by 0q0B30 kt C@e throughout the tmeline due to country
specific measurements of carbon content in marine gasoil,Tsdxe3.48.

Table3.47 Recalculation$or domestic navigation due to reallocation of fuels

Domestic navigation 1990 1991 1992 1993 1994 ‘
2021 v1 submission [GOKkt] 60.44 55.27 56.75 61.29 58.43
2022 submission [GO kt] 32.93 23.13 26.23 32.04 26.97
Change relative to 202dubmission [%] -46% -58% -54% -48% -54%

Table3.48 Recalculations for domestic navigation due to couspgcific carbon content in marine gasoil
Domestic navigation 1995 2000 2005 2010 2015 2019 ‘

2021 v1 submission [GOkt] 37.67 12.73 22.73 35.48 26.80 53.54
2022 submission [G@kt] 37.55 12.67 22.62 35.33 26.65 53.23
Change relative to 2021 submission [¢  -0.3% -0.5% -0.5% -0.4% -0.5% -0.6%
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1A4ciii: Fishing

Recalculatioafor fishing are linked to recalculations in 1A3d Domestic navigation and 1D1b
International Navigation (memo). During review of the activity data and allocation of fuels in the
years 1991994 for the abovementioned categories outliers were revealed.grbimpted research
into the allocation of fuels between these three categories by the NEA which led to reallocation of
fuels between the categories. Therefore, between2Rlkt CQe were added to fishing, séleable

3.49. Moreover, emissions from fishing were reduced by 0.00020006 kt Cee in 20132017 and
2019 due to an error correction of the NCV of biodiesel, and ®$ Rt CQe throughout the timeline
due to country specific measurements of carbon content in marine gasoil,af@e3.50.

Table3.49 Recalculations forghing due to reallocation of fuels

Fishing 1990 1991 1992 1993 1994
2021 v1 submission [GOkt] 746.4 717.0 800.5 862.1 848.0
2022 submission [GOkt] 760.9 739.0 818.2 875.9 859.1
Change relative to 2021 submission [¢ 1.9% 3.1% 2.2% 1.6% 1.3%

Table3.50 Recalculations for fishing due to new biodiesel NCV and country specific carbon content of marine
gasoil

Fishing 1995 2000 2005 2010 2015 2019 ‘
2021 v1 submission [GOkt] 926.4 896.9 746.4 729.9 624.2 522.2
2022 submission [GO kt] 922.1 892.2 742.7 727.0 621.6 518.7
Change relative to 2021 submission [¢  -0.5% -0.5% -0.5% -0.4% -0.4% -0.7%

3.3.4.5 Planned Improvements
It is planned to investigate the availability of more refined data on fleet composition/engine types in
order to move to a higher tier for this subcategory.

3.3.4.6 Uncertainties

Fuel sales uncertainties are reported by the data provider (NEA) to be within 5%nddveainty of

CQ emissions from domestic navigation is 7% (with an activity data uncertainty of 5% and emission
factor uncertainty of 5%), whilst the @emissions uncertainty is 100% (with an activity data
uncertainty of 5% and emission factor uncenmtsiof 100%) and the 0 emissions uncertainty is

200% (with an activity data uncertainty of 5% and emission factor uncertainty of 200%). The
complete uncertainty analysis is shown in Annex 2.

3.3.5 International bunkers (CRF 1Dla and 1D1b)

1Dla International Aviation (memo): This sector includes all flightts or from destinations other
than Icelamd which purchase fuel in Iceland.

1D1b International Navigation (memoJThis sector includes all vessels of all flags which purchase
fuel in Iceland ad sail internationally from an Icelandic harbour.

3.3.5.1 Activity data and Emissions

1D1a: International AviationActivity data is provided by the NEA, which collects data on fuel sales
by sector. This dataset distinguishes between national and internatioagkusn Iceland there is

one main airport for international flights, Keflavik Airport. Under normal circumstances almost all
international flights depart and arrive from Keflavik Airport, except for flights to Greenland, the Faroe
Islands, and some flighbsy private airplanes which depart/arrive from Reykjavik airport. Domestic
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flights sometimes depart from Keflavik airport in case of special weather conditions. Oil products sold
to Keflavik airport are reported as international usage. The deviations leetwational and

international usage are believed to level out. Fuel use attributed to international aviation, and
associated GHG emissions, are showrabie3.51.

Table3.51 Fuel usdin kf] and resulting emissiorf&HG, in kt C@] from international aviation
1990 1995 2000 2005 2010 2015 2019 2020

Jet kerosene 69.4 74.6 129.2 133.2 119.5 213.7 303.3 82.9
Gasoline 0.20 0.18 0.03 0.40 0.01 0.01 NO NO
Emissiongkt CQe] 221.3 237.9 410.8 424.8 380.1 679.7 964.5 263.6

1D1b: International NavigationThe reported fuel use numbers are based on fuel sales data from

the retail suppliers. Fuel data aadsociated emissions are showrilable3.52. Fuel sales data

provided by the NEA allows the correct attribution of fuel sold to fishing vessels vs. international
shipsfor the time period 1995 to the current year. However, during the years 1990 to 1994 fuel sales
statistics were recorded differently and fuel sold for international use was recorded without
information on whether it was used for a fishing vessel or anotyyee of ship. Therefore, the share

of fuel use by fishing vessels had to be approximated for the yearslI®®0 This was done by

averaging the percentage of fuel sold to fishing vessels relative to total fuel sales over the years 1995
to 1999, for dieskoil and fuel oil; this percentage was then applied to the fuel sales for the years

1990 to 1994.

Table3.52 Fuel usgin ki] and resulting emissiof&HG, in kt C@] from international navigation
1990 1995 2000 2005 2010 2015 2019 2020

Residual Fuel Oil 0.25 NO 2.00 0.44 0.08 13.25 19.33 NO
Gas/Diesel Oil 8.53 1.05 15.04 0.12 NO 33.55 45.19 24.28
Emissiongkt CQe] 28.25 3.39 54.70 1.76 0.25 149.8 206.8 77.8

3.3.5.2 Emission factors
Emissiorfactors for international aviation are reported Trable3.36 andthe ones for international
navigation can be found ihable3.45.

3.3.5.3 Recalculations

1D1a International Aviation

Recalculations occur international aviation in 2014. This is due to a change in activity data during a
review of data by the NEA.

Table3.53 Recalculations for 1D1a International Aviation

International aviation 2014 ‘
2021 v1 submission [GOkt] 564.3
2022 submission [GO kt] 585.7
Change relative to 2021 submission [%] 3.8%
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1D1b: International Navigation

Recalculatioafor fishing are linked to recalculations in 1A3d Domestic navigation and 1A4ciii Fishing.
During review of the activity data and allocation of fuels in the years-199@ for theabove
mentionedcategories otliers were revealed. This prompted research into the allocation of fuels
between these three categories by the NEA which led to reallocation of fuels between the
categories. Therefore, betweenIb kt CGe were added to international navigation, s€able3.54.
Moreover, emissions from international navigation were reduced by §.02 kt C@e throughout

the timeline due to country specific measurements of carbon content in marine gasoil which is now
applied instead of the IPCC default value, $able3.55.

Table3.54 Recalculations for 1D1b International Navigation due to reallocation of fuels

CInternational navigaton 1990 1991 1992 1993 1994
2021 v1 submission [GOkt] 19.0 7.2 11.5 18.7 17.9
2022submission [Cé kt] 28.1 14.0 20.5 29.9 34.0
Change relative to 2021 submission [% 48% 93% 78% 60% 90%

Table3.55 Recalculation for International Navigation due courgpecific carbon content in marine gasoil

International navigation 1995 2000 2005 2015 2019
2021 v1 submission [GOkt] 3.4 54.7 1.8 149.8 206.8
2022 submission [GO kt] 3.4 54.4 1.8 149.2 205.6
Change relative to 2021 submission [% -1.9% -27% -0.2% -61% -116%

3.3.5.4 Planned Improvements
No improvements are planned for these sectors

3.3.5.5 Uncertainties

Fuel sales uncertainties are reported by the data provider (NEA) to be within 5%ndédréainty of

CQ emissions from domestic aviation is 7% (with an activity data uncertainty of 5% and emission
factor uncertainty of 5% (2006 IPCC Guidelines)), whilst the@idsions uncertainty is 100% (with
an activity data uncertainty of 5% and esi@n factor uncertainty of 100% (highest value in the
range given by the IPCC guidelines) and #@ &missions uncertainty is 200% (with an activity data
uncertainty of 5% and emission factor uncertainty of 200%). The complete uncertainty analysis is
shown in Annex 2.
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3.4 Fugitive Emissions and Geothermal Energy (CRF 1B)

3.4.1 Fugitive Emissions from Fugl€RF 1B2a5)

This sector includes emissions froistdbution ofoil products which in Iceland includesatribution
of gasoline, jet kerosengas/diesel oil, residual fuel oil and LPG

3.4.1.1 Emission factors

The emission factors are taken from Table 4.2.4 in the 2006 IPCC GL. These emission factors can be
seen inTable3.56.

Table3.56 Emission factors for 1B2a5 Fugitive Emissions from Fuels

Fuel / Factor Value Unit REICEIE ] \
Liquid Fuels
L Gg per 1000 Riotal Table 4.2.4 2006 IPCC Guidelines Tanke
CQ emission factor 2:3.E06 oil transported Trucks and Rail Cards
L Gg per 1000 Riotal Table 4.2.4 2006 IPCC Guidelines Tanke
CH emission factor 2.5.E05 oil transported Trucks and Rail Cards
N,O emission factor NA Gg perl000 nt total Table 4.2.4 2006 IPCC Guidelines Tanke
2 oil transported Trucks and Rail Cards
LPG
o Gg per 1000 ftotal Table 4.2.4 2006 IPCC Guidelines Liquefi
CQ emission factor 4.3.E04 LPG Pertoleum Gas
o Gg per 1000 ftotal Table 4.2.4 2006 IPCC Guidelines Liquefi
CH emission factor NA LPG Pertoleum Gas
N,O emission factor 22 E09 Gg per 1000 Rtotal Table 4.2.4 2006 IPCC Guidelines Liquefi
LPG Pertoleum Gas

3.4.1.2 Activity data and Emissions
Emissions from distribution of oil products are estimated by multiplying the total imported fuel with
emission factors. Activity data and resulting emissions are provideghin3.57.

Table3.57 Fuel use [in kt] and resulting GHG emissions [in kt]G@m distribution of oil products

1990 1995 2000 2005 2010 2015 2019 2020 ‘
Gasoline 129.4 132.2 153.4 164.2 1445 139.6 122.8 101.5
Jet Kerosene 78.7 72.3 146.5 139.4 120.4 218.3 277.5 96.0
Gas/Diesel ol 335.8 309.3 427.9 418.2 292.3 342.1 392.9 387.3
Residual Fuel Oll 106.0 151.9 64.1 62.9 93.1 105.3 57.2 0.1
LPG 1.29 1.32 1.68 2.46 2.62 2.56 2.99 2.61
Emissiongkt CQe] 0.49 0.50 0.60 0.60 0.49 0.61 0.65 0.45

3.4.1.3 Recalculations
No recalculations were performed for this sector

3.4.1.4 Uncertainties

Uncertainty for the activity data (fuel sales) is estimated by the data provider (NEA) to be 5%.
Emissiorfactor uncertainties are 5% for @006 IPCC Guidelines default) and 100% far(cdrtral
value for the default range given in the 2006 IPCC Guidelines). When combining the AD and EF

uncertainties, total uncertainty is 7% for €&hd 100.1% for CHThecomplete uncertainty analysis
is shown in Annex 2.
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3.4.1.5 Planned Improvements
No improvements are planned for this sector

3.4.2 Geothermal Energy (CRF 1B2d)

This category includes emissions from all geothermal power plants in Iceland, including@aé) of

two powerplants, one heat plant and 5 combined heat and power plants (CHP plants). Currently
there is no disaggregation between emissions associated with district heating and those associated
with electricity production. All reported emissions are from geotherayatems classified as high
temperature. Emissions from direct hot water use, from f@mperature geothermal resources, are

not thought to result in significant GHG emissi¢Redriksson Th, 201@nd are not included in the
inventory.

Iceland relies heavily on geothermal energy for space heating (90%) and to a significant extent for
electricity production (around 30% the past few years Small amounts of methane and
considerable quantities of sulphur in the form of hydrogeitphide (HS) are emitted from

geothermal power plants.

3.4.2.1 Activity data

The National Energy Authority of Iceland (NEBrkustofnun), is the agency responsible for

gathering information from power companies regarding emissions efi6@ power plants. Tlsi
AYVF2NXYIGA2Y A& Lzt A&AKSR lyydzZadtte Ay GKS- RIFGF NE
2020were published 0©7.05.202%° and include data for GOCH and HS emissions from CHP

plants, electric power plants, one power plant that is undemstruction and one heat plant

Table3.58 shows the electricity production with geothermal energy and the total, @8I (in CQe)
and HS emissions (in $€).

Table3.58 Electricity prduction and emissions from geothermal energy in Iceland.
1990 1995 2000 2005 2010 2015 2019 2020 \

Electricity Productions [GWh] 283 288 1,323 1,655 4,465 5,003 6,018 5,961
CQ emissions [ki] 61.4 82.2 1531 118.2 189.6 163.1 163.1 174.9
CH emissions [kt C£] 0.20 0.20 0.91 1.14 4.58 3.95 3.14 3.86
H.Semissions [kSQe] 13.3 11.0 26.0 30.3 58.7 42.4 41.9 39.3

3.4.2.2 Method approach

Degassing of mantiderived magma is the sole source of.@Ogeothermal systems in Iceland. £O
sinks include calcite precipitation, €discharge to the atmosphere and release of, @3enveloping
groundwater systems. The €&ncentration in the geothermal steam is site and tispecific and
can vary greatly étween areas and the wells within an area as well as by the time of extraction.

The methodology used for estimating the emissions from geothermal power plants is described by
(Baldvinsson, Périsdottir, & Ketilsson, 20itijheNB LI2 NIi a DI af 2adzy 21 NE DI NXYI @
Hnngpéd 6Sd DFra SYAdaArzya 27F 39 Kne poit desctibesae NJ LI |y
methodologies the power companies, Orkuveita Reykjavikur, HS Orka and Landsvirkjun, that run the
individud power plants, use when estimating the gas emissions. The power companies use similar
methodologies, i.e., calculations based on measurements of the flow of steam through the plants

and analyses of the steam. All gas is assumed to go into thghgae upn separation of steam and

15 https://orkustofnun.is/orkustofnun/gagnasofn/talnaefni/

76



National Inventory Report, IcelargD22 L

liquid by the wellhead and that all the gas is released into the atmosphere. HS Orka and Landsvirkjun
collect samples at the wellead and at the separatestation, whereas Orkuveita Reykjavikur gathers
samples in the power planin the case of power plants that are under construction, prior to

generation of electricity, the estimated emissions are based on gas release from the individual holes
that are allowed to blow steam into the atmosphere prior to their harnessing intduHgnes of the
prospective power plant.

The NEA refers to the text of the report for further information on the methodology.

Emissions of GHind HS are also calculated in a similar way that S@alculated, i.e., based on
direct measurements. 4% has been measured for the whole time series. MethHaa®been
measured consistently from 200Based on the measurements frad@082016an average methane
emission factor was calculated and used fw {years where no information has been providéte
emission factors used for 199HD07 is 27.6 kg/GWh.

3.4.2.3 Emissions

Greenhouse gas emissions from geothermal energy production are subject to large fluctuations over
the time series, reflecting geologicaldihydrological changes occurring during exploitation of the
geothermal resource. The drivers for the trends in greenhouse gas emissions are complex and vary
from one geothermal field to the next. Processes such as steam cap formation can lead to increased
GHG concentrations if geothermal production taps from the steam cap, whereas concentrations are
lower in the deeper part of the reservoir; furthermore, reinjection of fluids after heat extraction

(fluids now poorer in dissolved gases) can lead to genagaipoorer systems (see also Chapter 2.1.

of Fridriksson et al., 2016: Greenhouse gases from geothermal power production, Technical Report
009/16 of the Energy Sector Management Assistance Program (The World Bank).)

In Figure3.9 emissions from 1B2d Geothermal power can be seen for the whole timeline. The sharp
increases in emissions in 1998 and 2006 are due to new power plants. In 1998 Nesjavellir started
operation andn 2006 two power plants started operations, Hellisheidi and Reykjanes.

Two power plants, Hellisheidi and Svartsengi, have capturing mechanisms attached to their outgoing
gas streams. The CarbPpioject, located at the Hellishei®ower Plant, has been pioneeringL0O

capture and reinjection on site into the basaltic subsurface, and has proven rapid and complete
reaction to calcium carbonate precipita{datter, et al., 2016)Reported emissions from the

Hellisheidi Power Plant have been adjusted to reflect the amount of injectedT®® C@captured

and injected can be seen Trable3.59.

A sister project, SulFix, consists of separatis§ firbom the stream and also reinjecting the gas into
the subsurface and mineralizing on contact with the basalt host rock.

Table3.59 Amount of C@captured anl injected using the Carbfix method

2012 2014 2015 2016 2017 2018 2019

CarbFix; Mineralized [kt Cg) 0.06 2.38 3.91 6.64 10.17 12.20 9.70 11.70
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Figure3.9 Emissions from 1B2d Geothermal Power

At the George Olah Renewable Methanol Plant in Svartsengi, on the Reykjanes peninsula-in South
west Iceland, Carbon Recycling International recycles part of ther@i@ed by the Svartsengi

power plant and converts it tmethanol, which isnostlyexported(Carbon Recycling International,
2018) Emissions utilized at the George ORIant are not subtracted from the total emissions of the
geothermal power plant in Svartsengi.

3.4.2.4 Recalculations

Recalculations were performed for £éissions from geothermal power plants in 2017. This is due
to a minor error in the amount of numbers aftdecimal for CH This caused a decrease in total
CQeemissions by 0.02 kt in 2017, s€able3.60.

Table3.60 Recalcultons from geothermal due to a decimal issue

Geothermal 2017 \
2021 v1 submission [GOkt] 149.10
2022 submission [GO kt] 149.08
Change relative to 2021 submission [%] -0.01%

3.4.2.5 Uncertainties
CQ and CHemissions figures are provided by the NEA, who reports an uncertainty of 10% for the
CQ values, and of 25% for the @¥hlues. The complete uncertainty analysis is shown in Annex 2.

3.4.2.6 Planned Improvements
The disaggregation between the emissions relatedlemtricity production vs. district heating will be
investigated in the future in collaboration with the geothermal power plant operators.
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3.5 Reference Approach, Feedstocks and Nemergy Use of Fuels (CRF 1AB, 1AC
and 1AD)

3.5.1 Reference Approach

The sectoral approach calculations are based on activity data per sector as provided by the NEA and
reallocated by the EA where necessary (see chepiet for details). The reference approach is
calculated based on the national energy statistics files submitted to Eurostat by the NEA, which
include information on imports, stock changes, inteinatl navigation and international aviation.

Currently there are some large discrepancies between the sectoral and reference approach (see
Annex 3). These discrepancies are being analysed in collaboration with the NEA.

3.5.2 Feedstock and Noitnergy Use of Fuel

Emissions from the Use of Feedstock are estimated according to 2006 IPCC Guidelines, and are
accounted for in the Industrial Processes sector in the Icelandic inventory. This includes all use of
anthracite, coking coal, othésituminous coal, cokeven oke, petroleum coke, lubricants and
electrodes.
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4 Industrial Processes and Product Use (CRF sector 2)

4.1 Overview

The production of raw materials is the main source of GHG emissions related to Industrial Processes.
Another significant source of greenhousesganission is the use of HFCs as substitutes for ozone
depleting substances in refrigeration and-eanditioning. The dominant category within the

Industrial Process sector is metal production. Almost all of the emissions from the metal production
sectorare reported under the EU ETS (Directive 2003/87/EC).

4.1.1 General methodology

GHG emissions from industrial processes are calculated according to methodologies described in the
2006 IPCC Guidelines, using the highest possible tier. For the activities repadtrdhe EU ETS,

activity data and emission factors are taken from verified EU ETS annual emissions reports. For other
activities, activity data is taken from Green Accounting (according to Icelandic regulation No

851/2002) reports, sales statistics andimport/export statistics, or directly from the operators.

Detailed methodological approaches are described for each source stream individually. As specified

in the 2006 IPCC guidelines, emissions reported in this chapter include all emissions rigsutting

the production processes themselves. All emissions resulting from the burning of fuel as a source of
energy are included in the Energy sector (CRF sector 1A2).

bCi A& NBLRNISR Ay (KS LOStIFIYRAO Ly@SymehtiNE | a a
Il 3Sy0e KlFa O2yFANNSR (KFd bCi A& y204 dz&AaSR Ay LO
Directorate of Customs registers all imported goods to Iceland). In addition, no industry potentially

dzZaAy 3 bCi o0Sdad aSYAO2y RuOEng dhdnical [agers) isolesérizn | O (i dzNS
Iceland.

b
S

4.1.2 Key Category Analysis

The key categories for 1990, 2020 and 1:29Q0 trend in the Industrial processes sector are as
follows (compared to total emissions without LULUCBp(e4.1).

Table4.1 Key category analysis for Industrial Processes, 1990, 2020 and trend (excluding LULUCF).

IPCC source category Gas Level 1990 Level2020 Trend
IPPU (CRF sector 2)

2A1 Cement Production CcQ \% \Y
2B10 Fertilizer Production N.O \% \%
2C2 Ferroalloys Production CQo \% \% \%
2C3 Aluminium Production CQ \% \% \%
2C3 Aluminium Production PFCs \% \% \%
2F1 Refrigeration and AiConditioning Aggregateé~gases \%
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4.1.3 Completeness

Table4.2 gives an overview of the 2006 IPCC source categories included in this chapter and presents

the status of emission estimates from all subcategories in the Industrial Process and Product Use

sedi 2N ¢KS SYAaairzya

available to calculated them.

YI N] SR

ab2

0 9AGAYFGSRE

Table4.2 Industrial ProcesseCompleteness (E: estimated, NE: not estimated hdidapplicable, IE: included

elsewhere).

Ca

ChH

Greenhouse gases

N2O

HFC

PFC Sk

NO

Indirect greenhouse gases

CO NMV
ocC

2A Mineral Industry

2A1 Cement Production (unti  E NA NA NA NA NA NA NA NA B
2011)

2A2 Lime Production NOTOCCURRING

2A3 Glass Production NOT OCCURRING

2A4b Other Uses of Soda As |E NA NA NA NA NA IE NA NA NA
2A4d Mineral Wool, E, IB NA NA NA NA NA NA E NA E

Ferrosilicon production

2B Chemical Industry

2B1 Ammonia Production NA NA B NA NA NA B NA NA NA
(until 2001)

2B2 Nitric Acid Production NOT OCCURRING

2B3 Adipic Acid Production NOT OCCURRING

2B4 Caprolactam, Glyoxal ar NOT OCCURRING

Glyoxylic Acid Production

2B5 Carbide Production NOT OCCURRING

2B6 Titanium Dioxide NOTOCCURRING

Production

2B7 Soda Ash Production NOT OCCURRING

2B8a Methanol production NAH NA NA NA NA NA NA NA NA NA
(from 2012)

2B9 Fluorochemical NOT OCCURRING

Production

2B10 Other: Diatomite E NA NA NA NA NA E NA NA NA
Production (until 2004)

2B100ther: Fertilizer NA NA E NA NA NA E NA NA NA
Production (until 2001)

2C Metal Industry

2C1 Iron and Steel Productic E NA NA NA NA NA E E E E

(20142016)

2C2 Ferroalloys Production E E NA NA NA NA E E E E

2C3 Aluminium Production E NA NA NA E NA E E NA E

2C4 Magnesium Production NOT OCCURRING

2C5 Lead Production NOT OCCURRING

2C6 Zinc Production NOT OCCURRING

2C7 Other NOT OCCURRING

2D NorEnergy Products from Fuels and Solvent Use

2D1 Lubricant Use E NA NA NA NA NA NA NA NA NA
2D2Paraffin Wax Use E NA NA NA NA NA NA NA NA NA
2D3a Domestic solvent use E NA NA NA NA NA NA NA E NA
2D3b Road paving w. asphal E NA NA NA NA NA NA NA E NA
2D3d Coating applications E NA NA NA NA NA NA NA E NA
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Greenhouse gases Indirect greenhouse gases

Sector N>O HFC PFC NCk CO NMV SQ
ocC

2D3e Degreasing E NA NA NA NA NA NA NA E NA
2D3f Dry cleaning E NA NA NA NA NA NA NA E NA
2D3g Paint manufacturing E NA NA NA NA NA NA NA E NA
2D3h Printing E NA NA NA NA NA NA NA E NA
2D3i Other: Creosote E NA NA NA NA NA NA NA E NA
2D3i Other: Organic E NA NA NA NA NA NA NA E NA
preservatives

2E Electronics Industry NOT OCCURRING

2F Product Uses as Substitutes for Ozone Depleting Substances

2F1a Commercial NA NA NA E E NA NA NA NA NA
Refrigeration

2F1b Domestic refrigeration ~ NA NA NA E NA NA NA NA NA NA
2F1c Industrial Refrigeration  NA NA NA E E NA NA NA NA NA
2F1d Transport Refrigeration NA NA NA E E NA NA NA NA NA
2F1e MobileAir-Conditioning NA NA NA E NA NA NA NA NA NA
2F1f Stationary Air NA NA NA E NA NA NA NA NA NA
Conditioning

2F2 Foam Blowing Agents NOT OCCURING

2F3 Fire Protection NOT OCCURING

2F4 Aerosols NA NA NA E NA NA NA NA NA NA
2F5 Solvents NOTOCCURING

2F6 Other Applications NOT OCCURING

2G Other Product Manufacture and Use

2G1 Use of Electric NA NA NA NA NA E NA NA NA NA
Equipment

2G2 Skand PFCs from Other NOT OCCURING

Product Uses
2G3 NO from Product Use NA NA E NA NA NA NA NA NA NA

2G4 Other: Tobacco NA E E NA NA NA E E E NA
consumption

2G4 Other: Fireworks use E E E NA NA NA E E NA E

2H Other

2H1 Pulp and Paper Industry NOT OCCURING

2H2 Food and Beverage NA NA NA NA NA NA NA NA E NA
Industry

2H3 Other NOT OCCURING

1CQ emissions linked to process use of soda ash are included in 2B10 Silica production (Silica production stopped in 2004)
2CQ emissions from other process use of carbonates occur both from Mineral wool production and from carbonates used
in the ferroaloy industry. Mineral wool emissions are reported under 2A4d, whereae@@sions from limestone in

ferroalloy production are included in 2C2 Ferroalloy production.

3 Ammonia was produced at the fertilizer production plant that closed down in 2001.tReseinissions of )0 and NQ

are reported under 2B10 Fertilizer production.

4 Methanol production uses geothermal fluids from a négrgeothermal power plants, therefore emissions linked to this
activity are reported under 1B2 Geothermal Energy.

5SQ emissions were reported by the plant and included both proeesated and combustiomelated S@emissions, and

these emissions are all reported under 1A2.
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4.1.4 Source Specific QA/QC Procedures

General QA/QC activities, as listed in ChafitBrare performed for the IPPU sector. Further sector
specific activities include the following:

9 Calculations of Cand PFC emissions from activities falling undergbeETS Directive
(2003/87/EC) are crosshecked with the annual emission reports verified by accredited EU
ETS verifiers (according to Article 67 of Directive 2003/87/EC) since 2013. This applies to
activities within CRF categories 2.A.4.d, 2.C.2 an8.2.C.

i1 All emissions calculations are quality checked by a second sectoral expert, which did not
compile the inventory.

i Participation in a Nordic expert group on F gases, funded by the Nordic Council of Ministers,
discussing, and comparing methods and parameetesed by the various Nordic countries.

4.2 Mineral Products (CRF 2A)

4.2.1 Cement Production (CRF 2A1)

4.2.1.1 Category description

The single operating cement plant in Iceland was closed down in 2011. The plant produced cement
from shell sand and rhyolite in a rotaryrkiising a wet process. Emissions of @@inate from the
calcination of the raw material, calcium carbonate, which comes from shell sand in the production
process. The resulting calcium oxide is heated to form clinker and then crushed to form cement.

4,2,1.2 Methodology

Emissions are calculated according to the Tier 2 method of the 2006 IPCC Guideline (Equation 2.2),
based on clinker production data and data on the CaO content of the clinker. Cement Kiln Dust (CKD)
is noncalcined to fully calcined dust producedthe kiln. CKD may be partly or completely recycled

in the kiln. Any CKD that is not recycled can be considered lost to the system in terms of CO
emissions. Emissions are thus corrected with plant specific cement kiln dust correction factor.

Equation 22
000aQi i QveE40026 O
Where:
CQ Emissions = emissions of &@m cement production, tonnes
Mci= weight (mass) of clinker production, tonnes
Eki = clinker emission factor, tonnes gionnes clinker; Ef= 0.785 x CaContent
Ckxa= emissions correction factor for neecycled cement kiln dust, dimensionless

Processspecific data on clinker production, the Ce@htent of the clinker and the amount of nen
recycled CKD are collected by the EA directly from the cement production plant. Data on clinker
production is only available from 2003 onwards. Historical clinker production data has been
calculated as 85% oément production, which was the average proportion for the years 2003 and
2004.
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The production at the cement plant decreased slowly between 2000 and 2004. The construction of
the Karahnjukar hydropower plant (building time from 2002 to 2007) along natleased activity in

the construction sector (from 2003 to 2007) increased demand for cement, and the production at the
cement plant increased again between 2004 and 2007, although most of the cement used in the
country was imported. In 2011, clinker prattion at the plant was significantly less than in 2007,

due to the collapse of the construction sector. Late 2011 the plant ceased operation.

Table4.3 Clinker production and G@missions from cement produah from 19962011. The cement factory
closed down in 2011.

1990 114,100 96,985 63.0% 0.495 108% 51.6
1995 81,514 69,287 63.0% 0.495 108% 36.8
2000 142,604 121,213 63.0% 0.495 108% 64.4
2005 126,123 99,170 63.0% 0.495 110% 53.9
2010 33,489 18,492 63.3% 0.497 108% 9.9
2011 38,048 35,441 64.2% 0.504 110% 19.6
2012 - - - -

It has been estimated by an expert at the cement production plant that the CaO content of the
clinker was 63% for all years from 1990 to 2006. From 2007 the CaO content is based on chemical
analysis at the plant, as presentedTliable4.3. The cement factory was undergoing rough operating
conditions, leading to the closing of the factory in 2011. The cement kiln was only running for 8
weeks in 2010, while the cement griedwas active longer. This is the reason for the significant-inter
annual change in the GGEF between 2010 and 2011.

4.2.1.3 Categoryspecific recalculations
No categoryspecific recalculations were done for this submission.

4.2.1.4 Categoryspecific planned improvemest
No improvements are currently planned for this category.

Uncertainties

The uncertainty on activity data is assumed 2.0% which is the higher efrange given for planet
reported production data (Table 2.3, Volume 3, Chapter 2, IPCC Guidelineshcé&haiaty of

emission factor is 30% which is the median value of the default uncertainty for CKD (Table 2.3,
Volume 3, Chapter 2, IPCC Guidelines). The combined uncertainty is 30%. The complete uncertainty
analysis is shown in Annex 2.

4.2.2 Lime Production (CR2A2)
This activity does not occur in Iceland.
4.2.3 Glass Production (CRF 2A3)

This activity does not occur in Iceland.
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4.2.4 Other Process Uses of Carbonates (CRF 2A4)

42.4.1 Ceramics (CRFA4d)
This activity does not occur in Iceland.

4.2.4.2 Other Uses oSodaAsh (CRF 2A4b)

Other use of soda ash was in diatomite production for the period 12@M4. The emissions

associated with the use of soda ash are marked as Included Elsewhere under 2A4b Other uses of
soda ash and are included in the emissions reported under 2B10 DiatBroitkeiction.

Methodological description of calculations of emissions related to soda ash use can be found under
4.3.10.1Diatomite Production (CRF 2B10a).

4.2.43 NonMetallurgical Magnesium Production (CRF 2A4c)
This activity does not occur in Iceland.

4.2.4.4 Other (CRF 2A4d) Mineral Wool Production, Limestone Use in Ferrosilicon Production

Category description

Two emission sources fall under this category, on one hand a mineralpnamhiction plant and on

the other hand limestone used in a ferroalloy production plant. Emissions from mineral wool

production are reported here, whereas the emissions associated with limestone use in ferroalloy

production are reported under 2C2 Ferr@a® & t NR RdzOG A2y X a4 y2GSR & ay
reporter. Methodology for mineral wool production is described here, whereas the methodology

used for determining GHG emissions from limestone use in ferroalloy production are described

under Ferroalloys Bduction (CRF 2C2).

All imported goods are registered by the Directorate of Customs and subsequently by Statistics
Iceland, which indicates that there is no other recorded use of carbonates. If carbonates are
imported for manufacturing artistic ceramidsy example, the quantity is negligible.

