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Preface

National Inventory Report, IcelarzD23

The United Nations Framework Convention on Climate Change (UNFCCC) and the Kyoto Protocol to
the Convention requires thgarties to develop and to submit 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 prepaeetllational Inventory Report (NIR) for 1990

2021. The NIR together with the associated Common Reporting Format tables (CRF) and the Standard

9f SOGUNRBYAO F2NXNIG o0{9C0 A& LOSfIyRQa O2y{NROGdUdziA
following the guilelines given in Decision 24/CP.a8d under itobligationstowardsthe EUfor the

period 20212030

The NIR is written by the Environment Agency of Iceland {BAmhverfisstofnuh the Soil
Conservation Service of Iceland (SGSlandgreedslan and the Icelandic Forest Service (IFS
Skogreektih TheEAlis responsible for all chapters apart from those concerning Wse LandJse

Change and Forestry (LULUCF), which are written by the Soil Conservation Service and the Icelandic
Forest Service, with maj contributions by the Agricultural University of Iceland (A¢JI
Landbunadarhaskéli islandsion Gudmundsson from th&Ul is acknowledged for his extensive
contribution to the LULUCF chapters.

This NIR, together with the associated CRF tablestlamdAnnexes to Commission Implementing
Regulation 2020/1208is submitted in accordance witArt. 26 and Parts 1 and 2 of Annexd
Regulation (EU) 2018/1999 on the Governance of the Energy Union and Climate Action.

EnvironmentAgency of Iceland, Reykjavid April 2023
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Global Warming Potentials (GWP) of Greenhouse Gases

Greenhouse gas Chemical formula GWP¢ AR5 \
Carbon dioxide CQ 1
Methane CH 28
Nitrous oxide N2O 265
Sulphur hexafluoride Sk 23,500
Perfluorocarbons (PFCs):
Tetrafluoromethane (PFC 14) Ch 6,630
Hexafluoroethane (PFC 116) Ghs 11,100
Octafluoropropane (PFC 218) GFRs 8,900
Hydrofluorocarbons (HFCs):
HFG23 CHE 12,400
HFG32 ChR 677
HFG125 GHRE 3,170
HFG134a GH:F (CHFCE) 1,300
HFG143a GHsFs (CECH) 4,800
HFG152a GHsF> (CHCHE) 138
HFG227ea GHF 3,350

Source: Tabl8.A.1of Chapter 8 of the Contribution of WGL1 to the F#sessment report (ARSVGI), 106yr
time horizon.

The Global Warming Potentials (GWPs) used in this submission are based 6@-yieartime horizon

GWPs presented in the Fifth Assessment Report (AR5) of the IPCC. The emissions i2 the 202
Sz0 Y A a BlIR #efeCbased on thEDOyeartime horizon GWPs presented in the Forth Assessment
Report (AR4) of the IPCC. Emissions of greenhouse gases other thappt&3ented in Cf, are
therefore not directly comparable betweetne 2022 and 2023%ubmissions. This also applies to
aggregate ernssions of different greenhouse gases in€0O

The use of AR5 GWPs is consistent Rigaital 2 and Art. 2 of Commission Delegated Regulation (EU)
2020/1044.

Definitions of Prefixes and Symbols Used in the Inventory

Prefix Symbol Power of 10 \
kilo- k 108
mega M 106
giga G 10°
tera- T 1012
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ExecutiveSummary

ES.1 Background

The 1992 United Nations Framework Convention on Climate Change (UNFCCC) requires that the
Parties report annually on their greenhouse gas (GHG) emissions by sources and removals by sinks. In
response tothis requirement, Iceland has preped the present National Inventory Report (NIR)
following the guidelines given by Decision 24/CP.19.

This NIR, together with the associated CRF tablestlamdAnnexes to Commission Implementing
Regulation 2020/1208is also submitted to the EUin accordnce withArt. 26 and Parts 1 and 2 of
Annex 5 of Regulation (EU) 2018/1999 on the Governance of the Energy Union and Climate Action.

The responsibility of producing the emissions data lies with the Environment Agency of |é&dhd (
which compiles and maintains the GHG inventory. Emissions and removals calculations from the Land
Use, Land Use Change and Forestry (LULUCF) secturiametly managed by the Soil Conservation
Service of Iceland (SCSI) and the Icelandic Forest S@R&)e The national inventory and reporting
system are continually being developed and improved.

Iceland is a party to the UNFCCC and acceded to the Kyoto Protocol on 23 May 2002. Earlier that year,
the government adopted a climate change policy that wasnfilated in close cooperation between
several ministries. The aim of the policy was to curb emissions of GHGSs, so they would not exceed the
fAYAGa 2F LOStFYyRQa 206fA3dFGA2ya dzyRSNJ 6KS Yez2(2
of carbon squestration through afforestation and revegetation programs. In February 2007, a hew
climate change strategy was adopted by the Icelandic government. The strategy set forthterfong

vision for the reduction of net emissions of GHGs by5% by 2050 copared to 1990 levels. An

Action Plan for climate change mitigation was adopted in 2010. The Action Plan built on an expert
study on mitigation potential and cost from 2009 and took account of the 2007 climate change strategy
and likely international commitents. In 2012the first yearly progress report was published, where

the emissions and removals are compared with the goals put forward in the Action Plan.

In September 2018he Icelandic government published a new Climate Change Actioh Béamiaining

a collection of 34 actions and associated funding of 49 million Euros for the perioe22@39 The
action plan focuses on two major parts: firstly, the electrification of fr@nsport sector; secondly, an
increased effort in afforestation, revegetatipand wetland restoration. An update of the 2018 action
plan was published in June 232With an associated budget of 46 billion Icelandic kr. (300 million
Euros) for the period 202R024.

L O S f intgfriatiddalobligationson climate changare listedhere below

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

1 580A&A2Y wmMnk/toT 2y GKS aLYLI O2Y¥Rd¥xSydt BISNNR RSO
Iceland to report certain industrial process carbon dioxidezj@mnissions separately and not include
them in national totals; to the extent they caused Iceland to exceed its assigned amount. For the first

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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commitment period, fran 2008 to 2012, the G@missions falling under decision 14/CP.7 were not to
exceed 8,000,000 tonnekeland complied with its obligations under the first commitment period.

1 The second commitment period of the Kyoto Protocol ran for eight years, fromt202@20. In 2015,
it was agreed between 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 commitment period of
the Kyoto Protocol. Therein the Partiagree 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 agreement, Iceland was allocated 15,327,21&tf@@he second
commitment period and Iceland needs to surrender 3,404,217 units in order to comply.

1 Under the Paris Agreement, Iceland will be part of a collective delivery by European countries to reach
a target of55% reduction of greenhouse gas emissitlys2030 compared to 1990 levels. Iceland will
ensure fulfilment of its fair share of the collective delivery of th&% target by: a) continuing
participation in the EU Emissions Trading Scheme and b) reducing emissions falling under the scope of
the EW® Effort Sharing Regulation (Regulation (EU) 2018/842) relative to the 2005 emissidriTlbgel
current Effort Sharing target for 2030 is 29% reduction relative to 2005, but at the time of this writing
62N)] A& Ay LINRPINBaa G2 RSGSNXYAYS || ySé GFNBSG Ay
package

ES.2 Summary of National Emissicend 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 inventories, are:

Carbon dioxide (G
Methane (Ch)

Hydrofluorocarbas (HFCs)

1

1

1 Nitrous oxide (D)
1

i1 Perfluorocarbons (PFCs)
1

Sulphur hexafluoride (SF
T bAGNRISY TFtd2NARS 6bCi o0

Iceland reports emissions of @H, O, HFCs, PF@sd SEP b Ci A& y20G dzaSR Ay L
been imported as such. In addition, no industry potentially usinG i , éefhiddhdwictors, LCD
manufacture, solar paneland chemical lasers) is present in Iceland.

For the first time this year, emissions that are reported in €fuivalents are calculated usijobal

Warming Potentials (GWPs) based on th@0year time horizon GWPs presented in the Fifth
Assessment Report (AR5) of the IPCC. The use of AR5 GWPs is consistent with Recital 2 and Art. 2 of
Commission Delegated Regulation (EU) 2020/1044.

The distribution of reported greenhouse gas emissions over theQ@XIFsectors (excluding LULUCF)
since 1990 is shown in Figure ES. 1. Emissions from the Energy sector and Industrial Processes

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 CommittgerDeci269/2019
(https://www.efta.int/media/documents/legaltexts/eea/otherlegatdocuments/adoptedoint-committee-
decisions/2019%20620English/262019.pd)
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contribute approximatelywith 80%to the national total (excluding LULUCF). The emissions from the
Agriculture and Waste sectorseaconsiderably smaller

I AdzYYFNE 2F LOStIYRQa VYI Gihcelgao is présynied ia Xaplg’'BS. TF 2 NJ &
LULUCEF is the largest sector, with emissions of more than double the combined emissions from the
other sectors across the time ses. Total GHG emissions (excluding LULUCF) increa&thrpm

1990 t02021 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 IndusBiatesses to total

emissions. This is primarily due to the increased production of aluminium in Iceland, which is a highly
energyintensive 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 LULEIGE€1990 [kt CQe, calculated using GWP from AR5
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Table ES. 1 Emissions of GHG by sesitme199Q [kt CQe, calculated using GWP from AR5
Change Change

1990 1995 2000 2005 2010 2015 2021 gror aooi
1Energy 1841 2057 2185 2,158 20Z 1,854 1664 1767 -40%  +6.2%
2 Industrial 903 553 992 950 1899 1970 1,975 2007 +122%  +1.6%
Processes

3 Agriculture 695 643 641 611 646 659 617 620 -10.8%  +0.5%

4 Land Use, Land
use Changeand 9,610 9,587 9,604 9,635 9596 9,506 9,421 9,398 -2.2% -0.2%

Forestry
5 Waste 244 301 336 340 334 289 266 268  +10%  +1.3%
Iatfb"c‘"lt:hom 3,682 3555 4154 4059 4906 4,773 4521 4662 +27%  +3.1%

Total with LULUCF 13,292 13,142 13,758 13,695 14,503 14,28 13,942 14,060 +5.8% +0.8%

XXX



National Inventory Report, IcelarzD23

U

The GH@missions profile for Iceland is unusual in many respects:

M

Emissions from generation of electricity and from space heating are very low owing to the use of
renewable energy sources (geothermal and hydropower).

Approximately 90% of emissions from tBaergy sector stem from mobile sourc@safisport,Mobile
Machinery and commercial fishing vessels; excludiaguissions frominternational Aviation and
Navigation).

Emissions from the Land Use, Lars@# Changeand Forestry (LULUCF) sector are high in comparison to
other sectors and to other parties. Recent research has indicated that there are significant emissions of
CQ from drained wetlands. These emissions can be attributed to drainage of wetlands iritérenkzlf

of the 20th Century, which had largely ceased by 1990. These emissionsaufri@ue for a long time

after drainage.

Individual sources of industrial process emissions have a significant proportional impact on emissions at

the national levelExpansion in existingietal production capacity as well as start of new operations is

reflected in the countr@ emission profile, as for instance the start of two new aluminium smelters in

1998 and 2007/NB & LISOGA @St &8 d ¢ KA A f Inapiofilel ndatddSitQdifficu ® set OSt | y R
meaningful targets for Iceland during the Kyoto Protocol negotiations. This fact was acknowledged in
Decision 1/CP.3 paragraph 5(d), which established a process for considering the issue and taking
appropriate action. Tisi process was completed with Decision 14/CP.7 on the Impact of single projects

on emissions in the first commitment period.

XXXI
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ES.3 Other Information¢ Kyoto Accounting

FirstCommitment Period (20082012)

Under the Kyoto Protocol, Parties set targets whichexpressed as Assigned Amount Units (AAUS).
LOStIFIYRQAa AYyAGAFE 111 a F2NJ 0KS TFANRG O2¥YAlYSy
equivalents (Cg) for the period or 3,704,769 tonnes per year on average. Added to that are a total

of 1,541,960 removalnits (RMUSs) 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 available assigned amount of 20,098,931
AAUS.

Emissions from Annex A sources during CP1 were 23,356,071 tG@esThis means that Annex A
emissions were 3,257,140 tonnes {®excess of Icelai®@ available assigned amount.

Total CQe emissions falling under Decision 14/CP.7 during CP1 were 5,912,964 tQ@®es
Therefore, in order to comply with its goal foPT Iceland reported 3,257,140 tonnes of G&e
emissions falling under decision 14/CP.7 separateithout includngthem in national totals.

The CRF tables accompanying the current NIR, however, still contain [8efammetx A emissions in
their entirety.

SecondCommitment Period (20132020)

The second Commitment Period started 1 January 2013 and ended 31 December 2020. The EU, its
Member States and Iceland have agreed to the immediate implementation of the Doha Amendment

as of 1 January 2013, duto fulfil the commitments under the second commitment period of the Kyoto

t NE(i202ft3 22Ayifted LOStIYRQaA AYRAGARAZ f F&daAiAdySR

As part of its submission to UNFCCC, Iceland submits Standard Electronic Formabi&EB) the
Kyoto Protocol units issued 2022for the second commitment period (CP2). There were no annual
external transactions made and at the end of the reported yédrthe end of the year there were
15,327,217 AAUs L O S f pastyfd@ding accont.

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 thasPartie

are to report their national anthropogenic emissions by sources and removals by sinks of all
greenhouse gases (GHGSs) not controlled by the Montreal Protocol, using methodologies agreed upon
by the Conference of the Parties to the Convention (COP). &kl Inventory Report (NIR) is one

of the elements of the annual GHG inventory that is required to be submitted to the UNfeQ@ing

the guidelines outlined in Decision 24/CP.1t9s also submitted to the Eld accordance wittArt. 26

and Parts Jand 2 of Annex 5 of Regulation (EU) 2018/1999 on the Governance of the Energy Union
and Climate Action, including the Annexes to Commission Implementing Reg(tii2020/1208 as

listed in the Decision of the EEA Joint Commitiéa223/2021

1.1.1 FirstCommitment Period of the Kyoto Protocol (2002012)

For the first commitment period of the Kyoto 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 first
commitmentLISNA 2R 6SNBE RSOARSR Ay LOStlIYyRQa LYAGAIFT w
to 18,523,847 tonnes of carbon dioxide equivalents; &0 ® 5SOA&aA2Y mMnk/ t ®1 2y
LINE2SOG 2y SyAiaaizya Ay (§KS Oadrycérain Midusfrial pioi8dsh 2 R¢ |
carbon dioxide (C£ emissions separately and not include 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 CQ emissions fallinginder decision 14/CP.7 were not to exceed 8,000,000 tonnes.

At the end of the commitment period, a total of 1,542,761 RMUs were available from Art. 3.3 and Art.
3.4 activities and 33,125 AAUs, CERs and ERUs from Joint Implementation Projects, resuiting in
available assigned amount of 20,098,931 AAUs. Emissions from Annex A gmalcelng those
falling under the scope of Decision 14/CP.7) for the en@iel were 23,356,066 tonnes £0
corresponding t8,257,140 tonnes COin excess of Icela®lavailable assigned amouiiwo projects
fulfilled the provisions of Decision 14/CPwiith a total 0f5,912,964tonnes C@e. Of these emissions,
2,655,824 tonnes were reported under the national totals, to match the total avaikatleunt of
AAUSs, and®,257,140 tonnes were reported separately under decision 14/G&land waghus in
compliance with its commitments.

1.1.2 SecondCommitment Period of the Kyoto Protocol (Dohamendment¢ 20132020)

In 2015 a Joint Fulfilment Agreemémtas concluded between the European Union (EU), its Member
States and Icelandrhis Agreementoncerred Iceland? participation ini K S a S jhiitt Niimesta Q

of commitments in the second commitment period of the Kyoto Protocol. Therein the Partiestagree

fulfil jointly their quantified emission limitation and reduction commitments for the second
O2YYAUYSyYyid LISNAZ2ZR AYaONAOSR Ay GKS GKANR O2f dzvy
assigned amount was established at 15,327,217 AAUs.

According to Article 4, cf. Annex I, of the Joint Fulfilment Agreement, Regulation (EU) No 52512013
a mechanism for monitoring and reporting greenhouse gas emissions and for reporting other

Shttp://reqgister.consilium.europa.eu/doc/srv?I=EN&f=ST%2010941%202014%20INIT
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information at national and Union level relevant to climate ohad & a a aséwell as alDelegated

and Implementing Acts based on Regulation (EU) No 525/2@18 to be binding upon Iceland. This
included for instance Commission Implementing Regulation (EU) No 749/2014, which furtheedetalil
the content and format equired for the various reporting requirements under 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.

The accounting for the second commitment period of thetyProtocol willtake part in 2023, and

AyOft dzRSa 020K aSaidtSYSyid 2F LOStlyRQa 206f A3l GAz
towards the UNFCCC. More details on the accounting for the second commitment period can be found

in Chapterl1.6.2

1.1.3 Paris AgreemenPeriod (20222030)

Under the Paris Agreement, Icelaisgart of a collective delivery bgU member states, Iceland and
Norwayto reach a target 065% reduction of greenhouse gas emissions by 2030 compared to 1990
levels. Iceland will ensure fulfilment of its fair share of the collective delivery @3¥etarget by

a) continuing participation in the EU Emissions Trading SchH&teET$ according to Directive
2003/87/EC,

00 NBRdzOAYy3I Syraaizya FlLftfAy3d dzyRSNI 6KS &a02LI 2
2018/842- ESRrelative to the 2005 emission levdlhe 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

Ay TAYS SAGK GKS dzLJRFiSa 2F GKS 9! Qa GCAG FT2N) pp

c) implementing the reporting and accounting rules pertaining to emissions and rdméroan the
LandUse,LanduseChange andForestry  ULUC)as prescribed by the LULUCF regulation (Regulation
(EU) 2018/841).

LOStFYRQAa YR b2NBlI&Qa 22Ayd FdAZ FAfYSyd gAGK (KS
upon with the uptake in Ocdber 2019 of relevant EU legislation into the European Economic Area

(EEA) AgreemehtThis includes the LULUCF Regulation (Regulation (EU) 201 &#@4Effort Sharing

Regulation (Regulation (EU) 2018/842), as well as parts of the Governance of tigy Eiméon

Regulation (Regulation (EU) 2918/1999) replacing the MMR Regulation (Regulation (EU) No 525/2013).
Furthermore, in 2021wo additional acts were added to the EEA Agreemeintluding Commission
Implementing Regulation (EU) 2020/1208 structure, format, submission processes and review of
information to be reported as well asCommission Delegated Regulation (EU) 2020/1044 on GWP,
reporting guidelines and union inventoryssgm.

22N] Aa dzyRSN¥BlLe (2 FAylFrftAaasS GKS £S3Ft AYLX SYSy
Member States and Norway under the Paris Agreement. Iceland has implemented the LULUCF
Regulation and the ESR through the Climate Act No 70/2@tR ufm loftslagsmal nr. 70/201R

Commission Implementing Regulation (EU) 2020/1208 and Commission Delegated Regulation (EU)
2020/1044, are now incorporated into the EEA Agreement through the EEA Joint Committee Decision

no 223/2021. At the time of this writingyork is underway to write a new regulation aiming at
implementing the JCD No 223/2021 into Icelandic legislation. The same regulation will also serve as a

6 Decisionof the EEA Joint Committee No 269/2019
7 Decision of the EEA Joint Committee No 223/2021
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recast of Regulation No 520/2017, on data collection and information from institutions related to
lcf F YRQA AYy@SYy(i2NEB 2F 3INBSyYyK2dzaS Il a SyYraarzya |
(EU) No 525/201Further discussion on this regulation can be found below in Chap2eR

1.1.4 ClimateSrategies

A climate strategy was adopted by the Icelandic government in 2007. Thedongstrategy was to

reduce net GHG emissions in Iceland byr5@0 by 2050, compared to 1990 levels. In the shorter term,
Iceland aimed tlSy a dzNB (G KI 0 SYAadaAizya 2F DI Da ¢g2ddZ R y2i
Kyoto Protocol in the first commitment period. In November 2010, the Icelandic government adopted

a Climate Action Plan in order to execute the strategy.