Methodology

The mineral wool production plant has a production capacity requiring it to be a part of the EU

Emission Trading Scheme EUERS A ONA O SR Ay S5ANBOGAGS HAnnokyTkK9/
However, due to the fact that its annual GHG emissions are lowQ(lyfdi f & .efmar)]the planh

is excluded from the EU scheme as per Article 27 of the ETS Directive (which applies to operations
producing less than 25 kt G&year). According to Article 27 of the ETS Directive and Article 14a of

the Icelandic climatéaw (Log um loftslagsmal No 70/2012), the plant is obligated to report annual
emissions to the Environment Agency in a format similar to the EU ETS operators and pays annual

emission fee to the Icelandic State.

Activity data are provided by the plant (alcation for free allowances under the EU ETS for the
years 2005 to 2010 and reporting under the EU ETS, or exemption thereof, after that). In particular,
the plant provides data on electrode consumption, EF and NCV, as well as C content of shell sand.
Emissions of Cgare calculated from the carbon content and the amount of shell sand and
electrodes used in the production process. Emissions ga&Cralculated from the-8ontent of
electrodes and amount (in unit of mass) of electrodes used. Emissi@® afe based on
measurements performed at the plant in the year 2009 and mineral wool production.

Emissions from the mineral wool plant were 0.90 ki€i@ 2020. Fluctuations in GHG emissions
reflect fluctuations in annual production.

85



L National Inventory Report, IcelargD22

Categoryspecific ecalculations
No categoryspecific recalculations were done for this submission.

Categoryspecific planned improvements
No improvements are currently planned for this category.

Uncertainties

The uncertainty on activity data was calculated to be 2.25%mardhe combined uncertainty for

two source stream types as reported in the ETS 2019 annual emission reporésniSsion factor
uncertainty was estimated to be 1.5% according to Chapter 2, subchapter 2.5.2.1, in 2006 IPCC
guidelines. The combined uncertainty is 2.7%. The complete uncertainty analysis is shown in Annex 2.

4.3 Chemical Industry (CRF 2B)

The Chemical Indiry Sector is insignificant in the Icelandic inventory, with no GHG emissions
reported under this sector since 2005. In the past, there were two large contributors to this sector, a
fertilizer production plant, which stopped production in 2001, and aadidte production plant,

which stopped production in 2004.

4.3.1 Ammonia Production (CRF 2B1)

Ammonia was produced amongst other fertilizers during the period 28¥1l. The associated
emissions are marked as Included Elsewhere under 2B1 Ammonia Productiore anclaged in the
emissions reported under 2B10 Fertilizer Production. The methodology associated with ammonia
Production is also described under Fertilizer Production (CRF 2B10b).

4.3.2 Nitric Acid Production (CRF 2B2)

This activity does not occur in Iceland.

4.3.3 Adipic Acid Production (CRF 2B3)

This activity does not occur in Iceland.

4.3.4 Caprolactam, Glyoxal and Glyoxalic Acid Production (CRF 2B4)
This activity does not occur in Iceland.

4.3.5 Carbide Production (CRF 2B5)

This activity does not occur in Iceland.

4.3.6 Titanium Doxide Production (CRF 2B6)
This activity does not occur in Iceland.

4.3.7 Soda Ash Production (CRF 2B7)

This activity does not occur in Iceland.

86



National Inventory Report, IcelargD22 L

4.3.8 Petrochemical and Carbon Black Production (CRF 2B8)

The only activity mentioned under this subsector is 2Bl@shanol Production which in Iceland
started in 2012. However, methanol production in this case does not produce any GHG, since the
plant is recycling G@mitted from a geothermal power plant to convert it to methanol. All energy
used in the plant comesdm the Icelandic grid, which is generated from hydro and geothermal
energy. The plant uses electricity to make hydrogen which is converted to methanol in a catalytic
reaction with CQ The C@is captured from gas released by a geothermal power plantéacaext

to the facility(Carbon Recycling International, 20183e alssection3.4.2Geothermal Energy (CRF
1B2d)

4.3.9 Fluorochemical Production (CRF 2B9)
This activity does not occur in Iceland.
4.3.10 Other (CRF 2B10)

4.3.10.1 Diatomite Production

Category description

One company was producing diatomite (diatomaceeagh) by dredging diatom sand from the
bottom of Lake Myvatn in the north of Iceland. The silica sludge was burned to remove organic
material, and soda ash was used as a fluxing agent. Production ceased in 2004.

Methodology

Emissions of G@nd NQwere estimated on the basis of thed@ntent and Ncontent of the sludge,

and of the stoichiometric carbonate content of the soda ash. All activity data was obtained from the
plant directly. C@emissions from the silicic sludge derive from organic cadyahtherefore are not
included in the totals. C{&missions that occurred from the use of soda ash in the production

process are reported here (in the CRF tables we use the notation key Included Elsewhere (IE) under
sector 2A4b Other use of soda ash). @haual C@emissions ranged from 0.24 to 0.49 ktLé&nd

the annual NQemissions ranged from 0.31 to 0.48 kt NO

Categoryspecific recalculations
No categoryspecific recalculations were done for this submission.

Categoryspecific planned improvement
No improvements are currently planned for this category.

Uncertainties

The uncertainty on activity data was estimated to be 5% (higher end of the range suggested as
general default AD uncertainty values suggested in vol. 3 chap 3 of the IPCC gujdainhé¢isd CQ
emission factor uncertainty was estimated to be 10%, leading to a combined uncertainty of 11%. The
complete uncertainty analysis is shown in Annex 2.

4.3.10.2 Fertilizer Production

Category description

A fertilizer production plant was operational tilr2001 when there was an explosion at the plant. In
the early days of the factory, only one type of fertilizer was produced (a nitrogen fertilizer), whereas
at the end of its production phase it was producing over 20 different types of fertilizessand@H
emissions are considered insignificant, as the fertilizer plant us@iddduced onsite by electrolysis.
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Methodology
NOxand NO emissions were reported directly by the factory to the EA.

Categoryspecific recalculations
No categoryspecific reckulations were done for this submission.

Categoryspecific planned improvements
No improvements are currently planned for this category.

Uncertainties

The uncertainty on activity data was estimated to be 5% (higher end of the range suggested as
general default AD uncertainty values suggested in vol. 3 chap 3 of the IPCC guidelines), a@d the N
emission factor uncertainty was estimated to be 40%, leading to a combined uncertainty of 40.3%
The complete uncertainty analysis is shown in Annex 2.

4.4 Metal Production (CRF 2C)

4.4.1 Iron and Steel Production (CRF 2C1)
The only activity under Iron and Steel Production occurring in Iceland was Steel production (2C1a).

44,11 Steel (CRF 2Cla)

Category description

A secondary steelmaking facility was operating in the $tdial area in Grundartangi, Wekteland

next to one ferroalloy plant and one aluminium smelter from 2014 to February 2017. Production
stopped at the end of 2016 and no production is reported for 2017. The company produced steel
from scrap iron and stedtom the aluminium smelters, using an electric arc furnace. Carbonates and
slags were added during the smelting process. Thee@¥sions amounted between 0.34 and 0.83

kt CQ during the years of operation (2012D16).

Methodology

CQ emissions are caltated using production data provided by the plant in their annual Green
Accounting reports, and the default Tier 1 emission factor for steel production in electric arc furnaces
(Table 4.1, Chapter 4 of the 2006 IPCC Guidelines). Pollutants are calcalatgtha Tiers 2 EFs for
Electric Arc Furnaces in the 2019 EMEP/EEA Guid¢éb&sk 2019)

Categoryspecific recalculations
No categoryspecific recalculations were done for this submission.

Categoryspecific planned improvemts
No improvements are currently planned for this category.

Uncertainties

The uncertainty on activity data was estimated to be 10% (Default 2006 IPCC Guidelines), and the
CQ emission factor uncertainty was estimated to be 25% (Default 2006 IPCC Gasjjdéading to a
combined uncertainty of 27%. The complete uncertainty analysis is shown in Annex 2.
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4.4.2 Ferroalloys Production (CRF 2C2)

Category description

Two factories were producing metals falling under the CRF category 2C2 Ferroalloys. One company

hada 06SSYy LINBRdzOAYy 3 CS{ATp &AAYOS mMdpTtd FYR Iy2iKSNJ
metal in 2018. A third company was operating between 22067 producing silicon metal but has

stopped production in 2017. Both active operators are under the falddton Trading Scheme (as per

Directive 2003/87/EC). In both factories, raw ore, carbon material and slag forming materials are

mixed and heated to high temperatures for reduction and smelting.

One company is using a submerged, three phase electricalraace with seHbaking Séderberg
electrodes. The furnaces are seooivered. The other is using submerged arc furnaces using pre
baked graphite electrodes.

Methodology

CQ emissions are calculated according to the Tier 3 method from the 2006 IPCdr@&side

(Equation 4.17 Vol. 3) based on the consumption of fossil reducing agents and electrodes (Electrodes,
electrode paste, carbon blocks, coal and coke) and plant specific carbon content. Information on the
carbon content of electrodes and reducing agei#t provided by the plants through annual emission

reports submitted within the EU ETS. Emissions from limestone calcination are calculated based on

the consumption of limestone, also reported through the EU ETS, and emission factors from the IPCC
Guidely S&> YR N8B AyOf dzZRSR Ay GKA& &aSOG2NJ 6YI NJ] SR
Other process use of carbonate). The emission factor is 440 Kge€€@nne limestone, assuming

the fractional purity of the limestone is 1.

CH emissions are daulated using the Tiers 2 defaults from the 2006 IPCC guidelines (Vol. 3, Chapter
4, Table 4.8) using the appropriate emission factor for the different technologies used by the
operators (batckcharging, sprinkle charging).

Activity data for raw materials, products and the resulting emissions are givieabie4.4.

Table4.4 Raw materials [kt], production [kt] and resulting GHG emissions [i¢]@©m the production of
ferroalloys

1990 1995 2000 2005 2010 2015 2019 2020

Electrodes, casings and past 3.8 3.9 5.7 6.0 4.8 4.9 4.6 4.8
Carbon blocks

Anthracite/coking coal 45.1 524 73.2 86.9 96.1 115 142 129
Coke oven coke 24.9 30.1 46.6 42.6 30.3 30.9 21.2 235
Charcoal

Wood 16.7 7.7 16.2 15.6 11.3 27.2 78.1 59.9
Limestone 0.00 0.00 0.47 1.62 0.50 2.19 1.83 0.95
FeSi, silicon metal productior 62.8 71.4 109 111 102 118 119 116
Emissions [kt C&] 210 246 365 380 372 404 432 418

Plant and year specific emission factors fop &@ based on the carbon content of the reducing

F3SyGazx GKS St SOGNRPRS&AD C2NJ GKS CS{ATp LAIYy(izZ GK
application for free allowances under the EU ETS for the years 2005 to 2010. Upon request by the EA,

the company povided this information for the years 2000 to 2004 and 2011. Since 2013 these data
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have been obtained from the electronic reports submitted under the EU ETS and Green Accounting
for both factories.

Carbon content of electrode paste, graphite electrodeslccoke, charcoal, limestone and wood
have been obtained from the reports submitted under the EU ETS. Earlier in the timeline carbon
content of coal (anthracite), cokeven coke and charcoal are based on routine measurements of
each lot at the FeSi75 pia These measurements are available for the years 2000 to 2013. For the
years 1990 to 1999 the average values for the years 2005 to 2010 were used. Carbon content of
wood is taken from a Norwegian report (SINTEF. Data og informasjon om skogbruk dgepi,

OR 54.88). The carbon content of the electrodes is measured by the producer of the electrodes.

The emission factors for the major source streams coal and coke are plant and year specific. The
implied emission factor differs from year to year baseddifferent carbon content of inputs and
outputs as well as different composition of the reducing agents used, from 3.2 tonnge€@nne
Ferrosilicon in 1998, to 3.7 tonne &&&r tonne Ferrosilicon in 2018. The L&rhission factor is the
default valuefor FeSi75 production in furnaces operating in sprirgflarging mode (1 kg GH

product- Table 4.8, Volume 3 Chapter 4 of the IPCC Guidelines) and for the silicon metal plant the
default value for Sinetal production in furnaces operating in Batchaiging mode (1.5 kg CH4/t
product- Table 4.8, Volume 3 Chapter 4 of the IPCC Guidelines).

Figure4.1 shows the evolution of total GHG emissions from Ferroalloy produsiioce 1990. Since
2000 the production and associated emissions have been on somewhat steady level, with a clear dip
in 2008 which is due to the major financial collapse Iceland experienced that year.

The main contributor to GHG emissions is,@th CH only contributing to less than 1% of the
emissions from ferroalloy production.

The IEF fluctuates over the time series depending on the consumption of different reducing agents
and electrodes (3.2 3.7 t CQ@'t FeSi), as well as expansions and changpsaduction capacity in
existing facilities (1994999) and establishments of new facilities (2017, 2018).

Categoryspecific QA/QC and verification
CQ emissions reported in this inventory are craggecked with the annual emission reports verified
by accredited EU ETS verifiers (according to Article 67 of Directive 2003/87/EC) since 2013.

Categoryspecific recalculations

There were two recalculationsifohe year 2019. The first recalculation is due to the industry starting
to use microsilica to reduce @@missionsTable4.5). That was not accountedifin the last
submission and it only effects emissions in 2019.

Table4.5 Comparison between the 2021 v1 submissions and the 2022 submission &ni€slon from
Ferroalloys production (2C2) for the year 201

Ferroalloys production 2019 ‘
2021 v1 submission Gkxt] 429.8
2022 submission Gkt] 428.8
Change relative to 2021 submission -0.24%

The second recalculation concerns methane emissions and is due to human error in the emission
estimation files Table4.6).
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U

Table4.6 Comparison between the 2021 v1 submissions and the 2022 submission for methssierefrom

Ferroalloys production (2C2) for the year 2019.

Ferroalloys production 2019
2021 v1 submission GHt CQe] 2.80
2022 submission CH4 [kt &0 3.23
Change relative to 2021 submission 15%
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Figure4.1 Total GHG emissions (£&d CH) from the Ferroalloy production, and annual production [kt]

Categoryspecific planned improvements

No improvements are currently planned for this category.

Uncertainties

The estimate ofjuantitative uncertainty has revealed that the uncertainty ohb€@issions from

ferroalloys production is 2.1% (with an activity data uncertainty of 1.5% (as given in the ETS Annual
Emission Report) and emission factor uncertainty of 1.5%). It is estinttade the uncertainty of the

CH emission factor is 10% as suggested in the 2006 IPCC Guidelines, uncertainties for Tier 2 emission
factors. In combination with above mentioned activity data uncertainty this leads to a combined
uncertainty of 10.1% for GHThe complete uncertainty analysis is shown in Annex 2.
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4.4.3 Aluminium Production (CRF 2C3)

There are four aluminium factories in Iceland, three primary aluminium producers and one
secondary aluminium producer. Primary aluminium production results in emnissif C@and PFCs,
whereas secondary aluminium production does not generate any significant amounts of GHG in the
process itself. However, in both primary and secondary aluminium production there are GHG
emissions associated with the combustion of foksls used as energy source, and these emissions
are accounted for in the Energy chapter under sector 1A2.

4.4.3.1 Primary Aluminium Production

Category description

Primary aluminium production occurs in three smelters. All three primary aluminium producers use
the Centre Worked Prebaked Technology. The emissionsairigidate from the consumption of
electrodes during the electrolysis process, whereas PF¢an{@kFs) are produced during anode
effects (AE) in the prebake cells, when the voltage ottiks increases from the normal % V to 25

-40 V.

All three primary aluminium operators are under the-Ehhission Trading Scheme (as per Directive
2003/87/EC) and submit annual emission reports verified by accredited EU ETS verifiers (according to
Article 67 of Directive 2003/87/EC).

Activity data

The EA collects annual process specific data from the aluminium plants, through electronic reporting
forms in accordance with the EU ETS. Activity data and the resulting emissions can be Taabid in
4.7and are displayed iRigure4.2.

Table4.7 Aluminium production, G@nd PFC emissions, |IEF fos &t PFC since 1990.

Primary aluminium production [kt]  87.8 100 226 272 819 857 834 831
CQ emissions [kt] 139 154 353 417 1238 1300 1276 1261
PFQmissions [kt C] 495 69.4 150 30.8 171.7 103.7 97.0 95.1
CQ [t/t Al] 1.58 1.54 1.56 1.53 151 1.52 1.53 1.52
PFC [t Cg/t Al] 5.63 0.69 0.66 0.11 0.21 0.12 0.12 0.12
Total Emissions [kt G€] 634 223 503 448 1409 1403 1373 1357

CQ emissions:

Emissions are calculated according to the Tier 3 method from the 2006 IPCC Guidelines, based on the
quantity of electrodes used in the process and the plant and year specific carbon content of the

electrodes. This information was taken fronSth I £ dzY Ay Adzy LX I yGdaQ | LILIX A Ol GA
under the EU ETS for the years 2005 to 2010. Upon request by the EA, the aluminium plants also

provided information on carbon content of the electrodes for all other years in which the

corresponding alummium plant was operating in the time period 1990 to 2012. Since 2013the

information comes from submitted data from the operators under the EU ETS. The weighted average
carbon content of the electrodes ranges from 98% to 99%.

PFC emissions:
PFCs (GRndGFs) are produced during anode effects (AE) in the prebake cells, when the voltage of
the cells increases from the normal 8 V to 25 40 V. Emissions of PFCs are dependent on the
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number of anode effects and their intensity and duration. Anode effeatacteristics vary from

plant to plant. The PFCs emissions are either calculated according to the Tier 2 Slope Method, using
equation 4.26 from the 2006 IPCC Guidelines (see below) with default coefficients taken from table
4.16 in the 2006 IPCC Guidelfoe Centre Worked Prebaked Technology, or using pdaetific

emission factors for some of the operators in recent years (depending on the EU ETS requirements in
this matter).

Equation 4.26
0 Y zd OO0 0
and
(0] O z°0 ¢
Where:
Ecra= emissions of Grom aluminium production, kg @F
Ecore= emissions of & from aluminium production, kg6
Sra= slope coefficient for GHkg Cktonne Al)/(AEMins/cellday)
AEM = anode effects per delhy, AEMins/cellday
MP = metal production, tonnes Al
Fcorécrs= weight fraction of €/ Ch, kg GRe/kg Ch

GHG emissions from primary Al production have been relatively stable sinceR200&4.2). The

main contributor to GHG emissions gas is,@h various contributions from PFC. The PFC

emissions rose significantly in 2006 due to an expansion of one facility and in 2008 which was the
first full year of operatins at a new facility. Total GHG emissions from the primary Aluminium sector
have more than doubled since 1990 although a slight decrease in emissions has occurred in the last
few years.

Categoryspecific QA/QC and verification
CQ and PFC emissions repexdtin this inventory are crosshecked with the annual emission reports
verified by accredited EU ETS verifiers (according to Article 67 of Directive 2003/87/EC).

Categoryspecific recalculations
No categoryspecific recalculations were done for this subsidn.

Categoryspecific planned improvements
No improvements are currently planned for this category.

Uncertainties

The uncertainty of C{missions is based on the ETS Annual Emission Reports and is 1.5% for activity
data and 1.5% for the emission fact@iving a combined uncertainty of 2.1%. For PFC the activity

data has also 1.5% uncertainty and the emission factor uncertainty is 15%, following the suggestion
of the 2006 IPCC Guidelines for Tier 3. This leads to a combined uncertainty of 15,1%ndlb&co
uncertainty analysis is shown in Annex 2.
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Figure4.2 GHG emissions (g&nd PFC) from primary Al production, and annual production [kt].

4.4.3.2 Secondary Aluminium Production

Secondary aluminium production started in 2004. In 2012, another facility opened in the industrial
area of Grundartangi. At the end of 2014, the festmpany was acquired by the second moving the
production to Grundartangi. Secondary aluminium production does not lead to GHG emissions;
however, it does lead to emissions of certain atmospheric pollutants which are reported under
CLRTAP. Upon request agrithe 2019 UNFCCC desk review, the company was contacted for a
clarification about the oxidation process. It is possible to affirm that the secondary aluminium
industries work with two processes to prevent oxidation: one isfhatand in the other thelag acts
as a cover for oxidation when the raw material melts. No cover gases are used for either process.
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4.5 Non-Energy Products from Fuels and Solvent Use (CRF 2D)

45.1 Lubricant Use (CRF 2D1)

Category description

Lubricants are mostly used in industrial ar@hsportation applications. Lubricants are produced
either at refineries through separation from crude oil or at petrochemical facilities. They can be
subdivided into (a) motor oils and industrial oils, and (b) greases, which differ in terms of physical
characteristics (e.g. viscosity), commercial applications, and environment@lR&Q€E, 2006)

Only C@emissions are reported her&here is no default methodology currently available to
estimateNMVOGmissions. Currgly available activity data does not allow to separate lubricants
mixed in with other fuel in Atroke engines from lubricants used for their lubricating properties,
however the amount of lubricant used assoke engine fuel is likely to be very smatus, we

attribute all emissions from lubricants to this category (2D1), and none to combustion in the energy
sector.

Methodology

Lubricant emissions are calculated using the Tier 1 method (Equation 5.2, 2006 IPCC Guidelines) and
the IPCC default Oxidis&iiring Use (ODU) factor used when the activity data does not allow to
discriminate between lubricant oils and greases. Default NCV and C contents are used (from Table
1.2 and 1.3, respectively, Chapter 1 Volume 2 of the 2006 IPCC Guidelines).

Activity dda for import and export of lubricants is obtained from Statistics Iceland. Lubricant use of a
given year is assumed to be the difference between imports and exports of that year.

CQ emissions from lubricant use have generally been following a decretasimtysince 1990: From
4.06 kt C@e in 1990, the emissions decreased to 1.87 kieG®2009. Since 2010, the emissions
have been rather stable between 2.1 kt and 2.5 kteCO

Categoryspecific recalculations
No categoryspecific recalculations were doffier this submission.

Categoryspecific planned improvements
There are no improvements planned in this category.

Uncertainties

The activity data uncertainty is 5% (2006 IPCC Guidelines, vol 3, chapter 5.2.3.2) and the emission
factoruncertainty is 50.1% deriving from the combined uncertainty of te@ent (3%) and the
ODUcontent (50%); both uncertainty values are taken from the 2006 IPCC Guidelines, vol 3, chapter
5.2.3.1. The combined uncertainty for activity data and emissiotofa is 50.3%. The complete
uncertainty analysis is shown in Annex 2.

4.5.2 Paraffin Wax Use (CRF 2D2)

Category description

Paraffin waxes are used in applications such as candles, corrugated boxes, paper coating, board
sizing, food production, wax polishesyfactants (as used in detergents) and many others. Emissions
from the use of waxes derive primarily when the waxes or derivatives of paraffin are combusted
during use (e.g. candles), and when they are incinerated with or without heat recovery or in
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wastewater treatment (for surfactants). In the cases of incineration and wastewater treatment the
emissions should be reported in the Energy or Waste Sectors, respe¢iR€lg, 2006)
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According to 2006 IPCC guidelines; &1 NO emissions are possible but no default methodology
F2N) SadAYlLGAy3a GK24aS A& LINPOARSRI UGUKSNBT2NB (K2a

The emissions from Paraffin Wax Use have been estimated to be 0.17% ikt {890 and 0.34 kt GO
in 2020.

Methodology
CQ Emissions from paraffin wax use are calculated using equation 5.4 (Tier 1), Volume 3, in the IPCC
2006 guidelines.

Equation 5.4
CQ Emissions = PW * Cax* ODUyax * 44/12

Where:

CQ emissions = emissions of £&fm paraffin waxeskt CQ

PW = Total paraffin wax consumption, TJ

CGvax= Carbon content of paraffin wax, tonne C/TJ

ODWvax' & h EA RA T SHactoRfdzNaraffid warziradtion

44/12 = mass ratio of G

For calculating the total paraffin wax consumption, PW, in energy units, the activity data given in
tons are multiplied by the Net Calorific Value of 40.2 TJ/kt given in table 1.2, Vol. 2 of the IPCC 2006
guidelines. The default CCWax factor of 20.0 kg @6 a Lower Heating Value basis) and the default
ODUWax factor of 0.2 (Tier 1) given in the IPCC 2006 guidelines is applied.

Since the activity data is twofold, we have the emissions both from candles and other paraffin:

1. Emissions from paraffin from cdles based on net consumption of candles (impaxport
+ production where production is zero).

2. Emissions from paraffin (without candles) based on net consumption of paraffin (without
candles) (import, export + production where production is zero).

To ke able to add the two, the net consumption of candles is multiplied by the factor 0.66 since not
all of the candle activity data is made of paraffin:

0w a ZTE @ z) 0 w
where MandiesaNd Mparatiin iS the mass (net consurtipn) of candles and paraffin (without candles),
respectively. The proportion of paraffin candles used is assumed to be 66%, taken from the
Norwegian Inventory Report for 2021 as the activity data available in Iceland does not distinguish
between paraffincandles and others.

There is no available data for the production of candles. Considering that most candles used in
Iceland are imported (and therefore accounted for) only candles produced by very small local craft
workshops might be missing from the estitas. According to expert judgement the amount of
candles produced within the country is insignificant. Activity data for paraffin production is missing
but is considered insignificant based on expert judgement.
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Categoryspecific recalculations

Emissiongn 2019 were recalculated since the export number of candles was updated from 719 kg to
720 kg within the data from Statistics Iceland. The emissions from this subsector (2D2) was updated,
seeTable4.8.

Table4.8: Comparison between the 2021 v1 submissions and the 2022 submission éoni€on from
Paraffin wax use (2D2) for the year 2019.

Paraffin Wax Use 2019 |
2021 vlsubmission Cgt] 285.9324

2022 submission G@] 285.9320

Change relative to 2021 submission -0.00014%

Categoryspecific planned improvements
There are no improvements planned in this category.

Uncertainties

The activity data uncertainty is 5% (2006 IPCC Guidelines, vol 3, chapter 5.3.3.2) and the emission
factor uncertainty is combined 100.1%, deriving from a 5% uncertainty for-ttmmtént and 100%
uncertainty for the ODWactor (2006 IPCC Guidelines, vptBapter 5.3.3.1). The combined
uncertainty for both activity data and emission factors is therefore 10012%.complete uncertainty
analysis is shown in Annex 2.

4.5.3 Other NorEnergy Products from Fuels and Solvent Use (CRF 2D3)

Category description

Thissection describes hemethane volatile organic compounds (NMVOC) emissions from asphalt
production, fossil fuetlerived solvents use and urdrsed additives for catalytic converters. The
various subgroups within 2D3 are taken from the EMEP/EEA 201%guide

NMVOCs are not considered direct greenhouse gases but once they are emitted, they will oxidize to
CQin the atmosphere over a period of time, and the associateged@issions are considered

indirect. However, in order for these emissions to countaods national totals in the CRF reporter,

we are including these G@puts from the atmospheric oxidation of NMVOC in CRF Tables 2(l)s2 and
2(l).AHs2, following recommendations from the Working Group 1 under the European Union
Climate Change Committee.

An overview of the NMVOC emissions from the individual 2D3 subcategories is ghedateh9 and

is shown irFigure4.3.

Methodology
NMVOC emissions are estimated according to the 2019 EMEP/EEA air pollutant emission inventory
guidebook(EEA, 2019using activity data provided byaBstics Iceland unless otherwise noted in

0KS QaLISOATAO &4dz00F 6SI2NASa BFERE® tKBRAZDINOERO( 8

is divided into subcategories in accordance with the EMEP/EEA guidebook classification, as the
nature of this soure requires somewhat different approaches to calculate emissions than other
emissions categories.

The conversion of NMVOC to £4as done using the general formula provided in Box 7.2, Vol. 1
Chapter 7 of the 2006 IPCC Guidelines:
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‘0¢ ) 660U Oa Qi i Q¢ ezidbzt #p ¢
where C is the fraction carbon in NMVOC by mass.
C2NJ 6KS adzoOF iS32NE aw2lR LI @AYy3a gAGK ! ALK GEX
IPCC guidelines for asphalt production and use for road paving3(\G@hapter 5, §5.4.4). For all
other subcategories of 2D3, the default value of 0.6 was given (Vol. 3, Chapter 5., 85.5.4).

4,5.3.1 Domestic solvent use including fungicides (2D3a)

NMVOC emissions from domestic solvent use including fungicides (2D3a) is cdlasiatetier 2b
methodology according to Table 3.5 in the 2019 EMEP/EEA Guidébieak 2019)5ince product
statistics in terms of the product types are not complete, the emission factors used for different
product types thatrelease NMVOC are in the units of g/person/year.

4.5.3.2 Road Paving with Asphalt 2D3b)

Asphalt road surfaces are composed of compacted aggregate and asphalt binder. Gases are emitted
from the asphalt plant itself, the road surfacing operations and subsequentty the road surface.
Information on the amount of asphalt produced comes from Statistics Iceland for the time period
1990 to 2011, and directly from the producers since 2012. The emission factors for NMVOC (0.016
kg/t asphalt) are taken from Table 3.1,dnapter 2D3b in th@019EMEP/EEA emission inventory
guidebook(EEA, 2019Emissions of SONQ and CO are expected to originate mainly from

combustion and are therefore not estimated here but accounted for under sector 1A2.

4.5.3.3 Coating Applications (2D3d)

The EMEP/EEA guidebg®EA, 2019rovides emission factors based on amounts of paint applied.
Data exists on imported paint since 19@iatistics Iceland, 2018nhd on domestic production of

paint since 1998lcelandic Recycling Funtirvinnslusjédur, 2018)r written communication for the
most recent reporting year. For the time before 1998 no data exists about the amosntveint
basedpaint produced domestically. Therefore, the domestically produced paint amount of 1998,
which happens to be the highest of the time period for which data exists, is used for the period from
19901997. The Tier 1 emission factor refers to all painggied, e.g. waterborne, powder, high solid
and solvent based paints. The existing activity data on production and imported paints, however,
makes it possible to narrow the activity data down to conventi@adventbasedpaints.

Subsequently, Tier 2 emissifactors for conventionaolventbasedpaints could be applied. The
activity data does not permit a distinction between decorative coating application for construction of
buildings and domestic use of paints. Their NMVOC emission factors, howevederdreal: 230

g/kg paint applied. It is assumed that all paint imported and produced domestically is applied
domestically during the same year. Therefore, the total amoursiobfentbasedpaint is multiplied

with the emission factor.

4,5.3.4 Degreasing (2D3e)

The 2019 EMEP/EEA guidebook provides a Tier 1 emission factor for degreasing based on amounts of
cleaning products used. Data on the amount of cleaning products imported is provided by Statistics
Iceland. Activity data consisted of the chemicals listed eyENMEP/EEA guidebook methylene

chloride (MC), tetrachloroethylene (PER), trichloroethylene (TRI) and xylenes (XYL). In Iceland,
though, PER is mainly used for dry cleaning (expert judgement). In order to estimate emissions from
degreasing more correctly thiout underestimating them, only half of the imported PER was

allocated to degreasing. Emissions from dry cleaning are estimated without using data on solvents
used (see below). The use of PER in dry cleaning, though, is implicitly contained in the fmethod.
Iceland, Xylenes are mainly used in paint production (expert judgement). In order to estimate
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emissions from degreasing more correctly without underestimating them, only half of the imported
xylenes were allocated to degreasing. Emissions from patttyation are estimated without using
data on solvents used but xylene use is implicitly contained in the method.

In addition to the solvents mentioned above, 1:irithloroethane (TCA), now banned by the
Montreal Protocol, is added for the time periodrihg which it was imported and used. Another
category included is paint and varnish removers as well as other compaosite organic solvents. The
amount of imported solvents for degreasing was multiplied with the NMVOC Tier 1 emission factor
for degreasing: 4® g/kg cleaning product.

National Inventory Report, IcelargD22

4.5.3.5 Dry Cleaning (2D3f)

Emissions from dry cleaning were calculated using the Tier 2 emission factor for conventional closed
circuit PER machines with abatemefticiencyof — U w Iprovided by the EMEP/EEA

2019 guidebook. Astity data for calculation of NMVOC emissions is the amount of textile treated
annually, which is assumed to be 0.3 kg/h¢éB&A, 201%9nd calculated using demographic data.

The unabated NMVOC emission factor is 177 g/kgléetxgated.

4.5.3.6 Chemical Products, Manufacturing and Processing (2D3g)

The only activity identified for the subcategory chemical products, manufacture and processing is
manufacture of paints. NMVOC emissions from the manufacture of paints were calculatethasing
EMEP/EEA 2019 guidebook Tier 2 emission factor of 11 g/kg product. The activity data consists of the
amount of paint produced domestically, with data from the Icelandic Recycling Fund (2020), from
yearly reports or written communication for the mostaent reporting year. Data only exist from the

year 1998, thus for the time before 1998 the domestically produced paint amount of 1998, which
happens to be the highest of the time period for which data exists, is used for the period from 1990
1997.

4.5.3.7 Printing (2D3h)

NMVOC emissions for printing (2D3h) were calculated using the 2019 EMEP/EEA guidebook Tier 1
emission factor of 500 g/kg ink used. Import data on ink was received from Statistics Iceland
(Statistics Iceland, 2019)

4.5.3.8 Other solvent and product use (2D3i)

Emissions from wood preservation (2D3i) were calculated using the 2019 EMEP/EEA guidebook Tier 2
emission factors for creosote preservative type (105 g/kg creosote) and organic solvent borne
preservative (945 g/kgrpservative). Import data on both wood preservatives was received from
Statistics Icelan@Statistics Iceland, 2019 Iceland, creosotes were used from 1990 to 2010, and

have been banned since 2011.