In September 201,8he Icelandic government published a Climate Change Actior f0lap0182030;

an updated version of the action plan was released in June®20®Dis the plan that is currently being

put in action. The action plan has two main goalshieving the emissioreductions of the Paris
Agreement for 2030 and reaching carbpeutrality in 2040. To reach these goals teeisedaction

plan set forth48 actions which mostly focus on electrification of the transport sector and increased
efforts in afforestation, reggetation and wetland restorationThe revision of the plan also contaih
significantly improved analysis to estimate the individual and colleativégation gains of the
measures presentedAccording to the Climate Acthe government shall, in consution with
stakeholders, review and update the Climate Action Plan every fourth year based on international
commitmentsandthg2 GSNY YSy i Qa 3JF2+fad /fAYIFIGS YSIFadNBa ak
an interministerial committee. Theommittee shall also prepare an annual 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 (Ministry of the Environmamd Natural Resourc&} to 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 introducethé progress report: 1) energy change 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 progress and three are in preparation stages.

A minimum of ISK 46 billiqapprox. 310 million EUR)expected to be spent on key climate measures
in the period 202€2024.

In November 2021, the newly formed Government published an agreeme the platform for the
coalition governmenit, which includes among other topics, the goal to decrease emissions falling
under the scope of the Effort Sharing Regulation by 55% in 2030 relative to the emissions in 2005.

1.2 National System for EstimationfdGreenhouse Gases

1.2.1 Institutional Arrangements

The Climate Change Act No 70/2012 establishes the national system for the estimation of GHG
emissions. In accordance withis Act, the Environment Agency of Icelafdmhverfisstofnup(EA),
an agency under # auspices of thdinistry of the Environment, Energgnd Climatg(lUmhverfis,

8 Adgerdaaeetlun i loftslagsmalum 202830:Climate Action plan 2018030, in Icelandic

9 Adgerdaaeetlun i loftslagsmalum til 20%Tlimate Action plan, updated second edition, in Icelandic
102021 Progress report on the Climate Action Blpablished September 2021 (in icelandic)

11 https://www.stjornarradid.is/library/05Rikisstjorn/Agreement2021.pdf



https://www.stjornarradid.is/library/01--Frettatengt---myndir-og-skrar/UAR/100918%20A%C3%B0ger%C3%B0a%C3%A1%C3%A6tlun%20LOKA_%20-%20Copy%20(1).pdf
https://www.stjornarradid.is/library/02-Rit--skyrslur-og-skrar/Adgerdaaetlun%20i%20loftslagsmalum%20onnur%20utgafa.pdf
https://www.stjornarradid.is/library/02-Rit--skyrslur-og-skrar/St%c3%b6%c3%b0usk%c3%bdrsla%20a%c3%b0ger%c3%b0a%c3%a1%c3%a6tlunar%20%c3%ad%20loftslagsm%c3%a1lum%202021.pdf
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orku og loftslagsraduneytig(MEEG)carries the overall responsibility for the national inventore

EA compiles and maintains the GHG emission inventory, excepthlULUCFsector which is

compiled by the SoiConservation Service of Icelaficandgraedslan(SCSland the Icelandic Forest
Service (Skégreektin (IFS) in collaboration with
(Landbunadarhéaskdli island@\Ul). The BAeports to the Convention and to the Ell well as to the
EFTA (European Free Trade Associatibimg Act specifies that the B allowed to requesall data
needed for the inventory from relevant authorities, agencies, comparéesl individuals; the

obligations aredrther elaborated in Regulation No 520/2017 on data collection and information from
NBf I G SR giiation is€@eitly Ve ecagtayh@h§sy agtreiNE &

AyadAaddziazya

the Agricultural

University of Iceland

things to reflected changes in responsibilities of various data providers.

The UNFCCC national focal pagwithin the MEEQMrs. HelgaBardadotti) andis responsible for
approving the final inventorydfore 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.
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Figurel.1 Information flow and distribution of responsibilities in the Icelandic emission inventory system for

reporting to the UNFCCC.
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1.2.2 NationalLegislation

1.2.2.1 The Climate Change Act No 70/2012

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

1 Reducing GHG emissions efficiently and effectjvely

1 Toincrease carbon sequestration from the atmosphere
1 Promotingclimate change mitigatian
!

To createa frameworkfor the government to fulfil its international obligations regarding climate
changeand

1 To reach carbon neutrality no later than 2040.

Act No 70/2012 supersedes Act No 65/2007 on which basiE#i@ade formal agreements with the
necessary alaborating agencies involved in the preparation of the inventory to cover responsibilities
such as data collection and methodologies, data delivery timelines and uncertainty estimates. The data
collection for the first commitment period of the Kyoto poabl was based on these agreements.

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 aviatiowperators participating in th&€UETS. The Act specifies that tBAlis the
responsible entity for the national accountifigr greenhouse gaseas 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@M@HG inventory. It states that the Environment Agency
(EA) compiles Icelan@ GHG inventory iaccordance with Icelar@l international obligations. Act No
70/2012 established the form of relations between tBAland other bodies concerning data handling.
Responsibilities from the various bodies are further specified in Regulation No 520/20E&cabed
below; Article 6a and 6b serve to implement the Effort Sharing Regulation (EU) 2018/842 and the
LULUCF Regulation (EU) 2018/841 into Icelandic law.

1.2.3 Regulation No 520/2017

The Regulation on data collection and information from institutions relételteland? inventory on

GHG emissions and removal of carbon from the atmosphere No 520043 adopted in June 2017.

This regulation establishes formally the data provision modalities, such as content, format and
deadlines for data submission to theAlE furthermore, it implemened EU Regulation No (EU)

525/2013 on a mechanism for monitoring and reporting GHG emissions and for reporting other
AYF2NXYIGA2Yy G yIGA2YyLFEE YR !''yAzy S@St NBt SOy
Regulation (EU§25/2013 and delegated acts are no longer in fome they pertained to the second
commitment under the Kyoto Protocand have been replaced by new acts, as mentioned below.

Regulation No 520/201i8 currently under revisiarRevisions includelearer efinitions and deadlines

to improve timeliness of delivery by dapaoviders, as well as clauses on the role of data providers in
providing explanations relating to their datasets in reviews for instance. The revision will also serve to
implementrelevantarticles from Regulation (EU) 2018/1999 (Governance Regulation) relating to the

12 hitps://www.reglugerd.is/reglugerdir/eftirraduneytum/umhverfis-og-audlindaraduneyti/nr/05262017
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inventory preparatio’, as well as relevant articles from Regulation (EU) 2020/1208 and (EU)
2020/1044%on structure, formatand submission process of information to be sui@d pursuant to

the Governance Regulation and oequirements about Global Warming Potential values and IPCC
guidelines to be usedn addition to this, several government agencies are being restructured after a
change in the configuration of the varionsnistries, which will likely lead to significant changes such
asmerging of some agencies. It is expected that these changes will affect several agencies involved in
0KS O2YLWAtLFGAZ2Y 27F L OSt IEXNRaidnal Brieywhofitg@nustaimi > Ay Of
(NEA)SCSknd IFS
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The updated regulatiois expected to b@ublished in 203, and thechanges will be highlighted in next
eSINRa bLw

1.2.4 Plannedimprovements to theNational System

In order to better implement the requirements of thkales 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 the national system. The exact roles and modalities of functioning of such a committee are yet to
be defingd; it is thought that such a committesill be coordinated by the HAnd be composed of
representatives from th&CSIFSMEECand possibly other ministries, as well as major data providers
and stakeholders. The aim of such a committee will be, amaonitpstr things, enhanced QA of the
inventory as well as prioritisation of improvements neededrthermore, it is planned to establish
separate working groups for various key subsectors of the inventory, to enhance collaboration
between experts in the invaéary team, various ministries as well as expdrtsn other institutions,
companies universitiesandresearchcentres

1.3 Inventory Preparation: Data Collection, Processjlagd Storage

1.3.1 Data Collection

The data collection for individual sectors satbsectors is described in the corresponding sections of
the sectoral chapters. Below is an overview of the main data collection process:

1 The EAcollects the bulk of data necessary to run the general emission neglehctivity data and
emission factors, for all sectors apart from LULUCF. Activity data is collected from various institutions
and companies, as well as Bpldirectly as listed and illustrated above in Sectiod.1

1 Information on fuel use reported by all companies under the EU ETS (as per Directive 2003/87/EC) is
used directly 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 consumed, the amount of discharged pollutants, including GHG emissions, and waste
generated. Emissions reported by installations have to be verifieddgpendent auditors, who need
to sign the reports before their submission to the Environment Agency. The green accounts are then
made publicly available on the website of thel EA

1 TheNEAcollects fuel sales data by sector; however, the sectoral splitoNEEA does not entirely match
that of the IPCC, thus the B#ocesses the data in order to ensure correct attribution to the IPCC codes
as per the CRF.

13 As perDecision of the EEA Joint Committee No. 2699
14 As perDecision of the EEA Joint Commitiée 223/2021
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1 TheSCSprovides information on revegetated areas and assesses othdrlaa categories on the basi
of its own geographical database and other available supplementaryuaednformation. ThdFS
provides information on forest land, natural birch shrublaadd harvested wood products.

Emission factors are taken mainly from the 2006 IPCC GuidebneNational Greenhouse Gas
Inventories(IPCC, 2006)he 2013 Supplement to the 2006 IPCC Guidelines for National Greenhouse
Gas Inventories: WetlanddPCC, 2014and the 2013 Revisedupplementary methods and good
practice guidance arising from the Kyoto Protod®CC, 2014When available, country specific
emission factors are used. KA & @& S| NIako irclddedtid useiof &aytor for N content @
Domestic Sewage Sludge (CRF categoryrdi)the 2019 Refinements to the 2006 IPCC Guidelines,

The annual inventory cycleFigure 1.2) describes individual activities performed each year in
preparation for next subnssion of the emission estimates.

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 ¢ Possible recalculations
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 andmajor data providers as needed, taking into account the outcome of the internal and external
review as well as the recommendations from the UNFCCC and EU geVissvinitial planning is
followed by a period assigned for compilation of the national inventand improvement of the
National System. The estimation methods of all GHGs are hasetbmiith the IPCC Guidelines for
National Greenhouse Gas Inventories. Methodologies and data sources for each sector are described
in Chapters &.

After compilation @& activity data, emission estimates and uncertainties are calculated, 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.
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Aseries of internal review activities are carried out annually to detect 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 categories andtose categories where data and methodological
changes have recently occurred.

The GHG inventory is submitted to the EU and the EFTA dan@&ry and 1®arch as per Art. 26 og
Regulation (EU) 2018/1999, and onAil, after approval by theMinistry of the Environment, Energy
and Climatethe GHG inventory is submitted to the UNFCCC bjz#iavith a copy submitted to the

EU and EFTA.

1.3.3 Storage

A documentmanagement system (Gopro.net), is used to store email communications concerning the
GHG inventory. Digital copies of paper documets., written letters, are also stored on the
document management system. The system runs on its own virtual server anchdS SQL server
2019 running on a separate server. Both servers are running Windows Server 2019.

Each staff member at Environmental Agency has a subscription to Microsoft Office 365 and emails are
sent and received using Microsoft Office 365 serversdtbm Ireland.

Numerical data, calculations and other related documents are stored on a file server running Windows
{ SNBSNI Hamdpd 9! Qa GANIdzZ £ ASNIBSNAR I NBE NlzyyAy3

Premis(formerly known ad=jdlned, a local IT company, hodtse EAQ servers. Their hosting is fully
ISG9001 and 1SQ7001 certified. The server and backup rooms are in two locations, the primary
server room for EAs in Saudarkrékur (a town in northern Iceland) and the disaster recovery room
storing offsite backups is Reykjavik city (located in southwestern Iceland). The rooms are separated
by roughlya 200 km straight line.

Backups are taken daily, a subset of those is regularly set for at least 15 months storage.

The landuse database IGLUD is stored on a server of3@8las well as spreadsheets containing
calculations regardinigand-use classestherthan forest land. Data regarding forest land, forestmyd
harvested wood products are stored on servers of f#® |

1.3.4 Traning andCapacity-building 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 vhighimtentory

team, and include both courses and workshops on generally applicable skills (including, for example,
enhanced knowledge in dafarocessing software, project management, and effective
communication) as well as sectgpecific training (includop visits to companies and sectspecific
courses and workshopsihe main recentapacitybuildingactivities are outlined below.

1 Training by the consulting company which has been helping staff aE#ifor several 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 th&Alstaff to redo all the calculation files. This served baih
ascertain that all calculations were done using EFs and methodologies consistent with the 2006
IPCQ@uidelines angrovided an opportunity for new staff members to familiarise themselves
with the Energy sector.
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o0 IPPU:Almost 90% of the IPPU emissions eofrom metal production, where the data is
obtained from EU ETS verified reports and the data quality is considered to be 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 gasdsventory, started in 2019, a staff member from Aether came to
Iceland and worked with the main IPPU sectoral expert of the agency, provided training in the
methodologies to be used, and assisted #&lin generating new calculations files. QC of the
files by the Aether staff provided further training opportunities, with numerous Skype meetings
between Aether and th&Alto discuss the files.

0 Agriculture in 2018 and 2020, training sessions were organised with the consultant, on the
basics of estimating eissions from Agriculture, including practicalities of the excel files,
imports into CRF, as well as specific aspects particular te#tendicconditions. Furthermore,
updates of the Agriculture sector that took place for this submission were dondatochtion
with consultants at Aether.

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

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

1 Participation in capacity building activities proposed by theyedrly sectorspecific capacitpuilding
webinars among them:

0 LULUCFLULUCF Virtual Workshop 2021Present challenges fotULUCF reporting and
accounting. Orgaséd by Joint Research Cer@eEuropean Commission. Participation to
Support to the assessment of implications of the 2019 Refinement to the 2006 IPCC Guidelines
for National and EU Greenhouse Gas Inventories osgdniby Aether for European
Commission.

o All sectorsCapacitybuilding webinars organised 3G Climate action on ESD review 2021 and
LULUCEF trial review

o Energy, IPPU, Agriculturand Waste:Capacitybuilding webinars organised as a result of the
2022 ESD review.

1 Participation in a Nordic inventor§ E LISviikidig@roup, where inventory compilers from Norway,
Sweden, Finland, Denmarknd Iceland meet once a yeavith separate sectorspecift sessions,
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.

1 Participation in a Nordic expert group on F gasesled by the Nordic Council of Ministers, discussing
and comparing methods and parameters used by the various Nordic countries.

1 Participation in the annual training session for the COPERT model, aaghrily the European
Environment Agency and carriedtday EMISIA, the developer of the software. The training includes an
overview of the softwarginformation on the latest updatesa Q&A session with the participan&his
one and a half day training attended by thenembers of the inventory team evergar.

1.3.5 Capacity andgaffing

At the time of this writingthe capacity of the inventory tearfor the sectors covered by the EAI (all
except LULUCF) and for the overall project management amouatttal of7.5positions in addition
to this, the EAlinventory team also includes a 50% lawyer position, and a position specialising in
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communication It is worth noting that the same inventory team is also responsible for producing the
data and report on policies, measures gmdjectionsof greenhouse gasess submitted to the EU, as
well as on the annual air pollutant inventory reported to the Convention on {angeTransport of
AtmosphericPollutants (CLRTAP).

The LULUCF inventory teanthe SCStonsists of 13 @ople sane working part time on the project

but four are fulltime members. Two new members were added to the current six members of the
summer field campaign staffhe main source of data used to estimate removals and emission
regarding forest land and forestgre sampled annually in the Icelandic national forest inventSiy.
fulltime employees and two summer workers yielded 3.5 person years in NFI/LULUCF projects in 2022.

1.4 Key Category Analysis

According to the IPCC definition, a key category is one tlpatastised within the national inventory
aeaitsSy 0SOFdzasS Aida SadGAYIFIGS Kra F aA3ayATFAOLYyd Ay
terms of the absolute level of emissions, the trend in emissions, or both. Total emissions from the key
categries amount to 95% of the total emissions 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 includindJdBLare shown ifablel.l, and the key category
analysis excluding LULUCF is showrabiel.2 below. More detailed Key Category Analyalsles can
be found in Annex 1, including the percentage contribution of each category to the total emissions

LOStFryRQa {(S& OFaGS3a2NRSaE YIeée KAIKEAIKG I oNRIRS
relatively small anthropogeniemissions from power generation in Iceland. The results highlight the
AYLRNIFYOS 2F LOStlIYyRQa AYRdAGNAIE &aSOG2NEZX | &
plays a strong role in the national economy
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Tablel.1 Key categories of Iceland's GHG inventory (including LUIEGEy source category.
Level Level

IPCCource Category Gas 1990 2021 Trend

Energy (CRF sector 1)

1A2 (F:L:)ilsct:rcz]n;tti)g:tlon Manufacturing Industries and co v

1A3b Road Transportation CcQ \Y \% \Y,

1A4c Agriculture/Forestry/Fishing CQ \Y \% \Y,

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

IPPU (CRF sector 2)

2C2 Ferroalloys Production CQ \% \% \%

2C3 AluminiumProduction (ofe) \% \% \%

2C3 Aluminium Production PFCs \% \%

2F1 Refrigeration and Air Conditioning Aggregate \% \%
Fgases

Agriculture (CRF sector 3)

3A1 Enteric Fermentation Cattle CH \Y Y,

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

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

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

4A1 Forest Land Remaining Forest Land (efe) \% \Y

4A2 Land Converted to Forest land CcQ \% \Y

4B1 Cropland Remaining Cropland CQ \% \% \%

4B2 Land Converted t€ropland CQo \% \%

4C1 Grassland Remaining Grassland CQo \% \% \%

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

4D1 Wetlands Remaining Wetlands (efe) \Y \Y, \Y

a0 Grassan oo RV

A Grassn e e o @V

A Wetanas e oo e CM Vv v

A wetands e management of organic ang mineralsot. ©2 V.V

Waste (CRF sector 5)

5A1 Managed Waste Disposal Sites CH \% \Y,

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

11
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Tablel.2 Key categories of Iceland's GHG inventory (excluding LULIBCOR@y source category.
Level Level

IPCC source category Gas 1990 2021 Trend

Energy (CRF sector 1)

1A2 (F:léilscgal:ilé?‘tion- Manufacturing Industries and co Vv Vv Vv

1A3a Domestic Aviation CQ \Y

1A3b Road Transportation CcQ \Y \% \Y

1A3d Domestic Navigation CQ \% \%

1A3e Other Mobile Machinery CQ \% \%

1A4b Residential Combustion CcQ \Y \Y,

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

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

IPPU (CRF sector 2)

2A1 Cement Production CcQ \Y \Y

2B10 Fertiliser Production N2O Y \Y,

2C2 Ferroalloys Production CQo \% \% \%

2C3 Aluminium Production cQo \% \% \%

2C3 Aluminium Production PFCs \% \% \%

2F1 Refrigeration and Air Conditioning Aggregate \% \%
Fgases

Agriculture (CRF sector 3)

3A1 Enteric Fermentation Cattle CH \Y \% \%

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

3A4 Enteric Fermentation Other CH \Y \

3B1 Manure Management Cattle CH \% \%

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

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

Waste (CRF sector 5)

5A1 Managed Waste Disposal Sites CH \% \%

5A2 Unmanaged Waste Disposal Sites CH \% \%

5D2 Industrial Wastewater Treatment CH \Y Y,

12
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1.5 Quality Assurance & Quality Control (QAC)

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

1.5.1 Backgroundy T2 NX I G A2y 2V Attidiss  yRQaA v ! kv /

For this submissiothe QA/QC @n was revised and updated to better reflect the activities of the
team. The web applicatiohotion developed by Notion Labs inc. is now used as a QA/QC systems
management. It provides a centralised basis for the inventory team to design, manage, ardlitecor
QA/QC activities and improvement plan.

Each sector has a live imovement plan. Every item on the plamcludes a record ofvhich review

report suggested the improvement, if relevant, and is assigned to a sectoral expert. The sectoral expert
is then responsible for assessing the feasibility and timeframe of the improvement at the end of the
submission periodThis should enserthat over time, Iceland's inventory submissiagmntinue to
improvein quality.

QC procedures are outlined ingeneral guidancelocument, where general and sectspecific QC
activities are listedhe QC guidance document is in line with the QC actJigted in Table 6.1 in the

2006 IPCC guidelines. QC activities are clearly outlined in detail and documented in the guidance
document in a centralised locatigiNotion)along with the live improvement plan.

Each subsector has a live progress list fornggeep of the inventory cycle:

1 Implementation ofplanned improvements

1 Compilation othe input data anccalculations of emissions
1 QCactivities

1 Report writing

1 CRF Upload

All steps are timéound and assigned to one or more team members who rasponsible for
completing the task and signing it as complete.

1.5.2 Roles andresponsibilitiesOverview

The overalfresponsibilityover the inventory lies withhte inventoryteam leaderat the Environment
Agency of IcelandEAI) who has overall responsibilityor the completion of QA/QC activities
submissionjmprovements planningind review coordinationWithin the inventory team at théAl

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

1 Inventory team leadeg overall responsibility for the accurate and timely production and submission of
the inventories, according to the rules and deadlines specified in relevant domestic and international
legislation; The team leader is responsible for the communication wighi¢elandianinistries 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

1 Sectoral expertg main knowledge holders on individual inventasgctors. They are responsible for
completion of dayto-day data processing and QC activities. Each sector compirisedo four sectoral

13
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experts; prior to each submission cycle, it is decided how roles are divided between the sectoral experts,
making ste that QC activities are done by someone other than the individual who did the calculations.
In addition, each NIR chapter is praefd by one of the experts not involved in the writing of the
chapter.Sectoral experts are responsible for communicatiathwelevant data providers.

1 Lawyercg responsible for all the legal aspects of the inventory work, such as examining new legal texts,
implementing EU regulation into domestic legislation, as well as understanding I€ehearibus air
pollutants and greenbuse gases commitments.

1 Communications strategist responsible for coordinating all medialated activities relating to the
inventory work, such as publication of news, website updates, as well as lectures and seminars.

The LULUCEF part of the inventaywerseen by th&oil Conservation Service of IcelaB€§land the
calculations relating to forestry are covered by tbelandic Forest Servick-§.

1.5.3 Quality Assurance (QA)

LOStFYyRQa DID AYy@Syi{i2NEB Aa &adzaSOiShe EwopdaNI & (2
Commission and almost yearly by experts mandated by the UNFCCC. Results from these reviews are
considered annually and decisions are taken on how the recommendations will be taken forward in

the development and improvement of the inventorydhthe national system.

The most recent review took place in the autumn of 20®ith a centralised UNFCCC revidgw

September 2022The reviewf S R (G2 | NBadzoYAaairzy 2F RS AyaS
Submissiorwas version v.4At the time ofthis writing, the inventory team has not yet received the

final review report from the ERT.

CdzNIIKSNJ vdzl t Ade ! 3adz2NF yOS Aa LINPDARSR o0& LOStI yF
assist with and review sect@pecific methodological choiceand calculations. As part of this
collaboration, the calculations 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 setor were largely reviewed and improved. Aether also assists Iceland in 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 conapison to the previous inventory (numerical and notation keys)

1 Inter-annual variation within the time series

1 Identifying flat trends in the data
CdZNI KSNXY2NBE> LOStfFYR LI NUAOALI GS&a AY OFNRAR2dza Ayl
enhancing the overall quality of the invenigras described in chaptér3.4on training and capacity
building.

1.5.4 Quality Control (QC)

The team uses standardisedtation protocols in the calculation files to document changes, possible
AdadzSas yR ySOSaalNE AYLNROSYSyiGaod ¢KAa Aad R2Y
Aether), which allows the documentation of changes and flagging of issues by use of msmme

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 chany@hen he QC checks are performed, the QC reviewer follows

the QC guidance document and corresponding checRlistmmary of all comments can be generated

for each calculation file, enabling for instance someone performing QC checks to track and verify

14
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changes rade to the file, as well as check the status of flagged issues. The issues can then either be
marked as resolved, addressed immediately or added to the improvement plan, depending on the type
of issue. This tool is an important source of information ifdeseQC activities are performed.

QC activities include the following:
Are appropriate activity data, methods, calculations, units, emission factors and notation keys used?
Are all data sources well referenced/documented?

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

Are there recalculations since the last submission, and if so, are they properly documented?

= =2 =4 A -

Documentation of performed checks within the emission estimation files and on separate document to
track progess and enhance transparency.

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

The NIR coordinatomakes sure to allocate time for all inventory compilers during the inventory
preparation cycle for performing th@bove-mentioned quality checks and assists the compilers
regarding the tasks to be carried out and/ or implemented.

The general QC procedures in the guidance document are not set in stone and may change, especially
as the sectors continue to improve some teeeand subsector specific guidelines will change and/or

be added current sector specific QC check are givehiablel.4. An example of a general checklist all
sectors have to complete is givenTiablel.3, details of how to perform the checks and in what order

are given in the guidancgocument 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 do not necessarily require a deep knowledge of the sedttivean further

controls and checks which require a certain experience within the sector and take also longer time to
be performed.

Tablel.3 QC checks performed during the inventory cycle

Check Description \
1 ¢ Activity data
Activity data source Is the appropriate data source being used for activity datd is it up to date
Correct units Check that the correct units are being used
Consistency Is the data consistent with previous years?
Documentation Has the data source been documented and archived correctly?

Has colour coding been used in a consistent and accurate manner? Are there any significal

Colour Coding gaps of weaknesses?

Notation keys Review the use of notation kegsd the associated assumption to ensure they are correct.
Recalculation Check values against previous submission. Give reasons where the two values do not matc
Tlme_ senes Use recalculations to check for outliers in the data and ifdhia is timeseries consistent.
consistency

2 ¢ Emission Factors

Check that the correct uni@nd conversion factorare being usedCheck unit carry through in

Correct units .
calculations.

Emission factor
applicability
Documentation Are all emissions factors and conversion factors documented and referenced correctly?

Has colour coding been used in a consistent and accurate manner? Are there any sigtafizal
gaps of weaknesses?

Recalculation Check values against previous submission. Give reasons where the two values do not matc

Where default emission factors are usede they correct? Is source information provided?

Colour Coding
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Check Description

Time series Arethe emission factastime series consistent®se recalculations to check for outliers and ma
consistency sure any changes between years are explained and documented correctly.

3 ¢ Emission Calculations

Method validity Are thecalculationmethods used valid and appropriate?

Correct units Check that thecorrect unitsare being used

Documentation Is there sufficient documentation?

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

Has colour coding been used in a consistentacclrate manner? Are there any significant da

Colour coding gaps of weaknesses?

Recalculation Check values against previous submission. Give reasons where the two values do not matc
Time series Arethe emission factastime series consistent®se recatulations to check for outliers and mak
consistency sure any changes between years are explained and documented correctly.

Check all uncertainty calculation. Make sure appropriate equations are being used and che

ncertaint . . . .
Uncertainty uncertainty estimations are sudiently documented.

4¢CRF

Completeness Make sure all emissions are reported in the CRF file

Notation keys Review the use of notation keys and the associated assumption to ensure they are correct.
Accuracy Cross check emissions in GRporting tables with calculation files.

Tablel.4 Sectorspecific QC procedures.

Sector QCChecks

1 Identification and documentation discrepancies between the sectoral approach and th
reference approach.
1  Crosschecks with data from the National Energy AuthorilyKustofnun (NEA) with total

Energy input data in calculations files to ensure that all fuels are accounted for.

1 Monthly meetings with the NEA are held in order to address discrepattween energy
statistics and data used in the inventory. Activity data for the whole time series is cheg
and the attribution between IPCC subsectors is discussed.

i  Calculations of C£and PFC emissions from activities falling under the EU ETS Directiv
(2003/87/EC) are crosshecked with the annual emission reports verified by accredited
ETS verifiers (according to Article 67 of Directive 2003/87/EC) since 2013. This applie
activities within CRF categories 2.A.4.d, 2.C.2 and 2.C.3.

1  Participation 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 Ni
countries.

1 Regular visits witthe inspection team of th&Alto factories/companies to increase
transparency, knowledge, and accuracy through active dialogue with the field.

1 Review of the IPPU chapter in this NIR by external stakeholders.

1 Work with the livestock datarovider to crosscheck the consistency and quality of the
data; communicate with agricultural experts to obtain expert judgement on the quality
data used.

1  For the category mature dairy cows, check the correlation between the following three
pairs of interently connected parameters: milk yield and nitrogen excretion rate (herea
called Nex rate), gross energy intake and Nex rate, milk yield and feed digestibility.

i1 Data reported under CRF 3B and 3D is checked to assure consistency between N dej
on pasture, range and paddock and urine and dung deposited by grazing animals.

1 A comparison between the Icelandic coungpecific (CS) data on synthetic fertiliser
consumption and fertiliser usage data from the InternatioRatftiliserAssociation (IFA) an:
synthetic fertiliser consumption estimates from the Food and Agriculture Organization
the United Nations (FAO).

1 Review of the Waste chapter by waste experts from the Circular Economy team and tl
team of Sea and Water, within the EAI.

IPPU

Agriculture

Waste
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Additional checks are done according to the reporting requirements listed in Part 1 of Annex V to
Regulation (EU) 2018/1999:

Checks performed on the consistency of the emissions reported in the GHG inventories, for2he year X
with the verified emissiomsported under Directive 2003/87/EC

51 4 FYR SYAaaAzya LISNIIFIAYyAy3a (G2 9! 9 ¢ { dzy RS NJ
calculated in the inventory, are systematically crohecked against the EU ETS annual emission
reports; such a comparisonv&Annex Xl to Commission Implementing Regulation (EU) 2020/1208

The comparison can also be foundAnnex 4: ETS vNon-ETSof this report. 40% othe emissions

reported by Icelandwithout LULUCRFire covered by the EU ETS and therefore are of the highest
quality.

Checks performed on the consistency of the emissions reported in the GHG inventory, for-&he year x
with the data used tprepare inventories of air pollutants pursuant to Directive (EU) 2016/2284

As per Article 15 of Regulation (EU) 1020/1208, EU member states, Iceland and Norway are to perform
checks on the consistency of the data used to estimate emissions in prepar&tien@HG inventories

with the data used to prepare inventories of air pollutants pursuant to Directive (EU) 2016/2284, for
the year X2 and for the aipollutants CO, SONQ, and NMVOC@®irective (EU) 2016/2284 has not

yet been incorporated into the BEAgreement, and thus Iceland is not reporting according to that
directive. However, as these checks are useful in terms of QA/QC, Iceland performed similar checks
with the data reported under the CLRTAP.

Reported data on air pollutants was generally éstent with data reported under CLRTAP fop &G

NQ, and each of these pollutants was under the required reported threshold of £5% required by Article
15 of Regulation (EU) 2020/1208. However a0@NMVOCwere above this threshold, and sint&o

of these four pollutants exceeded the threshold, Iceland decided to report information of all four air
pollutants in accordance with the format set out in Annex Xlll to Regulation (EU) 2020/1208. CO had
an absolute difference of 3.kt of CO (or 6.7%) with mor€O being reported in the GHG inventory
thanin the inventory submitted t€LRTARMVYOCSs had an absolute difference of 0.29 kt of NMVOCs
(or 5.3%), with more NMVOCs being reported under CLRTAP than in the GHG inVdr@agason

for these differences is that different methodologiesare used forcalculating emissions from the
Domestic Aviation and International Aviation sectors. Emissions for the GHG inventory are calculated
by using fuel sales, while emissions for CLRTAP are calculated using-spedtficylanding and take

off data.

Checks performed on the consistency of the emissions reported in the GHG inventory, for-the year x
with theenergy data reportedursuant toRegulatior(EC) 1099/2008

In these checks, apparent consumption reported in 81¢G inventory under the Reference Approach

of the Energy sector, are compared with apparent consumption as reported under Regulation (EC)
1099/2008. Since the only data available to the inventory team for the Reference Approach is the
dataset reported unde Regulation (EC) 1099/2008, there is no difference between the two. The
relevant annexes are reported separately to the ESA and to the EU.

1.5.5 Plannedimprovements for QA/Q@ctivities

The configuration of roles and responsibilities mentionedSattion 1.5.2 above is still being
developed as well as the QC procedures mentioned above.
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Furthermore, it is planned to interlink QA/QC activities witte tkey category analysis and the
uncertainty analysis in order to prepare a prioritised improvement plan at the sectoral level as well as

for the inventory work in general.

1.6 Uncertainty Analysis

The uncertainty analysis is based on the Approachetror propagation of the2006IPCC Guidelines
(Vol.1, Chapter 3, Table 3.2). The uncertainties of activity data are collected from data providers or
evaluated based on expert judgements. The uncertaintifdefaultemission factors are derived from

the values proposed in the 2006 IPCC Guidelines or the 2019 EMEBIEEedook.The error
propagation is used to estimate the uncertainty for each category, the inventory as a whole and the

latest inventory gar compared to the base year.

The complete uncertainty analysis is reporteddimex 2: Assessment bhcertainty, with Table A2.1
reporting the uncetainties including LULUCF and Table A2.2 excluding LULUCF.

The results of the uncertainty estimation are summarised here below:

Tablel.5 Uncertainties2021
With LULUCF Without LULUCF
Uncertainty2021 [%] Trend[%] Uncertainty2021 [%] Trend [%]
CQ 21.1% 15.0% 1.6% 2.5%
CH 58.6% 9.6% 3.3% 4.8%
N20O 1.7 0.6% 5.3% 2.7%
HFCs 0.6% 0.0% 1.9% 0.0%
PFCs 0.10% 0.43% 0.29% 1.93%
Sk 0.009% 0.010% 0.027% 0.037%
Total GHG 62.4% 17.8% 6.7% 6.4%

The total inventory uncertainty i62.4%and the trend uncertainty estimate for this submission is
17.8% When excluding LULU@@te total inventory uncertainty i$.7% andhe trend uncertainty is

6.4%as can be seen ifablel.5.

1.7 General Assessment of Completeness

¢tKS Syidaaizya NBLRZNISR Ay

0KA &

AYy@Syili2Ne fO23SNJ |

temporal coverage, CRF tables are reported for the whole time series from 1292@Regarding
sectoral coverage, all sources considered to be above the threshold of signiffcamrecezported.

15As per paragraph 38(0 2F | Yy SE L

64DdA RSt Ay Sa

F2NJ GKS LINBLI NI GAZ2Yy 27

Annex | to the Convention, Part I: UNFCCC reporting guidelines on annual greenhouse gas irfjdéntBreessions
24/CP.19, an emissiondsnsidered 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 theands in GHG emissions and removals. GHG are compiled under five main
sectors. Emissions which are calculated éxdludedfrom the nationaltotals are included as memo
items. These sectors are defined as:

T

7 BEmissions from fuel combustiatominated by carbon dioxid€Q) released from the
conversion of carbon in fuel t6Q and generation of heaflThe Energysectoralso includes
emissions of methanedH) and other carbon rich volatile organic compounds associated with
fugitive emissions rbm fuel production and storageln many countries this sector is
dominated by big fossil fuel users includiegctricity Generation andRoad Transport. This is
however, somewhat different in Iceland due tomost electricity being produced by
hydroelectric and geothermasources and theEnergy sector is dominated B3pad Transport
andthe fishing industry.

: Non-fuel related emissions from industrial
processes and use of products with global warming impacts. i§htdominated byCQ and
sometimes nitrous oxideNeO) emissions from large industrial process biproducts (such as
converting limestone and dolomite to cemer@@), or hydrocarbons to base chemicaldd,

CH and N2O)). Emissions also occur asesult of the consumption of the use of fluorinated
substitutes for Ozone Depleting Substances (ODS), otherwise referred tgase$ from air
conditioning and refrigeratiorand sulphur hexafluorid€Sk) from electrical equipment.

: Non-energy use emissions from livestock and crop production. This category can
be broadly split into emissions from livestock and emissions from agricultural soils. The main
sources of emissions from livestocke from gases released from animals (enteric
fermentation), a digestive process in herbivores which erGik$, and from the management
of animal manure which contains and emi®4 and N.O. The methods of storage and
treatment of manure impacts the quantity €H andN>O emitted. The applicationfe@rganc
manure and synthetic fertiliser to land results in both direct and indie€t from soilsFinally,
liming and the application of carbesontaining fertilisers releases €@ is worth mentioning
that emissions from fuel consumption in machinery use@griculture, such as tractors for
instance, are not reported in this chapter; they are reported in the Energy sector.

~Bmissions and removals from lande.
This sector focuses on the differecarbon poolsliving biomass, dead organic matigivided
into litter and deadwoodsoil organic matterand harvested wood products. Removals occur
through carbon sequestratiomriven mostly by revegetation and afforestation activifies
whereasemissionsare dominatedby land-management practices such as the drainage of
mineral and organic soilkand is categorised into one of six land y$&esestLand, CGropland,
GrasslandWetland, Settlements, and Cther Land.

: Non-energy use emissions associateith the management of solid and liquid waste.
Emissions from waste are split into four main categorigsid Waste Disposal,Biological
Treatment of Solid Waste, Incineration and Open Burning of Waste and Wastewater
Treatment and Dischargd@he main gases emitted a@H through the anaerobic (absence of
oxygen) decomposition of solid or liquid wastéO from the oxygenation of protein rich
compounds (e.gfoods) in the waste streams ar€Q from incineration of fgsitbased waste
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materials (e.g.plastic).CH is emitted in solid waste disposal sites where organic matter
decays over a period of many years, at a declining rate. Anaerobic conditions in wastewater
treatment also produceCH. The biological treatment fowaste, such as composting, also
results inCH emissions (from anaerobic decomposition) axD emissions from oxidation of
nitrogen rich materials (e.gprotein). Incineration and open burning of fodsdsed wastes

(e.g, increasingly plastics) are éhmost important sources o€Q emissions from waste
incineration activities.

1 Emissions which are not included in the national totals in accordance with
international reporting agreements, includeternational Navigation,International Aviation,
andCQ from biomass (bie€CQ).

2.1 Emission Trends Overview

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

Carbon dioxide@Q)
Methane CH)

Nitrous oxide K20)
Hydrofluorocarbons (HFCs)

Perfluorocarbons (PFCs)

=A =/ =4 =4 =4 =4

Sulphur hexafluorideSf)
1 Nitrogen fluoridelp Ci 0

Iceland reports emissions @fQ, CH, N;O, HFCs, PFE@sd Sk. No emissions di Cdccur in Iceland
there are no imports and no indugtis potentially usingb C(&.g, semiconductors, LCD manufacture,
solar panelsand chemical lasers) present.

Total amounts of GHGs emitted in Iceland during the pefiooh 1990 to the most recent inventory
year are presented in the following figures and tables, egped in terms of contribution by gas and
sector in ktCQ equivalents CQe).

Iceland also reportprecursor and indirect GH&nissionsthis includes:

1 Nitrogen oxidesNOx), nonrmethane volatile organic compounds (NMVOC) and carbon monoxide (CO)
whichcontribute to the formation of the GH@zone; and

1  Sulphur dioxide $Q) and Ammonia (N which affects climate by increasing the level of aerosols that
in turn havea cooling effect on the atmosphere.

The emission trend®r precursors andhdirect GHGs are presented separately in Se@i@n

16 hitps://unfccce.int/process/thekyoto-protocol/the-dohaamendment
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Agriculture
13%

In the most recent inventory year, the
Industrial Processes sector was the large
contributor of GHG emissions in Icelar
(without LULUCF), followle by Energy,

Agriculture, and Waste.
S IPPU_
43%

Change over the timeseries:
+27 Y% (excluding_ULUCF)
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By the middle of the 1990s, economic growtl The contribution of IPPU to total emissior
started to gain momentum in Iceland. The ma (without LULUCF) has more than double
driver behind increased emissions since 199( over the time series, overtaking emissior
the expansion of the metal production sector: from the Energy sector in 2012.
There was one aluminium plant in 1990
Second aluminium plartpenedin 1998
Third aluminium plant opened in 2007
Total GHG emissions (excluding LULU
increased by approximately a third sinc
1990 mostly due to the expansion of the
metal production industry. Emissions fror
the energy sector are dominated by fue
combustion in road transport and fishing
whereas the emissions due to electricit
production and district heating are relativel
small and alrost exclusively linked to GQ
emissions from geothermal power plants.