4.5.3.9 Urea based catalyit converters

Emissions deriving from the use of useased additives for diesel vehicles are allocated to the
subcategory 2D3. Urea imports are registered at Customs Iceland and data are provided by Statistics
Iceland. However, urea used as fertilizer wegistered in the same category until January 2020 (see
also Agriculture sectochapter5.11.2.2andFigure5.10). Customs Iceland has been contacted to
correct the error in the registration which took place 2020. In order to gather the data ofhased
additives for SCR (selective catalytic reductitim® oil distributor companies in Iceland were
contacted and the amount of ureadditives sold was requested. The so obtained activity data refers
to the years 2008019. The emissions are then calculated following the 2006 IPCC guidelines,
Volume 2, Chapr 3, Equation 3.2.2 as amount of urbased additives used in catalytic converters
multiplied by the purity (in this case 32.5%) and multiplied by 12/60 (stochiometric conversion from
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urea (CO(Nbk) to carbon) and 44/12 (conversion from carbon to,CThe obtained emissions are
0.46 kt C@e for the year 2020 and were 0.012 kt£@n 2008, the first year in which this activity is

reported.

Emissions of Sector 2D3

Table4.9 and Figure4.3 showthe NMVOC emissions from the sector 2D3 from 1990.

Table4.9 NMVOC emissions [kt] from all soategories, and total emissions from subsector 2D3 [ke{dde

to NMVOC.
1990 1995 2000 2005 2010 2015 2019 2020
2D3a Domestic solvent use 0.625 0.657 0.687 0.723 0.782 0.810 0.879 0.896
2D3b Road paving withsphalt 0.003 0.003 0.005 0.005 0.004 0.003 0.004 0.004
2D3d Coating applications 0.509 0.547 0.560 0.342 0.289 0.318 0.293 0.442
2D3e Degreasing 0.076 0.057 0.085 0.058 0.038 0.046 0.058 0.043
2D3f Dry cleaning 0.001 0.002 0.002 0.002 0.002 0.002 0.002 0.002
2D3g Paint manufacturing 0.016 0.016 0.012 0.005 0.003 0.003 0.001 0.008
2D3h Printing 0.077 0.109 0.198 0.305 0.189 0.207 0.126 0.078
2D3i Wood preservation 0.009 0.019 0.025 0.086 0.031 0.026 0.048 0.038
Total NMVOC [ki] 1.32 1.41 1.58 1.53 1.34 1.42 1.41 1.51
Total NMVOC [kt C] 2.89 3.10 3.46 3.36 2.94 3.11 3.10 3.32
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Figure4.3 NMVOC emissions from all subgroups of Sector 2D3, othezmergy products from fuels and

solvent use.
Categoryspecific recalculations

Recalculation within the 2D3 subsector for this submission is due to two reasons. First, the
population number was updated to ensure consistency within the inventory. Since NMVOC emissions
within Dry cleaning (2D3f) is calculated based on population tlzae were recalculations for the

whole timeline within the subsector. Second, NMVOC emissions within Domestic solvent use
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including fungicides (2D3a), is now calculated based on tier 2b methodology instead of tier 1
(according to the 2019 EMEP/EEA Guidd{&EA, 2019 able4.10and Table4.11 show the
emission change due to these recalculations.

Table4.10 Recalculations of emission within 2D3a (Domestic solvent use Including Fungicides) between 2021
and 2022 submissions

Domestic Solvent use Inalling Fungicides 1990 1995 2000 2010 2015

2021 v1 submission [t G€} 1.01 1.06 1.12 1.19 1.26 1.32 141 1.44
2022 submission [t G@) 1.37 1.45 1.51 1.59 1.72 1.78 1.89 1.93
Change relative to 2021 submission 36% 36% 35% 34% 36% 35% 34% 34%

Table4.11 Recalculations of emission within 2D3f (Dry cleaning) between 2021 and 2022 submissions

Dry cleaning 1990 1995 2000 2005 2010 2015 2018 2019
2021 v1 submission [kg &) 3.29 3.44 3.64 3.85 4.09 4.27 4.59 4.68
2022 submission [kg G€&) 3.26 3.43 3.59 3.77 4.08 4.23 4.48 4.59
Change relative to 2021 submission -08% -04% -15% -21% -03% -1.0% -24% -2.0%

Recalculation for 2021 submim:

For the 2021 submission, emissions from ubased additivesvere estimated for the first time. The
emissions were added from the year 2008 in the timeline. There has therefore been recalculation
within 2D3.

Categoryspecific planned improvements
There areno improvements planned in this category.

Uncertainties

The uncertainties for this subcategory (2D3) were calculated for each subgroup and then aggregated.
The activity data is retrieved from national statistics and the uncertainty is therefore for eagp g

2% as proposed in tableX2 chapter 5 of the General Guidance of the 2019 EMEP/EEA Guidebook.
The emission factor uncertainties are derived from the upper and lower range of emission factors
proposed in the 2019 EMEP/EEA Guidebook (except for ussallzatalytic converters where the EF
uncertainty is 5% based on 2006 IPCC Guidelines default valuejo Rcomplete uncertainty

analysis is shown in Annex 2.

4.6 Electronic Industry (CRF 2E)

This CRF sector is not occurring in Iceland and thereforatduries 2E-RES are reported as NO.
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4.7 ProductUses as Substitutes for Ozone Depleting Substances (CRF 2F)

4.7.1 Overview

This chapter covers HFC and PFC emissions from product use in refrigeration and air conditioning as
substitutes for Ozone Depleting Substas. In Iceland hydrofluorocarbons (HFCs) are also used in
refrigerants and in metered dose inhalers. HFCs substitute ozone depleting substances like the
chlorofluorocarbon (CFC}IR and the hydrochlorofluorocarbons (HCFG&2Rind R502, which are
beingphased out by the Montreal Protocol. PFCs are also used in some refrigeration applications, as
part of HF@ontaining blends, however emissions from PFCs in refrigeration applications are

typically < 0.01% of the total emissions from refrigeration.

The sNHzOG dzNBE 2F G KS a2dzNOS OF 6S3I2NE HC at NPRdzOG dza
is shown inTable4.12 Use of HFCs and PFCs in othersalrce categorig of sector 2F is not

occurring. SHs used only in electric switchgear and is reported under 2G1 Electrical Equi(saent
chapterd8Ng KAt S bCi KIFad ySOHSNI 6SSy dzaSR 2NJ AYLERNISR

In this chapter the American Society of Heating, Refrigerating ar@diiditioning Engineers
(ASHRAE) Standard 34 is used to label SI&@CHFQASHRAE, 1992) consists of the letter R and
additional numbers and letters. HFC and PFC notations are used later on whebl#rel®&have
been disaggregated into their components. In the written text, HFCs a@d &fe referred to as F
gases.

Table4.12 Source category structure of product uses as substitutes for ozone depleting substances.

GHG source T
GHG suksource category Further specification HFCs PFC%
category
2Fla Commercial Combination of stan@lone and medium Vv Vv
Refrgeration & large commercial refrigeration
2F1b Domestic
. . St Household fridges and freezers \
Refri i Refrigeration
emgeration 2F1c Industrial Food industries (fish farming, meat Vv
2F1 Refrigeration processing, vegetableroduction, etc.)
Refrigeration and 2F1d Transport Reefers v Vv
Air Conditioning Refrigeration Fishing vessels
S o Passenger cars
2F1e Mobile AkConditioning Trocks Vv
(MAC)
Coaches
Residential and C ial AC, includi
2F1f Stationary Ai€onditioning esidential and L.ommercia » Includi
heatpumps
2F4 Aerosols 2F4a Metered Dose Inhalers (MDI)

4.7.1.1 Legislation

HFCs in bulk were first imported to Iceland in 1993. The use of fluorinated gases was regulated in
1998 with the implementation of Icelandic regulation No 230/1998 (Regulation on substances
contributing to greenhouse effect) banning the import, producing aelling of HFCs for other uses
than in refrigeration systems, air conditioning and in drugs (metered dose inhalers). This regulation
was later repealed by Icelandic regulation No 834/2010 (Regulation on fluorinated greenhouse
gases). Regulation No 83410 is to a large extent an implementation of regulation (EC) No
842/2006 as dictated by the EEA agreement. However, in accordance with article 9 in the EU
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regulation, states that had adopted stricter national measures were allowed to maintain those
measues until 31 December 2012. In light of this, Regulation No 834/2010 banned production,

import and sale of HFCs or products containing HFCs with the exception of HFCs used in refrigerants,
air conditioning equipment and in metered dose inhalers (MDIs).régealation thus implied a ban

of HFC use as foam blowing agent and HFC contained in hard cell foams imported (2F2), its use in fire
protection (2F3), as aerosols (2F4) (with the exception of metered dose inhalers) and as solvents
(2F5).

As per the transibnal provisions described above the bans of production, import and sale of HFCs
were only allowed to reach to the year 2013 and have not beegstablished. From 2013, article 9
(and Annex Il) of regulation (EC) 842/2006 states which products and equtipneeprohibited.

Instead of import and sale ban with exceptions, there was now a list of those products and
equipment prohibited. Icelandic regulation 1279/2018 amends 834/2010 by implementing import
quotas according to the Kigali amendment for the phgsiut of the use offases, taking effect in
2019.

All previous regulations were repealed with regulation 1066/2019 (Regulation about fluorinated
greenhouse gases) which combines regulations 834/2010, 1279/2018 and institutes the European F
gas regulatn (EU) No 517/2014 into the Icelandic system. Article 11 (and Annex lll) of regulation
(EU) 517/2014 states which products and equipment are prohibited to place on the market (incl.
foams with HFC with hight GWP, use in fire protection, aerosols fortaiterent and decorative
purposes). In 2019 a tax scheme was established with act No. 135 from 18 December 2019 (Act on
amendments to various laws regarding the budget for 2020), chapter 18, putting a tax on the import
of Fgases (blends and species) ac@ogdo their global warming potential.

4.7.2 Refrigeration and Air Conditioning (CRF 2F1)

HFCs are used either as single compounds, or in blends. The most used HFCslat HF€134a,

and HF€143a. They are imported in bulk, as part of blends and in equipisiech as domestic
refrigerators, vehicle air conditionings and reefers. All other HFCs are imported in bulk only, either as
single compounds or as parts of blends. In the case where HFC blends are used, the individual
components are calculated using thiend ratios shown in Table 7.8, Chapter 7 of the 2006 IPCC
guidelines. Since 2001, two blends containing PFCs (R412A and R508B) have been used in Iceland.

Refrigeration and Air Conditioning is a significant sector in Iceland, as it is by far the laugestcf
emissions in the IPPU sector when considering the sources outside of the EU ETS.

Methodology

Emissions for the refrigeration and air conditioning sector are estimated using the Tier 2a
methodology from the GL 2006, using Emission Factors (@FFjtler calculation factors from the
default range (Table 7.9 GL 2006). For the 2020 submission the Icelandic estimation model was
reworked completely based on the information provided in the 2019 IPCC Refinements of the
guidelines.

The calculation metha applies a mixed model between defined amount of importeghBes which

are yearly reported and registered by EA and other data from which the usgaxfds is only

inferred, that is (a) number of cars with MACs, b) number of imported domestic refrigerat
appliances, c) units of reefers charged with a defined amount. This leads to imbalances between the
actual imported amount and the calculated use which requires some data modelling to even out
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imported and used amounts. The total imported amounts a34lover the whole timeline is also
compared to what is calculated to be filled due to emissions from MAC and reefers. If the total
timeseries import is lower, then the data is adjusted in a way that the usage is capped at the total
import. See below. Thatould lead to a change in the IEF (Product life factor) within 2F1d and 2F1le.

The main equations used in the Icelandic estimation model are the following:

Equation 7.4
Total Emissions = Assembly/Manufacture Emissions+

Operation Emissions+ DisposaEmissions
Where:

Assembly or Manufacture emissions include the emissions associated with product manufacturing
when new equipment is filled with chemical for the first time.

Operation emissions include annual leakage or diffusion from equipment stadeias well as
servicing emissions.

Disposal emissions occur when the product or equipment reaches itefklifé and is decommissionec
and disposed of.

Equation 7.12
Sources of Emissions when charging new equipment

(@) FE 0 2

pTT
Where:

Echarge  €Missions during system manufacture/assembly, in year t, kg
Mi= amount of HFC charged into new equipment per year t, kg
k= emission factor of assembly losses of HFC charged into hew equipment, percent

Equation 7.13
Sources dEmissions during equipment lifetime

(@) R 072

p T
Where:

Eiretime = €missions during system operation, in year t, kg
B= amount of HFC banked in existing systems in year t, kg
x= emission factor of each bank during operation, percent

Equaton 7.14
Emissions at endf-life

(@) g0 z

Where:
Eendot-ife, t= €mMissions at system disposal, in year t, kg
Mtwg= amount of HFC initially charged into new system installed in yegr kg
p= residual charge of HFCeiquipment being disposed, percentage of full charge
hrec.s= recovery efficiency at disposal, ratio of recovered HFC referred to the HFC contained in the
system, percent
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The annual refrigeration bank of year y is calculated following the example from the 2019 IPCC
Refinements (Box 7.2B) as BanBanki-+Addition-Removal These equations are applied for each
subcategory with exception of the Mobile Air Conditioning,ahhfollows the calculation procedure
from Chapter 7.5.2.4 of the 2019 IPCC Refinements (Vol. 3, Chapter 7).

Recovery is calculated as the difference between the amount remaining in products at
decommissioning minus disposal emissions. In the case ofendlll no recovery is calculated as
there is no data on recovery upon disposal of cars, coaches and trucks.

Activity data
Input data come from different sources:

1

1

Environment Agency (EA), Team Chemicals, providing yearly bulk import dedas#das
declaed by the industry

Two logistic companies using reefers, providing the yearly amount of reefers ugasp§

(for 2F1d Transport).

The Transport Authority (Samgoéngustofa) which provides numbers of first registrations of
cars (for 2F1e Mobile ACs) andintry of previous registration for used cars imported.
Statistics Iceland provides the amounts of imported domestic appliances (fridges, freezers)
registered at the Directorate of Customs (2F1b Domestic Refrigeration).

In order to allocate the blends/spis to the subcategories the following assumptions are made:

All R407C and F10A goes to 2F1f Stationary AC as suggested by the 2006 IPCC Guidelines
HFG134a and R404A from reefers (2F1d Transport) are calculated from the information
provided from the Igistics company (either data about yearly refill or number of reefers in
their use with refill rate)
HFG134a from MAC (2F1e) is calculated (applying the calculation procedure from the
2006/2019 IPCC Guidelines, Chapter 7, Vol. 3)
A comparison is made beegn (A) the sum of assumed emissions from stock of R134a from
MAC and reefers within a specific year and (B) the sum of the assumed stock available at the
beginning of the year and the import of the year. If (A) is larger than (B) than (A) is reduced in
away that the stock at the end of the year is zero. The reduction of emissions from stock is
proportionally the same for MAC and reefers. This way the total amount of emissions does
not exceed the total amount of import.
The calculated amounts of HEG4aand R404A from Reefers and MACs are subtracted from
the total imported amount of that species/blends
Using all assumptions above and the bulk import amount as communicated from the
Environment Agency, Team Chemicals, the remaining blends are distributethev
categories by applying the following percentages of use for the years2@b®

0 15% Commercial Refrigeration

0 20% Industrial Refrigeration

0 65% Transport minus Reefers.
After 2012 the percentages are species specific. For the year 2020 they are presented in
Table4.13. For the years between 2012 and 2020 they change linearly from the 2012 to the
2020 values.
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Table4.13 Distribution of unallocated blends, theage in 2020

HFC143a 40% 44% 16%
HFCG134a 23% 55% 22%
HFG32 6% 7% 17%
HFG23 0% 100% 0%
HFG227ea 0% 100% 0%
G 0% 100% 0%

The percentages of use derifrem surveys carried out among service providers and importers of F
gases. For the newest survey (2021) all importers returned a spreadsheet to the EA with information
about the distribution of each blend between these sectors. The distribution is bassale®n

numbers. Since parts of the sales were to service providergiag€s, the EA has also managed to

get information from some of the service providers. After analysing the data, the EA now has a
distribution of the Fgas usage for by each blend anétifore species. There were no sales of blends
with HFG152a and ¢Fs in 2020 which is consistent with import data that show that the last import
took place in 2009.

Fgure4.4 gives an overview of the imported bulk amounts afdses between 199020 as

registered by the Chemical Team of the Environment Agency. The drop in import between 2019 and
2020 can partly be explained by stricter measures to decrease the usgaskl (tax and import

quota) and party due to the possibility that companies did stock up in 2018 before the new import
quota took place. Preharged equipment is not included in this data, but separate surveys about the
type and number of equipment soldere carried out by contacting the biggest service providers in
Iceland. Precharged equipment is included in Commercial refrigeration (2F1a) and consists of
commercially used refrigeration and freezing units used in industrial kitchens and supermarkets fo
example. The sharp peak in the import amounts of 2018 can be explained by the enter in force of the
import quota from the year 2019 (see7.1.1Legislation).
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Hgure4.4 Quantity of Fgases imported in bulk to Iceland since 1993
Domestic refrigeration 2F1b

Based on expert judgement it is assumed that all domestic refrigerators imported to Iceland from the
USsince 1993 contain-R34A as refrigerant whereas refrigerators from elsewhere containiib@
refrigerants. Data about the import amounts are collected from Statistics Iceland based on the
imports registered by the Directorate of Customs. The average ehmagrefrigerator is estimated at
0.25 kg. This estimation is in line with the range given by the 2006 IPCC Guidelines005 G5

(Table 7.9). It is also assumed that all equipment is cominghmieged to the country, resulting in
Gbh¢ T2 NémissiochsS Yo f &

Transport refrigeration 2F1d

Transport refrigeration is calculated on a disaggregated level. On the one side, the emissions from

the use of reefers, which are only usind B4A and RIO4A are accounted for. Reefers come to

Iceland already prefilled, therefore emissions arise only fteenyearly servicing operations and
F2aSYoOf @k FANRG FAfEAY3I SYAAdaaArAz2yd NS dabhéad LyF2N
information on the sort of refrigerants contained in them was obtained from major stakeholders.

During the 1990sR2 n reefers was replaced byB4A. Today reefers contain eitherlR4A or R

404A. The average refrigerant charge per reefer is 6 kg for R134A and 4 kg for R404A refrigerant. No
information about recovery or disposal emissions are available, therefore ®esd 8 3 A2y a | NB & |

Refrigeration systems elnoard fishing ships are fundamentally different from systems on land
regarding their susceptibility to leakage. Therefore, they are allocated to transport refrigeration. The
lifetime of systems o#board fishingships does, however, resemble the equipment in industry and is
therefore longer than for usual transport refrigeration. Two experts from the fishing industry were
contacted that confirmed that the lifetime of refrigeration systemslmrard fishing shipsimore

similar to equipment in industry. The commercial fishing industry is one of Iceland’s most important
industry sectors, yielding total annual catches between one and two million tonnes since 1990.
Directly after catch and processing, fish is eittmwled or frozen and shipped to the market. A
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substantial part of the Icelandic fleet replaced refrigeration systems that used CFCs and HCFCs as
refrigerants with systems that use ammonia. Some ships, especially smaller ones, retrofitted their
systems wittHFCs due to the fact that the additional space requirements of ammaasad systems
exceeded available space. The phase of retrofitting and replacing refrigerant systems in the fishing
industry is still orgoing. A ban of importing new® became effectie in 2010 and a total ban or R

22 import has been in effect since 1 January 2015. Therefe2@, frigerant systems are obsolete

as the refrigerant is no longer available and its use for repairs and servicing is prohibited.
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Mobile Air-Conditioning 2F1e

To derive activity data pertaining to mobile-gawnditioning (MAC), information on the first
registration of vehicles was obtained from the Iceland Transport Authority. This data consisted of
annual information dating back to 1995 on the number of resgistl vehicles subdivided by vehicle
classes and their first registration year. Vehicle classes were aggregated based on estimated
refrigerant charges:

1 EU classes M1, M2, and N1: default value of 0.8 kg for passenger cars
1 EU classes N2 and N3 (trucks¥addt value of 1.2 kg for trucks
i EU class M3 (coaches): country specific value of 10 kg (expert judgement)

The information on vehicles' first registration years was used to estimate the number of vehicles
equipped with (RL34A containing) MACs. Based ostiady by the EWYSchwarz, et al., 201R)is
assumed that 80% of all vehicles manufactured (i.e., since 2010) contain MACs. This value was
reduced linearly to 5% in 1995, the first year in which the automobile industry ud8dRin new
vehicles.

According to data obtained from the largest car importers in Iceland in 2020, all vehicles imported by
them in 2019 had R234yf as a coolant. This development started in 2016 in response to the

European Directive on MACs (Directiv@®@/40/EC) which introduces a gradual ban @faSes in

passenger cars. Data from the Transport Authority shows that 3% of newly registered vehicles in
Iceland in 2019 were imported from outside of Europe by individuals, mostly from North America,
where RB4a is still in use. Therefore, we assume a linear decrease of newly registered vehicles
containing R134a from 80% in 2015 to 3% to 2019. The same percentage is used onwards after 2019.

Vehicles come to Iceland already friearged and no emissions occuetbfore from
manufacturing/assembly.

At decommissioning of vehicles, the remainingases in the system are not collected, therefore
NEO2@OSNE A& NBLR2NISR Fa dabhéod

Emission factors

All emission factors applied in the different subcategories are showalae4.14. They are taken
from the 2006 IPCC Guidelines, Tables 7.9, taking into consideration Icelandic conditions and

variations over the time series (such as the igi®n emission factor in transport refrigeration
fishing vessels).
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Table4.14 Values used for charge, lifetime and emission factors for stationary and transport refrigeration
equipment and mobile air conditiing.

HFC . Initial EF k . . Endof-life EF z
. Lifetime n " EF equipment in
Application charge [% of initial [% recovery
‘ VCELS use- X o

[kg/unit] charge] efficiency]
Domestic refrigeration 0.25 12 NO 0.3% 70%
Commercial refrigeration NE 8 2% 10% 70%

15%until 201

4 (4043) & 5%unti 95
Transport ref.: reefers NE NO and 10% since NE

6 (134a) 2016

Linear decrease
from 50% in 1993
. fichi ] 0 0,
Transport ref.: fishing vessel: NE 1% 298 {0 20% in 2012: 70%

20% since 2012

Industrial refrigeration NE 15 2% 10% 85%
Residential AC NE 12 1% 3% 75%
MAC: passenger cars 0.8 14 NO 10% 0%
MAC: trucks 1.2 14 NO 10% 0%
MAC: coaches 10 14 NO 10% 0%

1 Standalone and medium & large commercial refrigeration are combined in Commercial Refrigeration.

2The lifetime and initial EF of transport refrigeration equipment on fishing vessels is outside the range in the guidelines fo
transport. Expert judgementsom some of the major fishing companies led to revaluation of the lifetime. The lifetime is

the lower value of the range in the 2019 Refinements for Industrial Refrigeration (for developed countries). The main
reason is that the nature of the equipmeni dishing vessels resembles the equipment in industry.

The lifetime for domestic refrigerators is at the lower end of the range given by the 2006 IPCC
Guidelines, the lifetime EF and the efficiency of recovery at end of life are also 2006 IPCC Guidelines
default values. Initial emissions are not occurring as domestic refrigeration equipment's are
assembled prior to import. The same applies for MACs and reefers until 2015. Since data logistics
companies imply a lower leakage proportion for recent yeais,assumed to be 10% since 2016.

and MACs. The lifetime of transport refrigeration equipment on fishing vessels is 15 years which is
outside the range in the guidelines for transport. Expert judgements from some of the major fishing
companies led to revaation of the lifetime. That is the lower value of the range in the 2019
Refinements for Industrial Refrigeration (for developed countries). The lifetime of equipment on
fishing vessels is now the same as the lifetime of industrial refrigeration inkatory. The main
reason is that the nature of the equipment on fishing vessels resembles the equipment in industry.

Transport refrigeration equipment on fishing vessels, commercial and industrial refrigeration
equipment as well as residential ACs are agded on site and are therefore attributed with initial
EFs. These initial EFs as well as lifetimes for othesauitte categories are taken from the ranges
given in the 2006 IPCC Guidelines default values (Table 7.9, Vol. 3, Ch. 7al@tarathd medim
and large commercial refrigeration are combined into one-sabrce. Both commercial and
industrial refrigeration lifetime EFs are estimated at 10%. Thus, they are in the lower half of the
ranges given by the 2006 IPCC Guidelines (both commercial gippkctogether have a lifetime EF
range from 135%). The value was chosen based on information from the poll of the Icelandic
refrigeration sector mentioned above.
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Leakage on shipping vessels has decreased by a considerable extent in the last decadaenairthys

a consequence of the higher prices of HFC refrigerants compared to the prices of their predecessors.
Higher refrigerant prices make leakage detection and reduction more feasible. The employments of
leak detectors and routine leakage searchesehb@come common practice on fishing vessels.

Therefore, it can be assumed that the lifetime EF of shipping vessels has decreased since the
introduction of HFCs. The lifetime EF of shipping vessels for the beginning of the period is assumed to
be at the upger end of the range for transport refrigeration (50%). This EF is lowered linearly to 20%

in 2012, which equals 1.6% decrease each year. The latter value was determined after evaluation of
information from the abovanentioned poll and has been kept constdar all years since 2012.

Values for residential AC in the subcategory Stationary AC are default values given by the 2006 IPCC
Guidelines as are the recovery efficiencies for all applications.

No HFC charge amounts are given for commercial refrigerdisding vessels, industrial

refrigeration and residential AC. No information is available on the average charge and the number
of units for these susource categories. Therefore, the bottemp approach was modified. Instead

of estimating subsource spedic HFC amounts by multiplying units with their average charge,
imported HFC bulk amounts were divided between-sabrces using fractions (cf. explanations
above). The bulk import is then treated as the equipment in which it is contained thus that it is
attributed with a subsource specific lifetime n. After n years the part of initially imported HFC not
yet emitted is disposed of or recovered.

The lifetime of vehicles is based on information collected by the Icelandic recycling fund. The average
age of ehicles at enebf-life is 14 years. The lifetime EF is at the lower end of the range given in the
2006 IPCC Guideline. This is justified by the prevailing cold temperate climate which limits AC use.
The recovery efficiency is set to zero since no refrigieracovery takes place when vehicles are
prepared for destruction.

For MACs the residual charge being disposed (%) (p value from Eq. 7.14) is estimated in the following
way: assuming that the MAC is serviced the year before it is disposed and that tiel @anrission

rate is estimatedr) is calculated ag p @ wis 10%, henc§ 1 PIn the case of MACs, there

is no recovery at disposal, therefore the recovery efficienajisgiosalo:’> 0 I Z.NJalilekiSm '

Eq7.13 is 0%. Calculating the recoyass charge contained at disposal multiplied with recovery
efficiency, we obtain 0 and therefore "NO".

Emissions

Emitted refrigerants are separated into constituent HFCs and PFCs (information on blend
compositions from Table 7.8, 2006 IRgL@lelines). HFC and PFC emissions are aggregated by
multiplying individual compounds with respective GWPs leading to totals inJt @dvalues and
fractions below relating to aggregated emissions are expressed.z@m CO

Total HFC and PE@issions from all refrigeration and air conditioning equipment disaggregated to
constituents are shown imable4.15.
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Table4.15HFC and PFC emissions [kiel@r all individual compounds, recalculated into ke€@sing AR4
GWPs.

1990 1995 2000 2005 2010 2015 2019 2020

HFG23 NO NO NO 0.035 0.014 0.014 0.081 0.052
HFG32 NO NO 0.005 0.016 0.061 0.11 0.29 0.42
HFC125 NO 0.80 19 22 41 60 71 73
HFC134a NO 1.7 5.6 10 16 23 35 26
HFC143a NO 0.2 19 25 54 79 95 97
HFG152a NO 0.008 0.067 0.047 0.041 0.0020 NO NO
HFG227ea NO NO NO 0.11 0.023 0.31 0.37 0.19
Total HFC [kt C£] NO 2.7 43.2 57.6 110.5 162.5 201.7 196.8
GFs (PFEL16) NO NO NO 0.0032 0.0012 0.0080 0.050 0.067
GFRs (PFR218) [ NO NO NO NO 0.0006  0.0002 0.00008 0.00007
Total PFC [kt C@] NO NO NO 0.0032 0.0019  0.0082 0.050 0.067
Total HFC+PFC [kt & NO 2.7 43.2 57.7 110.5 162.5 201.8 196.9

Figured.5 shows the total emissions (assembly emissions, lifetime emissions and disposal emissions)
expressed as kt GOfrom Refrigeration and Air Conditioning (2F1). The largest emissions arise from
the transport refrigeration which is explainable by the importance of the Icelandic fishing fleet and
the high emission factors applied due to the nature of this category. Stationary AC and domestic
refrigeration are minor emission sources considering thiel climate of Iceland and the fact that

most domestic appliances are imported from mainland Europe and do not-gasds for

refrigeration but rather natural refrigerants.
=< v 0
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Categoryspecific recalculations

There were three recalculations within the 2F1 subsector. One is a minor one due to updated activity
data about number of reefers from one logistempany in the year 2019. That led to recalculations

for 2F1d (Transport) for 2019. The other two are substantial and concern the lifetime of fishing ships
(part of 2F1d Transport) and the distribution of the remaining unallocated blends over the categori
(see above about the input data).

National Inventory Report, IcelargD22

The lifetime of transport refrigeration equipment on fishing vessels was 7 years in previous
submissions. Expert judgements from some of the major fishing companies led to revaluation of the
lifetime. It is now 15 year®r the whole timeline. That is the lower value of the range in the 2019
Refinements for Industrial Refrigeration (for developed countries). The lifetime of equipment on
fishing vessels is now the same as the lifetime of industrial refrigeration inkatory. The main
reason is that the nature of the equipment on fishing vessels resembles the equipment in industry.

The remaining blends of the import (after R407C and R410A is allocated to 2F1f and after HFC134a
and R404A from Reefers and MACS are satedafrom the total import) was distributed over the
whole timeline with the following percentages for the last submission:

1 15% Commercial Refrigeration
1 20% Industrial Refrigeration
i 65% Transport minus Reefers

The percentages used were derived from surveys among service providers and importgesetF

The last complete one was in 2012. For this submission, a new thorough survey was made. All
importers returned a spreadsheet to the EA with information abdet distribution of each blend
between these sectors. The distribution is based on 2020 sale numberspaiteef the salesvere

to service providers of-Gases, the EA has also managed to get information from some of the service
providers. After analysg the data, the EA now has a distribution of thgas usage for 2020 by each
blend and therefore species.

There were no sales of blends with HE82a and &Fs in 2020 which is consistent with import data

that show that the last import took place in 200Ene new distribution was applied for the year

2020. For the years 1991012, the distribution from the 2012 survey is applied, just as in the last
submission. For the years minus Reefers (2F1d), respectively, of unallocated blenddrbafcel12

until 2020, the share of each blend and subsector changed linearly from the 2012 value to the 2020
value.Table4.16, Table4.17 and Table4.18 show the shares of the subsectors Commerical
Refrigeration (2F1a), Industrial Refrigerati@F1c) and Transpaaihd after the recalculation.
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Table4.16 Distribution of unallocated blends to Commercial Refrigeration (2F1a), changes from the last
submission.
Distribution of unallocated blends, 2012 2013 2014 2015 2016 2017 2018 2019 2020

Canmerical Refrigeration (2F1a)

share
2021 v1 submission: 2F1a, all species 15% 15% 15% 15% 15% 15% 15% 15% NA
2022 submission: 2Fla, HEES 15% 17% 19% 21% 24% 26% 28% 30% 32%
2022 submission: 2F1HFC143a 15% 18% 21% 24% 28% 31% 34% 37% 40%
2022 submission: 2Fla, HE84a 15% 16% 17% 18% 19% 20% 21% 22% 23%
2022 submission: 2F1a, HBZ 15% 14% 13% 12% 11% 10% 9% 7% 6%
2022 submission: 2Fla, HEE 15% 13% 11% 9% 8% 6% 4% 2% 0%
2022submission: 2Fla, HERA27ea 15% 13% 11% 9% 8% 6% 4% 2% 0%
2022 submission: 2F1a, C2F6 15% 13% 11% 9% 8% 6% 4% 2% 0%

Table4.17 Distribution of unallocated blends to Industrial Refrigeration (2F1b), changes from the last
submission.