Figure2.1 Overview of GHG emiss&fwithout LULUCH)om top to bottom: (1) emission by sector for the latest
year(2) emission by sector over the time seded (3) emissions by gas for the latest y€abe values calculated
using GWP from AR5.
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OverallTrend

Since 1990, Icela®@total GHGemissions haw increased bynore thana quarter(excluding LULUCF)
This trendof increasing emissiaris dominated by:

i1 The expansion of the metal production sector, in particular the aluminium sector;

1 Increases in emissions from geothermal energysatilon due toan increase in electricity production,
which increased 1-8old between 1990 and 2® and

1 The Road Transport sectorCQ emissions almost doubling since 1990 due to increases in population,
number of cars per capita, more mileage driven, and an increadeishare of larger vehicleghese
changes can partly be attributed to a significant increase in the number of tourists in Iceland in the last
10 years

In contrast, annual emissions have seen an overall decline since 1990 from commercial fishing, with
GHG emissions reducing by approximately a quarter over the time series. Emissions from both
domestic flights and navigation have also declined since 1990.

Emissionduring 19961999

By the middle of the 1990s, 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 produced in one aluminium plant in Iceland. A second aluminium plant was
established in 1998 and a third one in 2007.

Emissions during 2062007

The overall increasing trend of GHG emissions until 2005 was counteracted to some extent by
decreased emissions of PF@hjch wascaused by improved technology and process control in the
aluminium industry. Increased emissions due to an increaseodugtion capacity of the aluminium
industry (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 ant&®@D Countries. A knock

off effect of the increased 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
(Karahnjukay buit from 2002 to 2007) led ta further increase in emissions Iceland

Emissionduring 20082011

In the autumn of 2008, Iceland was hit by an economic crisis when three of the largest bargpsecblla

The blow was particularly hard owing to the large size of the banking sector in relation to the overall
economy as the sect@® worth was about ten times the annual GDP of Iceland. The crisis resulted in a
serious contraction of the economy followdy an increase in unemployment, a depreciation of the
currency, thelcelandickréna (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 and2011.
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Emissions from fuel combustion in the transport and construction seaecreased each year
between 2008 and 2011 because of the economic crisis. In,20&%missions were slightly higher
than in 2011, yet still approximately 20% below the peaRd07.

EmissionsSnce 2011

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

By 2021, Aluminium Production was almost tenfold compared to 1990. Parallel investments in
increased power capacity exe needed to accommodate for this increase. The size of these
investments is large compared to the size of Ice@retonomy. 12021, total emissions from the
aluminium sector were 13% lower than in 2008 due to improved technology and process control.

Teble 2.1 Emissions of GHG by sector in Iceland for the reported time Berg®e, calculated using GWP from

1 Energy 1,841 2,057 2,185 2,158 2,02 1,854 1,664 1,767 -4.0%  +6.2%
2 Industrial 903 553 992 950 1,899 1,970 1,975 2,007 +122% +1.6%
Processes

3 Agriculture 695 643 641 611 646 659 617 620 -10.8% +0.5%
4 Land Use,

LandUse 0610 9,587 9,604 9,635 9,596 9506 9,421 9,398 -2.2%  -0.2%
Changeand

Forestry

5 Waste 244 301 336 340 3% 289 266 268  +102% +1.3%
[oal WUt 3682 3555 4154 4050 4906 4773 4521 4662 27%  +3.1%
Total with

LOLUGE 13,292 13,142 13,758 13,695 14,503 142 13,942 14,060 +5.8%  +0.8%
International

bunkers (nemo 249 241 465 426 380 828 341 539 +116%  +58%
items)

As shown irrable2.2, the largest contributor by far to total GHG emissions without LULUCBis
followed byCH, N;O, and fluorinated gases (PFCs, HFCs,Sig)dOver the time series, emissions of
CQ have increased the most, and PFCs sd emissions have decreased significantly.

Table2.2 Emissions of GHG gases by gas for the reported time series (without L{Kt GCE) calculated using
GWP from AR5]

% Total
in latest
year
CQ 2,223 2,469 2933 298 3,6Z7 354 3340 3,510 +58% +5.1% +75%

CH 718 732 755 735 755 715 652 654 -8.9% +0.3% +14%

Change

GHG 1990 1995 2000 2005 2010 2015 2020 POWHL

N.O 295 287 287 259 254 258 245 249 -16% +1.7% +5.3%
PFCs 445 62 135 28 154 93 86 89 -80% +3.5% +1.9%
HFCs 0.3 3.1 43 57 110 161 196 157  +50,036%  -20% +3.4%

Sk 11 1.3 14 2.6 4.8 1.6 3.3 3.0 +163% -8.5% +0.1%
Total 3,682 35% 4,154 4,069 4,906 4,773 4521 4,6& +27% +3.1%  +100%
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2.1.1 Energy (CR&ctor 1)

38%of total emissiongexcluding LULUCF)

Iceland ranks first among OEC
countries in the per capita consumptiol
of primary energy. However, the
proportion of domestic renewable
energy in thetotal energy budget is

approx. 85%, which is a much high 'ggsﬂAéA }\¢Tr[\1
share than in most other countries, witt yR . dza
close to 100% of the energy deman sm DS20I
covered by hydrg geothermal and

wind power. The cool climate and spars sMObAA T .
population have high energy anc Rdzig ¢N
transportation needs Together with
Road Transport, fishing industry
dominate emissionsof the Energy
sector.
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TheEnergy sector is dominated by €emissions
from Road Transport and the fishing industry. €C
emissions from geothermal energy exploitatic
have increased since 1990 with the opening of n
geothermal power plants CQ sequestration
projects are ongoing to capture @@missions
from geotrermal plants and mineralise i
underground for permanent storage.

Figure2.2 Overview of emissions from the Energy sector, from top to botfdjremission bgubsector for thi
latest year, (2) emission lsubsector over the time seriesmd (3)emissions by gas for the latest ye@Qe value
calculated usina GWP from ARS.
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Keyexport industries such d3sheries andMetal Production areenergy intensiveThe metal industry
uses around threguarters of the total electricity produced in Iceland. Iceland relies heavily on its
geothermal energy sources for space heating (over 808l homes) and electricity production (30%
of electricity) and on hydropower for electricity production (70% of the electricity).

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

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

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

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

The emission trends are discussed in more detail below by subsector. These are categorised into fuel
combustion, which covers all direct &rions from oxidation of fuel for generating heat or mechanical
work to a processandgeothermal and fugitive emissispwhich covers emissiafrom the extraction,
transformation and transportation of primary energy carriers. Emissions frémmnsport have
significantly increased since 1990, whilst emissions fnergylndustries,Fshing andVianufacturing
Industries and Construction have decreaseas can be seen ifable2.3. Thecauses of these emission
trends are discussed below.

Electricity andHeat Production

The Energy sector includes emissions from electricity and healuption. Iceland relies heavily on
renewable energy sources for electricity and heat production, thus emissions from this sector are very
low (accounting fojust>v"> 2 ¥ (1 KS amS<bisBrNdR wholé gmesefies)The sources of
emissions fra electricity and heat production are:

1 accurs at two locationgtwo islands Flateyand Grimsey,
which are located far from the distribution system.

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 sourceseyrdepend on curtailable energy. These heat plants have-back
up fuel combustion in case of an electricity shortage or problems in the distribution system.

Emissions from th&nergyIndustry sector have generally decreased since 1990. In 1i9@%e were
issues in the electricity distribution system (snow avalanches imtbstfijordsregion (Vestfirdi) and

icing in the northern part of the country) that resulted in higher emissions that year. Unusual weather
conditions during the winter of 1997/1998 led tmfavourable water conditions for the hydropower
plants. This created a shortage of electricity which was met by burning oil for electricity and heat
production. In 2007a new aluminium plant was established. Due to the delay ofkheahnjukar
hydropowe project, the aluminium plant was initially supplied with electricity from the distribution
system. This led to electricity shortages for the district heating systems and industry depending on
curtailable energy, leading to increased fuel combustion anisions.
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ManufacturingIndustries andConstruction

Increased emissions from thdanufacturingindustries anddonstruction source categ@sover the
period 19962007 are explained by the increased activity in @astruction 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, where the rise, particularly in the years prior to 2007,
was relatedtothedD2 y & G NUzOG A2y 2F L OSft | KdRaQniukaf builNZB0R2007). K @ R NB L.
The Construction sector collapsed iautumn of 2008 due toan unprecedented nationadconomic

crisis and thus the emissions from the sector decreased by over half betwe@d72and 2011.
Emissions from fuel combustion at the cement plant decreased rapidly due to the collapse of the
Gonstruction sectorand in 2011 the plant closed. TRishmeal industry is the second most important
source within Manufacturing Industries andConstruction. Emissions fronfishmeal Production
decreased over the period due to replacement of oil with electrjeisywell as a drop in production.

Transport

Emissions from the Transport sector have increased by over half across the time seriesgdste la
increase in emissions is froRDad Transport, owing tesubstantial increasethe national population,
the number of cars per capitégtal mileage driventhe number oflarger vehiclegat least until 2007),
and tourism, all of which have increasdubtvehicle fleet significantly sind®90 Emissions fronRoad
Transportpeaked in 2018 after a decreasing trend from the previous 2007 ,pehich has been
followed by a rise in road emissions since 20h recent yearghere has been a significant irase

in the number ofuel-efficient and electric vehicles; a reverséthe trend from 2002007 when large
fuel-inefficientvehicles were importedNew registrations of electric vehicles and pladybrids have
been increasing rapidly since 201Bmissions from botibomestic Aviation and Navigation have
declined since 1990. This decreas&lavigation andAviation has compensated for rising emissions in
the Transport sector to some extent.

Fishing

Fisheries dominate the Other sector (1A4). Enoissifrom fisheries rose from 199(P96 because a
substantial portion of the fishing fleet was operating in unusually distant fishing grounds. From 1996,
the emissionshave generally been decreasing and reached levels béhose of 1990 in 2011.
Emissiongemain below 1990 levels, however there are large annual variations due to the inherent
nature of fisheries.

Geothermal Energy

Emissions from geothermal enerdpave accountedfor 3-8% of the total annual GHGemissions
(excluding LULUCGCIR)Icelandsince 2015Iceland relies heavily on geothermal energy for space heating
(over 90% of the homes) and electricity productiapgromately 30% of the total electricity
productionin recent years Table2.3 shows the emissions from geothermal energy from 12021
Electricity production using geothermal power increasggproximately20-fold during this period
resulting in an increase Emissions. Emissions from geothermal sdilion are site and time-specific

and exhibit significant variations between different wells and well sites, as wdbyathe time of
extraction.
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Distribution of Oil Products

Emissions from distribution of oirpducts are a minor source in Icelarwl (kt CQe). Thereare no
other transportation emissions in Iceland and no coa)ovias production emissions.

Memo Iltems

Emissions fromnternational Aviation and marine bunker fuels are excluded from nation&hioas
outlined in the IPCC Guidelines. These emissions are presented separately for information purposes
but are included inTable2.3. GHG emissions from marine and aviation bunkers have more than
quadrupled since 199@nostly due to increased tourism in recent years.

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

Table 2.3 Total GHG emissiorfsom the Energy sector for the reported time serjks CQe]. CQe values
calculated using GWP from AR5.

1A1 Energy Industries 14 15 6.5 3.4 8.6 4.2 1.8 2.6 -81% +44%
Ilrgigfﬁe”:facm“”g 302 295 330 298 138 117 54 77  -75%  +41%
1A3 Transport 621 655 696 866 895 895 883 901 +45% +2.0%
1A3a Domestic Aviation 34 30 28 26 21 21 13 21 -38% +58%
1A3b Road Transport 531 558 616 775 814 827 831 860 +62% +3.5%

1A3d Domestic Navigatior 33 38 13 23 35 27 25 18 -47% -30%
1A4 Other Sectors (Fishing 842 1,007 993 841 775 669 544 604 -28% +11%
1A4a Commercial/

8.1 7.8 6.7 4.9 1.7 2.1 1.6 1.7 -78% +6.5%

Institutional

1A4b Residential 28 22 21 13 85 59 67 52  -81%  -22%
Stationary

1A4c Fishing 806 977 965 823 765 661 536 597  26%  +11%
1A5 Other 01 16 46 29 14 02 04 25 +1978% +599%
1B2 Fugitive Emissions fror
Fuels (incl. Geothermal 62 83 155 120 195 168 180 180  +190%  +0.3%
Energy

1B2d Geothermal 62 82 154 119 195 168 179 180 +192%  +0.3%
Total Emissions 1,841 2,057 2,185 2,158 2,027 1,854 1664 1,767 -4.0%  +6.2%
Intemnational Aviation 221 238 410 424 380 679 263 415  488%  +58%
(Memo)
International Navigation 28 34 54 18 03 149 78 124  +341%  +59%
(Memo)
CQ from Biomass (memo) NO 3.9 51 59 7.3 43 64 89 - +39%
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2.1.2 Industrial Processes and Product Use (CRF sector 2)
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43 %of total emissions
(excluding LULUCF)
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2.C.3 Aluminium productionm 2.C.2 Ferroalloys productiorm 2.F.1 Refrigeration and air conditioning Other

Large part of the GHG emissidag the form of C@
as a result of the oxidation of carbdrased
reductants (coal, coke) used in metal production.
gases in the form of PFCs are also formed dur
aluminium production, explaining part of the total F
gas emissions, while the rest can be assigned
Refrigeration and Air Conditioning, Electrical
Equipment, and Metered Dose Inhalers

Figure2.3 Overview of emissions from the IPPU sector, from top to bot{@jremission bgubsector for th
latest year, (2) emission lsyitsector over the time seriesd (3)emissions by gas for the latest ye@Qe value
calculated using GWP from AR5.
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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
dominatedby CQ, hydrofluorocarbons (HFCahd perfluorocarbon (PFCHIFCs are used as substitutes

for ozone depleting substances (ODS) in refrigeration systBerfluorocarbon emissions in Iceland

come mostly from the aluminium industry (tetrafluoromethat@f, and hexafluoroethangGFs), and

to a small extent from refrigeration equipment (hexafluoroethaneR{)Ccommercially known as
PFC116, and octafluoropropaneRg, commercially known as PR2C8.

Emissions from IPPU have increased over the time serigmpli due to the expansion of energy
intensive industry, primarily from metal production (aluminium smelting and ferroalloy produgtion)
seeTable2.4. Metal production accounts for approximately 90% of the IPPU sector 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 production technology in all aluminium plants is based on using centre worked prebaked
anode cells. The main energy source is electriciig,industrial proces€Q emissions are mainly due
to the anodes that are consumed during electrolysis. In addition, the production of aluminium gives
rise to emissions of PFCs. Due to the expansion of the existing aluminium plant in 1997 and the
establisiment of a second aluminium plant in 1998, emissions increased from 1997 to 1999. From
2000, the emissions showed a steady downward trend until 2005. The PFC reduction was achieved
through improved technology and process control and led to a 98% decredise amount of PFC
emitted per tonne of aluminium produced during the period of 1990 to 2005. In 2006, the PFC
emissions rose significantly due to an expansion of one smelter, but PFC emissions per tonne of
aluminium decreased from 2007 to 2011 through noyed process technology. The third aluminium
plant was established in 2007 and reached full production capacity in 2008. PFC emissions per tonne
of aluminium are generally high during start up and usually rise during expansion. PFC emission
declined in 209 and 2010 through improved process technology until December 2010 at the third
smelter, when a rectifier was damaged in fire. This led to increased PFC emissions leading to higher
emissions at the plant in 2010 than in 2009. Since 2010 the average R&<loemfor all three
aluminium smelters is around 0.XCQe/t Al produced.

accounts for approximately a fifth of Industrial Processes emissio@sis
emitted due to the use of coal and coke as reducing agents and from the cotisnropelectrodes
and other carborcontaining additives (carbon blocks, electrode casings and limestone). In 1998 a
power shortage caused a temporary closure of the ferrosilicon plant, resulting in exceptionally low
emissions that year. In 1999, howevéng plant was expanded (addition of the third furnace) and
emissions have therefore increased considerabige 1990. In late 2016, a silicon metal plant opened,
which contributed slightly to the increase in emissions from this subsector for 2B/ newplant
ceased operations in mig017, but another silicon plant started its operations in May 2018.

emissions havsignificantly decreased since 1990. Cement production was the
dominant contributor until 2011 when the sole cement plahusdown.CQ derived from carbon in
the shellsand used as raw material is the sourcE@femissions 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 @07 emissions increased again because of increased activity related to the
construction of theKarahnjukamhydropower plant (built 2002 to 2007) although most of the cement
used for the project was imported.
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Emissions from thehemical industryceased irR005. The production dertilisers, which used to be
the main contributor to process emissions from the chemical industryolees®din 2001. No chemical
industry has been in operation in Iceland after the closure of a diatomite (silica) productioty facili
2004.

Imports of HFCE~gased started in 198 and have increased steadiintil 2018. In 2019 a tax scheme

was established, putting a tax on the import eg&ses according to their global warming potential.

Since 2019 the import has beeecreasingNo HFC/PFCs were routinely used for refrigeration before
1993 and the only HFCs reported before then is-HBin Metered Dose Inhalers, therefore the
increase since 1990 is very lardeefrigeration and air conditioning are the main uses BC#lin

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
in certain refrigerant blends, and the PERissions from refrigeration and air conditioning is on the

order of a few tens of tons c@Qe.

The sole source @k emissions is leakage from electrical equipment such as gas insulated switchgear.
Emissions have been increasing since 1990 due to themnsion of the Icelandic electricity distribution

The peak in leakage in 2010 was caused by two unrelated accidents during whfhdbetained in
equipment leaked into the atmospher@he peak in 2018 was due to equipment breakdown that
caused leakage

The use ofsolventsand products containing solvents (CRF sector 2D3) leads to emissions-of non
methane volatile organic compounds (NMVOC), which are regarded as indirect GHGs as the NMVOC
compounds are oxided toCQ in the atmosphere over time. The€0 emissions are also included in

this inventory.

Also included inthe IPPUsector are emissions ™0 from medical and other uses and emissions of
CQ from lubricants and paraffin wax us@ther sourcesof emissions included in the Icelandic
inventory are CH and N>O emissions from tobacco, as well as GHG and precursor emissions from
firework use. Historically, Industrial Processes has been an important souht®pbut emissions
have been significantly reduced since the shutdown offéntliser plant in 2001.

Table 2.4 GHG emissions from Industrial Processed Product Usdor the reported time seriefkt CQe,
calculated using GWP from AR5

Industry Sector 1990 | 1995 2000 2005 2010 2015 2020 2021
2A MineralProducts 52 38 65 55 10 0.7 0.9 0.9 -98% +4.0%
2B Chemicdhdustry 42 36 16 - - - - - NA NA

2C MetalProduction 795 462 853 825 1,764 1,797 1,766 1,837 131% +4.0%
2D Nonenergy

Products fromFuels 7.2 7.9 7.8 7.4 5.7 6.2 6.3 6.5 -9.2% +3.7%
and SolventUse

2F ProductJses as

Qibstitutes forOzone 0.3 3.1 43 57 110 161 196 157 +50,0568% -20%
DepletingSubstances
2G OtherProduct
Manufacture andJse

Total Emissions 903 553 992 950 1,899 1,970 1,975 2,007 +122% +1.6%

6.6 53 5.8 6.1 8.3 4.6 5.8 4.9 -26% +16%
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Table2.5 Total HFC, PFC a8& emissions from-{§as consumptiofkt CQe, calculated using GWP from AR5
GHG 1990 1995 2000 2005 2010 2015 2020 202  _nange  Change

National Inventory Report, Icelarg23

WhHH PO Wh

HFCs 0.31 32 43 57 110 161 196 157 50,036% -20%
PFCs 445 62 135 28 154 93 86 89 -80% +3.5%
Sk 11 13 14 26 4.8 1.6 3.3 30 163% -8.5%
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2.1.3 Agriculture (CRF sector 3)

Emissions are
dominated by
agricultural soils and
enteric fermentation
across the time
series. Approximately
90% of emissions
from enteric
fermentation are
caused by the two
biggest livestock
categories: Sheep
and Cattle
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values calculated using GWP from AR5.
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Iceland is seksufficient in all major livestock products, such as meat, milk, and eggs. Traditional
livestock production is grassland based and most farm animals are native beagddairy cattle,
sheep, horses, and goats, which are of an ancient Nantgn, 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 crop prodtion 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 dkegtopulation sizes,
especially cattle and sheefinotherfactor that has a considerable impact on emission estimates is the
amount of nitrogen in fertier applied annually to agricultural soils. A decrease in livestock population
size of sheep betweeh990 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 agriculture emissions during the same perié@y(re2.4 and Table2.6).