Distribution of unallocated blends,

Industrial Refrigeration (2F1c) share 2043 2044 2015 2048

2021 v1 submission: 2F | species 20% 20% 20% 20% 20% 20% 20% 20% NA

2022 submission: 2F1c, HEZ5 20% 24% 28% 32% 36% 40% 44% 48% 52%
2022 submission: 2F1c, HEE3a 20% 23% 26% 29% 32% 35% 38% 41% 44%
2022 submission: 2F1c, HE84a 20% 24% 29% 33% 37% 42% 46% 50% 55%
2022 submission: 2F1c, HBZ 20% 27% 34% 41% 48% 55% 63% T70% 77%
2022 submission: 2F1c, HE® 20% 30% 40% 50% 60% 70% 80% 90% 100%
2022 submission: 2F1c, HEZ7ea 20% 30% 40% 50% 60% 70% 80% 90% 100%
2022 submission: 2F1c, C2F6 20% 30% 40% 50% 60% 70% 80% 90% 100%

Table4.18 Distribution of unallocated blends to Transport minus Reefers (2F1d), changes from the last
submission.
Distribution of unallocated blends,

Transport minus reefers (2F1d) share

2021 v1 submission: 2F1d, sfllecies 65% 65% 65% 65% 65% 65% 65% 65% NA
2022 submission: 2F1d, HEZ5 65% 59% 53% 47% 41% 35% 28% 22% 16%
2022 submission: 2F1d, HE@3a 65% 59% 53% 47% 40% 34% 28% 22% 16%
2022 submission: 2F1d, HEB4a 65% 60% 54% 49% 44% 38% 33% 28% 22%
2022 submission: 2F1d, HBZ 65% 59% 53% 47% 41% 35% 29% 23% 17%
2022 submission: 2F1d, HEG 65% 57% 49% 41% 33% 24% 16% 8% 0%
2022 submission: 2F1d, HEC7ea 65% 57% 49% 41% 33% 24% 16% 8% 0%
2022 submission: 2F1d, C2F6 65% 57% 49% 41% 33% 24% 16% 8% 0%

These three changes led to recalculations within Commercial Refrigeration (2F1Baobee19,
Industrial Refrigeration (2F1c), s€able4.20and Transport minus Reefers (2F1d), Table4.21.
Within Transport the recalculations start earlier than within the other subsectors since the lifetime
change of equipment in fishing vessels led to changg®ars before 2012.
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Table4.19: Recalculations within 2F1a Commercial Refrigeration between submissions

2Fla Commercial Refrigeration 2012 2013 2014 2015 2016 2017 2018 2019
2021 v1 submission [kt G&) 14 17 17 18 21 24 26 21
2022 submission [kt G€) 14 17 18 20 25 29 34 33
Change relative to 2021 submission 0.0% | 0.6% | 4.4% [ 10% 16% | 19% | 30% 58%

Table4.20: Recalculations within 2F1c Commer8lafrigeration between submissions
2F1c Industrial Refrigeration 2012 2013 2014 2015 2016 2017 2018 2019

2021 v1 submission [kt G&) 21 24 25 24 27 25 28 31
2022 submission [kt G€) 21 24 26 27 31 31 38 47
Change relative to 2021 submission 0.0% | 0.6% | 3.9% | 10% 17% | 24% | 36% 51%
Table4.21: Recalculations within 2F1d Commercial Refrigeration between submissions
2F1d Transport 2001 2005 2010 2015 2016 2017 2018 2019
2021 v1 submission [kt G&) 30 35 67 118 134 115 82 123
2022 submission [kt G€) 30 38 73 97 104 88 92 90
Change relative to 2021 submission -1.0% | 8.4% | 9.3% | -18% | -23% | -23% | 12% | -27%

The total recalculations within the subsector Refrigeration and Air Conditioning (2F1) can be seen in
Table4.22 andFigure4.6.

Table4.22: Recalculations within 2F1 Refrigeration and Air conditioning between submissions

2F1 Refrigeration and Air conditioning 2001 2005 2010 2015 2016 2017 2018 2019

2021 v1 submission [kt G€) 40 55 104 179 203 188 163 206

2022 submission [kt G€) 40 58 110 162 180 172 190 202

Change relative to 2021 submission -0.7% | 5.3% | 6.0% | -9.1% | -11% | -8.6%| 17% | -2.3%
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Figure4.6 Recalculation within the subsector Refrigeration and Air Conditioning (2F1) between 2021 and 2022
submission.
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Recalculation for 2021 submigm:

Following the ESD comprehensive review in 2020 one revised estimate for CRF category 2F1e MACs
was submitted by Iceland. Iceland assumed that 80% of all vehicles since 2010 conta87:dl R

According to data obtained from the largest car importers ifalee in 2020, all vehicles imported by
them in 2019 had R234yf as a coolant. This development started in 2016 in response to the
European Directive on MACs (Directive 2006/40/EC) which introduces a gradual bgasesHn
passenger cars. Data from tiieansport Authority shows that in Iceland 3% of newly registered
vehicles in 2019 were imported from outside of Europe by individuals, mostly from North America,
where R134a is still in use. Therefore, we assume a linear decrease of newly registereg vehicl
containing R134a from 80% in 2015 to 3% in 2019. This caused recalculations 802816 HFC
emissions from 2F1e.

Categoryspecific planned improvements
It is planned to increase transparency in reporting, investigate recovery and disposal emission
further and to repeat the survey among end users and importersgddes for future submissions.

Uncertainties

The activity data uncertainty for all subcategories of sector 2F1 was derived by analysing each
category and combine the uncertainty to onalwe, which is 100%. The same approach was taken for
the emission factor uncertainties where the uncertainty was calculated by combining the lifetime
emission factor ranges, initial emission ranges, operation emission ranges and recovery efficiency
rangesgiven in the 2006 IPCC Guidelines to the respective values used. The combined uncertainty
was calculated as per equation 3.2 from 2006 IPCC GL, Vol 3 Chap 5. The combined emission factor
uncertainty is 35.4% and the total uncertainty, activity data andseion factors combined, is 106%.

Details about the retrieval of the uncertainty factors are summarizethine4.23. They can also be
found in Annex 2

Table4.23 EFs used along with EF ranges given in the 2006 IPCC Guidelines; calculated combined EF
uncertainties and estimated AD uncertainties.

Sector EF used Lower bound Upper bound SR AD.
C) uncertainty
2F1a Commercial ref  Lifetime EF 8 7 15 50%
Initial Em. 2 0.5 3 63%
Operation Em. 10 10 35 125%
Recovery Effic. 70 0 70 50%
Combine_d EF 60.1%
Uncertainty
AD Uncertainty 100%
2F1b Domestic ref. Lifetime EF 12 12 20 33%
Initial Em. No first fills in Iceland
Operation Em. 0.3 0.1 0.5 67%
Recovery Effic. 70 0 70 50%
Combine_d EF 35.6%
Uncertainty
AD Uncertainty 50%
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EF

EF used Lower bound Upper bound uncertainty AD.
%) uncertainty
2F1c Industrial ref. Lifetime EF 15 15 30 50%
Initial Em. 2 0.5 3 63%
Operation Em. 10 7 25 90%
Recovery Effic. 85 0 90 53%
Combined EF
Uncertainty 71.8%
AD Uncertainty 100%
2F1d Transporfishing Lifetime EF 15 15 30 50%
Initial Em. 2 0.5 3 20%
Operation Em. 20 15 50 88%
Recovery Effic. 70 0 70 50%
Combined EF
Uncertainty 66.1%
AD Uncertainty 100%
2F1d Transport reefers  Lifetime EF NA
Initial Em. No firstfills in Iceland
Operation Em. 20 15 50 88%
Recovery Effic. NA
Combined EF
Uncertainty 87.5%
AD Uncertainty 100%
2F1e Mobile aicon. Lifetime EF 14 9 16 25%
Initial Em. No first fills in Iceland
Operation Em. 10 10 20 50%
Recovery Effic. NA
Combined EF
Uncertainty 22.5%
AD Uncertainty 100%
2F1f Stationary aicon. Lifetime EF 12 10 20 42%
Initial Em. 1.0 0.2 1.0 40%
Operation Em. 3.0 1.0 10 150%
Recovery Effic. 75 0 80 53%
Combine_d EF 52.4%
Uncertainty
AD Uncertainty 100%

4.7.3 Foam Blowing Agents (CRF 2F2)

This activity does not occur in Iceland. During thedantry review of the 2011 submission the

expert review team remarked that emissions from foam blowing were declared as not occurring
although Iceland reported the import of hard foams in containerdifh export since 2001. During

the preparation of the 2012 submission information on the nature of imported fish containers were
gathered in order to estimate emissions more exactly. The Icelandic Directorate of Customs supplied
the EA with a list of atlompanies importing goods under the customs number denoting fish boxes to
Iceland. The five biggest importers, which comprise more than 99% of fish container imports, were
contacted. The biggest importer buys foam boxes from a manufacturer in the Ukharhdacturer
produces the boxes from HFC free polypropylene. Another company buys its boxes from a
manufacturer in Slovakia. The manufacturer was contacted and explained that it does not use HFC in
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the production of foam boxes. One company buys HFC freicers in Spain. The same company

also imports polyurethane boards from The Netherlands to insulate fish tanks they manufacture. The
manufacturer of the polyurethane boards was contacted and declared that it did not use HFC in the
production of its board. The remaining two companies importing fish containers import exclusively
cardboard containers. Therefore, emissions from foam blowing in Iceland are reported as not
occurring.

4.7.4 Fire Protection (CRF 2F3)
This activity does not occur in Iceland.
4.7.5 Aerosols (CRF 2F4)

Emissions from metered dose inhalers (MDI) use are reported under CRF AB4& &hd R27ea
are used in MDI's imported to Iceland. No other emissions are attributed to CRF sector 2F4.

Methodology
Emissions from MDIs are assumed taaltur in the same year as they are imported.

Activity data

The Icelandic Medicines Agency records import of MDIs contairl8R since 2002 andR7ea

since 2014. The amount of HFCs in MDIs imported has been oscillating between 500 and 660 kg since
2002. No import data is available for the time period 198ID2. Therefore, the activity data was
extrapolated by determining the average MDI import per capita for the period 2002 to 2015, and by
using this average to calculate MDI imports as a function piifaion for the period 199@2001.

Emissions
Emissions from MDIs in 2020 were approx. 0.88 keCO

Categoryspecific recalculations
No categoryspecific recalculations were done for the current submission.

Recalculatiorfor 2021 submisson
Data wasbtained from the Icelandic Medicine Agency which contained:

91 Data on import of MDlIs containingZR7ea from 2014. This caused a small increase in
emissions for 201-2018.

1 Amount of HFC in each piece of MDIs imported to Iceland. This caused a small nithrge i
emissions from this sector for the whole timeseries.

Categoryspecific planned improvements
There are no categorgpecific improvements planned for future submissions.

Uncertainties

The combined uncertainty of HFC emissions from MDIs are assurbed/td%, with an activity data
uncertainty of 5% and an emission factor uncertainty of 5%. The complete uncertainty analysis is
shown in Annex 2.
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4.8 Other Product Manufacture and Use (CRF 2G)

This sector covers emissions from other product manufacture a@edla Iceland the relevant
subsectors are 2G1 (&Hmissions from use of electrical equipment), 2GZXffom product use,
mostly in medical applications (ca. 95% of totaDNise)) and 2G4 where we reportLNO, NQ,
CO and NMVOC emissions from tolmaconsumption and GONO, NQ, CO and S&@missions from
fireworks use.

4.8.1 Electrical Equipment (CRF 2G1)

4.8.1.1 Use of Electrical Equipment (2G1b)

Sulphur hexafluoride ($Hs used as insulation gas in gas insulated switchgear (GIS) and circuit
breakers. The nulyer of Skusers in Iceland is small. The bulk of &ed in Iceland is used by
Landsnet LLC which operates Iceland’s electricity transmission system. Additionally, a number of
energy intensive plants, like aluminium smelters and an aluminium foil pradwoe their own high
voltage gear using &F

Methodology

Sk nameplate capacity development data as well asgBBantities lost due to leakage were obtained

from the abovementioned stakeholders. The data regarding leakage consisted of measured

gquantitiesas well as calculated ones. Measurements consisted mainly of weighing amounts used to

refill or replace equipment after incidents. Quantities were calculated either by allocating periodical
refilling amounts to the number of years since the last refilingpy assuming leakage percentages.

The Icelandic calculating method takes into account that when circuit breakers (CB) are imported to
Iceland they have normally been filled withs &Fthe factory. Combined CB cabinets come also to

Iceland already prdfed. Nevertheless, this equipment could need a top up upon installations, as

well as GIS (gas insulated switchgear) substations. In absence of detailed data about the installation

of new equipment per year which is assembled or topped up wiglinSEeland, the approach is

based on the yearly amount of 8khich has been refilled by each power distribution/generation

O2YLI ye YR AYyRddzAONER ¢AGK Ada 2¢y 3l & AyadzZ !l G§SR
YIydzFl OGdzZNBR LINR RdzOG & ¢ laddE InBdry2andnSerisdioas ateb h ¢ Ay
occurring from manufacturing. The emissions from stocks on the other hand comprises the total refill

or use of S§carried out in one year and reported by the stakeholders; it comprises the firatpop

the first filing and the refill in case of annual servicing. The amount refilled reflects the amount

f SF{SR 200GFrAYyAy3 GKSNBF2NBE GKS @SINIe Syraaaizya
the total amount of SFwithin the electrical equipment in ordeptobtain the yearly stock of SR

the country.

K

Iceland acquired its first S€quipment (220 V) in 1981, used at one power station. At the same time
some 66 kV equipment was imported. These installations are still in use which explains why there are
no disposal emissions. The lifetime reported in the IPCC 2006 guidelines is > 35 years (vol. 3, table
8.2). In addition, circuit breakers (CB) have an expected lifetime-604@ars, which is supported by

the fact that none of the early installed equipmdmds been decommissioned yet. This information

was obtained from an expert at a consulting company working amongst other things on assisting in
design of power plants, transmission and distributfoBased on this information the amount

16 https://www.lota.is/power-and-energy/?lang=en
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Emissions

Figured.7 shows the evolution of Sk switchgear and the associated emissions due to leakage. The
increase in emissions is less than proportional compared to the net increasgnanséplate

capacity since 1990. The spike in 2010 is causéddynrelated incidents during which switchgear
was destroyed and $Emitted. The spike in 2012 is caused by an increase of emissions from
Landsnet LLC.
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Figure4.7 Total SFamounts contained in and SlEakage from electrical equipment [t].

Recalculations

Activity data was updated due to new information from the stakeholders for the years 2009, 2012
2019.Table4.24 shows the emission change ofs8ke to these recalculations.

Table4.24 Recalculations for 8Emission within 2G1 between 2021 and 2022 submissions

Electrical equipment
2021 v1 submission & 0.133 0.233 0.140 0.102 0.068 0.059 0.101 0.143 0.087

2022 submission $f] 0.133 0.234 0.141 0.105 0.070 0.059 0.120 0.171 0.100
Change relative to 2021 submissic 0.38% 0.44% 0.73% 3.02% 1.76% 0.00% 18.2% 19.8% 14.1%

Planned improvements
There are no categorgpecific improvements planned for future submissions.

Uncertainty

The uncertainty of the activity data is assumed to be 30% following expert judgement while the
emissionfactor uncertainty is derived from Table 8.5, chapter 8, volume 3 of the 2006 IPCC
Guidelines and is 30%. The combined uncertainty is therefore 4Zlig&complete uncertainty
analysis is shown in Annex 2.
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4.8.2 SF6 and PFCs from Other Product Use (B&RH

This activity does not occur in Iceland
4.8.3 N0 from Product Use (CRF 2G3)

Overview

N.O in Iceland is almost exclusively used as anaesthetic and analgesic in medical applications (CRF
subsector 2G3a). Minor uses ofMin Iceland comprise its use aslfagidant in auto racing, in fire
extinguishers and from the use of aerosol cans of cream (CRF subsector 2G3b).

Methodology

N-O emissions from product uses (2G3a and 2G3b) were calculated using the 2006 guidelines.
Activity data stems from import and salstatistics from the main importers ot® to Iceland and is
therefore confidential. It is assumed that alNis used within 12 months from import/sale.

Therefore, emissions were calculated using equation 8.24 of the 2006 IPCC guideline, which assumes
that half of the NO sold in year t is emitted in the same year and half of it in the year afterwards. The
available activity data since 2015 does not allow to determine whether the end use of the imported
N2O is for medical applications or othapplications. The average distribution ratio (medical vs. other
uses) of the years 2012014 was used for the years since 2015, and the ratio used (95% vs 5%) was
confirmed by expert judgment.

The Directorate of Customs does not register the number ofs®roans of cream or whipped cream
cartridges imported to Iceland. In order to estimate the amount gD hat could be emitted from
whipped cream containers, Iceland follows the Finnish example of applying an average of the EFs
used in Central Europe, this, 3.3 g BO/inhabitant/year.

Equation 8.24
000 o T™Z20@ T™ZO0@ Q 000

Where:
ENO(t) = emissions of 8 in year t, tonnes
Ai (t) = total quantity of BD supplied in year t for application type i, tonnes
Ai (1) = total quantity oN2O supplied in year1 for application type i, tonnes
EFi = emission factor for application type i, fraction

4.8.3.1 Emissions from Medical Applications (2G3a)

The 2006 IPCC Guideline recommends an emission factor of 1 for medical uSe ©hifmission

factor is also used for other.® uses. Total emissions from medical use 6 Necreased from 17.8 t

N20O in 1990 (5.3 kt G©) to 6.9 t in 2020 (2.1 kt G€). Because the Icelandic market is relatively

small there can be large fluctuations in ioffs yearto-year, and sometimes whether a shipment is
recorded at the end of a calendar year or at the begin of the next one can have a large impact on the
yearly totals. The significant interannual change in the IEF between 2016 and 2017 arises from the
amount of NO imported in those years, especially the imported amount in 2016 which is half of the
year 2015 and a third less than in 2017. Combining half of the emissions of the current year with the
previous year leads to the deviation of the IEF from 1.
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4.8.3.2 Emissions from Other product use (2G3b)

Emissions from other use ob® comprise the emissions from aerosol cans of cream and whipped
cream cartridges for the whole time series. In 1990, emissions from the us®dfdin other

product use including fuelxidants for motorsport, fire extinguishers and whipped cream
applications were 2.4 t XD (718 t Ce2) and 1.57 t D (467 t Ce2) in 2020.

Recalculations

The population number was updated to ensure consistency within the inventory. Siéice N
emissions fom whipped cream is calculated based on population data, there were recalculations on
the NbO emissions for the whole timelin€able4.25 shows the emission change ofdue to these
recalculations.

Table4.25 Recalculations for 4D emission within 2G3b (Fire extinguishers and other uses) between 2021 and
2022 submissions

Fire extinguishers and other uses 1990
2021 v1 submissionA® [t] 2.417 2.010 2142 1.313 1.691 1.693 1.538 1.567

2022 submission 1O [t] 2410 2.007 2128 1.292 1688 1.682 1510 1.544
Change relative to 2021 submission -0.3% -02% -0.7% -1.6% -02% -0.7% -1.8% -1.5%

Planned improvements
There are no categosgpecific improvements planned for future submissions.

Uncertainties

The activity data uncertainty was calculated to be 6% as the data is based on national statistics but
some uncertainty lies in the compéness and allocation of the data. The emission factor uncertainty

is 5% giving a combined uncertainty factor of 7.8%. The complete uncertainty analysis is shown in

Annex 2.

4.8.4 Other: Tobacco combustion and Fireworks Use (CRF 2G4)

4.8.4.1 Tobacco
All tobaccaused in Iceland is imported. Emissions fos, MO, NQ, CO and NMVOC are reported
here.

Methodology

Activity data for tobacco consumption is based on import data collected by Statistics Iceland and
includes all imports of tobacco (including loose tolmatgarettes, cigars and all other tobacco
products). Ckland NO emissions are calculated using the Danish cowspgcific approacfDanish
Centre for Environment and Energy, 20t8h emission factors of 3.187 t @kt tobacco used and
0.064 t NO/kt tobacco used. These emission factors are based on calorific data and energy content
for wood. N@, CO and NMVOC emissions are calculated using the Tier 2 emission factors in the
EMEP/EEA 2019 guidebook..@@issions from tobacco are biogenic and therefore not applicable.

Emissions

As can be seen irigure4.8, Tobacco consumption in Iceland has been steadily decreastey s
1990, with the imports in the most recent inventory year less than half of the 1990 imports.
Accordingly, the GHG emissions have decreaggtficantly as shown in the same figure.
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Recalculations
No categoryspecific recalculations were done for tharrent submission.

Planned improvements
There are no categorgpecific improvements planned for future submissions.

Uncertainties

The activity data uncertainty is 2% as proposed in takle ¢hapter 5 of the General Guidance of the
2019 EMEP/EEA Guidetho The emission factor uncertainties are 50% fox &td 50% for BO and

are chosen in analogy to the Danish NIR 2021. The combined uncertainty for each greenhouse gas is
50.04%. The complete uncertainty analysis is shown in Annex 2.
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Figure4.8 Tobacco imports and GHG emissions el fom tobacco use.

4.8.4.2 Fireworks

All fireworks used in Iceland are imported. Here we are reporting emission data f0€&(N\:0O,
NOy, CO and S@missions.

Methodology

Activity data for fireworks use was collected from Statistics Iceland and is based on yearly imports.
CQ, CHand NO emissions were calculated using emission factors from the Netherland National
Water Board (2008). Emissions o, SO0 and NQwere calculatedusing default Tier 2 emission
factors from the 2019 EMEP/EEA Guidebook.

Emissions

¢c20Ff FTANBG2N)l & dzaS KIF & 0SSy ANIXRdz-rfte& AYONBI aay
emissionsKigure4.9). The large spike in fireworks import in 2007 was due to a strong economic

upturn, which was then followed by a financial collapse in 2008 which is reflected in the fireworks

activity data and associatezmissions. Total GHG emissions is estimated to have been less than 0.1

kt CQin 1990 and amounted to 0.3 kt @0in 2020. The main contributor to GHG emissions from

fireworks is MO, with about 90% of total emissions (when calculated ipgeCO
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Figure4.9 Fireworks import and GHG emissions [kigl@om firework use.

Recalculations and planned improvements
No categoryspecific recalculations were done for the current submission.

Planned improvemés
There are no categosrgpecific improvements planned for future submissions.

Uncertainties

The activity data uncertainty is 2% as proposed in takle ¢hapter 5 of the General Guidance of the
2019 EMEP/EEA Guidebook. The emission factor uncertainié®eo for C& 50% for ClHand 50%
for N;O and are chosen in analogy to the Danish NIR 2021. The combined uncertainty for each
greenhouse gas is 50.04%. The complete uncertainty analysis is shown in Annex 2.

4.9 Other (CRF 2H)

In this sector emissions are reqped from the Food and Beverages industry (CRF sector 2H2).
4.9.1 Food and Beverages industry (CRF 2H2)

The only pollutant emitted in this industry is NMVQ®&e emission calculations include production of
fish, meat, poultry, animal feed, coffee, bread andesthreadstuff, beer and other malted
beveragesnd spirits.

Methodology
Production statisticfor animal feed are available for 20@®13. The statistics were linearly
extrapolated for earlier and later years in the timeseries.

Production of bread, cakdsiscuits, meat, fish, poultry, coffee, beer, malt/pilsner and spirits was
estimated as follows. The total consumption within the country was estimated by using results of the
surveyThe Diet of Icelande(Embeetti Landlaeknis, 2@}, (Embeaetti Landleeknis, 200ZEmbeetti
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Landleeknis, 1990The results give average consumption figures per person for the years 1990, 2002
and 2011. The consumption figures wémnéerpolated for the years in between. The total

consumption was calculated by using the population (or adult population in the case of coffee,
beer/pilsner and spirits). A waste factor of 33% was also used when produced amounts were
calculated from consuption figures(FAO, 2011)in the case of bread, cakes/biscuits, meat, fish and
poultry, it is assumed that the total production in Iceland is for the domestic market. There is an
export of fish and meat but it is almost exchedy fresh or frozen and therefore not cooked in

Iceland. In the case of coffee, beer/pilsner and spirits, the import and export statistics were available
from Statistic Iceland. The net import (import minus export) was subtracted from the calculated
consumption to estimate the domestic production.

It is not distinguished between industry and household emissions in these calculations. All NMVOC
emission from bread and cake baking and fish/meat/poultry cooking is therefore estimated.

Emission factor for NMOC were taken from the 2019 EMEP/EEA Guidefiiok, 2019nd are
presented inTable4.26.

Table4.26 NMVOC emission factors for the production of various food and beverage products

NMVOC
[kg/t produced]
Meat, fish and poultry 0.3
Cakes, biscuits and breakfast cereals 1.0
Beer and malt 0.035
Bread (European) 4.5
Coffee roasting 0.55
Animal feed 1.0

Emissions

NMVOC emissions have increased since 1B@wre4.10 shows the various subcategories

contributing to the emissionsdm the food and beverage production industBroduction of spirit

has increased in recent years leading to NMVOC emis¢iodsStf I Y RQa Ay @Sy id2NE R2S:2
emission from NMVOC emission oxidation from this subsector.

124



National Inventory Report, Icelar22 L

0.50
0.45 |
/
;
0.40 ,-
0.35 -
E 0.30
=
2 025
l° )
a
£ 020 _ f
o e __-—-:j’_ffqu’ff’f’-ff.s-_f' “ﬁ-ffh:::_:::—:’-,:.
g 0.15 -~ mccomcmmeII=cIEEITRIIIo gy - -
s
2 0w !
0.05
0.00
Q O o N W~ 0 O ©Q O N g oW~ 00 0 O A N M S ;oW ~ 00 O
G G G G O O O O O O O O O O O O O O A ™94 94 94 o ™~ ™= = o < ™
G G G G G O O O O O O ©O O O O O O O O O O O O O O O O O O o O
L R B = B B R R B B B B o BN o B o N o B o I o B o B o Y S I S o R o B o B o IR o BN o A o BN o B o B o B o

m Animal feed mBread, cakes and bisquits Meat, fish and poultry ® Drinks (beer/malt, coffee, spirits)

Figure4.10 NMVOC emissions [kt NMVOC] for various food and beverage processing.

Recalculations

This subsector was revised for this submission. The emission factors remain the same but the activity
data has been cliyed. Since production data was only available for part of the time series, now

most of the emissions are estimated the same way, based on consumption figures. In some cases
also corrected for import and export figures (see aboVable4.27 shows the recalculation of the
subsector due to these changes.

Table4.27 Recalculationsf emission withirkH2 (Food antheverages industrnf)etween submissions

Food and beverages industry 1990 1995 2000 2005 2010 2015 2018 2019
2021 submission NMVOC [kt] 0.33 0.31 0.33 0.37 0.38 0.38 0.40 0.41
2022 submission NMVOC [kt] 0.15 0.16 0.17 0.18 0.17 0.30 0.46 0.44
Change relative to 2021 submission 53% -47%  -49%  -53%  -54% -20% 16% 7%

Planned improvements
No improvements are currently planned for this subsector.
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5 Agriculture(CRF sector 3)

5.1 Overview

Iceland is sel§ufficient in all major livestock products, such as meat, milk, and eggs. Traditional
livestock production is grassland based and most farm animals are native breeds, i.e. dairy cattle,
sheep, horses, and goats, which are all of an andiendic origin, one breed for each species. These
animals are generally smaller than the breeds common elsewhere in Europe. Beef production,
however, is partly through imported breeds, as is most poultry and all pork production. There is not
much arable crp production in Iceland, due to the cold climate and short growing season. Cropland
in Iceland consists mainly of cultivated hayfields, although potatoes, barley, beets, and carrots are
grown on limited acreage.

The total GHG emissions from Agriculturecamted to 618 kt Cé2 in the year 2020 and were 7%
below the 1990 levg[Table5.1). Emissions of Glccount for 56%, D for 43% of the total

emissions from agriculter- CQ for the rest (1%). The decrease of GHG emissions since 1990 is
mainly due to a decrease in sheep livestock population, reducing methane emissions from enteric
fermentation. 84% of CHemissions were caused by enteric fermentation, the rest by manur
management. 93% of X emissions were caused by agricultural soils, the rest by manure
management, i.e. storage of manure.

For the 2022 submission work continued in reviewing and updating calculations in this sector, by
improving the quality of actiwtdata, increasing transparency throughout the calculation process
and implementing comments received by Iceland during the 2021 UNFCCC centralized review. In
addition, the 2019 EMEP/EEA Air Pollutant Emissions Inventory Guidebook was applied to the
calcuhtions for the second time

Table5.1 Emission of GHG in the agricultural sector in Iceland-2920, [kt CQe]

CH 300 360 355 344 360 373 354 347
N:O 271 258 271 257 270 278 262 265
co 052 006 012 421 209 348 58 549
Total 662 618 627 605 631 655 621 618
(Eyr::fb'gger?‘i‘;‘;)t}gzse Jear 65% 53% 85% -45% -1.0%  -6.1%  -65%

5.1.1 Methodology

Livestoclkcharacterisation follows the Tier 2 methodology of the 2006 IPCC Guidelines, Volume 4
(AFOLU) for the main animal categories, such as cattle and sheggm@sions from enteric

fermentation and manure management build upon this livestock characterizatidrare calculated

by applying the 2006 IPCC Guidelines using, when available, country specific emission t#2tors. N
emissions from manure management and agricultural soils are however estimated using a
comprehensive nitrogen flow model as describedhia 2019 EMEP/EEA Air Pollutant Emissions
Inventory Guidebook. Applying the nitrogen flow methodology allows for full consistency with the
methodologies presented in the 2006 IPCC Guidelines and allows for a more detailed assessment of
N2O emissions and o#r N species and consistency with the reporting under CLTRAP.
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CQ from liming, urea application and other carbon containing fertilizers are calculated by applying
the default emission factors and methodology as presented in the 2006 IPCC Guidelines.

5.1.2 KeyCategoryAnalysis

The key sources for 1990, 2020 and 12920 trend in the Agriculture sector are as follows
(compared to total emissions without LULUCF):

Table5.2 Key source analysis for Agriculture, 1990, 2020 and trend (excluding LULUCF)
Level Level

IPCC source category Gas 1990 2020 Trend
Agriculture (CRF sector 3)

3A1 Enteric Fermentation Cattle CH \Y \Y

3A2 Enteric Fermentation Sheep CH \% \% \%
3A4Horses Enteric Fermentation Horses CH \% \%

3B1 Manure Management Cattle CH \% \%

3D1 Direct NO Emissions from Managed Soils N2O \% \% \Y,
3D2 Indirect NO Emissions from Managed Soils N.O \% \%

5.1.3 Completeness

Table5.3 gives an overview of the IPCC source categories included in this chapter and presents the
status of emission estimates from all ssburces in the Agricultural sector.

Table5.3 Agricultureq completeness (E: estimated, NE: not estimated, NA: not applicable, NO: not occurring)

Sources CcQ CH N-O
3A Enteric Fermentation NA E NA
3B Manure Management NA E E
3C Rice Cultivation NO
3D Agricultural Soils
Direct Emissions NA NA E
Animal Production NA NA E
Indirect Emissions NA NA E
Other NO
3E Prescribed burning of Savannas NO
3F Field burning of Agricultural Residues NE NE
3G Liming E NA NA
3H Urea application E NA NA
3l Other Carborcontaining fertilizers E NA NA
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5.1.4 Source Specific QA/QC Procedures

General QA/QC activities, as listed in Chafitéyare performed for the Agriculture sector. Further
sectorspecific activities include the following:

1 Work with the livestock data provider to crosscheck consistemcyquality of data;
communication with livestock associations to obtain expert judgement on quality of data
used.

i1 For the category mature dairy cows, the correlation between milk yield and Nex rate,
between gross energy intake and Nex rate and betweek yidld and feed digestibility is
checked.

9 Data reported under 3B and 3D are checked to assure consistency between N deposited on
pasture, range and paddock and urine and dung deposited by grazing animals.

1 A comparison between the Icelandic counsecift (CS) data on synthetic fertiliser
consumption and fertilizer usage data from the International Fertilizer Association (IFA) and
synthetic fertiliser consumption estimates from the Food and Agriculture Organization of the
United Nations (FAO).

These checkare performed after completion of the emission estimates. More details on some of the
sectorspecific activities are provided in the following sections.

5.1.4.1 Mature dairy cows: Correlation between milk yield, Nex rate and feed digestibility
This check fothe livestock category mature dairy cows is conducted because the parameters milk
yield, Nex rate (nitrogen excretion rate) and feed digestibility are all inherently connected:
1 Increasing milk production requires a higher protein intake;
1 A higher proteinntake means a higher feed intake;
9 Higher productivity requires a higher feed intake and higher quality feed with a higher
digestibility.
This check is threefold. The following correlations are checked:

1. Consistency between milk yield and Nex rate
2. Consisteng between gross energy intake (GE) and Nex rate
3. Consistency between milk yield and feed digestibility (DE)

This is described in more detail in the textbox on the next page.
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Consistency between
milk yield and Nex rate

kg milk/head
kg N/headlyear

e Ml yield Nex per head

The Nex rate is calculated with information about the milk yield, basequration 10.31 from the
2006 IPCC GL. Therefore, the correlabetween the parameterss quite high, oapprox.0.89.

Consistency betweegross
energyintake and Nex rate

MJ/head/day
kg N/headlyear

e Gr0SS energy intake Nex per head

The average nitrogen excretion rate per animal (Néxalculated based on Equation 10.31 (Tier 2
from the 2006 IPCC GL. This equation usedtihake rate for cattle which is calculated based in
part on gross energy intake (GE) (Eq. 10&82), N retention rates for cattlewhich is calculated
based m part on milk production (Eq. 33). Therefore, the correlation between the parameters is v
high, or approx. 0.97.

Consistency betweemilk yield
and feed digestibility

g milk/year
ES
°
3
s

e Milk yield Feed digestibility

The correlation between milk yield and feed digestibility is the weakest biliteothree, or approx.
0.74. While data about milk yield is collected annually and published by the Icelandic Agricultur
Advisory Centre (and other entities in the past), national data on feed digestibility is not collecte
published regularly. Thenizironment Agency collected new data on feed digestibility for the 202C
submission (2018 reporting year), and previously for the reporting year 2012. It is not expected
information about historical feed digestibility prior to 2012 will become avalalvhich is the main
reason the correlation is slightly weaker. In the future it is, however, planned to update feed
digestibility data more regularly, e.g. every 3 to 4 years.
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5.1.4.2 3.B.2 Pasturgangeand Paddock consistent with 3.D.1.3 Urine and Dung deposited by
grazing animals

This check is implemented to ensure that the totalnuge excreted by animals equals the total

manure excreted over the manure management systems (MMS), by calculating livestock population

multiplied by the Nex rate, e.g., that for each livestock category:

VENOGAODIQBEOQ DD Q®

TKEFEG Aa (2 areées (KS adsture fmnge dnd padtboicardgBry B2l y I 3 SRE
should be consistent withlrine and Dung Deposited by Grazing Anirmatategory 3.D.1.3.

5.1.4.3 DataComparison on Synthetic Fertiliser Consumption

During the 2019 UNFCC desk review it was noted (Question 2019ISLQA216) that there were sharp
peaks in N fertilizers use in 2009 and 2014. It was recommended that Iceland conducts a comparison
between the Icelandic CS data on synthetic fertiliser consumption and fertisagieudata from the
International Fertilizer Association (IFA) and synthetic fertiliser consumption estimates from the Food
and Agriculture Organization of the United Nations (FAO). This has now been completed.

As can be seen irigureb.1 there are various peaks and dips in all three datasets. The CS dataset
appears to coincide better with the FAO dataset. The overall trend of the cospégific dataset is
higher, however. The main conclusions are that:

i All datasets correspond well ingtfirst decade (199@Q000), after which they diverge further.

1 The CS dataset and the FAO dataset continue to correspond quite well until 2009. For the
years 20022014 the FAO dataset is on average 27% lower than the CS data. After that the
datasetscome together again and correspond nearly perfectly.

i1 There are bigger differences when the CS dataset is compared with the IFA dataset. The IFA
data is up to 43% higher than the CS data in 2004, then grows up to 54% lower than the CS
data in 2018.

As was ommunicated during the 2019 UNFCCC desk review, all synthetic fertiliser data for the
inventory is obtained from Statistics Iceland, which receive the information from the Icelandic Food
and Veterinary Authority (IFVA). The IFVA has to be notified abewy @nport or manufacture of
fertilizers in the country according to Icelandic laws 22/1994, 630/2007, 398/1995, 499/1996,
25/1993, 87/1995 and regulation 479/1995 regarding the inspection of food, fertilizers and seeds,
animal diseases and prevention dem and relative changes.

According to information provided by the Food and Veterinary Authority, the peak in import of
fertilizers occurred during the financial boom in Iceland, after which the financial crisis and fall of the
currency is expected to hawaused the drop in imports, in line with a sharp increase in the price of
imported goods. The numbers refer to import data iosdendaryear; in November 2014 a company
imported more than 2000 tonnes of fertilizers which were then sold over the follospnigg 2015

GKAa OFYy RAAG2NI (GKS 2@0SNrff LAOGANNBE FyR fSIR
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Figure5.1 Comparison of different datasets on synthetic fertilizer use in agriculture.
Based on this comp&on, the conclusion is that the CS data is currently the best available data. This

is supported by the relative soundness of the domestic data flow and the big inconsistencies
between the FAO and IFA datasets. They diverge too much, both from eaclanthfom the
domestic data, for either of them to be the better choice conclusively.

5.1.5 Plannedimprovements

The IPCC Guidelines used as a basis for the estimation of the emissions have been updated in 2019. It
is planned to adapt and check the Icelandic imeey against the 2019 IPCC Refinements to be fully
consistent with emission factors and methodologies.

Transparency of the inventory compilation has been improved over the past years, nevertheless,
some parts still need improvement.

Sector specific QA/Qwill be further improved, and specific improvements are described under each
subsector.

5.2 Datasources

Activity data and emission factors are collected from different institutions and processed at the
Environment Agency. The main data providers are listéithble5.4. In addition, data can be

requested from private companies and farmers or breeding associations if needed. When published
data is lacking information thas ineeded for the compilation of the emission inventory, expert
judgement is requested.
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Table5.4 Main data providers for the agricultural sector
Data provider Website Data/information ‘

www.government.is
Iministries/ministry-of- food-
agricultureandfisheries

Ministry of FoodAgriculture
and Fisherie§MFAR

annual livestock census (bustofn.is)
(formerly reported by IFVA)

Icelandic Food and Veterinan slaughtering data

Authority (IFVA) mast.is inorganic fertilizer import data
Icelandic Agricultural Advison milk yield
Centre (Radgjafarmiostdd rml.is fat contentof milk
landbunadaring RML) expert judgements
. . . areas of drained organic soils
Soil Conservation Service . .
land.is use of sewage sludge for land reclamation purpose

(SCS) use of other organic fertilizers for land reclamation

crop production
Statistics Iceland hagstofa.is import data of carbon containing fertilisers and ure:
livestocknumbers for comparison
information about the occurrence of agricultural fielg
burning
specific studies about Icelandic agricultural practice
Ibhi.is emission factor fodrained organic soils
expert judgements

District Commissioner syslumenn.is

Agricultural University of
Iceland

5.2.1 Animal Population Data

TheMinistry of Food, Agriculture and Fisher{®FAF conducts an annual livestock census, formerly
conducted by the Icelandic Food and Veterinary Authority. Farmers count their livestoelagrear

in November and send the numbersMFARhrough the online application bustofn.is. Consultants
from local municipalities visit each farm during March of the following year and correct the numbers
from the farmers in case of discrepancies. Theifenment Agency has access to the online
application bustofn.is and downloads the livestock numbers directly from there.

This data collection method leads to one issue, namely that young animals that live less than one
year and have been slaughtered hettime of the census are not accounted for (lambs, piglets, kids,
a portion of foals and chickens). The following was undertaken to address this issue:

i The population of lambs was calculated with information on infertility rates, single, double,
and triple birth fractions for both mature ewes and animals for replacement, i.e.;yeae
old ewes (Farmers Association of Iceland, written information, 2012, RML, written
information, 2020 and the Icelandic Sheep Farf@éssociation, written information, 2021).

1 The number of piglets was calculated with data on piglets per sow and year (Farmers
Association of Icelartd written information, 2012, 2021).

1 The number of kids was calculated with information on birth rates received from Iceland’s
biggest goat farmer{orvaldsdéttir, oral information, 2012).

i Due to a lack of registration of foals, their number is estimated as a share of the total
calculated number of horses. These numbers are based on expert judgment fravti-ie

1 The number of hens, ducks and turkéyakens missing in the census is added with
information received from the association of slaughter permit holders and poultry
slaughterhouses. Information on age at slaughter was reviewed in collaboration with a
poultry expert at the Food and Veterinary tharity in 2021.

7¢KS FIFNXYSNWa aa20Aal A2y 27F L OSblwnREonddiSOdieinadgildir F2 NJ St
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For animals with a life spaf less than ong/ear, annual averageopulations(AAP) were calculated,
according to equation 10.1 in the 2006 IPCC Guidelines, using estimates of total production of
animals and average lifespan as reported #ble5.5. The estimated number of young animal
populations are provided ifiableb.6.

Equation 10.1

Annual average population ~
0O0ULO
ocQu

560 000 z

Where:
1 AAP= annual average population
T NAPA= number of animals produced annually
Table5.5 Age at slaughter for young animals with edipan of less than one year used for calculating AAP

Animal type Age atslaughter

Lambs 4.5¢ 4.6 months
Piglets 5.4¢ 7.1 months
Foals 5 months
Kids 5 months
Chickens (hens) 1.2 months
Chickens (ducks) 1.7 months
Chickens (turkeys) 2.8 months

Table5.6 Annual average animal places calculated for young animals with a lifespan of less than one year
Animal type 1990 2000 2010 2020
Lambs 312,801 263,750 271,156 207,823
Piglets 26,620 28,380 34,633 36,190
Foals 8,600 6,789 8,559 7,801
Kids 153 173 320 746
Chickens (hens) 139,095 184,202 392,689 520,601
Chickens (ducks) 1,659 1,241 0 0
Chickens (turkeys) 0 6,403 8,191 11,206

As a result, the numbers of seveaalimal species are higher in the NIR than they are in the national
census as reported by Statistics Iceland, as can beis@exble5.7. While differences are small for
mostspecies, they arsignificantfor animals with a life span of less than one year, sudarabsand
piglets Lambsand pigletsare not reported in Statistics Iceland or in thi&AFautumn reports

because at the time of theational census they have already been slaughteiidwerefore, they are
calculated through equation 10.1 from the 2006 IPCC Guidelines. This explains the notable
differences between the two counts shown imable5.7

Animal categories have, furthermore, changed and improved over time. In the Statistics Iceland data,
cows for producing meat or other mature cattle were not reported until 1998. The discrepancy
between matue dairy cattle as reported in Statistics Iceland and the NIR derives from the
assumption that other mature cattle was included in the mature dairy cattle and were therefore
disaggregated for the years 1990 and 1991 from the total mature dairy cattle nurimem 1993
other mature cattle numbers are available througlrAF even though they are not reported on the
website of Statistics Iceland. The annual livestock census is the basis for government subsidies in the
raising of cattle and sheep and can be sidered very accurate. For swine the data can be
considered accurate as well because of the nature of the industry.
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Table5.7 Comparison between animal numbers as used for the calculation of GHG emissions and as reported on
the website of Statistics Iceland.

Animal

Source 1990 1995 2000 2005 2010 2015 2019 2020
category
Statisti
Mature |cae|'§}1'38 32246 30428 27,066 24538 25711 27,386 26217 25763
dairy cattle
NIR 31,604 30,428 27,066 24,488 25379 27441 26217 25763
Other Statistics 949 1355 1,672 2049 2891 3,295
Mature Iceland
Cattle NIR 645 737 953 1355 1,608 2049 2,891  3.295
Stlstics o513 372202 373340 360,375 374,266 374,863 328,200 315,122
Ewes Iceland
NIR 445185 372222 373240 360,119 372,672 373278 328881 315552
Statistics
Lambs Iceland
NIR 312,801 261,163 263,750 256227 271,156 272,279 216,237 207,823
_ Statisties 5116 3726 3862 3982 3615 3550 3155 3,063
Swine Iceland
NIR 3148 3,726 3862 4017 3399 3518 3155 3,063
Statistics
Piglets Iceland
NIR 26620 27,020 28380 35333 34633 39,024 35159 36,190
_ S@lstics 511936 164402 193,097 166,119 173419 238,000 205,079 203,643
Laying hens Iceland
NIR 506,165 186295 284,612 212,795 164,374 171,161 267,065 240853
Horses

Since changing the yearly livestock count methodology in 2013, there have been issues with the
number of horses which could result in an undar overestimation (double countinglFAHRs in the
process of setting up a better system by linking Worldfenthe studbook of origin for the Icelandic
horse® with the annual autumn census. When numbers are submitted through the studbook, the

fate of a single horse can be followed through the birth number which is assigned to each individual.
In this way, double counting is avoided. This new system has bedenmapted since 2019 and it

will take some more time to be fully reliable. However, there is no legal obligation for horse owners
to report the number of horses, as they do not receive any support payments as for cattle and sheep.
This could still lead toraunderestimation of the actual number of horses present in the country
(Lorange, written communication, 2019).

For this submission it was decided to maintain the estimation method established for the past
submission by modelling the total number of horses as the sum of two thirds of animals registered at
MFAHRbustofn.is) and one third registered in the studbooteatonsulting with Jon Baldur Lorange,
advisor at the office for agricultural affairs idiFAFand manager of the studbook Worldfeng{Irable

5.8). This methodology haseen reconfirmed by expert judgment (Lorange, written communication,
2021) for the 2021 submission. At a certain point, no calculations should be necessary, and the horse
numbers should derive directly from the studbook, linked to the autumnal cendivgestock. Until

18 hitps://www.worldfengur.com/
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then, the abovementioned expert judgment is used to have the most realistic livestock population
numbers as possible.

Table5.8 Comparison of registered horses in the autumn census of IFViRertiidbook Worldfengur for
2015-2020 and calculated livestock numbers to be used in this submission

Source 2015 2016 2017 2018 2019 2020 ‘
MFAHRbustofn.is) 67,417 67,239 64,816 53,453 55,198 58,479
Studbook (worldfengur.com) 97,941 97,955 96,840 96,689 93,733 91,648
Calculated for NIR 77,592 77,478 75,491 67,865 70,612 71,747

5.2.2 LivestockPopulation Characterization

The livestock categories reported in the annual autumn census differ from the categories used for

the calculations of the methane emissions from enteric fermentation and manure management. The
enhanced livestock population characterisation, applied forfitrst time in the 2018 submission,

gra YFAYGrAYySR F2N) KAa &ddzoYAaaArAz2yd ¢KS OF §S32NE
G2GKSNJ YIFGdzZNB OF GGt Sé yR GaINBgAy3d OFGiftSéd ¢KS
for meat productiong KA £ S (G KS OF GS3I2NER GaINBgAyYy3d OFGiht Sé adzy
autumn census: 1) Heifers 2) Steers for producing meat (male animals from the age of 12 to 27

months and young cows from the age of 12 months to 18 months) and 3) Calves (maleshaled

up to 12 months of age). The emissions are calculated separately for each of these subcategories and
0KSY adzYYSR Ay GKS OFGS3I2NEB a3INRgAYy3I OFGdESeE Ay
in Table5.9.

Table5.9 Clarification of cattle categories, English translations of Icelarati®gories

Icelandic English translation Category in NIR
Mjélkurkyr Dairy cattle Mature dairy cattle
Holdakyr til undaneldis Beef cattle for reproduction Other mature cattle

Pregnant heifer. Young cowsoveinto this category
Kelfdar kvigur when they are inseminated at the age of 18 months ar Heifer

remain here untithey are calving

Bullocks between the age of 12 to 27 months
Young cows from the age of 12 months to 18 months

Geldneyti eldri en 1 ars Steers for producing meat

Kvigkalfar yngrien 1 ars ~ Female calves younger than 12 months Calves

Nautkalfar yngrien 1 ars ~ Male calves older than 12 months Calves
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Icelandic Sheep

136

The Icelandic sheep breed has been a part ¢
the Icelandic landscape since the age of
settlement (874930). The breed was brought
over from Norway and belongs to the
Northern European shottailed sheep.

Selective breeding of the Icelandic sheep
began in the 19th century but it led to
diseases that the Icelandic sheep was very
sensitive to and therefore it was stopped.
Today it is forbidden to import sheep to
Iceland.The size of the sheep is average. Th
ewes weigh around 65kg and the rams aroul
95kg. The sheep are generally short legged
with face and legs free of wool. Both ewe an
ram can be horned or polled, but most sheej
are horned.

There are around 500,000 shegplceland
during the winter and 800,000 during the
summer. That means that there are usually
more sheep in Iceland than humans. After
lambing in May, Icelandic farmers turn their
flocks loose into the hills, valleys and
highlands, where they graze freain grass,
berries and herbs over the summer. The
sheep roundup takes place in the autumn,
where the sheep are brought in, sorted and
go back to their respective owners. This
method has been used ever since settlemen
Every summer, the sheep roam arourét
highlands.
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The livestock categoly 8 KSSLJE O2YLINAR&AS&a aYlFGdaNE S6Sas¢z al yAYl
AKSSLX IyR aGflYoaedd a!yAYlIta F2NI NBLX | OSYSyidé Yl
OSyadzazr oKAfS a20KSNJ YI GdzNBE aKSSLE | NRmbédorad d® ¢ KS
mature ewes and their pregnancy rate.

Livestock characterization is carried out applying the Tier 2 method from Chapter 10, Volume 4, of
the 2006 IPCC Guidelines for cattle and sheep.

Table5.10 shows the equations used in calculating net energy needed for maintenance, activity,
growth, lactation, wool production and pregnancy for cattle and sheep subcategories. The ratio of

net energy available in diet for ma@nance to digestible energy consumed (REM) is calculated by
applying Eqg. 10.14, the ratio of net energy available for growth in a diet to digestible energy

consumed (REG) is calculated by applying Eqg. 10.15 and the gross energy (GE) is calculated applying
Eq. 10.16 of the 2006 IPCC Guidelines.

Table5.10. Overview of equations used to calculate gross energy intake in enhanced livestock population
characterisation for cattle and sheep (NA: applicable).

Equations from Chapter 10, vol. 4 of the IPCC 2006 guidelines. Net energy fi

Subcategory maintenance, activity, growth, lactation, wool, and pregnancy
Maintenance Activity Growth Lactation Wool Pregnancy
NEm NEa NEg NEI NEwool NEp
Mature dairy cattle 10.3 104 NA 10.8 NA 10.13
Other mature cattle 10.3 104 NA 10.8 NA 10.13
Heifers 10.3 10.4 10.6 NA NA 4.8
Steers for producing meat 10.3 104 10.6 NA NA NA
Calves 10.3 10.4 10.6 NA NA NA
Mature ewes 10.3 10.4 NA 10.1 10.12 10.13
Other mature sheep 10.3 104 NA NA 10.12 NA
Animals for replacemeht 10.3 10.4 10.7 NA 10.12 10.13
Lambs 10.3 10.4 10.7 NA 10.12 NA

1 Animals for replacement are considered from their birth until they are one year of age, which is also when they give birth
for the first time. Therefore, net energy for pregnancy is calculated whereas net energy for lactation is not applicable.

Table5.11 shows national parameters that were used to calculate gross energy intake for cattle in
2020. Not all parameters have been constant over the last three decadesnéhélmat have

changed over that time period are days on stall, days on pasture, kg milk péfatasattle, the
number of calves is taken directly from the autumn census of the Food and Veterinary Authority
because calves have a lifespan longer than @ee.y
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Table5.11. Animal performance data used in calculation of gross energy intake for ca202@(NA: Not
applicable, NO: Not occurring)

Mature dairy  Other mature Heifers Steers for
cattle cattle producing meat

Weight[kg] 471.3 500 370 328 126
Days in stall 265 30 245 330 365
Days on pasture 100 335 120 35 0
Mature body weightfkg] 471.3 500 430 551 512
Daily weight gairfkg] NO NO 0.5 0.5 0.5
Kg milk per day 17.4 55 NA NA NA
Fat content of milk%q 4.25 4.2 NA NA NA
Cf 0.3755 0.3430 0.322 0.322 0.322

1The categongteers for producing meabnsists of both bullocks older than 1 year and young cows between the age of 12
and 18 months. While the latter are allowed outside for approximately 120 days a year, the male animals remain indoors

throughout. Therefore, the calculated average time @sture for the total categorgteers for producing meas 35 days.
2The parameter Cfi is taken from Table 10.4 in the 2006 IPCC Gllattoe dairy cattleand Other mature cattlehe
default value is adjusted to the lactating period (305 daysviature dairy cattleand 120 days foDther mature cattlg.

Table5.12 shows national parameters that were used to calculate gross energy intake for sheep in

2020.For sheepthe number of lambs is calculated from the birth fractions showthat table. It is
estimated that 0.05% of lambs die soon after birth in the spring. Therefore, the final number of
lambs produced annually is estimated with tlelowing equation:

Equation
Number of lambs produced annually

00006 p mdruz Oidd 20 O @ 20
Where:

1 NLPA =Number oflambsproduced annually

i Fraewes= Birth rate fraction for ewes

i Fragr = Birth rate fraction for animals foeplacement
1 Newes = Number of ewes

T Narr = Number of animals for replacement
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Table5.12 Animal performance data used in calculation of gross energy intake for she2@2@MNA: Not
applicable, NO: Not occurring

Other .
Mature ewes mature Animalfor Lambs

- replacement
Weight (kg) 65 95 36 23
Months in stall 7 7 7 0
Months on flat pasture 2 2 2 1
Months on hilly pasture 3 3 3 3.5
Body weight at weaning (kg) NA NA 22 0
Bodyweight at 1 year or old or at slaughter (kg) NA NA 55 17
Birth weight (kg) 4 4 4 4
Single birth fractioh 0.16 NA 0.6 NA
Double birth fraction 0.71 NA 0.1 NA
Triple birth fraction 0.09 NA NO NA
Annual wool production (kg) 25 3.0 15 15
Digestible energy (in % of gross energy) 64.3 64.3 64.3 77.2
Cf? 0.217 0.250 0.236 0.256

1Difference between sum of birth fractions and one is due to infertility rates of 3.5% for mature ewes and 31% for animals
for replacement2The parameter Cfi is taken from Table 10.4 in the 2006 IPCC GL.
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Icelandic Cattle

The Icelandic cow breed is probabl
one of the very few breeds in the
world that has remained little or
not mixed with other breeds since
the age of settlement in Iceland
(874930 AD). Research shows tha
the Icelandic breed is very similar t
old breeds §ll found in Norway
nowadays. While all the dairy cattle
is of the old Icelandic breed, the
beef cattle are Aberdeen Angus,
Galloway and Limousin, all
imported from Great Britain and
France. The import of these breeds
started in the early 20th century
andis fairly limited.

The Icelandic dairy cattle is small
and adultsweigh only about 470 kg.
The cows are multicolored and
show more diverse colors than any

other cattle breed in Europe.
Average milk yield reported 2020
per cow is 6384kg with 4.5% fa
and 3.2% protein.

The table below shows a
comparison in weight between the
Icelandic breed (ISL), one
Norwegian CattleNRF), two
Swedish breeds (SRB, SLB) and o
breed from New Zealand (NZF).

Weight at birth[kg] 40
Weight at first calfkg] 500
Mature body weightfkg] 550
Age at first calfmonths] 25 28 28 24 26

NFR: Norwegian Red, SRB: Swedish Red and White, SLB Sviesimh, NZF: New Zealand Friesian, ISL: Icelandic breed
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5.2.3 FeedCharacteristicand Gross Energy Intake

Feed composition, daily feed amounts, their dry matter digestibility and feed ash content were
collected by the Agricultural University of Iceland (AUI) (Sveinbjérnsson, written communication) and
this information isbased on feeding plans and research. In 2020 feed digestibility parameters and
mature body weight for mature dairy cattle were updated in collaboration with the Icelandic
Agricultural Advisory Centre (RML, written communication, 2020). Feed ash constaad of

manure ash content) was used in all calculations in accordance with Dammge(26tLa) Dry

matter digestibility and feed ash content were weighted with the respective daily feed amounts in
order to calcula¢ average annual values. This method included seasonal variations in feed, e.g. stall
feeding versus grazing on pasture, lactation versuslaotation period etc. Dry matter digestibility

was transformed into digestible energy content using a formula f@udmundsson and Eiriksson
(1995)

Table5.13 shows dry matter digestibility, digestible eneragyd ash content of feed for all cattle and
sheep categories. All values used as well as calculations and formulas for all cattle and sheep
categories are reported in Annex 8. These values are used for the 2021 submission.

Equation 10.16

Gross energy forattle and sheep
00O 0O 0O 00 00O 00 00

o YOUu YOO

(6]0) o)

©
pTT

Where:

1 GE = gross energy intake, MJ/head/day

1 NBEn, NE, NE, NEok, NB, NE, NEool = Nnet energy required for different activities as calculated by
equations 10.310.13, MJ/day

1 REM = ratio of net energy available in a diet for maintenance to digestible energy consumes

1 REG =ratio of net energy available for growth in a diet to digestiibergy consumed

i1 DE% = digestible energy expressed as a percentage of gross energy

Table5.13 Dry matter digestibility, digestible energy and ash content of cattle and sheep feed in 2020

DMD[% DE[%)] Ash in feed[%] ‘
Mature dairy cattle 77.90 71.61 7.80
Other mature cattle 74.36 68.14 7.00
Heifers 74.42 68.20 7.11
Steers for producing meat 72.50 66.32 7.17
Calves 79.73 73.41 7.57
Mature ewes 70.46 64.31 7.01
Other mature sheep 70.46 64.31 7.01
Animals for replacement 70.46 64.31 7.01
Lambs 83.54 77.15 7.39

Figureb.2 shows the gross energy intake (GE) in MJ per day for all cattle and sheep subcategories.
Only mature dairy cattle have time dependent values for GE (see paragragd) increasing from
212 MJ/day in 1990 to 259 MJ/day in 2020. This increase is owed in small part to increased activity,
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i.e. more days grazing on pasture and in large part to the increasecrage annual milk production
from 4.1tin 1990 to 6.4 t in 2020.

Feed digestibility is constant in Iceland for all other cattle and sheep types, except for growing cattle,
which slightly varies along the time series (annual decrease or increasajseete proportion of

heifers, steers and calves varies along the time series and the feed digestibility presented in CRF is a
weighted average of the three.
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Figure5.2 Gross energy intaki@J/day] for cattle and sheep subcategories from 198120.
5.2.4 Recalculations

5.2.4.1 Animal characterization update fothe 2022 submission

Current livestock parameters were sent for review by external experts to ensure their quality for the
2022 submission. The parametehat were checked include single/double/triple birth fractions and
average age of animal at slaughter. We either confirmed or updated the values used for the 2020
calculations for the livestock categories: sheep, pigs, horses and poultry.

During this revéw an error in the categorisation of poultry was discovered. Poultry previously
categorised as broilers should, in fact, be categorised as laying hens for the whole timeseries
according to the poultry expert veterinarian at the Icelandic Food and Vetgriathority. Table

5.14 shows the change in the livestock categorisation. The total numbayisfy hens and broilers
remained the sameThis updated livestock categsation resulted in some changes in the emissions
from manure management, as the emission factors used for broilers and laying hens are different. In
detalil, the following ®F categories 3.B.1.4 Other livestqgioultry, 3.B.2.4 Other livestoek

poultry, 3.B.2.5 Indirect BO Emissions, 3.D.1.2.a Animal Manure Applied to Soils and 3.D.2 Indirect
N>O Emissions from Managed Saite affected and the emission changes are shown in the
recalculations section in the respective chaptéiisesum ofchange in enssionsdue to this
reclassificationpver the timeseries ranges from 0.3% to 4.5%.
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Table5.14 Activity data change: Updated livestock categorisation of laying hens and bifoil¢hg whole
timeseries 1992019 in number of animals

(L:thsgtgf; 1990 1995 2000 2005 2010 2015 2019
2021 v1 Laying hens 214,975 164,402 193,097 152,217 144,429 119,811 205,091
submission Broilers 291,190 21,893 91,515 60,578 19,945 51,350 61,974
2022 Laying hens 506,165 186,295 284,612 212,795 164,374 171,161 267,065
submission Broilers 0 0 0 0 0 0 0

5.2.4.2 Recalculations for the 2024ubmission

In the previous 2021 submission thgerpolationof the gross energy (GE) for mature dairy cattle

from 20132017 to avoid a step change between 2017 and 2018, in response to an issue raised
during the 2020 EU Comprehensive Review (ENDRE3A-2020:0004)lead to recalculations

Revising the GE for dairy cattle impacts emissions in: 3A Enteric FermentatinprB8gEManure
Management (CH NO) and 3D Agricultural Soils;( (specifically 3Da2a Animal Manure Applied to
Soils, 3Da3 Urine aridung Deposited by Grazing Animals, 3Db1 Atmospheric Deposition, and 3Db2
Nitrogen Leaching and Ruaff).

5.2.5 Plannedimprovements

Iceland is working on improving the quality of the animal characterization data by working with the
Icelandic Agricultural AdvispCentre (IAAC) and tiinistry of Food, Agriculture and Fisherigigh

the aim of updating productivity data, such as the digestible energy content of feed and gross energy
intake, approximately everghree years. In addition, it is planned to update iaail characterization
parameters regularly for all livestock categories, as was done for this submission. The first
collaboration with the IAAC took place in 2020 in order to updieésldigestibility for the 2018

reporting year. Prior to that the last uptiawas in 2012.

The plan is to collaborate with the IAAC to update fibed digestibility parameters for cattle and

sheep again in 2022, for the results to be ready in time for the 2023 submission. Furthermore, it will

be checked whether it is possible éstimatefeeddigestibility for the historical timeline, in line with
LOStFIYyRQa NBalLlRyasS (G2 GKS HWnanum ! bC/// OSYGNIftAaS
preliminary discussions with experts it seems unlikely, however, since this data has not been

regularly collected or published.
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5.3 CH Emissions from Enteric Fermentation (CRF 3A)

The amount of enteric methane emitted by livestock is driven primarily by the number of animals,
the type of digestive system and the type and amount of feed consumed. @attleheep are the

largest sources of enteric methane emissions in Iceland and therefore the Tier 2 methodology
proposed by the 2006 IPCC Guidelines is applied. For all other livestock categories Tier 1 is applied.

5.3.1 Emission Factors

Tier 1

Methane emissiorfiactors for pseuderuminant and monegastric animal species were taken from

the 2006 IPCC Guidelindsableb5.15). For poultry and fuanimals emission factors reported in the
Norwegian Emission Inventory are used, as agricultural practices and the climate in the two countries
are similar. Further inforation can be found in the Norwegian NIR (Statistics Norway, 2019).

Table5.15 Default emission factorfkg CH/head/year used for Tier 1 calculations

Livestock category Source 2020

Swine Table 10.1®006 IPCC 15

Horses Table 10.10 2006 IPCC 18

Goats Table 10.10 2006 IPCC 5

Minks, foxes, rabbits Norwegian NIR 0.1

Poultry Norwegian NIR 0.02
Tier 2

Livestock population characterisation was used to calculate gross energy intake of catileeapd
as shown in paragraphi2.3 These values together with the default values of the methane
conversion rate from the IPCC 2006 Guidelines and reported in

Table5.16 wasused to calculate emission factors for methane emissions from enteric fermentation by applying
Equation 10.21
Table5.17 shows the country specific emission factors for cattle and sheep and the respective

subcategories.

Equation 10.21
CH emission factors for enteric fermentation for a livestock category
oG ZgQu
0°0 p T
vV &@vu

Where:

i EF = emission factor, kg &i¢ad/yr

1 GE = gross energy intake, MJ/head/day

1 Ym = methane conversion rate which is the fraction of gross energy in feed converted to methane
i 55.65 = energy content of methane, MJ/kgsCH

Table5.16 Methane conversion rates for cattle and sheep (from tables 10.12 and 10.13 IPCC, 2006)

Category/Subcategory Cattle Mature sheep [ I Yo ayeadoldy
Ym 6.5% 6.5% 4.5%
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Table5.17 Country specific emission factdkg CH/head/yeal for cattle and sheep, calculated based on
Equation 10.21 (IPCC, 2006)
Livestock category 2020 ‘

Mature dairy cattle 110.2
Other mature cattle 73.8
Heifers 584
Steers used for producing meat 45.5
Calves 19.1
Mature ewes 111
Other mature sheep 11.9
Animals for replacement 9.4

Lambs 4.7

5.3.2 Emissions

Methane emissions from enteric fermentation in domestic livestock are calculated by multiplying the
emission factors from paragragh3.1per head for the specificéstock category with respective
population sizes and subsequent aggregation of emissions of all categories.

There is only one livestock subcategory that has a gross energy intake that varies over time and as a
result a fluctuating emission factor: matudairy cattle (mainly due to the increase in milk

production during the last two decades). Therefore, the fluctuations in methane emissions from
enteric fermentation for all other livestock categories showiTable5.18 are solely based on

fluctuations in population size. The population size of mature dairy cattle has decreased by 18%
between 1990 and 2020. Methane emissions, however, have only decreased by 1% (fr&tt@.86

2.84 kt) during the same period due to the increase in the emission factor associated with the
increase in milk production.

The livestock category growing cattle comprises the categories heifers, steers for meat production
and calves. The methanengssions are calculated separately for each category as shohabie
5.19but uploaded in CRF as a sum. In CRF all relevant parameters are expressed as a weighted
average leading to shifts in the IEF in case of population composition changes in this category. In
particular, for the years in which the calf population is much higher than heifers and steers for
producing meat, the IEF will be lower and be outside the ulef® CC range (38 kg

CH/headl/year) as the EF for calves calculated according to Equation 10.21 of the 2006 IPCC
guidelines is 19 kg GHead/year.

The livestock category emitting most methane from enteric fermentation is mature ewes. Due to a
proportionate decrease in population size, emissions from mature ewes decreagffdlgetween

1990 and 2020 (from 5.04 to 3.52 kt). Similar decreases can be seen for other sheep subcategories.
The only norruminant livestock category with substantial methane sginns is horses. The

population size of horses decreased only slightly in 2020 compared to 1990 (by 2%), and therefore,
the methane emissions are fairly constant around 1.3 kt.