In 20052018 increased fertder use lead to higher emissions from agriculture. However, sharp
decrease inlgeep livestock numbers since 2016 and slight decrease indertilse since 2018 have
ledto decreased emissions agairhe emissions from Agriculture have though stayddtieely stable
since 1992, hencédt is difficult to state whether the resent dezase in emissions will continue or not.

Table2.6 GHG emissions froAgriculture sector for the reported time serigs CQe, calculated using GWP from
AR3.
Agriculture

Change Change

1 1 2 ) 2010 2015 2020 2021
Soctor 990 1995 2000 2005 2010 2015 2020 20 T G
3A Enteric 391 356 345 329 352 357 325 323 -17%  -0.6%
Fermentation
3B Manure 99 86 83 77 81 83 77 77 22%  +0.5%
Management
ggiég”"”"“ra' 205 199 210 198 209 214 206 210  +2.8% +2.0%
3G Liming 05 00001 004 41 1.9 3.3 5.3 5.8  1,149% +9.6%
8H Urea - ; - - - 001  1.67 148 NA 11%
Application
3| Other Carbon
containing - 2.4 2.8 2.1 2.3 21 1.9 1.9 NA +3.0%
Fertilisers
Total Emissions 695 643 641 611 646 659 617 620 -10.8% +0.5%
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2.1.4 Land Use, Landse Changgeand Forestry (LULUCF, CRF sector 4)

National Inventory Report, IcelarD23

67%of total emissions

Both emissions from

sources and removals
by sinks are reported
for this sector. Overall,
the LULUCF secto

results in net
emissions, which are
greater that all other
sectors combined.
This is primarily due to
Grassland, Wetlands 222R DNI aat

LINE R dzCRINGF A v ¢
and Cropland az20fa

Change over the timeseries2.2%

L

The LULUCF sector is dominated by.C
emissions from the drainage o
wetlands.

Figure2.5 Overview of emissions and removals from the LULUCF sector, from top to lf@j@insoluteemissiol
and removaldy subsector for the latest year, (2) emissiod removaldy subsector over the time series .
(3) absoluteemissiongind removaldy gas or the latest yearCQe values calculated using GWP from AR5
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Net emissions (emissiorsremovals) in the LULUCF sector have slightly decreased over the time
period. Emission increase from Grassland is explained by drainage of wetland, converting Wetlands to
Grassland, which is somewhat counterbalanced within thegaty by increased removals through
revegetation. Increase in wetland drainage decreases the area of wetland and consequently the
emissions. The increased removals through afforestation are explained by increased activity in the
category and changes in Bt growth with stand ageél’he area of Cropland organic soils is estimated
through the time series availabl@he time series and conversion period applied to these new
subcategories are constructed on ratio calculations between the total area of Croplaopland
Active, and Cropland Inactive (Fallow) areas emerged from the new map layers through the IGLUD
process and then subtracting the ratio of Land Converted to Cropland areas also emerged from the
new map layers through the IGLUD procésee chapte6.6 Cropland (CRF 4BYTherefore, despite

the slight reduction in the tal area of cultivated areas, the areas related to organic soils have an
increasing trend which, consequently, also explainssimallincreasing trend of emissions from the
Cropland category detected 2023 Submissian

National Inventory Report, IcelargD23

Analyses of trends in emissionstbé 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 diffienentero.

Table2.7 GHG emissiorand removaldrom the LULUCF sector the reported time seriefgt CQe, calculated
using GWP from AR5

4 A ForestLand  -29 -53 -89 -140 -293 -398 -493 -509  +1,639% +3.3%
4.B Cropland 1,991 1,993 1,994 1996 1998 2,001 2,003 2,003 +0.60  +0.02%
4.C Grassland 5420 5,415 5486 5589 5,747 5769 5776 5,774 +6.5% -0.04%
4.D Wetlands 2,206 2,211 2,195 2,172 2,40 2,131 2,121 2,121 -3.8% +0.01%
4.E Settlements 22 22 18 18 3.7 3.7 14 8.8 -60% -37%
4.F OtheiLand NA NA NA NA NA NA NA NA NA NA

4.G Harvested
Wood Products

Total Emissions 9,610 9,587 9,604 9,635 9596 9,506 9,421 9,398 -2.2% -0.2%

NO,NA NO,NA 0.003 0.003 -0.033 -0.038 -0.041 -0.014 NA -65.3%
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2.1.5 Waste (CRF sector 5)

National Inventory Report, IcelarD23

6% o0f total emissiongexcluding LULUCF)

m 5A1 Managed Waste

Emissions from the Disposal Sites

Waste sector show a

parabolic shape 5D1 Domestic
increasing from 1990 to Wastewater

2007 and then

decreasing to reach = 5A2 Unmanaged
.. . Waste Disposal Site:

similar levelsas were in

1990. Emissions are
dominated by Solid

Waste Disposal and

WastewaterTreatment. = Other

< Ww
o O
[ 3]
—

= 5D2 Industrial
Wastewater
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Emissions from theéWaste sector are
dominated by CkHemissions fronolid

Waste Disposal and Wastewater
Treatment andDischarge.

Figure2.6 Overview of emissions from thW#aste sector, from top to botton{1) emission by subsector for
latest year, (2) emission by subsector over the time series and (3) emissions by gas for the laeQeyealue
calculated using GWP from AR5.
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The majoriy of emissions from th&Vaste sectorare CH emissionsrom Solid Waste Disposal. The
remaining emissions arose fromWastewater Treatment and DischargeWaste Incineration, and
BiologicalTreatment ofWaste,e.g., Composting. The trend illVaste emissions is dominated by:

An increase ircolid Waste Disposal (SWiemissions between 1990 and Z®Was caused by the
accumulation of degradable organic carbon in recently established managed, anaerobic solid waste
disposal ges which are characterised by higher methane production potential than the unmanaged
SWDS they succeeded. The decrease in emissions from the waste sector sih¢e @&iBed by a
decrease in SWD emissions which is due to a rapidly decreasing sharstefiamafilled since 2GD

and by an increase in methane recovery at SWDS.

Emissions fromComposting have been steadily increasing from 1995 when composting started.
Improved collection of organic waste leads to a rapid increase of the emissions in yeaesit

The significant decrease in emissions fromneration andOpen Burning of Wastefrom 1990 isdue

to a decrease in the amount of waste incinerated and a change in waste incineration technology.
During the early 1990s waste was either burned inropis or in waste incinerators at low or varying
temperatures. Since the miti990s increasing amounts of waste are incinerated 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 Treatment and Dischargemissions have decreased slightly since 1990. Emissions from
Domestic Wastewater have increased due to an increase in population. Indusiastewater
emissions are based on amount of fish processed in Iceland, and there are some annual fluctuations
which cause changes in emissions.

Table2.8 GHG emissions from thaste sector for the reported time serigs CQe, calculated using GWP from
ARS§.

Waste Sector 1095 2000 2005 2010 2015 2020 2021 < andes Changes

WhH 1 W HYH

5A Solid Waste

Disposal

5B Biological

Treatment of Solid NO 0.4 0.4 0.9 2.7 3.7 5.6 55 NA -1.9%
Waste

5C Incineration and
Open Burning of Wast¢
5D Wastewater
Treatment and 60 65 75 71 53 54 46 49 -19% +7.3%
Discharge

Total Emissions 244 301 336 340 334 289 266 268 +10.2%  +1.1%

168 225 254 263 272 224 208 207 +24% -0.2%

15.6 10.7 6.3 5.6 6.7 76 7.0 6.9 -55% -0.5%
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2.2 Emission Trends faDzonePrecursors andndirect Greenhouse Gases

Nitrogen oxidesNQ,), nonmethane volatile organic compounds (NMVOC) and carbon monoxide (CO)

in the atmosphere can lead to the formation of the greenhouse gas OzaheSi@phur dioxidéSQ)

and Ammonia (N§j affect 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 with
guidelines for reporting air pollutants under the CART. The 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 Nitrogen OxidesNQ.)

The main source oNG in Iceland is the Energy sector, as can be seeRigare2.7. The main
contributors to this sector are commercial fishing and transport, followed by manufactudiogtries
and construction. In industrial processes, the mawW0O. source is ferroalloys production.
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Figure2.7 Emissions of NOx by sector for the reported time series [kt].
2.2.2 Non-Methane Volatile Organic Congunds (NMVOC)

The main sources of NMVOCs are thdustrial processes, followed by Agriculture and Ewergy

sector, as can be seen kigure2.8. 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, NMVOC are mostly emitted in vaneas gs¢s,

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.

17 Convention on Lon@ange Transboundary Air Pollution, find out morehébs://www.ceip.at/
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Figure2.8 Emissions of NMVOC by sector for the reported time Jétjes
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 transport have decreased rapidly after
the use of catalytic convters in all new vehicles became obligatory in 1995. Total CO emissions have
almostdoubled since 1990

120
100
=
= 80
L]
2 .
R
2 60
— H mm - B
E --- - BB D Em =
M) -
o 40
O
0 IIIIIIII“IIIIIIIll
[ e I I e N o Y= T O« e e T Y o A T N ¥ B = =« R = e T T oV o T~ o T e - =T |
S Oy Oy Oy Oy O O 2 O 0 0 0 0 0 000 o o d o dd o oo oo
Sy v Oy OO O h © O O 0 00000 0 OO o o o o o o o o oo
L B T I I I I I A B o B o O o N o o Y o Y o Y o N o N o Y o A o A o A o A o A . e s e

W Energy IPPU ® Agriculture m Waste

Figure2.9 Emissions of CO by sector for the reported time sgkifs
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2.2.4 Sulphur Dioxide $Q)

Geothermal energy exploitation is by far the largest sourc@@emissions in Iceland. Sulphur emitted
from geothermal power plants is in the form of hydrogen sulphidd & reported here in kEQ-
equivalents. Emissions have doubled since 1990 due to an increase in electricity production at
geothermal power plants. Other significant sourcesS® 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 emissions were relatively stable. Since then, the metal industry has expanded, leading
to an increase ir80; emissions. The fishmeal industry is the main contributo@ emissions from

fuel combustion in the sector Manufacturing Industries and Construction. Emissions from the fishmeal

industry increased from 1990 to 1997 but have declined since as fubEleaseplaced with electricity

and production has decreased.

SQ from the fishing fleet depend upon the use of residual fuel oil. When fuel prices rise, the use of
residual fuel oil rises and the use of gas oil drops. This leads to higher sulphur engsissiesulphur
content of residual fuel oil is significantly higher than in gas oil. The rising fuel prices since 2008 have
led to higherSQ emissions from the commercial fishing fleet in recent years. As a result of this,
emissions have decreased abaver 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.
2.2.5 Ammonia(NHs)

The main source of Nhb the agriculture sectoMost emissions come from manur&animal manure
applied to soils, manure management and manure deposition of grazing animals on pastures.
Emissions have been fluctuating between 4 and 5 ktgitite 1990seeFigure2.11. The trend in Nk
emissions is relatively steady which is driven by relatively little overall variability in livestock numbers.
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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:

StationaryCombustion (CRF 1A1, 1A2, 1A4 and 1A5)
Transport and Other Mobile Sources (CRF 1A2, 1A3, and 1A4)

Fugitive Emissions Including Geothermal Energy Production (CRF 1B)

= =4 =4 -

Reference Approach, Feedstocks, and fdoargy Use of Fuels (CRF 1AB, 1AC, and 1AD)
3.1.1 Methodology

Emissions from fuel combustion 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 pollutantspecific emission factors. Il @alculations, the oxidation factor was set to the
default value of 1. Emissions from Road Transport are estimated using CORERiUh&Eh uses aier

3 methodology to estimate XD and Cklemissions, and dier 2 methodology to estimate GO
emissions A more detailed description can be found Ghapter 3.3.3 Road Transport (CRF 1A3b)
Information of tier methodology for each subsector can be se€raine3.1.

Table3.1 Methodological information for all estimated subsectors in Energy.

1. Energy Industries

a. Public Electricity and Heat Production T2, T1 T1 T1
2. Manufacturing Industries and Construction

a. Iron and Steel T2, T1 T1 T1
b. NonFerrous Metals T2, T1 T1 T1
c. Chemicals T1 T1 T1
e. Food Processing, Beverages, and Tobacco T2, T1 T1 T1
f. NonMetallic Minerals T2, T1 T1 T1
g. TransporEquipment T2 T1 T1
3. Transport

a. Domestic Aviation T1 T1 T1
b.i. Cars T2 T3 T3
b.ii. Lightduty Trucks T2 T3 T3
b.iii. Heavyduty Trucks and Buses T2 T3 T3
b.iv. Motorcycles T2 T3 T3
d. Waterborne Navigation T2, T1 T1 T1
e. OtherTransportation T2, T1 T1 T1
4. OtherSectors

a. Commercial/Institutional T2, T1 T1 T1
b. Residential T2, T1 T1 T1
ci. Agriculture/Forestry/FishingStationary T1 T1 T1
cii. Agriculture/Forestry/FishingOff-road vehicles T2 T1 T1
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Sources Methodology
1A Fuel Combustion Activities CQ CH N>O
ci. Agriculture/Forestry/FishingFishing T2, T1 T1 T1
5. NonspecifiedHsewhere
a. Stationary T2, T1 T1 T1

1B Fugitive Emissions

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

ab5. Oilg Distribution of Oil Products T1 T1 NA
d. Other¢ Geothermal Energy T2 T2 NA
1D Memo Items

1. International Bunkers

a. International Aviation T1 T1 T1
b. International Navigation T2, T1 T1 T1
3. CQEmissions from Biomass T1 T1 T1

3.1.2 KeyCategoryAnalysis

The key categories for 1990, 2021, and the 19001 trend in the Energy sector are showiTable
3.2 (compared to total emissions without LULUCF):

Table3.2 Key category analysis for the Energy sector
Level Level

IPCCource Category Gas 1990 2021 Trend

Energy (CRF sector 1)

1A2  Fuel combustion Manufacturing Industries and Construction (efe) \Y \% \Y
1A3a Domestic Aviation CcQ \Y

1A3b Road Transportation (efe) \Y \% \Y
1A3d Domestic Navigation CQ \% \%
1A3e Other Mobile Machinery CQo \% \%
1A4b Residential Combustion CcQ \ \
1A4c Agriculture/Forestry/Fishing CQ \% \% \%
1B2d Fugitive Emissions froffuels- Other (Geothermal) (efe) \Y \Y, \Y

3.1.3 Completeness

Table3.3 gives an overview of the IPCC source categories included in this chapter and presents the
status of emission estimates from all ssburces in théenergysector.

Table3.3 Energy CompletenesgE: estimated, NA: not applicable, NO: not occurring)
Sources

CG CH NO

1A Fuel Combustion Activities

1. Energy Industries

a. Public Electricity and Heat Production E E E

b. Petroleum Refining NO NO NO

¢. Manufacture of Solid Fuels and Other Energy Industries NO NO NO

2. Manufacturing Industries and Construction

a. Iron and Steel E E E

b. NonFerrous Metals E E E

c. Chemicals E E E NO since 2004
d. Pulp,Paper, and Print NO NO NO

e. Food Processing, Beverages, and Tobacco E E E
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Sources
1A Fuel Combustion Activities €G Gt N0 Notes
f. NonMetallic Minerals E E E
g. Transport Equipment E E E

3. Transport

a. Domestic Aviation

b.i. Cars

b.ii. Light Duty Trucks

b.iii. Heavy Duty Trucks and Buses

mimjimjim|m
mimjimjim|m
mimjimjim|m

b.iv. Motorcycles

b.v. Other NO NO NO
c. Railways NO NO NO
d. Waterborne Navigation E E E

m
m
m

e. Other Transportation
4. OtherSectors
a. Commercial/Institutional

b. Residential

ci. Agriculture/Forestry/Fishing Stationary

cii. Agriculture/Forestry/FishingOff-road vehicles
ci. Agriculture/Forestry/FishingFishing

5. NonspecifiedHsewhere

mimim|m|m
mimim|m|m
mimim|m|m

a. Stationary E E E
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 NO Notes
2. Oil and Natural Gas and Other Emissions from Energy Production

All other subsectors

ab. Oilg Distribution of Oil Products E E NA of 182a are NO
b. Natural Gas NO NO NO
c. Venting and Flaring NO NO NO
d. Otherg Geothermal Energy E E NO
1. Transport of CO NO NO NO
2. Injections andstorage NO NO NO
3. Other NO NO NO

1D Memo Items ‘

1. International Bunkers

a. International Aviation E E E
b. International Navigation E E E
2. Multilateral Operations NO NO NO
3. CQEmissions from Biomass E E E
4. CQ Captured NO NO NO

3.1.4 Source Specific QA/QC Procedures

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

1 Identification and documentation discrepancies betwetre sectoral approach and the reference

approach.

1 Crosschecks with data from the National Energy Author®yKustofnun (NEA) with total input data in
calculations files to ensure that all fuels are accounted for.

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 time series is checked and the attribution

between IPCC subsectors is discussed.
3.1.5 Planned Improvenents
Several improvements are planned for the next submission:

i Increased collaboration with the Icelandic Transport AuthoB8grigdngustofp(ITA) to streamline data
transfer to the Environment Agency of Icelafumhverfisstofnup (EAI)

i1 Itis planned ¢ investigate the availability of more refined data on fleet composition/engine types in
order to move to a higher tier for estimating emissions from the navigation and fishing subsectors.

i Itis planned to send the Energy chapter for review by nationestalders.
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3.1.6 Activity Data

Activity data is provided by the NEA, which collects data from the oil companies on fuel sales by sector.
For the 2020 submissipa comprehensive review was performed on how the fuel sales data from the
NEA is attributed to IPC&&ctors. For that submissipthe review only included 2062018 because

the methodology used to collect the data by the NEA changed between 2002 and 20932021
Submissionthe same attribution of fuels to IPCC categories for 12002 was performedvith a

review of the sales statistics. Consequently, the whole time series has been reviewed and
methodologies harmonised from 1990 and onwards.

The aim of the review of the fuel sales data from the MB&to 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 1A1 Energy IndustriesSales statistics are used directly, and no adjustments are needed.

1 1A2 Manufacturing Industrieg Adjustments are neegdl to transform sales statistics into IPCC
categories (detailed description below).

1 1Ada and 1A4b Commercial/Residential combustprSales statistics are used directly, and no
adjustments are needed.

1 1A5 Otherc All fuels that are categorised as Othersales statistics without any explanation of use are
attributed to this category.

Due to insufficiently detailed splits in the sales statistics between fuel used for different manufacturing
industries that belong to IPCC category 1#dine adjustments areaeded. To try to have this input
data as accurate as possible:

1 Itis assumed that Green Accounting reports (Regulation 851/2002) and EU ETS Annual Emission Reports
from 2013 are correct for each company. That data is used for 1A2a, 1A2b, 1A2c, and isA2fthih
known usage.

i1 Because these fuels are purchased from domestic oil companies, they will be subtracted from the sales
statistics received from the NEA.