The decrease in methane emissions from sheep caused total methane emissiarenteric
fermentation in agricultural livestock to drop from 13 kt in 1990 to 11.7 kt in 2020, or by 10.7%
(Tableb.18).
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Table5.18 Methane emissions from enteric fermentation from agricultural anirf@ls t]
Livestock category 1990 1995 2000 2005 2010 2015 2019 2020 ‘

Mature dairy cattle 2,860 2,770 2,629 2,552 2,681 2,955 2,875 2,840
Othermature cattle 48 54 70 100 119 151 213 243
Heifers 267 746 371 393 386 418 380 358
Steers for producing meat 817 700 903 694 858 899 1,049 1,036
Calves 388 267 345 351 387 429 425 434
Mature ewes 5,043 4,217 4,228 4,092 4,045 4,054 3,666 3,518
Other mature sheep 158 148 144 134 144 141 131 131
Animals for replacement 845 695 756 786 872 834 724 707
Lambs 1,231 1,028 1,038 1,000 1,132 1,154 1,011 971
Swine 45 46 48 59 57 64 57 59
Horses 1,330 1,444 1,361 1,379 1,419 1,430 1,304 1,325
Goats 2 3 3 3 5 7 11 12
Fur animals 5 4 4 4 4 5 1 2
Poultry 14 7 11 16 13 14 18 17
Total CHemissiondt] 13,052 12,129 11,913 11,561 12,122 12,554 11,866 11,652
(EyZ;S;Zg?Z::;EZse Jear 71%  -87%  -114% -7.1%  -3.8%  -9.1%  -10.7%

Table5.19 Livestock category Growing Cattle: weighted averages of parameters necessary to calculate the

Population heifers 4,579 12,781 6,361 6,728 6,620 7,157 6,504 6,133

Population steers for
meat production
Population calves 20,118 13,874 17,916 18,149 20,029 22,372 22,217 22,670
Weighted average Body
weight (BW) kg
Weighted average
digestible energy (DE) 69.9 69.2 69.5 69.8 69.7 69.8 69.6 69.7
%

Weighted average gros

237.4 274.2 252.2 243.8 2454 242.6 246.8 244.4

energy (GE) MJ/day 80.9 95.6 86.1 84.0 84.1 83.1 84.0 83.1
Weighted average

Volatile solid excretion 1.4 1.7 15 1.5 1.5 1.5 1.5 1.5
(VS) kg VS/day

Sum Chlemissiongkt] 1.47 1.71 1.62 1.44 1.63 1.75 1.85 1.83
IEF 34.50 40.75 36.70 35.83 35.84 35.41 35.80 35.44

5.3.3 Recalculations

5.3.3.1 Recalculations for the 2022 submission

During the quality checking of the parameters used in the calculations, a slight error was discovered
in the value of the parameter Maximum methane producing capacity (Bo) of cattle. The wrong value
0.17 had been used father mature cattle heifers, steers andyoungcattle instead of the correct
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number 0.18 from Table 1038 (Western Europe) in the 2006 IPCC GL. This resulted in slight
recalculations over the whole timeseriegaple5.20), showing a decrease of less than 0.0001%

Table5.20 Recalculation due to error in the parameteaximum methane producing capacity (Bo) of cattle
over the whole timeseries 199019
2021 v1 submission 437951 453793  4.31879  4.08920  4.43091  4.85140  4.94242

2022 submission 4.37902 453759 431836 4.08920 4.43091 4.85140  4.94242

Change relative to 202submission -0.0002% -0.000R6 -0.000®6 -0.000R6 -0.000R6 -0.000P% -0.000P6

5.3.3.2 Recalculations for the 2021 submission
For the previous 2021 submission, the linear interpolation of gross energy betweer220¥3ead
to recalculations in the methane emission factor.

5.3.4 Uncertainties

Annual livestock data are based on a national census and it is possible to assign ardatdivity
uncertainty of 5% for all animal categories except horses, which are assigned 10% due to the shifting
in the registration system over the past few years. These uncertainties were assigned based on
expert judgement. The uncertainty of the £Hhissiors are estimated to be 40% based on the
indications of the 2006 IPCC Guidelines for Tier 1 calculations. It was decided to also apply this
uncertainty to the animal classes for which a Tier 2 calculation is performed. The combined activity
data and emissiofactor uncertainty for CRF categories 3A1 (cattle), 3A2 (sheep) and 3A4 (swine) is
40% and for 3A4 (all other animals) 81%. The complete uncertainty analysis is shown in Annex 2.

5.3.5 Planned improvements

No improvements are currently planned for this categdrowever, updated livestock
characterisation will also impact this sector.
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5.4 CH Emissions from Manure Management (CRF 3B1)

Livestock manure is principally composed of organic material. When this organic material
decomposes in an anaerobic environment, methanogenic bacteria produce methane. These
conditions often occur when large numbers of animals are managed in confined argam dairy,
swine and poultry farms, where manure is typically stored in large piles or disposed of in storage
tanks(IPCC, 2006)

5.4.1 Emission Factors

Tier 1

Default methane emission factors are used for all livestatkgories except cattle and sheep. The
emission factors are taken from Tables 10.14, 10.15 and 10.16 from the 2006 IPCC Guidsliees.
5.21 summarizes the emissiondrs used for the whole timeline. For the livestock category poultry,
the emissions are calculated in a disaggregated level (laying hens, broilers, pullets, chicken, ducks/
geese, turkeys) to reflect the different emission factors and then summed.

Table5.21 Tier 1 default emission factors for methane emissions from manure management.

Livestock category Source 2020
Swine Table 10.14 2006 IPCC 6.0

Horses Table 10.15 2006 IPCC 1.09
Goats Table 10.15 2008°CC 0.13
Minks, foxes Table 10.16 2006 IPCC 0.68
Rabbits Table 10.16 2006 IPCC 0.08
Laying hens Calculated dry/wet from table 10.15 2006 IPCC 0.615
Broilers Table 10.15 2006 IPCC 0.02
Turkeys Table 10.15 2006 IPCC 0.09
Ducks Table 10.15 2008°CC 0.02

Tier 2

For the livestock categories cattle and sheep, the tier 2 methodology as reported in the 2006 IPCC
guidelines (Volume 4, AFOLU, chapter 10) is applied. Based on the livestock characterization
described irb.2.2 the volatile solid excretion rate (VS) is calculated following Equation 10.24 of the
2006 IPCC Guidelines.

Equation 10.24
Volatile solid excretion rates

ey o® . .. p 00O

wyY 0C p —— YG '00z2 ——

p M p& v

Where:
VS= volatile solid excretion per day on a dnatter weight basis, kg VS/day
GE = gross energy intake, MJ/day
DE% =ligestibility of the feed, %
UE*GE = urinary energy expressed as fraction of GE; value of 0.04 GE used
ASH =ash content of the manure in peeat
18.45 =conversion factor for dietary GE per kg of dry matter (MJ/day)
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Volatile solid excretion per day is then used in equation 10.23 of the 2006 IPCC Guidelines to
calculate the CkHemission factor from manure management:

Equation 10.23
CH Emission factor from manure management

OY GYoQu & tT@X g 2B j—L"2 0]
Where:
i1 ET = annual Glgmission factor for defined livestock category, kg/@hmal/year
1 VS =daily VS excreted for livestock category, kg dry matter/animal/day
i 365 = basis for calculating annual VS production, days/year
1 Bo=maximum CHoroducing capacity for manure produced by livestock category, m&kgef VS
excreted
1 0.67 = conversion factor of hCH to kg CHl
1 MCHksx= CHconversion factors for each manure management system S by climate region k, %

1 MSsk= fraction of livestockategory manure handled using manure management system S by clim
region k

Methane conversion factors (MCF) and maximum methane producing capacity values (Bo) for both
livestock categories, cattle and sheep, are taken from the 2006 IPCC GuidelineswndrsTable
5.22.

Table5.22 MCF and Bo form the 2006 IPCC Guidelines used for the calculations of the methanasfrossio
manure management.

Source Cattle Cattle Cattle Sheep
) liquid/ all MM
Cool climate pasture/ range  solid storage
slurry systems
, Table 10.17, 10%® same as for
Methane conversion 1% 205
factor- MCF 2006 IPCC 17%@ cattle
Mature Dairy
Cattle Other Cattle Sheep
Maximum methane Tables 10A4, 10A9, 0.19
producing capacity of 2006 IPCC 0.24 0.18 :
manure- Bo

@ with natural crust cover? without natural crust cover; MCF used for liquid/slurry

5.4.2 Manure Management System Fractions

The fractions of total manure managed in the different manure management systems (MMS) impact
not only CHemissions from manure management but als®Nemissionsrtdm manure

management and consequently® emissions from agricultural soils. The fractions used are based
on expert judgement (Sveinsson, oral communication; Sveinbjérnsson, oral communication;
Dyrmundsson, oral communication) and are assumed to be constiace 1990 except for mature

dairy cattle. The average amount of time mature dairy cattle spend on pasture has increased from 90
to 100 days over the last 20 years. Heifers spend 120 days per year on pasture whereas cows used
for meat production spendIlmonths on grazing pastures. Young cattle and steers are housed all
year round. All cattle manure, i.e. not spread on site by the animals themselves, is managed as
liquid/slurry without natural crust cover. Sheep spend 5.5 months on pasture and rang@c¢hides

the whole life span of lambs. Around 19% of the manure from adult sheep is assumed to be kept as
slurry which has a much higher methane conversion factor, MGl than PRP @b or solid storage
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(2%), therefore the emission factor from sheeptire Icelandic inventory is much higher than the Tier

1 emission factor from the IPCC Guidelines (0.19 kn€&tl/year, cool conditions, Table 10.15 of

the 2006 IPCC Guidelines) which assumes that all manure is managed in a solid system. 65% of the
manure managed is managed as solid storage, the remaining 35% as liquid/Bainigb.23).

Table5.23 Manure management system fractions for all livestock categories.

Liquid/slurry Solid storage Pasture/range/paddock ‘
Mature dairy cattle 73% 27%
Other mature cattle 8% 92%
Heifers 67% 33%
Steers for producing meat 91% 9%
Calves 100%
Mature ewes 19% 36% 45%
Other mature sheep 19% 36% 45%
Animals for replacement 19% 36% 45%
Lambs 100%
Goats 55% 45%
Horses 14% 86%
Young horses 14% 86%
Foals 100%
Sows 100%
Piglets 100%
Poultry, fur animals 100%

The emission factors calculated with volatile solid excretion rates, methane conversion factors, and
manure management fractions for cattle and sheep are showrahle5.24. Mature dairy cows and
steers have the highest emission factors for methane from manure management.

Table5.24 Emission factors values and range for the tier 2 calculations of methane emissions frome man
management.
Emission factor range

Livestock category Emission factor 2020

19902020
[kg CH/head yeaf [kg CH/head yeaf
Mature dairy cattle 30.99 29.2334.05 LPS
Other mature cattle 3.19 LPS
Heifers 12.75 LPS
Steers foproducing meat 13.80 LPS
Calves 5.15 5.155.25 LPS
Mature ewes 1.08 LPS
Other mature sheep 1.16 LPS
Animals for replacement 0.91 LPS
Lambs 0.10 LPS

LPS: Livestock population characterisation.
5.4.3 Emissions

As can be seen ifable5.24, there are no emission factor fluctuations for most livestock categories
and only minor fluctuations for the two cattle subcategories. This implies thaufitions in
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methane emission estimates for all livestock subcategories except mature dairy cattle are explained
by fluctuations in population sizes. Three livestock categories alone are responsible for roughly two
thirds of methane emissions from manure neyement: mature dairy cattle, steers used for

producing meat and mature ewes. Thes@hhission factor for mature ewes is roughly twenty times
lower than the ones for dairy cattle and steers, but the mature ewe population is much larger. Other
important livestock categories for methane emissions from manure management are calves, animals
for replacement, swine, horses, and poultry.

National Inventory Report, Icelar22

Total methane emissions from manure management decreased from 2.56 kt in 1990 to 2.25 kt in
2020 or by 12%T(@ble5.25).

Table5.25 Methane emissions from manure managemght

Livestock category 1990 1995 2000 2005 2010 2015 2019 2020
Mature dairy cattle 928 893 838 808 840 882 808 798
Other mature cattle 2 2 3 4 5 7 9 11
Heifers 58 163 81 86 84 91 83 78
Steers for producing meat 248 212 274 210 260 273 318 314
Calves 104 72 93 94 104 115 114 117
Mature ewes 488 408 409 396 391 392 355 340
Other mature sheep 15 14 14 13 14 14 13 13
Animals for replacement 82 67 73 76 84 81 70 68
Lambs 26 22 22 21 24 24 21 21
Swine 179 184 193 236 228 255 230 236
Horses 81 87 82 84 86 87 79 80
Goats 0.1 0.1 0.1 0.1 0.1 0.2 0.3 0.3
Furanimals (minks and foxes) 32 26 28 25 27 32 10 11
Rabbits 0.15 0.01 0.06 0.02 0.01 0.03 0.01 0.01
Poultry 315 118 181 143 111 117 178 161
;l;gﬁlr:aHnure managementt] 2,558 2,269 2,292 2,197 2,261 2,371 2,289 2,248
E/Z;izg:i‘;:r';;ase Jear 11%  -10%  -14%  -12% 7%  -11%  -12%

5.4.4 Recalculations

5.4.4.1 Recalculations for the 2022 submission

The update of the maximum methane production capacity (Bo) for cattle, from 0.17 to 0.18 for other
mature cattle, heifers, steers and young cattle lead to recalculations in the methane emissions for
the time series 199@019. As can be seenTiable5.26 the emissions increase between 1.7% and
2.2%.
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Table5.26 Recalculations for cattle due to the update of the maximum @e¢hproduction capacity Bo for
1990:1990.

CRF 3B1.4 Cattle [kt CH] 1990 1995 2000 2005 2010 2015 2019 ‘

2021 v1 submission 1317 1317 1264 1181 1269  1.341  1.304
2022 submission 1.340 1.342 1.289 1.203 1.294 1.368 1.333
Change relative to 202submission 1.7% 1.9% 2.0% 1.9% 2.0% 2.0% 2.2%

On the other hand, the livestock characterization change within the poultry category leads to
substantial recalculations in methane emissions from manure management. As explained in
paragraphb.2.4.1 Poultry previously categorised as broilers should, in fact, be categorised as laying
hens for the whole timeseries according to the poultry expert veterinarian at the Icelandic Food and
Veterinary AuthorityThis leads t@an increase of methane emissions in this category as the emission
factor for laying hens (0.6 kg &htad, Table 10.15 2006 GL, average between layers dry (0.03) and
layers wet (1.2)s higher than the one for broilers (0.02 kgs@idad, Table 10.15 2006 GL). As can be
seen, the emissions increase over the time series Z48® on average by 41%.

Table5.27 Recalculation for methane emisas from manure management for poultry due to the update of
livestock categorisation for 1992019.

CRF 3B1.4 Poultry [kt CHy] 2000 2005 2010 2015

2021 v1 submission 0.142 0.105 0.127 0.107 0.099 0.086 0.141
2022 submission 0.315 0.118 0.181 0.143 0.111 0.117 0.178
Change relative to 2A2submission 122% 12% 43% 34% 12% 35% 26%

5.4.4.2 Recalculations for the 2021 submission

Recalculations in the previous 2021 submission were dilee¢apdate of the gross energy (G&)
mature dairy cattle for 201:2017 as described in paragrapt2.4.2 An update of GE influencéise
calculation of the volatile solid excretion rates (VS).

5.4.5 Uncertainties

The activity data uncertainties are a combination between the livestock number uncertainty (5% for
each animal class except horses, which are assigned an uncertainty of 10% due to the nature of the
registration system) and the uncertainty related to thermeae management system distribution

(25% for sheep, 10% for all other animal classes). The emission factor uncertainties are chosen on the
basis of the indication of the 2006 IPCC Guidelines, that is 20% for Tier 2 calculations (cattle, sheep)
and 30% foiTier 1 calculations (all other animal categories). The combined uncertainties, activity

data and emission factors are the following: 3B1 (cattB®23B2 (sheep) 32%, 3B3 (swine) 32%, 3B4

(all other animals) 8%.The complete uncertainty analysis is shawmnnex 2.

5.4.6 Planned Improvements

There are no planned improvements in this subsector.
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5.5 N0 Emissions from Manure Management (CRF 3B2)

This section describes the direct and indirect nitrous oxide emissions occurring during housing and
storage of manure é&fore it is applied to land. The emissions occurring due to manure applied to soils
or deposited directly during grazing are reported under 3D Agricultural soils (ck&pfand5.8)

A nitrogen mas$low approach has been used, as presented in the 2019 version of the EMEP/EEA air
pollutant Emissions Inventory Guidebook. This approach has been designed to be fully consistent

with the IPCC 2006 Guidelines on estimating emissions fronuraananagement and provides a
YSiK2R2f 238 GKIFIG A& O2yaARSNBR (2 6S I GaKAIKSNI ¢
emission factors for this method were changed from the 2016 edition of the guidebook to the 2019

edition.

The Nflow approach conders the flow of total N and total ammoniacal N (TAN) through the entire
manure management system. Theflbw is modelled by a series of equations that consider the
amount of N and TAN at each management stage and corresponding losses as different N
compaunds. The methodology provided in the EMEP/EEA Guidebook was applied to the
disaggregated livestock category level described in seétid2(e.g. for cattle: maturelairy cattle,

other mature cattle and growing cattle, including separate calculations for heifers, steers for
producing meat and calves; mature ewes, rams, animals for replacement, and lambs instead of just
sheep). The resulting emissions were then agated to the respective CRF reporting categories.

N2O emissions from grazing animals are part of this N flow approach, as is the calculation of the
organic N in management systems that is available for application to land as organic fertiliser.
Consequentlythe approach provides a methodology that is used for estimating emissions from both
3.B Manure management and selected sources that are reported under 3.D Managed soils.

5.5.1 Methodology

The calculations are based on the 2006 IPCC Guidelines for calculatingagh&ht in manure. The
same livestock parameters as described previously in this chapter are used to calculate the Nex rate,
both applying Tier 1 and Tier 2, depending on aniratdgory.

The Ncontent is then fed into the Mow tool following the 2019 EMEP/EEA Air Pollutant Emissions
Inventory Guidebook. This method uses a mass flow approach based on the concept of Total
Ammoniacal Nitrogen (TAN) in contrast to the total amooiil used by IPCC. Based on TAN, a more
accurate estimate of gaseous N emissions such ashtHother forms is possible. This calculation
method allows consistency of the nitrogen emissions from the agricultural sector between the GHG
inventory and the aipollutant inventory compiled under the LTRAP convention.

Further information on the Mlow methodology is reported in the 2019 version of the EMEP/EEA Air
Pollutant Emission Inventory Guidebook and can be retrieved there. A brief outline of the stepwise
procedure, in which manure is either managed as slurry/liquid or solid is given here:

i Calculation of the amount of the annual N excreted, which is deposited in different areas
(housed, yards, grazing), depending on the time period in which animals admple
housed inside or outside.

i1 Multiplication with the default proportions of TAN that can be found in table 3.9 of the 2019
EMEP/EEA guidebook.
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i Calculation of the amount of TAN and total N deposited in buildings as liquid/slurry or as
solid.

1 NHs-N los®s from buildings and yards for both liquid and solid are calculated by multiplying

with an EF, which is also given in table 3.9 of the 2019 EMEP/EEA Guidebook.

Addition of straw to the bedding of housed animals.

Calculation of the totaN and TAN leavingpusing (only solid).

Calculation of the totaN and TAN entering storage (slurry and solid).

Calculation of TAN from which slurry storage emissions will occur (only slurry).

Calculation of the storage emissions of alspecies (NFHN, NO-N, NON).

Calwlation of organic N and TAN applied to the field.

Calculation of emissions during and immediately following application to field.

Calculation of totaN and TAN returned to soil.
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The same tool allows for the calculation of the emissions from N returnedit® in manure and

NHs-N emissions from grazing, which need to be included in 3D Agricultural soils. It is also possible to
deduct the amount of manure as feedstock for anaerobic digestors in biogas facilities, which is not
applicable for Iceland as theare no biogas facilities in the country. In order to ensure that no

double counting or omissions occur during this calculation procedure, a nitrogen balance is carried
out, where the total input of N (animal excretion plus addition through bedding) shmialch the

output of N (total of all emissions, N inputs to soil and N in manures used as anaerobic digestors
feedstock).

Indirect emissions from housing are calculated by multiplying the N volatilised=ad Bkt NGN,

deriving from the abovalescribedN-flow methodology with the default emission factors (EF4 = 0.01
kg NO-N) from the 2006 IPCC GuidelinEgjure5.3 shows the Nlow methodology with the data for

the year 2020 and the relationship in the reporting between the differerggécies (NEHN, NQ-N,

N2O-N) and the different chapters, 3B Manure Management and 3D Agricultural Soils. The diagram
also includes 5B2 Biological Treatment of waste, but biodigestemnsa occurring in Iceland. The

table abbreviations refer to the Reporting Tables and the term NFR refers to the Reporting Tables of
the air pollutant inventory under CLRTAP.

5.5.2 Activity Data

The activity data for the flow approach is considered to be NAhAN (Total Ammoniacal Nitrogen)
that is quantified throughout the manure management process, rather than livestock numbers.
However, the N input into each of the management systems is determined by livestock numbers
combined with N excretion rates anddistock numbers and characteristics, therefore, remain
fundamental input datasets to the methodology and are described in seci@énsand5.2.2

Manure management systems (MMS) are reported in sedidi2 In addition, two thirds of

Icelandic horses are on pasture all year round. The remaining third spends around five months in
stables, where manure is managed in solid storage. All swine manarariaged as liquid/slurry
whereas the manure of fur animals and poultry is managed in solid storage. Manure management
system fractions are assumed to be stable over the thagy years and are summarizéa Table

5.23.

Thenitrogen excretion rate is calculated applying Tier 1 methodology from the 2006 IPCC Guidelines
for all livestock categories except matudairy cattle.
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Figure5.3 Complete Nitrogen flow applied to the categories 3B Manure Management and 3D Agricultural soils
for the year 2020. Biodigesters are not occurring in Iceland. In Atmospheric Deposiiatilized CRF includes

also syntheti and other types of organic fertilizers. NFR refers to the reporting of air pollutants under CLTRAP

(NHsand NQ).
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Table5.28 shows the used Nex default values, multiplied by the animal weight. For most animal
categories the animal parameters are not changing over the timeseries and the Nex rate is also
constant. Exeptions are mature dairy cattle, calculated using the Tier 2 approach and those animal
categories for which the Nex rate has been calculated on a more disaggregated level and reported as
a weighted average in relation to the population data (growing cakiteses, poultry).

The calculation method for the Nex rate for mature dairy cattle follows the Tier 2 methodology from
the 2006 IPCC Guidelines (Volume 4, chapter 10) by applying Equation 10.31, Equation 10.32 and
Equation 10.33 for dairy cows.

Equation 0.31
Annual N excretion rates (Tier 2)
0Qwo zp 0 zZg@u
Where:
Nex= annual N excretions rates, kg N/animal/yr

Nintake= the daily N intake per head of animal category, kg N/animal/day
NretentioN_frac= fraction of Nintake that is retained by animal category, dimensionless

Equation 10.32
N intake rates for cattle

6 P
5 00, bmn
p@E LV @8 U

Where:
Nintake= the daily N consumed per head of animal category, kg N/animal/day
GE= gross energy intake, MJ/anifday
18.45= conversion factor for dietary GE per kg of dry matter, MJ/kg
CP%= percent crude protein in diet, input
6.25= conversion factor from kg of dietary protein to kg of dietary N, kg feed protein/ kg N

Equation 10.33
N retained rates focattle

"o o ) QA TB X8t 3L Q
5 UQG@W W oy 50
o) P TITEDR U

Where:
Nretenion= daily N retained per head of animal category, kg N/animal/day
Milk= milk production, kg/animal/day
Milk PR%= percent of protein in milk, calted as [1.9+0.4*%Fat], %Fat assumed to be 4%
6.38= conversion from milk protein to milk N, kg Protein/ kg N
WG= weight gain, kg/day
268= constant, g Protein/kg/animal
7.03= constant, g Protein/MJ/animal
Neg= net energy for growth, MJ/day
6.25= conversiofactor from kg of dietary protein to kg of dietary N, kg feed protein/ kg N
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Table5.28 Nitrogen excretion rates defaults, animal weight and Nex for the time series2(24D
Nex default

[kg N/L000 mal

Livestock category kg animal weight 1990 1995 2000 2005 2010 2015 2019 2020
k

mass/day] [kd
Mature dairy cattle @ @ 87 88 93 98 99 99 98 98
Other mature cattle 0.33 500 60 60 60 60 60 60 60 60
Heifers 0.33 370 45 45 45 45 45 45 45 45
Steers for producing 0.33 328 40 40 40 40 40 40 40 40
meat
Calves 0.33 126 15 15 15 15 15 15 15 15

weighted average from

Growing cattle ;
heifers, steers, calves

Mature ewes 0.85 65 20 20 20 20 20 20 20 20
Other mature sheep 0.85 95 29 29 29 29 29 29 29 29
f:gg:fn:z;t 0.85 36 11 11 11 11 11 11 11 11
Lambs 0.85 23 7 7 7 6 6 7 7 7

Sows 0.42 150 23 23 23 23 23 23 23 23
Piglets 0.51 41 8 8 8 8 8 8 8 8

Horses 0.26 375 36 36 36 36 36 36 36 36
Young horses 0.26 175 17 17 17 17 17 17 17 17
Foals 0.26 60 6 6 6 6 6 6 6 6

:\?:ae;e()we'ghte‘j h:::;gsht;:ui\;e;i?seg);s 28 27 29 29 28 29 28 28
Goats 1.28 44 20 20 20 20 20 20 20 20
Minks NE NE 5 5 5 5 5 5 5 5

Foxes NE NE 12 12 12 12 12 12 12 12
Rabbits NE NE 8 8 8 8 8 8 8 8

Hens 0.96 4

Pullets 0.55 3

Chickens 0.55 1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Ducks/geese 0.83 4 1 1 1

Turkeys 0.74 5

Poultry weighted average from all 1 1 1 1 1 1 1

poultry subcategories
(@ Calculated with Tier 2, Eq. 10.31, 10.32 and 10.33 of the 2006 IPCC GuitieWeight in 1990 = 430 kg, in 2020 =
471.3 kg and in the years between interpolated linearly
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5.5.3 Emission Factors

The parameters and emission factors for the differergpgecies used in the-Now methodology are
taken from the 2019 EMEP/EEA Air Pollution Inventory Guidebook (Tables 3.8, 3.9 and 3.10) and an
extract is given imableb.29.

Table5.29 Proportion of TAN and other EF for N species used in-flosviinethodology, norexhaustive list

Livestock Prop.  Fraci Fraction Housing EFNB EFNB EFNO-  EFNO
TAN on ) period MMS N N N N
category solid .
(of N)  slurry REVS Housing storage storage storage
) slurry 0.24 0.25 0.01 0.0001
Dairy cattle 0.6 1 0 265 -
solid 0.08 0.32 0.02 0.01
slurry 0.24 0.25 0.01 0.0001
Non-dairy cattle 0.6 1 0 30 -
solid 0.08 0.32 0.02 0.01
slurry 0 0 0.001 0.0001
Sheep 0.5 0.35 0.65 200 -
solid 0.22 0.32 0.02 0.01
] ) slurry 0.27 0.11 0 0.0001
Swine-piglets 0.7 1 0 365 -
solid 0.23 0.29 0.01 0.01
) slurry 0.35 0.11 0 0.0001
Swine-Sows 0.7 1 0 365 -
solid 0.24 0.29 0.01 0.01
Goats 0.5 0 1 200 solid 0.22 0.28 0.02 0.01
Horses 0.6 0 1 51 solid 0.22 0.35 0.02 0.01
) slurry 0.41 0.14 0 0.0001
Laying hens 0.7 0 1 365 -
solid 0.2 0.08 0.002 0.01
Turkeys 0.7 0 1 365 solid 0.35 0.24 0.002 0.01
h I
Other poultry 0.7 0 1 365  soid 024 024 0002 001
(ducks)
Oth
er . 0.6 0 1 365 solid 0.27 0.09 0.002 0.01
(fur animals)

The emission factors used to calculate emissions,@iMduring manure storag@ able5.29) are

based on the default 2006 IPCC emission factors. While the IPCC emission factors are expressed as a
proportion of total N at excretion, the EMEP EEA smisfactors are expressed as proportions of

TAN in manure entering storage. In order to convert from the IPCC emission factors to the EMEP EEA
emission factors, the IPCC ones are divided by the proportion of TAN in ridruriering storage.

Further infomation can be found in the annex (Table A1.8) of the EMEP EEA 2019 Air Pollutant
Inventory Guidebook, chapter 3B Manure Management 2019. The addition of straw is quantified

using the default values from the 2019 EMEP EEA guidebook, Table 3.7, for allieatexcept for

sheep, goats and horses. For these categories the default values are adjusted for a different housing
period. For example, sheep have a default housing period of 30 days (Table 3.7 of the Guidebook) but
in Iceland it is 200 days. So, thefalult straw value of 20 kg/yr is multiplied by 200/30 to obtain

133.3 kglyr.

The emission factor for indirect emissions due to volatilizeg-Nlidnd NGN is taken from the 2006
IPCC Guidelines (Volume 4, chapter 11), EF4, and corresponds to OAENgKY NHCN + N@N
volatilised). Indirect emissions from leaking and runoff from storage are not estimated, further
information on this can be found in sectiérb.5.
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5.5.4 Emissions

N.O emissions from the manure management systems liquid/slurry andstolidge amounted to
33 tonnes MO in 2020 and 44 tonnes in 199Q2%%).

Emissions from liquid systems make up only a small part of total emissions from managed systems or
11% of total NO emissions from manure management systems in 2020. This is bebausmission

factor is twenty times lower for liquid systems than for solid storage. The majority of emissions in
2020 originated from the solid storage of sheep manure (79%), followed by solid storage of horse
manure (7%), poultry manure (3%), and fur aaimanure (0.3%).
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Solid storage (sheep, goatmSolid storage (horses) m Solid storage (fur animals)m Solid storage (poultry)

m Liquid systems m Pasture (cattle) m Pasture (sheep, goats)  m Pasture (horses)

Figure5.4 N2O emissions from manure managemgdntN20]

Figureb.4 shows NO emissions from liquiglystems and solid storage. It also includes emissions from
manure deposited directly onto soils from farm animals (Pasture). Although they are reported under
emissions from agricultural soils in national totals, they are included here to show their nagyintu
comparison to other emissions. In 20280Nemissions from manure spread on pasture by livestock
amounted to 140 tonnes. Emissions from sheep manure were 81 tonnes, emissions from horse
manure were 30 tonnes, and emissions from cattle manure amouttt@9 tonnes MNO.

Indirect emission from manure management due to the losses of volatilization of N resulted in a total
of 27 tonnes MO for 2020, decreasing by 13% from 31 tonnes in 1990.

5.5.5 Indirect Emissions from Leaching and Roffi from Storage

Whilst cetailed information is available regarding the N going into different manure stores, and the
losses to air during storage, Iceland does not have country specific data on the fraction of N from
manure storage that goes to leaching and-affi This countrnyspecific information is needed to

allow emissions from leaching and roff from storage to be calculated.

Having reviewed the approaches used in several other countries (Denmark, Sweden, Norway,
Finland) it is clear that there is a wide variety of apphescand assumptions that are used for
estimating this source (and in particular the fraction of stored N going to leaching araffjun

159



L National Inventory Report, IcelargD22

Consequently, it was not considered appropriate to arbitrarily take a value from-2@8/4drange that
is quoted in the2006 IPCC Guidelines. Notably no default fraction is given to support a Tier 2
calculation.

The approach that has been used assumes that there is no N loss to leaching-aficfrom stored
manure. This approach is expected to give rise to a smallestignate of NO emissions from the
agriculture sector. This is because instead of assigning N to leaching aoff, riine N is retained in
the stored N which is then applied to lagdjiving rise to emissions ob®. The EF for leaching and
run-off (0.0075kg NO-N / kg N leaching and ruwiff) is smaller than that from storage and/or
application (0.01 kg XD-N / kg N applied).

Leaching and ruoff that may arise from N inputs to agricultural soils are considered in 3.D Managed
soils.

5.5.6 Recalculations

5.5.6.1 Recalculations for the 2022 submission

The livestock characterization change within the poultry category leads to recalculations in nitrous
oxide emissions from manure management. As explained in paragr2phl poultry previously
categorised as broilers should, in fact, be categorised as laying hens for the whole timeseries
according to the poultry expert veterinarian at the Icelandic Food and Veterinary Authidrisy.

leads to a decrease of emissions in this category as can be s€ahl@b.30.

Table5.30 Recalculation for O emssions in tonnes from manure management for poultry due to the update
of livestock categorisation for 199019.

CRF 3B2.4 Poultry [t N.O] 1990 1995 2000 2005 2010 2015 2019
2021 v1 submission 1435 0560 0.888  0.900  0.644 0703  0.987
2022 submission 1341 0553 0.858 0.880  0.637 0.687  0.974
Change relative to 2azsubmission ~ -6.6%  -1.3%  3.3%  -22%  -10%  -24%  -1.3%

Consequently, there are also recalculations in the indirect emissions, as shdablé®.31.

Table5.31 Recalculation for indirect2® emissions in tonnes from manure management due to the livestock
update within the poultry category 990-2019.