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

These adjustments are describedrigure3.1. For some fuel types and years, the subtraction of known
use from sales statistics ressilh 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. This will cause more fuel used than what is in thestsdilstscs, and a
possible overestimate of emissions. Thisi@vever, 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 of adjustments in input data for IPCC category 1A2

In the sales statistics received from the NEx¥ere are unspecified categories for all fuels, labelled as
GhiKSHKSaS FdzSta NB F002dzyi SR F2NJ Aylwillwotk OF G S33
with the NEA to aim to attribute these fuels $pecific categories.

3.1.7 Emissiondactors

For most categories in thienergy sector, default emission factors from the 2006 IPCC guidelines are
used for emission calculationexcept for gas/diesel oil where courdspecific emission factors are
used.These ernssion factordor stationary combustioran be seen iffable3.4. Emission factors for
mobile combustion are shown in the chapters for each subsecthey vary.

Table3.4 Emission factors used for calculations emissions from Stationary Combustion.

Fuel / Factor Value Unit Reference
Gas/Diesel Oil
NCV 429 TJ/kt Country Specific from 2017, based amual measurements
Gcontent 201 t/Td Country Specific from 2017, based on annual measurements
CH emission factor 3.0 kg/TJ Table 2.2 2006 IPCC Guidelines, V2, Ch2
N,O emission facto  0.60 kg/TJ Table 2.2 2006 IPCC Guidelines, V2, Ch2
Residual Fuel Oil
NCV 404 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Chl
G-content 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 facto  0.60 kg/TJ Table 2.2 2006°PCC Guidelines, V2, Ch2
Biomethane
NCV 504 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Chl
Gcontent 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 facto  0.10 kg/TJ Table 2.2 2006 IPCC Guidelines, V2, Ch2
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 IPCC Guidelines, V2, Ch2
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Fuel / Factor Value Unit Reference
N2O emission factor  0.60 kg/TJ Table 2.2 2006 IPCC Guidelines, V2, Ch2
Waste
NCV 100 Tikt Table 1.2 2006 IPCC ggrlg:!z?rséc\t/iﬁ,n;hl (Municipal Wastes (
Gcontent - - Annual fluctuations between years based on composition of wa
CH emission factor 237.0 kg/kt MSW  Table 5.3 p.5.20, Chapter 5 in Volume 5 of the 2006 IPCC Guidk
N2O emission facto  60.0 g(/tvgl'ls?gv Table 5.6 p.5.22, Chapter 5 in Volume 5 of the 2006 IPCC Guidk
LPG
NCV 473 TJ/kt Table 1.2 2006 IPG&uidelines, V2, Chl
Gcontent 17.2 t/TJ Table 1.3 2006 IPCC Guidelines, V2, Chl
CH, emission factor 1.0 ka/TJ Table 2.3 2006 IPCC Guidelines, V2, Ch2
N,O emission facto  0.10 kg/TJ Table 2.3 2006 IPCC Guidelines, V2, Ch2
Waste Oll
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 facto 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
G-content 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
N2O emission facto  0.60 kg/TJ Table 2.2 2006°PCC Guidelines, V2, Ch2
Other Bituminous Coal
NCV  25.8 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Chl
CGcontent 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
N,O emission factor 1.5 kg/TJ Table 2.3 2006 IPCC Guidelines, V2, Ch2
Charcoal
NCV 295 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Chl
Gcontent 112 t/Td Table2.52006 IPCC Guidelines, V22Ch
CH emission factor 200 kg/TJ Table 252006 IPCC Guidelines, V2, Ch2
N2O emission facto 1.0 kg/TJ Table 252006 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 prodioictiecades,

and the emissions from energy industries are therefore lower ttiarse of most other countries,
which utilise a higher share of fossil fuels.stiouldbe noted that only approximately 0.01% of the
electricity in Iceland is produced with fuel combustion and less than 5% of buildings in Iceland are
heated with fossil fuels.

1Alal: Electricity GenerationElectricity is produced from hydropower, geothernmeiergy, fuel
combustion and wind power in Icelandr@ble3.5), with hydropower as the main source of electricity
(Orkustofnun, 2019)Electricity was produced with fuel combustion at tiecalitiesthat are located

far from the distribution network (two islands, Grimsey and Flatey). Some public electricity facilities
have emergency backup fuel combustion power plants which theyusanvhen problems occur in
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the distribution system. Those plants afeowever, seldom used, apart from testing and during
maintenance. In 2013the first wind turbines were connected and used for public electricity
production.
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Table3.5 Electricity production in IcelajG&WH

Hydropower 4,159 4,677 6,350 7,015 12,592 13,781 13,157 13,804
Geothermal 283 290 1,323 1,658 4,465 5,003 5,961 5,802
FuelCombustion 4.6 8.4 4.4 7.8 1.7 3.9 3.1 25
Wind Power - - - - - 10.9 6.7 6.1
Total 4,446 4,976 7,678 8,681 17,059 18,799 19,127 19,614

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 the main 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. Theylepend on curtailable energy. These heat plants have-badkiel combustion
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 localilwlision system. They
stopped production in 2012. Emissions from these waste incineration plants are reported here.

3.2.1.1 Activity Data

1Alai: Electricity GenerationActivity data for whole timeseries is sales numbers for fuel sold for
electricity production fron the NEA.In the past decade, 0.00.02% of theannual electricity
productionin Icelandwas viafuel combustion. Activity data for fuel combusti@given inTable3.6.
During 2002007, biomethane was used for electricity production and 2218 biodiesel was used.
These fuels are both reported as biomass in CRF.

Table3.6 Fuel usgkt] from Hectricity Production.

1990 1995 2000 2005 2015 2020 2021 ‘
Gas/Diese0il 1.30 1.09 1.07 0.02 1.01 1.19 0.56 0.75
ResiduaFuel Qll 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 imable3.7. According to Annex Il in the waste framework Directive 2008/98/EC incineration
facilities dedicated to the processing of municipal solid waste need to have their energy efficiency
equal or dove 60%65% in order to qualify as recovery operations. Since 20E3e has been only

one incineration facilityn Iceland Kalkg and it does not qualify as a recovery operation. From 2013,
no solid waste was used for the production of heat.

Table3.7 Fuel usgkt] from Heat Production

Gas/Diesel Oil NO NO NO NO NO NO NO 0.06
Residual Fuel Oil 2.99 3.08 0.12 0.20 NO 0.14 NO NO
Biodiesel NO NO NO NO NO NO NO NO
Waste- fossil NO 1.49 1.94 1901 3.42 NO NO NO
Waste- biogenic NO 3.16 4.11 4.04 4.69 NO NO NO
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3.2.1.2 Emission Factors
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All emission factors for this sector can be seehable3.4. The IEF for energy industries is affected by
the different consumption of waste and fokhiels, as waste, gas/diesel,@hd residual fuel oil have
different EFs. In years where mosasteoil is usedthe IEF is considerably higher tharotheryears.

CQ emission factors reflect the average carbon content of fossil fuels and are takartle 2006
IPCC Guidelines for National GHG Inventories. For dieseltry-specific NCV values are used for 2017
and onwardsand countryspecific carbon contentyhichis reflected in the C@emission factor. For
other fuels and other years in the tinieé, default IPCC values are used.

Emission factors for energy recovery from waste incineration are described in the Waste sector,
Chapter7.4. The emission factom@sre 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 engrgroduction in Iceland. In 2007, there were unusually high
emissions fronelectricity production. That yean new aluminium plant was established in Iceland.
Because th&arahnjukar Hydropower Projegttydropower 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 electricity shortages for the district heating system and industry depending on curtailable
energy leading to increased fuel combustion.

18
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Figure3.2 Emissions from 1A1 Energy industries.
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Table3.8 Emission$kt CQe, calculated using GWP from AR®m 1A1 Energy industries

1990 1995 2000 2005 2010 2015 2020 2021 \
1A1lai Electricity Generation 4.13 3.47 3.38 0.07 3.22 3.76 1.79 2.37
1A1laii Heat Plants 9.37 11.78 3.14 3.33 5.34 0.43 NO 0.19

Total Emissions [kt C@] 13.5 15.2 6.53 3.40 8.55 4.19 1.79 2.57

3.2.1.4 Recalculations
1Alai: Electricity Generation

The measurement for countrgpecific carbon content for gas/diesel oil from 2019 was applied to all
previous years, 1992018. This caused a 0.6% decrease in emissionsthose years. The
measurement for carbon content that was performed in 2020 was applied which caused an increase
in emissions by 0.3% for that year.

Table3.9 Recalculations of C@h 1Alai.

1990 1995 2000 2005 2010 PAONRS) 2019 2020 ‘
2022 v4ubmission [kt Cg) 4.140 3.475 3.392 0.067 3.223 3.774 3.950 1.775
2023 Submissiofkt CQ] 4,117 3.455 3.372 0.066 3.205 3.752 3.919 1.781

Change relative tthe 2022
Submission [kt C&)
Change relative to 202he
Submission [%]

-0.024  -0.020 -0.019 0.000 -0.018 -0.022 -0.032 0.005

-0.6% -0.6% -0.6% -0.6% -0.6% -0.6% -0.8% 0.3%

1Alaiii; Heat Plants

The measurement for countrgpecific carbon content for gas/diesel oil from 2019 was applied. This
caused recalculations for 2019, as that is the only year where gas/diesel oil was used in 1Alaiii Heat
Plants.

Table3.10 Recalculations Gn 1Alaiii.

2022 v4ubmission [kt Ce) 1.041
2023Submissiorikt CQJ] 1.032
Change relative tthe 2022 Submission [kt Cg) -0.008
Change relative tthe 2022 Submission[%] -0.8%

Recalculatios from the 2022ubmission:

1Alai: Electricity Generation

A minor recalculation was done fbrodiesel emissions for Electricity Generation 1Alai. This was due

to an error in the NCV for biodiesel which has been corrected according to IPCC guidebook and now
utilises the default NCV for biodiesel. This has affected emissions -@®jcCH, and NO for 2017

and 2018. Note that figures from the 20&2bmission are based on GWP in AR4.

Table3.11 Recalculations of Gldnd NO in 1Alai

Electricity Generation 2017 2018 ‘
2021 viSubmission [Cee ki] 2.2266 2.3825
202231bmission [Cee kt] 2.2265 2.3824
Change relative tthe 2021 Submission -0.006% -0.003%
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1A1laiii: Heat Plants

Recalculations were made for heat plants. Recalculations apply only z@r@iCfrom 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 . @missions are subtracteffom other fossil fuelsand
reported as biomass instead of fdssLonsequently, CG@missions of fossil origifrom heat plants

are reduced by 0:8.6 kt CQor by 2663% during 1992013(seeTable3.12) 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. Note that figures from the 28##nission are based on GWP in
AR4,

2021 viSubmission [C&Xkt] 14.0 15.2 7.6 7.7 10.6 11 1.044

2022Submission [Cekt] 11.3 11.6 3.0 3.2 5.2 0.5 1.041
Change relative tthe 2021Submission  -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 Benfi8sion

factor uncertainties are 5% for @006 IPCC Guidelines default), 100% far(Chtral value for the

default range given in the 2006 IPCC Guidelines) and 100%@o(eXpert judgement, Aether Ltd,
oFasSR 2y I 02 YLI NR & 2sfforingtande UR NIRVBhNG cOnbitmgink ASaad) b L w
EF uncertainties, the total uncertay is 7% for C£100.1% for CHand 100.1% for )D. The complete
uncertainty analysis is shown in Annex 2.

3.2.2 Manufacturing Industries and ConstructiofCRF 1A2, Excluding Mobile Sources)

Table3.13shows the structure of thetationary combustion part d@RF sector 1A2, and the industries
includedunder eachsubcategoy. The mobile sources under CRF 1A2 can be seen in S@&ian

Table3.13 Overview oftationarymanufacturing industries reported in sector 1A2

CRF code IPCC name Included

1A2a Iron and Steel Ferroalloy Production, Silicon Production, and Secondary Steel Recycl
1A2b Nonferrous Metals PrimaryAluminum Production

1A2¢c Chemicals Fertiliser Production (1992001), Diatomite Production (1998004)

1A2d Pulp, Paper, anBirint  NO

1A2e Food Processing Fishmeal Production and Other Food Processing

1A2f Norrmetallic Minerals Cement (199€2011), Mineral Wool

1A2gviii Other Industries 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 NEA. The sales statistics do not fully specify by which type of industry the fuel is being
purchased. This division is made by ti#¢ &h the basis of the reported fuel use by all major industrial
plants falling under Act 70/2012 and the EU ETS Directive 2003/87/EC (metal 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
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along with other relevant information for industrial processébke difference between the given total
for the sector and the sum of the fuel use as reported by industrial facilities is caegj@as 1A2gviii
other nonspecified industry (sekBigure3.1).

Table3.14 shows the fuel sales statistics for the various fuel types u®dstationary combustion in
CRFeactor 1A2:

Table3.14 Fuel usgkt] from stationary combustion from subsectors in anufacturingindustry (1A2)

1A2a- Iron and Steel

Gas/Diesel Oll 0.11 0.22 0.56 0.46 0.46 0.29 0.21 0.24
LPG NO NO NO NO NO 0.10 0.20 0.14
1A2b- Non-ferrous Metals

GasDieselOll NO NO 0.55 5.37 1.35 0.05 1.72 2.70
ResiduaFuel Oil 3.93 5.16 7.51 NO 3.31 1.40 NO NO
LPG 0.41 0.31 0.67 0.66 0.61 0.39 0.23 0.21
1A2c- Chemicals

ResiduaFuel Oil 2.38 2.31 2.27 NO NO NO NO NO
1A2e- Food Processing, Beverages, and Tobacco (Fishmeal production)

GasDieselOil NO NO NO NO 2.16 NO NO 1.10
ResiduaFuel Oil 41.0 48.5 36.4 214 9.61 8.41 1.22 0.54
WasteOill NO NO NO NO 1.36 1.59 0.37 2.34
Biodiesel NO NO NO NO NO NO NO NO
1A2e- Food Processing, Beverages, and Tobacco (Other)

GasDieselOil NO NO NO NO 2.711 3.75 3.37 3.22
ResiduaFuel Oil NO NO NO NO 1.71 0.33 NO NO
1A2f- Non-metallic Minerals (Cement)

GasDieselOil NO NO 0.006 0.019 0.005 NO NO NO
ResiduaFuel Oil 0.06 NO NO NO NO NO NO NO
PetroleumCoke NO NO NO 8.13 NO NO NO NO
WasteOil NO 4.99 6.04 1.82 NO NO NO NO
OtherBituminous Coal 18.6 8.65 13.3 9.91 3.65 NO NO NO
1A2f- Nornrmetallic Minerals (Mineral Wool)

GasDieselOil NO 0.15 0.17 0.16 0.07 0.11 0.13 0.13
ResiduaFuel Oil 0.59 NO NO NO NO NO NO NO
PetroleumCoke NO NO NO NO NO NO NO NO
1A2gviii- Other Industry

GasDieselOll 4.96 0.76 7.64 9.19 NO 2.92 2.13 2.57
ResiduaFuel Oil 7.91 0.16 0.00001 3.56 0.30 0.05 NO NO
LPG NO NO 0.19 0.27 0.44 0.32 0.57 0.21
OtherBituminousCoal NO NO NO NO NO NO NO NO

3.2.2.2 Emission Factors
All emission factors used f&ationary Combustion from CRF 1A2 can be seemable3.4.

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 few years, more fishmeal fdcuedseen
using electricity instead of fossil fuels and therefore the emissions have decreased.
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Figure3.3 Emissions from stationary combustion of subcategories of CRF 1A2

Table3.15 Emissiongkt CQe, calculated using GWP from AR®m stationary combustion of subcategories of
CRF 1A2

1990 1995 2000 2005 2010 2015 2020 2021

1A2a- Iron and Steel 0.35 0.71 1.76 1.45 1.46 1.22 1.28 1.18
1A2b- Nonferrous Metals 13.54 17.10 27.29 19.02 16.46 5.69 6.16 9.20
1A2c- Chemicals 7.45 7.25 7.11 NO NO NO NO NO

1A2e- Food Processing,
Beverages, and Tobacco

1A2f- Norrmetallic Minerals 47.75 36.46 51.00 56.16 9.21 0.34 0.41 0.41
1A2gviii- Other Industry 40.56 2.92 24.82 41.18 2.24 10.38 8.47 8.80
Total Emissions [kt C@] 238.3 216.6 226.0 185.0 84.4 61.7 32.0 42.1

128.6 152.2 114.0 67.23 55.04 44.11 15.72 22.47

3.2.2.4 Recalculations
1A2a: Iron and Steel

Gountry-specific carbon content for diesel was applied to the years that this sector is reported. This
caused a very minor decrease inJfefissionsexcept in 2020 when it caused a slight increase.

Table3.16 Recalculations in 1AXue tothe use of countrgpecific carbon content for diesel.
Iron and Steel

2022 v4 Submissidkt CQe]  0.355 0.715 1769 1449 1459 1220 1.498 1762 1.280
2023 Submissiofkt CQe] 0.353 0711 1.759 1.441 1450 1215 1490 1.757 1.282
Change relative tthe 2022v4

Sibmission [kt Ce2] -0.002 -0.004 -0.010 -0.008 -0.008 -0.005 -0.008 -0.005 0.002
Change relative the 2022 V4 o7, 5705 -057% -0.57% -057% -0.44% -0.52% -0.30% +0.16%
Submission [%]

1A2b: Nonferrous Metak

Gountry-specific carbon content for diesel was applied to the years that this sector is reported. This
caused a very minor decrease in &mhissionsDiesel was not used before 2000 and thus 1990 and
1995 were not included ifable3.17 below.
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Table3.17 Recalculations in 1AXue tothe use of countrgpecific carbon content for diesel

Non-ferrous Metals 2000 2005 2010 2019 | 2020 |
2022 v4 Submissidit CQe] 27216 19.063 16.434 5676 8110 8402 6.146
2023 Submissiofkt CQe] 27.206 18965 16.410 5675 8101 8360 6.143
Change relative t022 v4 Submissidit CQe] ~ -0.010 -0.098 -0.025 -0.001 -0.008 -0.042 -0.003
Change relative t@022 v4 Submissid&q -0.04% -0.51% -0.15% -0.01% -0.10% -0.50% -0.04%

1A2c: Chemicals

No recalculations were necessary for this subsector for the current submission.

1A2e: Food Processing, Beverages, and Tobacco

Countryspecific carbon content for diesel was applied to the years that this sector is reported. This
caused a very minor decrease in &missions, except in 2020 when a very minor increase in CO
emissions was observed. Diesel was reported as used in this subsector in 1996, and was not reported
again until 2007. It has been reported in this subsectorgyear since then. The years show able
3.18were chosen to reflect this.

Table3.18 Recalculatios in 1A2e due to the use of coungpecific carbon content for diesel.
Food Processing, Beverages, and

Tobacco

2022 vAubmission [kt C&2] 200.5 54.87 43.94 4359 2031 26.05 1524 1561
2023 Submissiofkt CQe] 2005 54.78 43.87 43.44 2023 2594 1516 15.64
Change relative tthe 2022v4

Submission [kt Cg] 0.023 -0.089 -0.068 -0.145 -0.084 -0.112 -0.084 0.033
Change relative tethe 2022 v4 0.01% -0.16% -0.16% -0.33% -0.41% -0.43% -0.55% -+0.21%
Submission%]

1AZ: Non-metallic Metals

Countryspecific carbon content for diesel was applied to the years that this sector is reported. This
caused a very minor decrease in @&missions, except in 2020 when a very minor increase in CO2
emissions was observed. Diesel began being reported in this subsector in 1994 and has been reported
in this subsector every year since then. The years showahie3.19 were chosen to reflect this.

Table3.19 Recalculationgn 1AZ due to the use of countsgpecific carbon content for diesel.

Non-metallic Metals 1995 2000 2005

2022 v4ubmission [kt Ce2] 36.263 50.713 55.901 9.150 0.339 0.382 0.415 0.406
2023 Submissiofkt CQe] 36.260 50.709 55.898 9.148 0.337 0.378 0.411 0.407
Change relative tthe 2022v4

Qubmission [kt Cg] -0.003 -0.003 -0.003 -0.001 -0.002 -0.004 -0.003 0.001
Change relative tthe 2022 v4 h100 50105 -0.01% -0.02% -0.57% -1.03% -0.80%  +0.31%
Submission%]

1AZgviii: Other Industry

Countryspecific carbon content for diesel wapplied to the years that this sector is reported. This
caused a very minor decrease in &mnmissions, except in 2020 when a very minor increase in CO
emissions was observeDiesel usage in this sector has been sporadic since 1990, and in the past 12
years there are various years in which no diesel usage was observed for this subsector. As the changes
seen in the recalculations are diesedage dependent, and no diesel wasdig®m 20172019, these

years were skipped ifiable3.20. Only fiveyear intervals in which diesel was used are shown in the
table.
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Table3.20 Recalculationin 1Ay due to the use of countsgpecific carbon content for diesel.
Other Industry 1990 1995 2000 2005 2015 2020 \

2022 v4Submission [kt Ce2] 40.525 2.922 24884 41.219 10.403 8.430
2023 Submissiofkt CQe] 40.435 2.908 24745 41051 10.349 8.450
Change relative tthe 2022v4 Submission [kt Cé2] -0.091 -0.014 -0.139 -0.168 -0.053 0.021
Change relative tthe 2022 v4Submission%)] -0.22% -047% -0.56% -0.41% -0.51% +0.25%

Recalculatios from the 2022Submission:

1A2f: Nornmetallic Minerals

Recalculations were made in 1A2f due to an issue with double counting petroleum coke. Total
emissions in the subector were reduced by 0.67.13 kt C@e in the time period 2012019, sedlable

3.21. 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 thergnsector and is now only
reported under the IPPU sectd¥ote that figures from the 2022ibmission are based on GWP in AR4.

2021 visubmission [Cek kt] 0.35 0.32 0.43 0.44 0.51 0.50 0.54

20223ubmission [Céee kt] 0.28 0.24 0.34 0.33 0.39 0.38 0.42
Change relative tthe 2021Submission [Ce® ktf]  -0.07 -0.08 -0.09 -0.11 -0.11 -0.12 -0.13

1A2e: Food processingeveragesand Tobacco

Three different recalculations were done in this subsedtlmte that figures from the 20281bmission
are based on GWP in AR4.

1. A recalculation was made for €&hd NO emissions from waste oil utilisation 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 andfoldeand almost sifold increase in CH
and NO emissions, respectively, in the time period 2@W19 (seeTable 3.22 and Table 3.23).
Consequently, total emissions increased by @08 kt C@e inthe time period 20072019.

Table3.22 Recalculations in 1A2e due to waste oih.CH

Food processindgeveragesand Tobaccog Waste Oil 2007 2010 2015 2018 2019

2021 viubmission [Chikt] 0.000272 0.000164 0.000192 0.000151 0.000085
20223ubmission [Clrkt] 0.00272 0.00164 0.00192 0.00151 0.00085
Change relative t@021 Submission +900% +900% +900% +900% +900%

Table3.23 Recalculations in 1A2e due to waste DN
Food processindgeveragesand Tobaccog Waste Oil 2007 2010 2015 2018 2019

2021 viSubmission [NO ki] 0.00005 0.00003 0.00004 0.00003 0.00002
20223ubmission [NO kt] 0.00036 0.00022 0.00026 0.00020 0.00011
Change relative to 2023ubmission +567% +567% +567% +567% +567%

2. A recalculation was made for 1A2e in 2019 due to reallocation of gas/diesel oil, by the NEA, between
sub-categories within 1A2e. The previously mentioned factors combia@ded a recalculation of 0.047
kt CQe, where emissions increased by 0.3% in 2019.

3. During a review of the activity data for fishmeal factories, significant outliers were noted iRZ00#3
This was investigated with the Association for fishmeal factories as well as the data provider, NEA. The
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data set for stationary energy fuel use shexvthat unallocated fuel for nospecified industry in the
same years, increased significantly. By allocatingspetified fuel to the 1A2e category, the dataset
became aligned with the dataset from the Association for fishmeal factories. This was fantigsed

with respect to fish processed and electricity utilised. The reallocation of fuels was therefore executed
by the NEA. This does not change total emissions firargy, only the allocation between
subcategories.

Table3.24 Recalculation in1A2e due to reallocation of fuels

Food processingBeveragesand Tobacco 2003 2004 2005 2006
2021 v1 submission G&Ykt] 30.9 45 54 128
2022 Submissio@Qe [ki] 39.9 30.7 21.4 20.0
Change relative t@021 Submissio@Qe [ki] 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 béimied into and will be corrected for the next
submission.

3.2.2.6 Uncertainties

For subsectors 1A2a and 1A2b (Iron and SteelNomdferrousMetals respectively), the activity data
uncertainty is small, or 1.5%, due to the uncertainty constraints imposed onamisgparticipating

in the EU ETS trading scheme. The combined uncertainty for those two sectors is 5.2 % for CO
emissions (with an activity data uncertainty of 1.5% and emission factor uncertainty of 5% (Default
2006 IPCC Guidelines), 100% fox €hissons (with an activity data uncertainty of 1.5% and emission
factor uncertainty of 100% (central value of default range, 2006 IPCC Guidelines) and 100% for N
emissions (with an activity data uncertainty of 1.5% and emission factor uncertainty of 10084 (exp
judgement, Aether ltd, based on the comparison with other countries NIR (for instance UK NIR)).

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 emission factor uncertainty
of 5%), 100.1% for GHmissions (with an activity data uncertainty of S%d emission factor
uncertainty of 100% (central value of default range, 2006 IPCC Guidelines)), and 100N%
emissions (with an activity data uncertainty of 5% and emission factor uncertainty of 100% (expert
judgement, Aether ltd, based on the com=on 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, and 1A4ci)

Since Iceland relgelargely on renewable energy sources, fuel use for residential, commercial, and
institutional heating is low and GHG emissions fedationarysubsectord A4a and 1A4b are very low.
Residential heating with electricity is subseti and occurs in areasrfdrom 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 Sec8dhdand

3.34

3.2.3.1 Activity Data

The NEA collects data on fuel sales by seétotivity data for residential use of charcoal for grilling is
obtained from import numbers from Statistics Icelardiagstofa islads) (Sl).Activity data for fuel
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combustion from the Commercial/Institutional sector and in the Residential sector are givetlie
3.25.

Table3.25 Fuel usdin ki] from stationary combustion from subsectors of CRFE 1A4

1990 1995
1A4ai- Commercial/Institutional
Gas/Diesel Qil 1.80 1.60 1.60 1.00 0.30 0.30 0.13 0.12
LPG 0.78 0.83 0.46 0.50 0.17 0.37 0.41 0.46
Waste- Fossil NO 0.14 0.19 0.19 0.15 NO NO NO
Waste- Biogenic NO 0.31 0.39 0.39 0.20 NO NO NO
Charcoal NE NE NE NE NE NE 0.18 0.23
1A4bi- Residential
Gas/Diesel Oll 8.82 6.94 6.03 3.24 1.34 0.99 1.06 0.63
Biodiesel NO NO NO NO NO NO NO NO
LPG NO NO 0.72 0.93 1.42 0.93 1.10 1.06
1AA4ci- Agriculture
LPG NO NO NO NO NO 0.004 0.008 0.007

3.2.3.2 Emission Factors
All emission factors for this subsector can be se€fuinle3.4.

The IEF for th&@ Adai Commercial/Institutionathows fluctuations over the time series. From 1993 to
2012, waste was incinerated to produce heat at two locations (swimming sdbool building). The
IEF for waste is considerably higher than for liquid,fael therefore this influences the IEF this

sector.

3.2.3.3 Emissions

Emissions from Stationary Combustion under CRF 1A4 have generally been decreasing over the past
years, with some annual fluctuations. These emissions can be séableB.26 and Figure3.4.

Table3.26 Emissions from Stationary Combustion of subsectors uriRleri@4[kt CQe, calculated using GWP

from AR5
1990 1995 p{0[0]0] 2005 2010 2015 2020 2021 \

1A4ai- Commercial/Institutional 8.06 7.80 6.74 4.93 1.71 2.07 1.64 1.74
1A4bi- Residential 28.1 22.1 21.3 13.1 8.50 5.94 6.72 5.22
1A4ci- Agriculture NO NO NO NO NO 0.012 0.024 0.021
Total Emissions [kt C@] 36.2 29.9 28.1 18.0 10.2 8.02 8.38 6.98
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Figure3.4 Emissions from stationary combustiohsubsectorsinder CRF 1A4

3.2.3.4 Recalculations
1A4ai Commercial/InstitutionalStationary

Recalculations in 1A4ai are due to two separate issues. Figstiptry-specific carbon content for
diesel was applied to the years that this sector is reported. Jénerallycaused very minor decrease

in CQ emissions Secondly, there was an error in the fuel sales submissions from one of the fuel
companies. The error resulted in wrong diesel oil sales numbers being reported under this subcategory
that should have &en reported under 1A4bi in 2019 and 2020. This caused a significant decrease in
the activity data, and thus, the emissions. Recalculations for this subsector can be vidwabte8127.

It should be noted that the recalculations pertaining to the error in the fuel sales reporting apply only
to the last two years in the timeseries in this table, but the change regarding cesjpific carbon
content for diesel affets all years in the timeseries. Thus, the absolute change and percentage change
in emissions are much greater in 2019 and 2020 when compared to the rest of the timeseries.

Table3.27 Recalculations in 1A4ai dihe use of countrgpecific carbon content for diesahd an error in fuel
sales reported.

Commercial/lnstitutional 1990 1995 2000 2005 2010 2015

2022 v4 Submissidikt CQe] 8.05 7.78 6.72 4.92 1.70 2.06 2.07 3.82 2.91
2023Submissiorikt CQe] 8.02 7.75 6.69 4.90 1.69 2.06 2.06 2.67 1.63
Change relative tthe 2022 v4

Submissiofikt CQe] -0.03 -003 -003 -002 -0.01 -0.01 0.00 -1.15 -1.28

Change relative tthe 2022 v4
Submissio%]

-0.41% -0.38% -0.43% -0.37% -0.32% -0.27% -0.24% -30.1% -43.9%

1A4bi Residential Stationary

Recalculations in 1A4bi are due to two separate issues. Fiostiptry-specific carbon content for

diesel was applied to the years that this sector is reported. Jénerallycaused very minor decrease

in CQ emissions Secondly, there was an error in the fuel sales submissions from one of the fuel
companies. The eor resulted in wrong diesel oil sales numbers being reported under 1A4ai that
should have been reported under this subsector in 2019 and 2020. This caused a significant increase
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in the activity data, and thus, the emissions. Recalculations for this swbseut be viewed ifable

3.28. It should be noted that the recalculations pertaining to the error in the fuel sales reporting apply
only to the last two years in thBmeseries in this table, but the change regarding cousgcific

carbon content for diesel affects all years in the timeseries. Thus, the absolute change and percentage
change in emissions are much greater in 2019 and 2020 when compared to thetrestiofeseries.

Table3.28 Recalculations in 1A4bi dtlee use of countrgpecific carbon content for diesshd an error in fuel
sales reported.

Commercial/Institutional 1990 2015 2018 2019

2022 v4 Submissidiit
CQe]

2023 Submissiofkt CQe]  27.94 21.96 21.22 13.03 8.46 5.91 5.95 5.48 6.66
Change relative t@022 v4
Submissiorfkt CQe]
Change relative t@022 v4
Submissiorfi%]

28.10 22.09 21.33 13.09 8.49 5.93 5.97 4.35 5.37

-0.16 -0.13 -0.11 -0.06 -0.02 -0.02 -0.03 112 1.29

-0.57% -0.57% -0.52% -0.45% -0.29% -0.31% -0.47% +25.79% +23.99%

1A4ci Agricultural Stationary
No recalculations were necessary for this subsector for the current submission.

Recalculation for the2022 Submission

1A4ai Commercial/lnstitutional

Recalculations in 1A4ai are due to three separate issues. Firstly, ilrm@€MNO emissions in previous
submission of the NIR had been interchanged for waste burning. Therefore, the fay CH was
reported as MO and NO as CH Waste was used in the time period 192312. Recalculations due to
this amounted to between 0.60.03 kt C@ in the previously mentioned. Consequently, total
emissions were reduced by approximately 02874 (se€lable3.29). Note that figures from th&022
Submissiorare based on GWP in AR4.

Table3.29 Recalculations in 1A4ai due to error in EF

Commercial/Institutional 1993 1995 2000 2005 2010 2012 \
2021 viSubmission [Cé& k] 8.45 7.85 6.79 4.98 1.73 2.51
20228ubmission [Cek ki] 8.43 7.83 6.77 4.95 1.71 2.50
Change relative tthe 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 2019 and LP@cvemsed 33%, 558%0,and 517%

in 20172019, respectively. This increased emissions from 1A4ai by2161kt CGe in the respective

years, sed able3.30. Note thatfigures from the 202&8ubmission are based on GWP in AR4.

Table3.30 Recalculations in 1A4ai due to reallocation of fuels

Commercial/Institutional 2017 2018 2019 \
2021 v1ubmission [Cee kt] 0.83 0.72 1.22
2022Submission [Cee kt] 2.00 2.07 3.83
Change relative tthe 2021 Submission [Cek kt] 1.17 1.35 2.61

Thirdly, the biomass fraction of waste had not been reported in CRF. Therefore, biomass emissions
from 1A4ai are now reported correctly and ocbhetween 1992012, sed able3.31. Note that figures
from the 2022 Submissioare based on GWP in AR4.
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Table3.31 Recalculations in 1A4ai due to biomass in waste

Commercial/lnstitutional 1993 1995 2000 2005 2010 2012
2021 v1 submission Biomass &0 NO NO NO NO NO NO
2022 SubmissioBiomass [C&kt] 0.34 0.34 0.44 0.44 0.23 0.12

1A4bi Residential Stationary

Recalculations in 1A4bi occurred in 2€A019 due to reallocation of fuels by the NEA. This caused
gas/diesel oil to become reduced in 2019 and LPG reduced inZS. This reduced total emissions
from 1A4bi by 1.38, 1.4and 2.74 kt Cee in 20172019, respectively, sebable3.32. Note that figures
from the 20223ubmission are based on GWP in AR4.

Table3.32 Recalculations in 1A4bi due to fuel reallocation
Residential Stationary 2017 2018 2019 \

2021 viubmission [Céee kt] 10.91 7.47 7.11
2022Submission [Céee ki] 9.53 6.00 4.37
Change relative tthe 2021 Submission [C&® 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%. Emission
factor uncertainties are 5% for @006 IPCC Guidelines default), 100% far(Chtral value for the
default range given in the 2006 IPCC Guidelines), and 100%0o(eMdpert judgement, Aether Itd,
based on comparison with other countries NIR (for instance UK NIR)). When combinif dhd EF
uncertainties, total uncertainty is 7% for £Q00% for CKl and 100% for pO. The complete
uncertainty analysis is shown in Annex 2.

3.2.4 Other (CRF 1A5)

AllfuelscategosS R & ahiKSNE Ay alfSa adl (A adrdadéted A ( K 2 dzi
to CRF category 1A5. For future submissitmesEAwill work with the NEA to try to investigate where

these fuels were used so they can be attributed to the corratégories.

3.2.4.1 Activity Data

Activity data for 1A5 Other can be seenTiable3.33.

Table3.33 Fuel usgin kf] from sectorlA5 Other

1990 1995 2000
Gas/Diesel Oil NO 0.458 1.386 8.928 2.728 NO 0.084 0.517
Residual Fuel Oil 0.039 0.052 0.067 NO 1.629 NO NO NO
Other Kerosene NO NO NO 0.151 0.047 0.029 0.030 0.284
LPG NO NO NO NO NO 0.032 NO NO
Biodiesel NO NO NO NO NO NO 0.044 0.035
Biomethane NO NO NO NO NO NO 0.111 0.066
Biogasoline NO NO NO NO NO NO 0.001 NO

3.2.4.2 Emission Factors
All emission factors for this sector can be seemable3.4.
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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 20042006 and it is likely that this is fuel that should have been
allocated to CRF 1A2e. This is being investigated and will be resolved for future submissions.
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Figure3.5 Emissions froftationary Combustion from CRF 1A5.

Table3.34 Emissions from Stationary Combustion from CRHKIAEQe, calculated using GWP from AR5]
1990 1995 2000 2005 2010 2015 2020

1A5- Totalemissions [kt C] 0.122 1.62 4.61 28.8 13.9 0.187 0.364 2.54

3.2.4.4 Recalculations

Gountry-specific carbon content for diesel was applied to the years that this sector is reported. This
caused a very minor decrease inJ@@nissionsexcept in 2020 where a small increase was observed.
There are a number of years in the timeseries where diesel use was not observed, and thus, these
years (at fiveyear intervals) were omitted froriable3.35.

Table3.35Recalculations in 1A5 due to coungyecific carbon content.

Other Stationary 1995 2000 2005 2010 2019 2020 \
2022 v4 Submissidikt CQe] 1.624 4.624 28.91 13.93 1.686 0.361
2023 Submissiofkt CQe] 1.613 4.598 28.75 13.88 1.676 0.362
Change relative t@022 v4 Submissidikt CQe] -0.01 -0.03 -0.16 -0.05 -0.01 0.00
Change relative t€022 v4 Submissidfo] -0.52% -0.55% -0.56% -0.36% -0.60% +0.23%

Recalculatios from the 2022 Submission

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 whicharaused
overestimation of emissions. Biomass,@@issions from bio gasoline have been reduced by between
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0.030.34 kt CQin the time periods 2012013 and 201019, se€lable3.36. Note that figures from
the 2022 Submissioare based on GWP in AR4.
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Table3.36 Recalculations in 1A5 due to bio gasoline NCV

Other ¢ Liquidbiofuel 2012 2013 2016 2017 2018 2019 \
2021 v1 submission [bi6Q kt] 0.26 0.93 0.09 0.18 0.14 0.07
2022 Submissiofbio-CQ kt] 0.16 0.59 0.06 0.11 0.08 0.04
Change relative t@021 SubmissiofCQ kt] -0.10 -0.34 -0.03 -0.07 -0.05 -0.03

Secondly, bio methane has now been allocated to 2019 in the current submission of activity data from
the NEA. This had been reported as NO in the previous submission. Therefore, biomethane emissions
in 2019 have been increased by 0.25 kt,G@eTable3.37. Note that figures from the 20221bmission

are based on GWP in AR4.

Table3.37 Recalculatiorin 1A5 due ta@hange in activity data of bio methane

Other - Biomethane 2019
2021 v1ubmission biomethane [kt] NO
20223ubmission biomethane [ki] 0.25

3.2.4.5 Uncertainties

The uncertainty of C&emissions fronlA5is 7% (with an activity data uncertainty of 5%gagen by

the data provider (NEA), and emission factor uncertainty of 5%), 100.1% fen@$sions (with an
activity data uncertainty of 5% and emission factor uncertainty of 100% (central value of default range,
2006 IPCC Guidelines)), and 100.1% @ @nissions (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 instance UK NIR)). This can be seen in the quantitative uncertainty table in
Anrex 2.

3.2.4.6 Planned Improvements

For future submissions the BAill work with the NEA to try to investigate where these fuels were used
so they can be attributed to the correct categories.

3.3 Transport and @her Mobile Sources (CRF 1A2, 1A3, and 1A4)

3.3.1 Mobile Machirery (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 seefatle3.38.

Table3.38 Information on subsectors reported as Mobile Machinery.

CRF code IPCC name Included \

1A2gvi Off—ro_ad Ve_hicles and cher Extrapola’_[ion for 199018, data for Mobile Machinery in
Machinery in Construction Construction from 2019.

1A3eii Off-road Vehicles and Other Extrapolation for 1992018, all Other Machinery after 2019.
Machinery

1A4cii Agricultur'e/Forestry/Fishing: _Off Extrapolation for 1992018, data for Mobile Machinery in
road Vehicles an®ther Machinery Agriculture from 2019.