CRF 3B2.§ Indirect emissiongt N>O] 1990

2021 v1 submission 3215 2771 2821 2713  27.74 2921  27.80
2022 submission 31.03 2762 27.86 2690 27.67 29.01  27.58
Change relative to 2a2submission 35%  -0.3% -12% -09% -03% 07% -0.8%

5.5.6.2 Recalculations for the 2021 submission

The main changes in the 2021 submission stem from the update of-flewiNmethodology from the

2016 EMEP/ EEA Air Pollution Inventory Guidebook to its newest 2019 editionti¢nlpgremission
factors for the NBN emissions in the different stages of manure management systems (housing,
storage, application and grazing) and for the manure types slurry and solid changed for some animal
categories. The emission factors foiO\N ND and N are unchanged compared to the 2016 edition of

the EMEP/EEA Guidebook. In addition, the update of the gross energy calculation for mature dairy
cattle (20132017) contributed also to recalculations (d&€.4.2.
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5.5.7 Uncertainties

The activity data uncertainty is based on the livestock number uncertainties, the manure
management system distribution, the difference between N excreted and N volatilisieti vgh

retrieved by applying Equation 3.2 of the 2006 IPCC Guidelines. The combination of all these activity
data uncertainties are combined using Equation 3.1 of the 2006 IPCC Guidelines and differ for each
animal category ranging fron64% forfur animdsto 59.0% forswine The emission factor

uncertainty is assigned to be 100% for all animal categodédssabased on Table 10.21, chapter 10,

vol. 4 of the 2006 IPCC Guidelines. The combination of activity data and emission factor uncertainty
producesthe following uncertainties for each CRF subcategory: 3B21 (cattlé), 18B22 (sheep)

103%, 3B23 (swine) 1%, 3B24 (all other animals) 201%.

Indirect emissions from manure management have a combined uncertainty of 412%, with 100%
uncertainty for actity data and 400% uncertainty for the emission factor following the indications of
Table 11.3, chapter 11, vol. 4 of the 2006 IPCC Guidelines. The complete uncertainty analysis is
shown in Annex 2.

5.5.8 Planned Improvements

Based on Icelar@ response t&JNFCCC review question20211SLQA198Amount of straw for solid
systems, it is planned to crosscheck the value used for the amount of bedding mdtariddiry
cattle with national expertise in Iceland.

5.6 Rice Cultivation (CRF 3C)

This activity is nobccurring in Iceland.
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5.7 Direct N20 Emissions from Managed Soils (CRF 3D1)

Nitrous oxide (BD) is produced naturally in soils through the microbial processes of nitrification and
denitrification. The following agricultural activities lead tgONemissionsrad are described in this
chapter:

1 Application of inorganic N fertilizer

Application of organic N fertilizer (animal manure, sewage sluolper organic fertilizers)
Urine and dung deposited by grazing animals

Crop residues

Mineralization/ immobilizatiorassociated with loss/gain of soil organic matter (not occurring
in Iceland)

i Cultivation of organic soils

=A =4 =4 =

These activities add nitrogen to soils, increasing the amount of nitrogen available for nitrification and
denitrification, and ultimately the amount &.O emitted. The emissions ob® that result from
anthropogenic N inputs occur through both a direct pathway (i.e., directly from the soils to which the
N is added), and through two indirect pathwaytkrough volatilisation as Ngnd NQ and
subsequentedeposition and through leaching and run@PCC, 2006Pirect NO emissions from
agricultural soils are described in the sections below, and indirect emissions are described in Chapter
5.8

5.7.1 Methodology

Direct NO emissions from agricultural soils are calculated applying the Tier 1 methodology from the
2006 IPCC Guidelines using the equation 11.1:

Equation 11.1
Direct NO emissias from agricultural soils (Tier 1a)
0 0 O O 'O zO0O0O O z0O "0 200
Where:
N2Obirect-v = Emission of #D in units of Nitrogen
Fsv = Annual amount of synthetic fertiliser nitrogen applied to soils, kg N/yr
Fon= Annual amount of organic N amendments (animal manure, sewage sludge) applied to soils,
Fcr= Amount of nitrogen in crop residues returned to soils annually, kg N/yr
Frrr= Amount of N deposited by animals at pasture, range, paddock, kg N/yr
Fos= Area of organic soils cultivated annually, ha
ER = Emission factor for emissions from mineralifes¢rs, organic amendments and crop residues, k
N20O-N/kg N input
ERrr= Emission factor for emissions from grazing animals, split by livestock typgQ®gf/itg N input
Efos= Emission factor for emissions from organic soil cultivation §kgNsha-yr)

5.7.2 Activity data

Iceland has implemented a nitrogdlow approach which better describes emissions gdNand
other N species) throughout the agriculture sector. ThitoW approach is based on the
methodologies presented in the 2019 EMEP/EEA Air Pollutsantory Guidebook but retains full
consistency with the higher tier methodologies in the IPCC 2006 Guidelines. The methodology
applied to manure management is described in earlier sections of this chapter and provides the
amount of N leaving manure stage (both slurry and solid) that is available for application to land.
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5.7.2.1 Inorganic N Fertilizer &N

All fertilizers imported to Iceland need to be registered by customs and the Icelandic Food and
Veterinary Authority (IFVA) has to be notified about eviergort or manufacture of fertilisers in the
country according to Icelandic laws 22/1994, 630/2007, 398/1995, 499/1996, 25/1993, 87/1995 and
regulation 479/1995 regarding the inspection of food, fertilisers and seeds, animal diseases and
prevention of themand relative changes. The Environment Agency receives a detailed list of the
inorganic fertilisers from the IFVA and the amount of N applied to soils is calculated from this
information which can also be downloaded from the website of Statistics Icélarable5.32

reports the nitrogen content in inorganic fertilizers and the associatgdl &missions from 1990

2020. Due to the nature of the import system, which registienports during one solar year,
A0201TLAEAYT 2F FTSNIATfAASNAR OFly 200daNE Sodos gKSy
during the same year. This explains the irregular trend of the imports, with periodic gaglas(

5.5). In addition, according to the expert at the IFVA, the peak in import of fertilizers occurred during
the financial boom in Iceland (20€008), after which the financial crig8009) and fall of the

currency is assumed to have caused the drop in imports in line with a sharp increase in the price of
imported goods.

Table5.32 Nitrogen applied in inorganic fertilizers to soils and élssociated emissions, 192020
1990 1995 2000 2005 2010 2015 2019 2020

N content in inorganic N fertilizgkt NJ 1247 11.20 12.68 9.78 10.88 11.65 10.38 1141
N2O emissiongkt N>OJ 0.20 0.18 0.20 0.15 0.17 0.18 0.16 0.18

5.7.2.2 Organic NFertilizer (N
Animal Manure Applied to Soils

Animal manure nitrogen, available from storage for application as a fertiliser, is calculated through
the N flow approach detailed in earlier sections of this chapter. The amount of N input deriving from
slurry and solid manure management systems takemftbe Nflow approach described in section
5.5is multiplied with the Tier 1 default emission factor from the 2006 IPCC Guidelines. Fluctuations
in the emissions ardue to fluctuations in yearly livestock numbégiable5.33).

Table5.33 Nitrogen input from animal manure, both slurrpasolid, applied to soils and associate®ON
emissions

1990 1995 2000 2005 2010 2015 2019 2020

N inputc slurry[kt N] 4.47 4.16 4.09 3.91 4.13 4.32 4.09 4.01
N inputg solid[kt N] 3.67 2.92 3.04 2.95 2.98 3.02 2.72 2.61
NoO emissiongkt NO| 0.128 0.111 0.112 0108 0.112 0115 0.107 0.104

Sewage Sludge Applied to Soils

The regulations 799/1999 (Regulation about handling of sewage sludge) and 737/2003 (Regulation
on waste management) define the type and modalities of the application of seghadge, which

can occur only after applying for a permit and after treatment of the sewage sludge. Strict rules apply
for the use in agriculture, such as for fertiliser for areas to produce feed and forage for animals.
Currently in Iceland, a few municifiges are using sewage sludge as an organic fertiliser for land

19 hitps://hagstofa.is/talnaefni/atvinnuvegir/landbunadur/aburdur/
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reclamation purposes in collaboration with the Soil Conservation Service of Iceland. A pilot project
has been carried out between 2014 in the Hrunamanndistrict and a report (only in é&andic)

is availablgJonsdéttir & J6hannsson, 201@)n unpublished report (Magnus H. Johannssemad

May 2020) from the Soil Conservation Service summarises quantities of sewage sludgecameini
(0.8%) used from 2012019. This data and data for the year 2020 (Magnus H. Johannsswil, e

August 2021) has been used in the current submission for calculating the emissions. Before 2012 no
application of sewage sludge on agricultural soils or for land reclamation purgoseswn. As can

be seen fronirable5.34 the emissions from the application of sewage sludge are low, with 0.103 t

N2O in 2020.

Table5.34 Nitrogen content of sewage sludge 202820 ard associated PO emissions
1990 1995 2012 2013 2014 2015 2019 2020

N in sewage sluddé N] NO NO 1.44 1.92 0.96 0.81 4,75 6.56
N2O emission§t N>OJ NO NO 0.023 0.030 0.015 0.013 0.075 0.103

Other Organic Fertilizers Applied to Soils

Research carried out in 2020 has shown that there are other organic fertilisers applied to soils and
emissions from this subcategory were added to the inventory for the first time in 2021. The
information derives from an unpublished report by the Soil @ovestion Service of Iceland (Magnus
H. Johannssonmail May 2020) and written communication (Magnus H. Johannsamie August
2021) reporting type and quantity of organic fertilizers used from for land reclamation
purposes and related dontents. In this category we report other organic fertilisers used by the Soil
Conservation Service for lamdclamation purposes: bone meal and afpduct of slaughterhouses,
stomach and gut contents of sheep. These fertilisers are applied only on ldachedion sites,

where grazing of domestic animals is excluded for the nexd®@earsin addition, compost

produced by one company in Iceland with a highddtent has been added to this subcategory.
Table5.35shows the Ncontent and associated® emissions from this category, reaching 2.68 t
N0 in 2020.

Table5.35 Nitrogen content of other organic fertilizers and asatai NO emissions
1990 1995 2000 2009 2010 2015 2019 2020 ‘

N in other organic fertilizerg N] NO NO NO 59 103 163 186 171
N2O emission§t N2OJ NO NO NO 0.93 1.62 2.56 2.93 2.68
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Figureb.5 Amounts of nitrogen from synthet{dl_fert)and organic fertilizer (animal maneysewage sludge
and other organic fertilizejsapplied to soilg]

5.7.2.3 Urine and Dung Deposited by Grazing AnimalB#

N deposited from anima at pasture, range and paddock is also determined by tHeWapproach
described in sectiob.5. The number of days animals spend outside are collected for the livestock
characterisation and are reported ahapter5.2.2 Default emission factors of 0.02 kgONN/kg N
deposited for cattle, poultry and pigs, and 0.01 k@Nl/kg N deposited for sheep and other animals
are applied Table5.36) to calculate the MO emissions fromhis category.

Table5.36 Nitrogen deposited by grazing animals (pasture, range and paddock) and associatedniésions,
19902020

1990 1995 2000 2009 2010 2015 2019 2020 ‘
N excretion, grazinfkt NJ 9.37 8.49 8.43 8.31 8.67 8.80 7.90 7.75

N20O emissiongkt N>O] 0.161 0.148 0.146 0.144 0.151 0.155 0.141 0.138

5.7.2.4 Nitrogen in Crop Residues Returned to Soils (FCR)

There are four Mixing crops cultivated in Iceland: potatoes, barley, beets and carrots. After harvest,
crop residues are returned to soils. The amount of residue returned to the soils is derived from crop
production data. Statistics Iceland has produstdata for the four crops. The amount of residue per
crop returned to soils is calculated using equation 11.6 from the IPCC 2006 Guidelines.

For the residue/crop ratio, dry matter fraction and nitrogen fraction, the IPCC default values are
used. Dry mattefraction defaults do, however, not exist for potatoes and beets. By expert
judgement, they are estimated to be 0.2 for both crops. No default values exist for carrots and,
therefore, beet defaults are applied. It is estimated that 80% of barley residisedsas fodder. Crop
produce amounts and associated.® emissions are shown kigure5.6.
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Figureb.6 Crop produce andssociated BD[t] emissions for 1992020
The amount of nitrogen in crop residues returned to soils was at its lowest in 1993, when it

amounted to roughly 5 tonnes and highest in 2008 when it amounted to roughly 27 tonnes. It must
be noted, however, that there is a very large difference in scate/den the amounts of nitrogen in

crop residues returned to soils and N amounts in synthetic fertiliser and animal manure applied to
soils. N inputs to soils from crop residues range between 10 and 20 tonnes per year, N inputs to soils
from synthetic fertiiser application ranges from 5,0@0L5,000 tonnes per year.

5.7.2.5 Mineralisation/Immobilisation Associated with Loss/Gain of Soil Organic Matter

This category does not occur (NO) in Iceland. As can be seen in CRF table 4B (LULUCF sector), there is
a carbon sbck gain (+) reported in land remaining cropland or in land converted to cropland, and
therefore there are no associatecd® emissions.

5.7.2.6 Cultivation of Organic Soils

In this category BO emissions from cultivated drained histosols, comprising mostly hdgfiand

from drained organic soils used for the grazing of animals are calculated. The areas of the organic
soils are calculated by the LULUCF team at the Soil Conservation Service and communicated to EA.
The areas and associatedNemissions are reportkin Table5.37.

Table5.37 Area of organic soilgkha] and associated D emissions, 1990020
1990 1995 2000 2005 2010 2015 2019 2020 \

Organic soikhistosols 65 65 65 65 65 65 65 65
Drained organic soilgrasslands 150 196 219 247 251 253 257 259
Total aredkha 215 261 284 312 316 318 322 324
N2O emissiongkt N,O] 0.205 0.237 0.252 0.272 0.275 0.276 0.279 0.280
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5.7.3 Emission factors

The emission factors applied in this category are taken from the 2006 IPCC Guidelines, Vol. 4 AFOLU,
chapter 11 and are reported ihable5.38. For urine and dung deposited by grazing animals two

emission factors are used based on the animal category: for cattle, poultry and pigs 0.82Mg N

per kg N is applied, while for sheep aatother animal categories the emission factor is 0.1 k& N

N per kg N. This has a particularly large impact on the emissions as sheep are a major source in the
agriculture sector.

Iceland uses two country specific emission factors; 0.99&g\¥ha/yr for the emissions from

cultivated drained histosols comprising mostly hay fields and 0.44®dNitha/yr for drained organic
soils used for grazing, for calculating the emissions from organic soils, which are tenfold lower than
the default emission factgoroposed by the 2006 IPCC Guidelines.

These values derive from the measurements gD fluxes in Iceland, carried out by Jon

Guomundsson from the Agricultural University of Iceland over a period of three years comprising
nine measurement sites with thregifferent land management types of organic soils: undrained

land, drained but not cultivated land and drained, cultivated and fertilized (hayfield land). In addition
to these sites, some measurements were performed in freshly tilled drained land. In861al,
measurements on plots with different land use were carried (@udomundsson J. , 2009he
measurements were carried out using a static chamber and a gas chromatograph measuring the gas
flux from the gas concentratioim the headspace of the chamber with time. Detailed information

about this study and the peculiarity of Icelandic soils can be found in Annex 9, which was produced
for the 2019 UNFCCC desk review as a response to a potential issue.

In view of the unique @amposition of Icelandic soils, with active volcanism playing a major role in soil
formation, the low emission factors are justifiecc@Nemissions are linked to the amount of
phosphorus and copper in the peat; if both P and Cu are low, they can li@igrbiduction even

though there is sufficient N available in the soil. The reason for low P content and intermediate Cu
content in Icelandic soils can be found in the mineralogic composition of Icelandic soils strongly
influenced by mostly basic volcanic parematerial, tephra, which weathers easily, releasing Al, Fe
and Si.

Table5.38 Emission factors used for the estimation of diregd¥missions from agricultural soils (CS: Country
specific)

N.O emission factor

[kg NO-N per kg Source
Inorganic N fertilizers EF1 0.01 Table 11.1 IPCC 20(
Animal manure applied to soils EF1 0.01 Table 11.1 IPCC 20(
Sewage sludge applied to soils EF1 0.01 Table 11.1 IPCC 20(
Urine and Dung deposited loyazing animals EFPRP 0.02 cattle, poultry, pigs Table 11.1 IPCC 20(
EFPRP 0.01 sheep and other
Crop residues EF1 0.01 Table 11.1 IPCC 20(
Cultivation of organic soils EFOS 0.99/0.44[kg NO-N/halyr] CS (Annex 9)
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5.7.4 Emissions

The directemissions from agricultural soils amount to 704 t @®Nn 2020and are slightly higher
thanin 1990 (690 t). The main fluctuations are due to the import and use of synthdéitiNzers as
can be seen ikigure5.7.
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Figure5.7 Direct NO emissions from Agricultural sdits
5.7.5 Recalculations

5.7.5.1 Recalculations for the 2022 submission

The livestock characterization change within the poultry category leads to recalculations in nitrous
oxide emissions from animal manure applied to soils, CRF category 3D1.2a. As explained in paragraph
5.2.4.1 poultry previously categorised as broilers should, in fact, be categorised as laying hens for

the whole timeseries according to the poultry expert veterinarian at the Icelandic Food and

Veterinary Authority Asthe nitrogen excretion rate for laying hens is higher, moving all animals
previously categorised as broilers to laying hens, increases the emissions slightly for the time series
19902019, or on average by 0.1% as can be sedialihe5.39.

Table5.39 Recalculation for PO emissions in tonnes animal manure applied to soils due to the update of
livestockcategorisation within poultry for 1992019.

CRF 3D1.2.@Animal Manure[t N,OJ 1990 1995 2000 2005 2010 2015 2019

2021 v1 submission 12756 11114 112.06 107.67 11169 11515 106.82
2022 submission 127.89 11117 11216 107.74 11172 11521 106.93
Change relative to 2aZsubmission 0.26% 0.02% 0.09% 0.06% 002% 005% 0.10%

Recalculations in the subcategamyitivated organic soilare due to changes in the areas of histosols
as reported by the LULUCF specialists. This leads to minor recalculations over the whole time series
19902019 with an average increase in emissions of 0.5% as can be Sewrias.40.
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Table5.40 Recalculations for the2 emission from the cultivation of organic soils due to minor changes in the
areas of histosols.

CRF 3D1.6 Cagic Soilgt N.O] 1990 1995 2000 2005 2010 2015 2019 |
2021 v1 submission 2050 2360 2512 2703 2724 2731 2756

2022 submission 205.0 236.5 251.0 271.9 274.6 275.6 278.4
Change relative to 202submission 0.0% 0.2% 0.4% 0.6% 0.8% 0.9% 1.0%

5.7.5.2 Recalculations for the 2021 submission

For the previous 2021 submission, several recalculations have been performed in this category for
the whole time series due to the update of parameters and emission factors of-fluaviN

methodology used to estimatéé nitrogen emissions from Manure Management, and from which
the quantities of Animal Manure Applied to Soils stem, and the update of activity data (for Sewage
Sludge and for Cultivation of Organic Soils) as well as emission factors for the calculations of
emissions in cultivated organic soils due to a typo in the emission estimation files (the emission
factor for drained hayfields has been updated from 0.96 to 0.99.kgNMha/yr for the whole time
series).

5.7.6 Uncertainties

The activity data uncertaintiesawy according to the used activity data. B¥11 horganic fertilizers

the uncertainty is 5% based on expert judgement and based on the fact that the amount of imported
N-fertilizers are part of national statistics. The activity data uncertainty for 3&ni&al manure

applied to soils is the maximum uncertainty of the activity data in 3B and is 56.1%, while for sewage
sludge and other organic fertilizers this uncertainty is 20% in light of the uncertainty of
completeness. For subcategory 3D13, Urine antydieposited by grazing animals the activity data
uncertainty is derived from the maximum uncertainty values used in 3B (livestock uncertainty,
distribution of manure management systems and N excretion) and is 56.8%. The activity data
uncertainty for cropresidues (3D14) derives mainly from completeness issues and is estimated to be
100%. For the subcategory Cultivation of organic soils (3D16) the activity data uncertainty is
estimated to be 20% based on expert judgement.

The emission factor uncertaintiésr NbO emissions are calculated using the lower and upper range
values of the default emission factors from the 2006 IPCC Guidelines, volume 4, chapter 11, Table
11.1 and amount to 233.33%.

The combined uncertainties of activity data and emission fa@ogshe following: 3D11 Inorganic
fertilizers 233.4%, 3D12 Organic fertilizers 844,.3D13 Urine and dung deposited by grazing
animals 24QL %, 3D14 Crop residues 253.9% and 3D16 Cultivation of organic soils 201%. The
complete uncertaintyanalysis is shown in Annex 2.

5.7.7 Planned improvements

Efforts will be made to assure the completeness of the inventory by improving the research of the
use of other organic fertilisers in the country. It has proved most efficient to contact the Soil
Conservabn Service of Iceland directly for data, because they are the predominant users of other
organic fertilisers in Iceland.
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5.8 Indirect N20O Emissions from Managed Soils (CRF 3D2)

Indirect NO emissions originate from three sources:

i1 Volatilization of N as Nddnd NG from agricultural fertilizers and manure and subsequent
atmospheric deposition.

1 Leaching and runoff of applied fertiliser and animal manure, crop residues, urine and dung
deposition.

9 Discharge of human sewage nitrogen into rivers or estuaries.

The &st source is reported under the waste sectdrgpter 7). The first two sources are covered
here.

5.8.1 Methodology

The amounts of N&HEN and N@N from synthetic fertilisers, animal manure applied to soils, urine and
dungdeposited by grazing animals and from the application of sewage sludge are calculated
separately and multiplied with the default IPCC emission factor (EF 4) of 0.00-kgpeér kg of NH

N & NON deposited is used.

A comparison of this method witthe IPCC 2006 Tier 1a (using FracGas) was carried out and the
proportion of synthetic N volatilised as dahd NO is only about 0.022 compared to the 0.1 assumed
with FracGasConsidering, however, that not much urea isdige Iceland, combined with the cool
climate and normal pH soils, this method seems more accurate.

A large proportion of nitrogen applied to agricultural soils can be lost through leaching and runoff.
This nitrogen enters groundwater, wetlands, riversg @ventually the ocean, where it enhances
biogenic production of pO. To estimate the amount of applied N that is leached or runs off, the
methodology in the 2006 IPCC Guidelines is usgdation 11.10) with default input parameters and
EFs.

Equation 11.0
N2O from N leaching/runoff from managed soils (Tier 1)

0 0 O O O 'O z°0Y0 O 200
Where:
N20L-~ = emission of BO-N produced from leaching and runoff of N additions to managed soils;®g |
N/yr

Fsn=annual amount of synthetic fertiliser nitrogen applied to soils, kg N/yr

Fon=annual amount of animal manure, sewage sludge and other organic N additions applied to s
N/yr

Ferr= amount of nitrogen deposited during pasture, range and paddark/gr

Fcr= amount of N in crop residues, kg N/yr

Fraceacwi= Fraction of all added N applied that is lost through leaching and runoff, kg N/kg N addi

The total amount of N input into soils is determined by methodologies explained in earlierseofi
this Chapter. It is then assumed that 30% is leached orotinghe IPCC 2006 default value). Indirect
N2O emissions from leaching and runoff are then calculated by multiplying the resulting nitrogen
amount with the emission factor from the 200B8CC Guidelines for estimating indirect emissions due
to leaching and runoff of XD.
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5.8.2 Activity Data

5.8.2.1 Atmospheric deposition

The atmospheric deposition includes emissions from livestock manure applied to soils and deposited
during grazing, from the use of inorganic and organfemilizer and crop production. This data is
calculated in sectiob.7. From 1990 to 2020, volatilized nitrogen from agricultural inputs diminished

by 10% or from 2,425t in 1990 to 2,194 t in 2020.

5.8.2.2 Leaching and Runoff

The amount of N input (deriving from the applica of inorganic and organic-fértilizers, manure

and dung deposited by grazing animals and from crop residues) lost to soils through leaching and
runoff is calculated by summing all the agricultural inputs and applying the default 30%A&#xc

This amount has diminished by 13% from 8,999 tonnes in 1990 to 7,791 tonnes in 2020.

5.8.3 Emission factors

Table5.41 reports the emission factors and parameters used for thiewation of the indirect
emissions. They are all default values from the 2006 IPCC Guidelines, Volume 4, Chapter 11.

Table5.41 Emission factors used for the estimation of indiregd dmissions from agrittural soils

N>O emission factor Source ‘
N Volatilisation and
EF4 .01 [k N / (kg NHGN + NQgN volatili Table 11.3 IPCC 2
redeposition 0.01[kg NOGN / (kg NHCN + NGN volatilised) able 11.3 IPCC 200€
Leaching and runoff EF5 0.0075[kg NOgN / (kg N leaching/runoff) Table 11.3 IPCC 200€
Fragechn 0.3[kg N (kg N additions or deposition by grazing anirhe Table 11.3 IPCC 200€

5.8.4 Emissions

The development of indirectZ® emissions from 199P020- after conversion from nitrogen to

nitrous oxide- is shown irFigure5.8. N;O emissions amounted to 126 tonnegNin 2020, which is
12%lower than the 1990 emissions of 144 tonnes. The general slight downward trend in emissions
was reversed from 2006 to 2008, when high amounts of synthetic fertiliser application caused an
increase in indirect )0 emissions from agricultural soils, above #9890 level.
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Figureb.8 Indirect NO[t] emissions from agricultural soils.
5.8.5 Recalculations

5.8.5.1 Recalculations for the 2022 submission

An issue was raised during the 2021 UNFCCC Review (Question 20211SLQwi@&nSoof
FracGASF and FracGASM). Consequentirnal consultants at Aether performed a quality check of
the 3.D calculations and discovered an error in the calculation ef\N&hd NN from sewage

sludge and other organic fertilisers. This issae how been resolved and resulted in a slight change
in the volatilized N from agricultural inputs of N and conseque Bmissions reported under CRF
category 3.D.2.1 Atmospheric Depositidiable5.42).

Table5.42 Recalculation due to erram previous calculations 3.D.2.1 Atmospheric Deposition.
CRF 3D2.1 Atmospheric ddip.N,O] 1990 1995 2000 2005 2010 2015 2019

2021 v1 submission 37.72 34.97 35.33 33.50 34.98 36.38 34.23
2022 submission 38.11 35.00 35.45 33.58 35.15 36.68 34.59
Change relative to 2A2submission 1.0% 0.1% 0.3% 0.2% 0.5% 0.8% 1.0%

5.8.5.2 Recalculations for the 2021 submission

For theprevious 2021 submission, the changes in the estimates@©fdifect emissions from

agricultural soils (3D1) and the connected changes within the sector Manure Management (3B) lead
to recalculations

5.8.6 Uncertainties

For atmospheric depositioestimated combined uncertainty is 412%, with an activity data
uncertainty of 100% and emission factor uncertainty of 400% where the latter one is calculated
based on the upper and lower ranges of Table 11.3, chapter 11, volume 4 of the 2006 IPCC
Guidelines
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For nitrogen leaching and reoff, the estimated combined uncertainty is 510% with an activity data
uncertainty of 100% and an emission factor uncertainty of 500% based on expert judgement.

5.8.7 Planned Improvements

During the 2021 UNFCCC review Icelandemasuraged to take steps to define an appropriate
FracLeachMS value for Iceland and include estimates for indirect N emissions from leaching and run
off in the inventory, along with a justification of the methodology and assumptions used in the
calculatiors (Question 2021ISLQA73). Such research requires resources and time which are at the
moment not available. Preliminary steps to look into defining a country specific FracLeachMS will,
however, be taken for the next submission.

5.9 Prescribed Burning of Savansg§CRF 3E)

This activity is not occurring in Iceland.

5.10 Field burning of agricultural residues (CRF 3F)

According to Act Nr. 40/2015 (Law about the treatment of fire and fire prevention) and Regulation
Nr. 325/2016 about the treatment of fire and fire prew@n, agricultural field burning needs a
permit from the district commissioner in Iceland. In general, field burning is not permitted, but
farmers and landowners of land where agriculture is practiced, can apply for a permit for burning
between the T of April and ® of May each year, provided the purpose is justified. The district
commissioner can, after consultation with the MinistifyfFood, Agriculture and Fisherjest a
different date for burning which, however, needs to be within the period df dBMarch and 18 of
May each year. It is, however, altogether forbidden to practice field burning in areas where public
danger may result or nature, bird life, moss, heaths, forests or human developments could be
damaged®. A repealed regulation Nr. 81993 (regulation about field burning and treatment of fire
in open country) states the same as the newer law.

The nine district commissioners of Iceland have been contacted and data about issued and fulfilled
permitshas beercollectedfor the period1990-2020 Table5.43reports the results from the enquiry

carried out during the year 2019 and again in 2021. Currently not enough activity data is available to
estmateSYAadaA2ya FTNRBY FASER O0dz2NYyAyId ¢KSNBEF2NB> LOS
estimated. It is planned to improve the knowledge in this field and provide an estimation for the next
submission.

2https://www.syslumenn.is/thjonustagyfi-og-loggildingar/leyfitil-sinubrennu/
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Table5.43 Data collection regarding the occurrence of field burning of agricultural residues
Sudurnes (SW) No permit given 1992020
Hofudborgarsvaedid (Capital area) No permit given 1992020
Vesturland (W)

Vestfirdir (Westfjords)

Nordurland vestra (NW) 1 permit given in 2015, 2 permits given in 2016
Nordurland eystra (NE)

Austurland (E) 4 permits given between 1992020
Sudurland (S)

Vestmannaeyjar (Westman Islands) No permit given 1992020

5.11 CO2Emissions from Liming, Urea Application, Other Carbon Containing
Fertilizers and Other (CRF 3G, 3H, 3I, 3J)

Combined Cgeemissions from liming (3G), urea application (3H) and other carbon containing
fertilizers (31) account for 1% of the total GHG emissioom the Agricultural sector.

5.11.1 Methodology

Tier 1 methodology from the 2006 IPCC Guidelines, Volume 4, Chapter 11 is applied for all three
subsectors.

Equation 11.12
Annual C@emissions from lime application (Tier 1)
00 600a™Qi i Q& ¢ 200 0 200
Where:
1 CQ-C Emission = emission of C from lime application, t C/yr
1 M = annual amount of calcitnestone (CaC#por dolomite (CaMg(CO3)2), t/yr
i EF = emission factor, t of C/ t of limestone or dolomite

Equation 11.13
Annual C@emissions fromureaapplication (Tier 1)
80 606Qi i MEzE00
Where:
1 CQ-C Emission = emission of C from uapalication, t Clyr
1 M =annual amount of urea fertilisation, t/yr
i1 EF = emission factor, t of C/ t of urea

After applying the equations, GQ is converted to GDy multiplying with 44/12.
5.11.2 Activity data

5.11.2.1 Liming

Data on liming is based on sold Ca@ imported synthetic fertilisers containing chalk or dolomite.
Although the ratio of calcifying materials is low in these fertilisers the amount of fertilizers applied
make this source relatively large in terms of emissions. Activity data about importeddimees
dolomite and synthetic fertilizers are registered through the customs system and obtained either
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from Statistics Iceland or from the Icelandic Food and Veterinary Authority (IFVA). It was possible to
complete the time series 1992003 for limestone ¥ an update in data collection from Statistics
Iceland. Data for dolomite is not available before 2002. However, based on expert judgement from
specialists at the Agricultural University and the Icelandic Agricultural Advisory Centre received in
2021, thee was neor very littledolomite usel during these years. Therefore, it is now estimated as
not occurring for the period 199R2002. It is assumed that all liming occurs on cropland and that the
bulk occurs on organic soil as the pH of mineral soils isrgéy so high that liming is unnecessary.
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Figure5.9 Data on the amount dfimestone dolomite andshellsand[t] sold 19962020
The peak in imports afolomite in 2020 is due to a significantrease in imports by one distributor

according to information received from the Food and Veterinary Authority. The distributor intends to
encourage a significant calcification effort by Icelandic farmers which is taking place frol2@22.1
Calcificatim improves the uptake of nutrients from fertilisers in soils significantly and, therefore, soils
at the optimum pH level (5.5 pH to 6.0 pH for grassland) require much less fertilisation than soils at
sub-optimum pH levels!

5.11.2.2 Urea Application

Activity data about imported urea fertilizers are registered through the customs system and obtained
either from Statistics Iceland or from the Icelandic Food and Veterinary Authority (IFVA). Urea
fertilizer imports showed a sharp increase from 2014 onwadd after some research and meetings
with the customs authority it was found out that urea used as an additive for selective catalytic
reduction for diesel vehicles was registered on the same custom number as the urea used as
fertilizer. The figures repted until the 2020submissionreporting year 2018)vere therefore

updated by deducting the amount of urea sold as-8@ditives which have been directly collected

from the oil distributing companie@igure5.10). Fromthe year2020 onwards, there are different
custom numbers and this issue should not be of concern anymore.

2! https://www.yara.is/kolkuner-grundvallaratridithegarkemurad-godri-upptoku-naeringarefna/
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Figureb.10 Import data of urea fertilizersa0-2020[t], comparison between 2022 and ZD&1bmission

5.11.2.3 Other Carborcontaining Fertilizers

In this subsector the use of shell sand as a liming agent is estimated. Shell sand contains 90% of
CaC®and is naturally available from Icelandic seashoresthark is no system in place at the
moment registering the amount of shell sand used by single farmers. Activity data is derived from
distributor sales numbers. No activity data are available from 183IP. However, based on expert
judgement from specialis at the Agricultural University and the Icelandic Agricultural Advisory
Centre received in 2021, there was-mw very littleshell sand usé during these years. Therefore, it

is now estimated as not occurring for the period 199W2.

5.11.3 Emission factors

Default emission factors from the 2006 IPCC Guidelines, Vol. 4, Chapter 11 for limestone, 0.12 and
dolomite, 0.13, are used. For shefind an emission factor of 0.11 is applied. The emission factor for
the application of urea fertilizers is 0.20.

5.11.4 Emissios

The C@emissions due to liming of cropland are calculated by conversion of carbonated carbon to

CQ. CQemissions from liming amounted to 1.9 kt in 2020, E€Rissions frondolomite increased

from 0.02 kt in 2019 to 1.97 kt in 2020 (CRF 3G). Dolomite emissions, therefore, increased by 7,783%
in the past year. The peak is explained in seddidi.2.1 CQ emissions fromurea are 0.19 kt (CRF

3H) andother carbon containing fertilisers (sheknd) 1.43 kt (CRF 3l). Other (CRF 3J) is not occurring
for the timeseriesFigure5.11 reports the C@emissions from the whole time series available in the
current inventory. For the years 192002 liming and shedland application is not occurring.
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Figureb.11 CQ emissions from liming (limestone and dolomite), urea application and other carbon containing
fertilizers (shell sand).

5.11.5 Recalculations

5.11.5.1 Recalculations for the 2022 submission
There were no recalculations in this category for the 2022 submission.

5.11.5.2 Recalculations for the 2021 submission
For the previous 2021 submission recalculations were carried out for liming (3G) and urea application
(3H) due to an update of activity data.

5.11.6 Uncertainties

For liming, urea application and other carbon containingjlfeers the activity data uncertainty is

50% based on expert judgement in light of completeness and data retrieval issues. The emission
factor uncertainty for C@s 0 based on the 2006 IPCC Guidelines in which by using Tier 1 method it is
assumed that hC contained for example in lime is emitted as CO2 to the atmosphere which is a
conservative approach and implies that the default emission factors are considered certain given this
assumption. The combined uncertainty for each category is therefore BB&complete uncertainty
analysis is shown in Annex 2.

5.11.7 Planned Improvements

During the 2021 UNFCCC centralised review, a question was asked about ammonjtreséerg
2021ISLQA198). According to the NIR ammonitrates are used in Iceland and, althssglutoe is

not mentioned in the 2006 IPCC GL nor the 2019 IPPC refinement, it is now reported by some Parties.
We contacted the expert at the Food and Veterinary Authority in Iceland, which is responsible for
giving permits for importing and registeringese imports in Iceland. The response was that calcium
ammonitrates (CAN) are not imported alone, but in fertiliser blends, which makes it difficult to
extrapolate a time series of only CAN imported.
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Nevertheless, the expert provided an estimation of CyNarted in 2020, which was approximately
22,206 t CAN. If it is assumed that CAN has 27% of N, the portion of limestonedsx b —

¢ o Kinformation given during an EU Capacity Building Webinar). That resujtsite ¢ &g T
ulp Tt §of limestone. Appling the default emission factor of 0.12 t £O't (2006 GL, Vol. 4, Ch. 11)
and the conversion factor of 44/12 we obtain emissions of 2,247.€ Q.25 kt C&, which is
slightly below the threshold of significance of Icelan@.6 kt CGe).

Theconservative approach in this estimation shows that the emissions could be significant and
should be added to the inventory. To perform exact calculations and obtain a complete timeline,
however, more research is necessary. It needs to be ensured that theo double counting of
emissions and data providers for limestone use need to be contacted regarding this issue. This
matter is on the improvement plan for the next submission and the goal is to obtain satisfactory
activity data by that time.
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6 LandUse, LandJse Changes and Forestry (CRF sector 4)

6.1 Overview

In this sector emissions and removals related to land use, land use changes and forestry (LULUCF),
are reported. The categorization of land use is according to 2006 IPCC guidelines (IPCC 2006). This
defines six main land use categories and coriwassbetween them. Emissions and removals of GHG

are reported for all managed lands within these categories according to guidelines given in Volume 4:
Agriculture, Forestry and Other Land Use of the 2006 Guidelines (IPCC, 2006), hereafte2@@6ned
AFOLWGuidelines, and the 2013 Supplement to the 2006 Guidelines: Wetlands (IPCC, 2014),
hereafter named 2013 Wetland Supplement. The Soil Conservation Service of Iceland (SCSI) and the
Icelandic Forest Research (IHR) research division of the Icelandic Fdr8srvice (IFSre

responsible for preparing the inventory for this sector.

rty2ad on 22 2F GKS G2t FNBF 2F LOStFYyR Aa AyOf
Grassland. Land categories are changed considerably in the 2021 submission as part of the Other
fryR OF(iS3I2NE Aa y2¢ dzy R SHMewd@dEvaiahle foryhR gedr's¢ KA & OKI
submissionFigure6.1 shows the relative division of the area of Iceland to the six main land use

categories reprted.

Forest land Cropland
1% 1%

Other land

31%

Settlement —
o Grassland
58%
Wetland
9%

Figure6.1 Relative size of land use categories in Iceland according to IGLUD land usethapd?6ther land
use estimates available for the reporting.
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Both emissions from sources and removalsinks are reported for this sector. The net contribution
of the main land use categories is summarizeBigure6.2.

kt COe
-1000 1] 1000 2000 3000 4000 5000 6000 F000
4.A Forest Land -51 I:
4B Cropland | 1
4.C Grassland

4.0 Wetlands

4.k Settlements

Figure6.2. The net emissions/removals of land use categdkie€Qe] in 2Q20. Emissions from Other land (4F)
and Harvested wood products 4(G)are not included in this graph. Since |&3tsrdanission, theJ®

emissions from Croptal management of organic soils are reported under the Agricultural sector and are not
included here.

The total gross emissions reportace 11,645.8kt CQe andthey aredominated73.1%by 8,518.4kt

CQe emissions related to drainage of organic soilsstiydncluded under Grassland, Cropland and

to a small extent Forest land. Another important emission compoonéa#.4%or 2,841.3kt CQe,

are themethane emissiosifrom managed wetlands. The remaining reported emissions are assigned

to biomass burning, hydropower reservoirs @;@sses of soil organic carbon (SOC) from mineral

soils, and loss of biomass due to conversion of land to Settlements. The removaldxepiniked is

by sequestration of carbon to wetland®.9%or 1,244.&kt CQ, to biomass and SOC in revegetation
27.5%0r 686.1kt CQ, and to biomass and SOC in for28t8%or 517.8kt CQ. Other contributing
components total oft.1%include: increase i8OC of mineral soils in some Cropland, increase in

biomass and mineral soil SOC in Natural birch shrubland, increase in biomass of abandoned Cropland.

Compared to last year the net emission reportedtfoer LULUCSEector haslecreasedrom 9, 072.06
kt CQe t09,009.76kt CQe. New area estimate @omeland-use categories is included in this
submission explains most of the changgable6.1 summarizeshe GHG emissions in kt eJor the
LULUCEF sector from 1990 to 202Z0@tal GHG emissions in 2020 é&d.% below total GHG emissions
reported for the year 1990.

The CRF tables are prepared through new version of the CRF reporter (versSarnie®.
information on all categories Isdhe same structure as in the 2@ submission.
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Table6.1 GHGemissionsn LULUCF sector 192020, [kt CO2¢

GHG 1990 1995 2000 2005 2010 2015 2019 2020 \
!/ hi 5759.2 5736.6 57714 5829.6 5857.1 5741.6 5662.3 5651.4
1] 3439.4 3438.1 3422.1 3401.7 33749 3364.4 3356.9 3357.4
bi h 0.2 0.4 0.6 0.8 0.9 1.2 1.0 1.0
Total 9198.9 9175.1 9194.1 9232.1 92329 9107.1 9020.1 9009.8
Emissions increases/

reductions(yearbase -0.3% -0.1% 0.4% 0.4% -1.0% -1.9% -2.1%
year)/base year

6.1.1 Methodology

The present CRF reporting is based on: land use as recorded in the Icelandic Geographical Land Use
Database (IGLUD), activity data and mappingftorestation and deforestation from the Icelandic

Forest Research (IFR), maps of natural birch forest and shrubland from the IFR, activity data (incl.
active grazing ams), and maps on revegetatipoompiled or collected bthe Soil Conservation

Serviceof Iceland (SCSljime series of Afforestation, Reforestation, and Grassland categories,
including revegetation, drainage and cropland abandonment, and of reservoirs are based on data
from IFR, the Agricultural University of Iceland (AUI), Registeasitté@RI1)/ the Icelandic Agricultural

l ROA&2NE / SYGNB oL!'!' /0 FyR [ YRAaJDNddedidelfRatab | G A2 Y|
on biomass burning is based on area mapping of the Icelandic Institute of Natural History (IINH) and
biomassestimation for relevant land categories was obtained through IGLUD field sampling
Guomundsson et a{2010). The project was designed to provide two typesdata: 1) land use
classification data for both geographicatigitifiable categories and relative dimensions of land use;

2) data on the size of different carbon pools inside each land use category. The project enabled a
classification build on available geographical maps and a classification according to fielthidata

in addition, proposed that field data could be applied to determine relative division size of
subcategories.

Considerable changes were made to IGlfdihe 2022 SubmissiofTable6.2). The IGLUD map now
consists of 99 categories, of which 69 belong to the Habitat Type Map (HMle is no specific
information regarding uncertainties for the habitat type classification. However, this is being
assesed by Grdnd (National Soil and Vegetation Monitoring Program: https://grolind.is/; an
independent research prograsoordinated by the SQSThe other 30 are from the SCSI, IFR,
Ministry of Industry and Innovation, Landsvirkjun, the National RegisteyiNational Land Survey of
Iceland and the Agricultural University of Icela@xhe of thechanges made to the IGLUD map is the
reintroduction of 13 Icelandic Farmland Database (IFD) cla$héesis necessary following the
deletionofthe HMI layer L14.&t / 2 Yy & G NHzOU SRE AYRAzZAGNALF £ FyR 20 KSNJ
mappingthat left gaps in now replaced with IFD datheTFDdata used hadomparable
IGLUD/LULUCEF classification of the land surface for the IGLUD database / mapping

In the IFD, the classification method was supervised classification adjusted to ground truth sampling
points to reach reasonable certaintywhereasn the HMI, tke classification is automatic ISODATA
(Lillesand, Kiefer, & Chipmann, 2084y classes correlated to on ground classification.

The Habitat Type Map (HMI) adopted in 2019 as the IGLUD base map, is a hybrid map applying
remotea Sy aiAy3d 2F wl LA R9 & Su -2818,b& &lsb athieSavallaple im&H&tE FNB Y +
such as SPE&from 20022010, and LANDSA&Trom 20132016(0ttésson, Sveinsdottir, &
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Hardardéttir, 2016)As for the Habitat Type Map (HMthe IFD is a hybrid map applyiagilable

imagery from SPGF, SPOR and Landsat DOther data used includes various other available data

and direct mapping on aerial photographs, as necessary due to current data gaps. The HMl is

updated regularlyand KA a &SI NJ Wwa adzoYAdairzy NBFfSOGa OKIy3s

In preparing the IGLUD land use map, other map layers, also included in previous versions, are still
utilised. This includes map of Grassland on Drained (organic) Soils, map of Resaao of

Revegetated Land (with its subcategories), map of Forest Land (with subcategories), map of Cropland
(with subcategories), map of Birch Shrubland, and Settlement. Ereill some discreparies

between these layers that will be addresseduture submission as an effort to improve the overall
quality and accuracy and to comply with current guidelines.

Maps of Forest Land: The HMI map layer is map of forest from the IFR from the yeaf20h%ap

layer currently applied in the IGLUD map eegents all cultivated forest up to and including2R0In

0§KS OdzNNBy G adzoyYAaairzy (GKS YI LIZult®afed forasnNiefaré f I y R |
199¢ ®wKS 1 aL OFGS3I2NE daAESR C2NBad LIXFydliAzya oL
cutiivated forest than the version included in IGLUD. Accordingly, the latest map of cultivated forest

is ordered higher in the map layer hierarchy than the HMI map layer. The area of the HMI layer
GarAESR C2NBaid tftlyidl A2y atvated oies iy dategorizediakother LINS & Sy (i
Grassland.

Map of birch shrubland: In HMI the map layer Birkiskdgur (Birch woodland) includes the two
categories of birch woodland in IGLUD but categorized to different land use categories. The natural
birch woodlandeaching average height of 2 m or more at maturity, categorized as Forest land and
natural birch woodland reaching height less than 2 m, categorized as Grassland. These maps are
updated annually by the IFR with last update i 2Accordingly, the categg Birch woodland < 2

m is ordered lower in the IGLUD compilation hierarclmythe current submission the map of birch
AKNHzo £ | YR Ay Of edivatad foieks Befote CBE@ I & SNJ &

al LJ 2F / NRLX FYRY ¢KS | aL f I &3NJIoy/RIzERRAYB-AHSARD K3 NaAAG
represents Cropland in IGLUD, was originally prepared from AUI data of cultivated land with addition

of data layers representing new cultivations and renewals of older hayfledded orsubsidesby

the government, obtaiad from the Icelandic Agricultural Advisory Centre (IAAC). The current

submission also includes additional data now available from RI (including abandoned cropland).

Major changes were made in Settlements. The SCSI has prepared four new urban areas maps in a
certain time resolution, i. e 1990, 2000, 2010 and 2020. Maxar Satellite Images, aerial images from
National Land Survey of Iceland and Loftmyndir ehf were usetthéopurpose. As described above in

GKAA OKFLIISNE GKS laL tFreSNI[mMnodm a/ 2yaiNHzOiSR:
from the habitat mapping. However, since new urban maps produced by the SCSI could not fit

entirely the replaced HMayer, the Icelandic Farmland Database (IFD) was used for this purpose

which appeared to have comparable IGLUD/LULUCEF classification of the land surface for the IGLUD
database / mapping.hie new Settlements map layer included towns and villages whermianum

of 200 inhabitantss required. Roads map layer has a buffer zone ranging fror12.6 m from

central line.
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Table62a l LJ f I @ SNA |

LILX ASR T2NJ KA A

& S| NI &rcHylTheRabldza S Y I LJ I

Forestland  Cultivatedforest 19962020  Not HMI category Not HMI category/ 3
Cultivated forest before 199C Not HMI category Not HMI category/ 4
Icelandic Farmland Databas

(IFD) Cultivated forest Not HMI category Not HMI category/ 25
before 1990
Natural BircHorest Not HMI category Not HMI category/ 5
Cropland Harvested croplands 2020 Not HMI category Not HMI category/ 13
Harvested croplands 2019 Not HMI category Not HMI category/ 14
Harvested croplands 2018 Not HMI category Not HMI category/ 15
Harvested croplands 2017  Other land types Not HMI category/ 16
/ NBR LJ I yR 2 Otherland types Not HMI category/ 17
/ NP LJ I yR Ayl C Otherland types Not HMI category/ 18

Grassland Revegetatefglggd SCSI befo Not HMicategory Not HMI category/ 6
Revegetatezdolslg d SCSI 199 Not HMI category Not HMI category/ 7
Farmers rezgggta“o” before ot HMI category Not HMI category/ 8
Farmers rez"gggtat'on 1990 Not HMI category Not HMI category/ 9

Natural Birch shrubland Not HMI category Not HMI category/ 12
Croplands Other land types L14.2 Other land types 19
Icelandic Farmland Databas
(IFD) Grassland Not HMI category Not HMI category 20
Icelandic Farmland Databas
(IFD)Richly vegetatated Not HMI category Not HMI category 21
heath land
Icelandic Farmland Databas
(IFD) Cultivated land Not HMI category Not HMI category/ 22
Icelandic Farmland Databas
(IFD) Poorly vegetatedieath  Not HMI category Not HMI category/ 23
land
Icelandic Farmland Databas
(IFD) Birch shrubland Not HMI category Not HMI category/ 24
Icelandic Farmland Databas
(IFD) Moss land Not HMI category Not HMI category/ 26
Icelandic FarmlanBatabase
(IFD) Partially vegetated land Not HMI category Not HMI category/ 29
Grassland on drained soils Not HMI category Not HMI category/ 35
Other Grassland [Grazing Fell fields,
areas / Grassland without moraines and L1.6lcelandic inland dunes 36
grazing] sands
Expossi(ijlsaeollan L2.1 Icelandic exposed andic soi 37
River plains L4.2 Icelandic braided river plain: 38
Moss lands L5.3 Moss and lichen fjell fields 39
Lava fields L6.4 Icelandic lava field shrub 40
heaths
Coastal lands L7.1 Ice!andlc sand'peach e
perennial communities
L7.4 Northern fixed grey dunes 42
L7.7 Atlantic sealiff communities 43
Grasslands L9.1 Icelandic Carex bigelowii 24
grasslands
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Habitat type/or
other map layer

Compilation
hierarchy

Subcategories

Habitat type class

category

L9.2 Insular Nardu&alium

45
grasslands
L9.3 Wavy haigrass grasslands 46
L9.4 Boreal tufted hairgrass 47
meadows
L9.5 Icelandic Festuca grasslanc 48
L9.6 Boreesubalpine Agrostis 49
grasslands
L9.7 Northern boreal Festuca 50
grasslands
Heathlands L10.1 Icelandic Racomitrium gras 51
heaths
L10.2 Arctic Dryas heaths 52
L10.3 Icelandic Carex bigelowii
heaths 53
L10.4 Icelandic Empetrum Thymt 54
grasslands
L10.5 Icelandic lichen Racomitriu
55
heaths
L10.6 NorthAtlantic borecalpine
56
heaths
L10.7 Oroboreal mogdwarf
willow snowbed communities 57
L10.8 North Atlantic Vaccinium 58
EmpetrumRacomitrium heaths
L10.9 Icelandic Salix lanata/S.
S 59
phylicifolia scrub
L10.10 Oroboreakillow scrub 60
Woodlands L11.13 subclasses of Birch wooc 61
Other land types  L14.3 Mixed forestry plantations 62
Other land types  L14.4 Land reclamation forb field 63
Wetland Reservoirs Lang:jﬁij‘aor:rz AU Not HMI category 1
'Ce'?Flflgc}';a;':i'%;‘;g:éabas' Not HMI category Not HMI category/ 27
Icelan(zllggf w(laettlr;?lcg)atabas Not HMI category Not HMI category/ 28
Ice:?;g;: LZ?(rerrs“aarr:?j 23;?:615' Not HMI category Not HMIcategory/ 31
Lakes Standing waters V1 33
Rivers Running waters V2 34
Coastal wetlands Coastal lands L7.5 Atlantic "?Wer shore 64
communities
L7.6 Icelandic Carex lyngbyei sa 65
meadows
Mires and fens Wetlands L8.1 Philonoti§_axifraga stellaris 66
springs
L8.2 Icelandic stiff sedge fens 67
L8.3 Cottonsedge marghns 68
L8.4 Juncus arcticus meadows 69
L8.5 Boreal black seddmown 70
moss fens (high altitude)
L8.6 Boreal black seddmown 71
moss fenglow altitude)
L8.7 Aapa mires 72
L8.8 Palsa mires 73

184




National Inventory Report, Icelar&D22

L8.9 Icelandic black sedgeown 74
moss fens
L8.10 Icelandic Carex rariflora 75
alpine fens
L8.11 Common cottograss fens 76
L8.12 Icelandic black sedfeown 77
moss fens
L8.13 Basicline bottle sedge 78
quaking mires
L8.14 Icelandic Carex lyngbyei fe 79
Geothermal wetland Geothermal lands L12.1 Geothermal wetlands 80
Settlements Settlements Not HMI category Not HMI category 10
Roads Not HMI category Not HMI category 11
Icelandic Farmland Databas:
(IFD) Sparsely vegetated  Not HMI category Not HMI category 30
land
Icelandic Farmland Databas
(IFD) Uncategorized, islands Not HMI category Not HMI category 32
and reefs
Other land Fell fields, L1.1 Sparsehor unvegetated
Other Land moraines and habitats on mineral substrates no 81
sands resulting from recent ice activity
L1.2 Sparsehor unvegetated
habitats on mineral substrates no 82
resulting from recent ice activity
L1.3 Oroboreal Carex bigelowii 83
Racomitrium mosseaths
L1.4 Glacial moraines thh very 84
sparse or no vegetation
L1.5 Volcanic ash and lapilli field 85
Screes and cliffs L3.1 Icelandic talus slopes 86
L3.2 Icelandic Salix herbacea 87
screes
L3.3 Icelandic Alchemilla screes 88
River plains L4.1 Unvegetated or sparsely 89
vegetated shores
Moss lands L5.1 Boreal moss snowbed 90
communities
L5.2 Icelandic Racomitrium
S 91
ericoides heaths
Lava fields L6.1 Barren Icelandic lava fields 92
L6.2 Icelandic lava field lichen
93
heaths
L6.3 Icelandic lava field moss
heaths 94
Coastal lands L7.2 Upper shingle b_eaches witk 95
open vegetation
L7.3 Atlantic embryonic dunes 96
Geothermal lands L12.2 Geothermal heathlands 97
L12.3 Geothermal alpine habitats 98
L12.4 Geothermal bare grounds 99
Glaciers, rock glaciers and-ul L13.1 Glaciers, rock glaciers ant
vegetated icedominated Glaciers un-vegetated icedominated 2
moraines moraines
M / NRPLXELFYR 20KSNYXY hiKSN) OdzZ GAGFG0SR FASEtRRA O0K2NIAOdzZ (dz2NB 3

huf [/ NRLXLFYR Ayl OiA@S

YFEL) fF&@8SNB FTNRY
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6.1.2 KeyCategory Analysis

Analyses of key categories is performed collectively for all sectors and a list of all key categories is
presented in Chaptet.4; furthermore, the complete quantitative key categamgalysis can be found

in Annex 1. Key categories within the LULUCF sector are preseritadl@®.3 below.

Table6.3 KeyCategories for LULUCF: 192020Leve) and 19962020trend.

Level Level
IPCC source category 1990 2020 Trend
LULUCF (CRF sector 4)
4A1 Forest landemaining Forest Lan@arbon stock change CQ \ vV
4A2 Land Converted to Forest lar@arbonstock change cQ \V; \V;
4B1 Cropland Remaining Croplar@arbon stock change cQ \Vi \Vi \Vi
4B2 Land Converted to Croplan@arbon stock change CcQ \V \Y
4C1 Grassland Remaining Grassla@drbon stock change  CcQ \V; \V; \V;
4C2 Land Converted tGrasslaneCarbon stock change cQo \Vi \V; \V;
4D1 Wetlands Remaining Wetland8arbon stock change CcQ \Y; vV \Y,
4(Il) Grassland  Emissions and removals from drainage and rewettir CH Vv Vv
and other management of organic and mineral soil
4(ll) Grassland  Emissions and removals from drainage and rewettir
and other management of organic and mineral soil cQ v v
4(Ily Wetlands Emissions and removals from drainage and rewettir
and other management of organic and mineral soil CH v v v
4(Il)Wetlands Emissions and removals from drainage and rewettir co v v
and other manaaement of oraanic and mineral soil

6.1.3 Completeness

The emissions and removal of most sources and sinks are estimated. There are still few categories/
components where sufficient data is not availalable6.4 and Table6.5 givean overview of the

IPCC source/sink categories included in this chapter and presents the status of emission/removals
estimates from all subland categories in the LULUCF sector for 2021 submission

Table6.4 LULUCFcompleteness. Notation keys used for changes in carbon stock changes and net CO
emissions/removals in soils for Forest Land (e: estich&&: not estimated; NA: not applicable; NO: not
occurring; IE: included elsewhere)

Net carbon Net carbon
Living biomass stock stock Soils

e DS CE S change in  change in

Gains Losses dead wood litter Mineral  Organic

4.A.1 Forest landemaining Forest land
Natural Birch forest older than 50 years e IE NO NA NA e
Afforestations older than 50 years e IE IE NA NA e
Plantations in natural birch forest e IE IE NA NA NO
4.A.2 Land converted to Forest land
Cropland converted to forest land NO NO NO NO NO NO
Grassland converted to forest land
Afforestation natural birch forest-%0 years old e IE NO e e e
Afforestations 150 years oldCultivated forest e e e e e e
Wetlands converted to forest land NO NO NO NO NO NO
Settlements converted to forest land NO NO NO NO NO NO
Other land converted to forest land
Afforestation 150 years old e IE IE e e NO
Afforestation natural birch forest-%0 years old e IE NO e e NO
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Table6.5 LULUCFcompleteness. Notation keys used for changes in carbon stock changes and net CO2
emissions/ removals in soils for Cropland, Grassland, Wetlands, Settlements and Other Land (e: estimated; NE:
not estimated; NA: not applicable; NO: not occurriig;ihcluded elsewhere).

Living biomass , Soils
Land use category Dead organic matter

Gains Losses Mineral  Organic

4.B.1 Cropland remaining Cropland

Cropland active NA NA NA e e
Cropland inactive (Fallow) NA NA NA e e
4.B.2 Landtonverted to Cropland
Forest land converted to cropland . e e e NO e
Grassland converted to cropland e e IE e IE
Wetlands converted to cropland e e IE IE e
Settlements converted to cropland NA NA NA NA NA
Other land converted taropland IE IE IE IE NA
4.C.1 Grassland remaining Grassland

Revegetated land older than 60 years NA NA NA NA NA
Cropland abandoned for more than 20 years NA NA NA NA e
Natural birch shrublandrecently expanded into e IE e e e
other grassland

Natural birch shrublandold e IE NA NA e
Wetland drained for more than 20 years NA NA NA IE e
Grazing areas NA NA NA NA IE
Grassland without grazing NA NA NA NA IE
Grazing areas on Other Land NA NA NA NA NA

4.C.2 Land converted to Grassland

Forest land converted to grassland NO NO NO NO NO
Cropland converted to grassland e IE IE e e
Wetlands converted to grassland NA NA NA NA e
Settlements converted to grassland NA NA NA NA NA

Other Land converted to grassland

Revegetation before 1991 e IE IE e NA
Other land converted to natural birch shrublal e IE e e NO
Revegetation since 199@rotected from grazing e IE IE e NA
Revegetation since 199@imited grazing allowed e IE IE e NA
4.D.1 Wetlandgemaining wetlands
Peat extraction remaining peat extraction NA NA NA NA NA
Flooded land remaining flooded land
Mires converted to reservoir IE IE IE IE e
Other wetlands remaining other wetlands
Lakes and river: NA NA NA NA NA
Intact mires IE IE IE IE e
Lakes and rivers converted to reservc NA NA NA NA NA
4.D.2 Land converted to Wetlands
Land converted to peat extraction NA NA NA NA NA
Land converted to flooded land
4.D.2.2.3 Grasslarabnverted to flooded land
Medium SOC to reservoil IE IE IE e NA
4.D.2.2.5 Other land converted to flooded land
Low SOC to reservoil IE IE IE e NA
Land converted to other wetlands
4.D.2.3.3 Grasslarabnverted to other wetlands
Rewetted wetland soils NE NE NE e e
Refilled lakes and pond NE NE NE NE NE
4.E.1 Settlements remaining settlements NA NA NA NA IE

4.E.2 Land converted to Settlements
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Living biomass _ Soils
Land use category . Dead organic matter .
Gains Losses Mineral  Organic
Forest land converted teettlements e e e e NO
Cropland converted to settlements NE IE IE NE NE
Grassland converted to settlements
All other Grassland subcategories convertec NE e IE NE IE
Settlement
Natural birch shrubland converted to Settleme NE e NO NO NO
Wetlands converted to settlements NE IE IE NE NE
Other Land converted to settlements NE IE IE NE NE
4.F.2 Land converted to Other land
Forest land converted to other land NO NO NO NO NO
Cropland converted to other land NA NA NA NA NA
Grassland converted to other land NA NA NA NA NA
Wetlands converted to other land NA NA NA NA NA
Settlements converted to other land NA NA NA NA NA

6.2 Landuse Definitions and Classification Systems Used

Definitions of the six main land usategories as applied in IGLUD are listed below, along with
description of how they were compiled from the existing data.

Settlements:! £ £ | NBlF & Ay Of dZRSR gAGKAY GKS YI LI fF&SNAa
in the IS 50 v2B0 geographical dtabase (NLSI). Settlement includes roads classified having 15 m

wide road zone, including primary and secondary roads. Roads within Forest land are excluded if
actual road zone does not reach 20 m, the minimum width of Forest land.

Forest land:All land,not included under Settlements, presently covered with trees or woody
vegetation on the average more than 2 m high, crown cover of minimum 10%, covering at least 0.5
ha in continuous area and having minimum width of 20 m. Land which currently falls beleer t
thresholds but is expected to reach thémsituat mature state, are also included.

Cropland:All cultivated land not included under Settlements or Forest land, at least 0.5 ha in
continuous area and having minimum width 20 m. This category, besidesling fields with annual
or bi-annual crops, includes harvested hayfields with perennial grasses.

Wetland: All land that is covered or saturated by water for at least part of the year and does not fall
into the Settlements, Forest land, Cropland aaiges. It includes intact mires and reservoirs as
managed subdivisions, and natural rivers and lakes as unmanaged subdivision.

GrasslandAll land where vascular plant cover is >20% and not included under the Settlements,
Forest land, Cropland or Wetlawdtegories. This category includes, as subcategory, land which is
being revegetated and meets the definition of the activity but does not fall into the other categories.
Drained wetlands, not falling into other categories, are included in this category.

In 2021 submission a new sehtegory has been added. This isthe€ub § SI2 NE o DN} T Ay 3
hGKSNJ fFyRa YR NBLINBaSydaa YrylFr3aSR tFYyR gAGK @I
dzy RSNJ G KS dhiGKSNJ fFYyRE YL A yare€ult of darewWavailablezandK - a 6 S
use data.
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Other land:This category includes bare soil, rock, glaciers and all land that does not fall into any of
the other categories. All land in this category is unmanaged. This category allows the total area of
identified land to match the total area of the country.

The land use map resulting from the preparation of map layers and the compilation process is shown
in Figure6.3, Figure6.4, Figure6.5 and Figure6.6; they are also available at the AUI website
http://www.lbhi.is/vefsja.

Figure6.3 The land use map of IGLUD prepared for the year 2020.
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[ cropland Cultvated [l Grssiand [ naturas ircn Forest [l Planted Forest 19802020 [ ] Revegelated 1090-2020 [0 wetiand < 78 38 528 L
I cropland Inactive I Grassiand on Drained Soil [l Natural Birch Shrubland [ Planted Forest before 1990 [ | Revegstated before 1990 — Dieh network 32.371 km
[ oiaciers and Perpetual Snow [ Lakes and Rivers [ other Land I Reservorrs [ setiement 2020 Icelandic Land Use Map 2020

Map data from: The Soil Conservation Servica of Iceland, Icelandic Institude of Natural History, Icelandic Forest Service & Naticnal Land Survey of Iceland. Cartography Sigmundur H. Brink. Projection: ISNS3 / Lambert 1993. Datum: Islands Net 1993

Figure6.4 Enlargement of land use map for the year 2020, emphasizing the different Forest land subcategories.
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[ croplana Cutvated B cressiand Naturel Birch Forest [l Panted Forest 1990-2020 [] Revegetated 19802020 [T ‘etianc ° 175 35 525 Tk
B Coopiand inactve I Grossiand on Drained Soil Natural Sirch Shrubland [__] Planted Forest before 1990 [ Revegelated before 1950 —— pjteh network 32 371 km
[ Glacers and Perpetual Snow [T Lakes and Rivers I other Land B Reservoirs B setiement 2020 Icelandic Land Use Map 2020

Map data from: The Soil Censervation Service of Iceland, Icelandic Institude of Natural History, Icelandic Forest Service & National Land Survey of Iceland. Cartography Sigmundur H. Brink. Projection: ISN93 / Lambert 1983 Datum' Islands Net 1993

Figure6.5 Enlargement of land use for the year 20@8Mphasizing the Revegetation areas.
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Figure6.6 Enlargement of land use map for the y@&20 emphasizing the subcategory Grassland on drained
soils and Cropland inactive.

6.3 Land use changes

The reported lad use changes relay on few independent time series of new area converted to a land
use category. There is ongoing development in the qualities of these series, both regarding
geographical correctness of new areas and the previous land use of these newResalopment of

the time series for Forest land, through past submissions show this well. Both improvements in
mapping accuracy and categorization of previous land use, can be traced through previous
submissions.

From the year 2017 agricultural supperas modified with Regulation No.1240/2016 on General
Support for Agricultur®, putting more emphasis on ladzhsed support. Due to these modifications

in support, farmers applying for support must turn in annually maps of harvested land. This new
recordirg of harvested cropland was not available for the preparation of the present IGLUD land use
map but expected to be for next submission. Land use changes in this submission involving Cropland,
are estimated through the time series constructed from availalal&, as in previous submissions.

In 2018 AUI started new digitation of ditches in Iceland. Along with this digitation, the 2008 map is
updated through aerial images previously not accessible. Preliminary results from this work are ready
andusedintii &dzo YA&&4A2y® bSEG &SI NN& &dzoYA&d&aA2Yy GAff

2q6wS3f dZASNE b2d MHNnAKkHAMCc dzY [ fYSyYyyly addzyAy3a @As tFyRogyl
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