3.3.1.1 Activity Data

Activity data fotMobile Gombustion in these sectors is provided by the NE#e fuel used can be seen

in Table3.40. Activity data and information available from the NEA for 12808 do not allow the
distinction between fuels sold to machinery in construction, agricultareother uses, but provides
data on fuel sold from fuel delivery trucks (as opposed to fuel sold at petrol stations). However,
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improvements were made in the data gathering by the NEA andspossible to distinguish between
off-road vehicles in agriculte and construction from the inventory yess2019andonwards.

For the previous submissiqgrCategory 1A3eii OtherOff-road Vehicles andMachineryincluded all

emissions derived from fuels sold to -offad machinery for 199@018, includingviobile Machinery

in Construction (1A2gviiand Agriculture/Forestry/Fishing: Offoad Vehicles andOther Machinery

(LA4cii)as well as transport activities not reported under road transport such as ground activities in
airports and harbours (1A3eifategorieslA2gvii ad 1A4ciwereY I NJ SR a daL9é¢é Ay (K
for 19902018 andwereall included under 13eii.

For this submission, an extrapolation was made for 18908 to split the diesel fuel previously
reported under 1A3eii to the other categories for Mobileashinery. An average proportion of each
category was calculated based on the split in 22021. These proportions can be seefable3.39.

Table3.39 Proportion used for 1990018 extrapolatiorof mobile machinery

CRF code IPCC name Proportion used for 199€018 extrapolation \
1A2gvii Off-road Vehicles and Other Machinery in Constructit 48%
1A3eii Off-road Vehicles and Other Machinery 18%

Agriculture/Forestry/Fishing: Gfbad Vehicles and
Other Machinery

For 2019%nd onwardsMobile Machinery in @struction (1A2g¥) and Agriculture/Forestry/Fishing:
Off-road Vehicles andOther Machinery (1A4cii) are reported separatdly the NEAput other
transport activities not reported undeRoad Transport (such as ground activities in airports and
harbourg are stillreported under 1Aeii.

1A4cii 34%

Table3.40 Fuel use (in kt) fromobile Combustion in theConstructionindustry (1A2gv), Agriculture (LA4céhd
Other (1A2gvii).

1A2gvii- Mobile Machinery in Construction

Gas/Diesel QOll 18.2 22.4 29.6 325 15.4 15.8 6.4 9.9
1A3eii- Other Mobile Machinery

Gas/Diesel Ol 6.8 8.4 11.1 12.2 5.8 6.0 3.7 0.7
Other Kerosene NO NO NO 0.02 1.17 0.16 0.33 0.16
Biodiesel NO NO NO NO NO NO NO NO
1AA4cii- Mobile Machinery in Agriculture

Gas/Diesel Oll 13.0 15.9 21.1 23.1 11.0 11.3 7.6 6.5

3.3.1.2 Emission Factors

All emission factors used to calculate emissions from fuel combustion from Mobile Machinery can be
seen inTable3.41. All factors, except NCV and carbon content for diesel, are from 2006 IPCC guidelines.
The values iTable3.41represent the values used in the most recent inventory year.

Table3.41 Emission factors for GOCH, and NO fromMobile Combustion reported under 14%ii, 1A3eiiand
1AAcii

Fuel / Factor Value Unit Reference |
Diesel Oil
NCV 42.89 TJ/kt Country Specific from 2017, based on annual measurem
G-content 20.17 t/TI Country Specific, based on measurements
CH, emission factor 4.2 kg/TJ Table 3.3.1 2006 IPCC Guidelines, "Industry" defaults
N>O emission facto 28.6 kg/TJ Table 3.3.1 2006 IPCC Guidelines, "Industry" defaults
Other Kerosene
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Fuel / Factor Value Unit Reference ‘
NCV 43.8 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Chl
Gcontent 19.6 t/TJ Table 1.32006 IPCC Guidelines, V2, Chl
CH emission factor 4.2 kg/TJ Table 3.3.1 2006 IPCC Guidelines, "Industry" defaults
N>O emission facto 28.6 ka/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 T Table 1.3 2006 IPCC Guidelines, V2, Chl
CH emission factor 3.0 kg/TJ Table 2.2 2006 IPQ&lidelines, V2, Ch2
N>O emission facto 0.6 kg/TJ Table 2.2 2006 IPCC Guidelines, V2, Ch2

* These values are the EFs for diesklas no specific EFs exist for other kerosene for mobile machinery, and kerosene would
be used in diesel engineather than petrol engines.

3.3.1.3 Emissions

As can be seen iRigure3.6 and Table3.42, emissions from Mobile Machinery increased in the
beginning of the timeseries, but they have generally been decreasing from 2008, albeit with some
fluctuations.

Table3.42 Emissiongkt CQe] from mobile machinery (1A2gvii, 1A3eind 1A4cii)
1990 1995 2000 2005 2010 2015 2020 2021

1A2gvii- Mobile Machinery in Construction 63.5 78.2 1035 1134 539 55.3 224 34.6
1A3eii- Other MobileMachinery 23.9 29.4 38.9 42.7 24.3 21.3 14.1 3.1
1AA4cii- Mobile Machinery in Agriculture 45.3 55.7 73.8 80.8 38.4 39.4 26.5 22.6
Total 132.7 163.3 216.2 2369 116.7 116.1 63.1 60.3
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1 A2 gvii Mobile Machinery Construction
1A3eii Other Mobile Machinery

1 Adcii Agriculture/Forestry/Fishing: Off-road Vehicles and Other Machinery

Figure3.6 Emissions [kt G®, calculated using GWP from AREBm Mobile Machinery (1A2gvii, 1A3eii, and
1A4cii). Emission split for 192018 is based on extrapolation.

3.3.1.4 Recalculations

Recalculations for all three subcategories were performed for due to the extrapolation of
allocation of diesel fuels between the categories. This does not affect total emissions from mobile
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machinery as the same emission factors are used aridedlis allocated, this recalculation was done
for increased transparency of the inventory. Information on how this reallocation of fuels was done
can be seen in Sectidh3.1.1

1A2gvii Offroad Vehicles andther Machinery in Construction

There are two reasons, other than the extrapolation for 1:290.8, for recalculations in this subsector.
Firstly, countryspecific carbon content for diesel was applied to thargehat this sector is reported.
This caused a minor decrease i, €@issions.

Secondly, there was an error in an input data sheet where data for Construction and Other Mobile
Machinery was swapped. This erdoes nott F F SO0 G KS Ay @ofs/hutdoLB afactall 2 G | f
gases reported under this subsector. The changes in activity data and emissions in this subsector can
be seen inable3.43.

Table3.43 Recalculations fotA2gvii Offroad Vehicles andther Machinery inConstrucion.

A2qgvii Offroad Vehicles and Othea e Co 0 019 020
Activity Data
2022 v4 SubmissiditJ Gas/Diesel Oil] 307.1 159.2
2023 SubmissiofTJ Gas/Diesel Oil] 530.6 274.2
Emissions
2022 v4 Submissidiit CQe] 251 13.0
2023 Submissiofkt CQe] 43.0 22.4
Change relativéo the 2022 Submissiofkt CQe] 17.9 9.4
Change relative tthe 2022 Submissiof#6] 71.3% 72.3%

1A3eii Offroad Vehicles and Other Machinery

The same reasons exist for recalculations in this subsector as for 1A2gvii; espmtific carbon
content for gas/diesel oil affects @@missions. As Wi the previous subsector, an error in an input
data sheet which swapped the activity data for these two sectors caused the need for recalculations
for 20192020. The effect of these recalculations on this subsector can be s@aible.44.

Table3.44 Recalculations i A3eii Offroad Vehicles anddther Machinery

A3eii Offroad Vehicles andOther Ma s 019 020
Activity Data
2022 v4ubmission [TJ Gas/Diesel Oil] 530.6 274.2
2023 SubmissiofT'J Gas/Diesel Oil] 307.1 159.2
Emissions
2022 v4ubmission kt CQe] 43.5 23.6
2023 Submissiofkt CQe] 25.0 141
Change relative tthe 2022Submission kt CQe] -18.5 94
Change relative tthe 2022Submission [%] -43% -40%

1AA4cii Agriculture/Forestry/Fishing: @tad Vehicles and Other Machinery

Countryspecific carbon content for diesel was applied toyears for which this subsector is reported.
This caused a minor decrease in@Missions. These recalculations for this subsector can be seen in
Table3.45,
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Table3.45 Recalculations i Adcii Agricultureforestry/Hshing: Offroad Vehicles anddther Machinery

1A4ciiAgriculture/Forestry/Fishing: Offoad Vehicles and Other Machinery 2019

2021 viubmission kt CQe] 19.05 26.49
20223ubmission kt CQe] 18.89 26.49
Change relative tthe 2022Submission kt CQe] -0.1584 -0.0039
Change relative tthe 2022Submission [%] -0.83% -0.01%

Recalculatios from the 2022Submission:

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 (s€able3.46). This did not affect total emissions from the energy
sectors, but it did affect emissions from subcategories 1A2 and 1A3e. Note that figures from the 2022

QUbmission are based dAWP in AR4.

Table3.46 Changes in allocation of fuels to CRF categories from this submission

2021ubmission 2022 Submission

1A2gv¢ Construction -

1A2gviic Mobile Machinery in Construction

1A2gviic Mobile Machinery -

1A3eii¢ Other Mobile Machinery

Category 1A3eii (previously reported under the category 1A2gvii) has recalculations due to two

FaLsSOiad CANBRGE @2

iKS bo!

KIa NBFff20FdSR Il akRA

by -7 kt and 5.2 kt, respectively. This caused a recalculaticB4 kt C@e in 2014 and 18.5 kt G©®

in 2019, sed able3.45.

Secondly, changes in years where bigdlds in the activity data affect total emissions due to changes
in the NCV for biodiesel and are visible in the table below in 2013,, 20062017 Note that figures
from the 2022Submission are based on GWP in AR4.

Table3.47 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
2022SubmissiofiCQe kt] 100.60 119.45 137.28 140.79 112.40 43.98
Change relative tthe 2021 Submission [Cee kt] 0.01% -17.24% 0.01% 0.03% 0.05%  72.53%

Mobile Machinery inConstruction 1A2gv, is affected by a change in activity data reported by the NEA.
This caused a decrease in emissions by approximately 31% due to a decrease in activity data for 2019
by 3 kt of gas/diesel oil. Note that figures from the 2@Bmission are based on GWP in AR4.

Table3.48 Recalculations in 1A2gv due to activity data change

Mobile Machinery inGConstruction

2021 viubmission [Cee ki] 36.68
20223bmission [Ce ki] 25.39
Change relative tthe 2021 Submission [C&® k] -30.78%

AgriculturalMachinery 1A4cii, is affected 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%dry2P kt of
gas/diesel oil. Note that figures from the 2032bmission are based on GWP in AR4.

Table3.49 Recalculations in M&iidue to activity data change

AgriculturalMachinery 2019 \
2021 v1Submission [Cee kt] 26.43
20223ubmission [Cée kt] 19.26

Change relative tthe 2021 Submission [C&® k] -27.12%
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NCV for biodiesel has been corrected in this submission to the IPCC default and was in previous
submission incorrectly reporte@ffective change in total emissions due to this correction is under 0.05
kt CQe.

3.3.1.5 Planned Improvements
No improvements are planned for this sector.

3.3.1.6 Uncertainties

The uncertainty of C&&missions from the other subsectors (1A2c, eanfl g) and 1A5a is 784ith an

activity data uncertainty of 5%, as given by the data provider (NEA), and emission factor uncertainty
of 5%), 100.1% for GHemissions (with an activity data uncertainty of 5% and emission factor
uncertainty of 100% (central value of default ran@006 IPCC Guidelines)), and 100f&fd\,O
emissions (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 instance UK NIR)). This
can beseen in the quantitative uncertainty table in Annex 2.

3.3.2 Domestic Aviation (CRF 1A3a)

3.3.2.1 Activity Data

Domestic aviation (138) includes flights departing from and subsequently landing in IceRights,
that would be accounted under military operations inSbAare 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 flighfehese are ahirports in Iceland except
one, which services international flighictivity data for fuel salegre given infable3.50.

Table3.50 Fuel usgkt] for DomesticAviation.

1990 1995 2000 2005 2010 2015 2020 2021 ‘
AviationGasoline 1.7 1.1 1.1 0.87 0.65 0.50 0.20 0.24
JetKerosene 8.9 8.4 7.9 7.4 6.1 6.0 4.0 6.3

3.3.2.2 Emission Factors

The emission factors fgreenhouse gases are taken from the 2006 IPCC Guidelines and are presented
in Table3.51. Emission factors for NONMVOCand CO are taken froi2019 EMEP/EE&uidebook,
Table 3.3.

Table3.51 Emission factorfor greenhouse gasder Aviation.
Fuel / Factor Value Unit Reference

Aviation Gasoline
NCV 44.3 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Ch1l
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 emission facto 2.0 kg/TJ Table 3.6.5 2006 IPCC Guidelines, V2, Ch4
JetKerosene
NCV 44.1 TJ/kt Table 1.2006 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 emission facto 2.0 kg/TJ Table 3.6.5 2006 IPCC Guidelines, V2, Ch4
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3.3.2.3 Emissions

Emissions from 1A3a Domestic Aviation had generally been decreasing over the time period, but they
increased during 2013019, most likely due to increase in tourism in Iceland. There was a drop in
emissions in 2020 due to the COVID pandemicsd leenissions can be seeriliable3.52.

Table3.52 Emissions [kt G&, calculated using GWP from AR®m 1A3a Domestic aviation

1990 1995 2000 2005 2010 2015 2020 2021

TotalEmissions [kt C&] 33.6 30.2 285 26.2 21.3 20.6 13.2 20.9
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Figure3.7 Emissions [kt C@, calculated using GWP froARY from 1A3a Domestidviation.
3.3.2.4 Recalculations

No recalculations were performed for this sector.
Recalculatios from the 2022Submission:

Recalculations fobomesticAviation only occur in 2014 where the activity data for jet kerosene was
changed by theNEA. The fuel is reduced by approximately 7 kt which affected emissions by 52% in
2014, seeTable3.53. During the 2021 UNFCCC revigve ERT asked about an outlierd614 for
Domestic Aviation. This was brought up with the NEA which inquired the data provider about this
specific suksector. The NEA and the data provider reached a conclusion that an over allocation of fuel
was done foDomesticAviation in 2014 and annder allocation innternational Aviation. Therefore,

the amount of jet kerosene in 2014 was reduced BomesticAviation and added the same amount

to International Aviation. Note that figures from the 2023ibmission are based on GWP in AR4.
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Table3.53 Recalculations in 1A3a due to activity data change

DomesticAviation 2014 \
2021 v1ubmission [Cée® ki) 40.68
2022Submission [Cée ki] 19.37

Change relative tthe 2021 Submission [Cee 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 uncéytafb% and emission factor
uncertainty of 5% (2006 IPCC Guidelines)), whilst thee@tiksions uncertainty is 100% (with an
activity data uncertainty of 5% and emission factor uncertainty of 100% (highest value in the range
given by the IPCC guidelinem)d the NO emissions uncertainty i$50% (with an activity data
uncertainty of 5% an&Funcertainty 0f150%). The complete uncertainty analysis is shown in Annex

2.

3.3.3 Road Transport (CRF 1A3b)
Emissions from the Road Transport category is split into falocategories:

1A3bi Cars
1A3bii Lightduty Trucks

== == =

1A3biii Heawduty Trucks and Buses
1 1A3biv Motorcycles

Emissions from Road Transport are estimated using COPERTAIch uses dier 3 methodology to

estimate NO and Cklemissions, and dier 2 methodology to estimate G@missions All emission

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

3.3.3.1 Activity Data

Totaluse of diesel oil, gasolinand biofuels inRbad Transport are based on the NEA's annual sales
statistics and can be found rable3.54.

Table3.54 Fuel usgkt] in Road Transport

Gasoline 67.1 117.6 142.6 156.7 148.2 132.5 91.6 84.8
Gasoline, leaded 60.7 18.0 NO NO NO NO NO NO
Gas/Diesel Oil 36.6 36.9 47.5 83.5 106.4 126.4 167.9 183.2
Biomethane NO NO 0.006 0.039 0.595 2.18 1.44 1.73
Biodiesel NO NO NO NO NO 11.9 13.0 11.9
Biogasoline NO NO NO NO NO 1.93 11.0 25.6
Hydrogen NO NO NO 0.00001 0.002 NO 0.0004 0.0002

All of the biogasoline in Iceland bgoethanol and does therefore not include any fossil carbiime

team forpollution monitoringat the EA, which is responsible for monitorirndreporting under the
Fuel Quality Directive (Directive 2009/30/EC of the European Parliament and of the [ duwaxi
confirmed thatbefore 2021no FAME biodiesel has been imported to Iceland, only HVZD21, FAME
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was used for this first time in Iceland and 6.8% of biodiesel was FAME, which has a fossil component.
The emissions from the fossil component ofdiesel is reported as Other Fossil Fuels.

Activity Data for COPERT

A comprehensive dataset was purchased from Efjsle company that develops COPERT. That data
was used where countrgpecific data was not available.

The countryspecific data thatvas available and used for input into COPERT was

1 Average temperature values were obtained from the Icelandic Met Offiedufstofa islandp

1 Vehicle stock numbers for 202021 were obtained from the ITA. For other years, vehicle numbers
from the Emisia dataset were used.

1 Measurements collected by the EAI for energy content, density, and sulphur content for fuels were used
where available.

1 Total fuel sales for all fuels were obtained from sales statistics collected by the NEA for the whole
timeserks.

1 Measurements of carbon content (%C/%H/%0) in gasoline and diesel oil used in Road Transport were
done from fuel samples from 2019, 2020, and 2021. The 2019 value was applied fe2QuER0The
measurements for gasoline were done on 5% blended fuebrfection was made before emissions
were calculated so that the carbon content represents pure fossil gasoline.

3.3.3.2 Emission Factors

Emissions from Road Transportation are estimated using COPBRT which uses aTier 3
methodology to estimate PO and Clemissions, and dier 2 methodology to estimate G@®missions.
An energy balance feature in COPERT wssdto ensure that emissions from all fuel solehs
accounted.The emission factors can be seemable3.55.

Table3.55 Emission factors used for calculations emissions fRord Transport.

Fuel / 1990
Factor 2016

Gasoline

2017 2018 2019 2020 2021 Note/Reference

Table 1.2 2006 IPCC Guidelines, V2, Chl for1¢
2016, countryspecific measurements from 2017,

Thecountry-specific measurement of carbon
19.42 19.28 19.41 19.32 19.38 19.42 content performed in 2019 was applied to the whd
timeseries. A new measurement exists for 202C

NCV [TJ/kt 43.99 44.00 43.70 43.90 43.90 43.99

Ccontent
[t/TJ]

Diesel

Table 1.2 2006 IPCC Guidelines, V2, ChioRo
2016, countryspecific measurements from 2017,
The countryspecific measurement of carbon
20.17 20.01 19.97 20.01 20.20 20.17 content performed in 2019 was applied to the whc

timeseries. A new measurement exists for 202C

NCV [TJ/kt 42.89 43.10 43.20 43.10 42.80 42.89

Ccontent
[V/TJ]

Emission factors in COPERT fox &1td NO are fromChapterl.A.3.b.4iv Road Transport 201 the
2019 EMEP/EEA Guidebodkhere it can be seen that with improved technology in vehicles, the
emission factor decreases, which explains the decrealers for CHand NO over the timeseries.

Inter-annual changes are observed in the IEFs for biomass, most prominently 2@D3.2This is due
to the introduction of new biofuels into the biomass category. Before 2012, biomethane was the only

18 https://www.emisia.com/utilities/copertdata/
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fuel reported as biomass. In 2012, biodiesel was introduced and has increased rapidly since then, and
in 2015 bioethanol was introduced as biofuel in Iceland. These additions to the mix of biofuels used
for Road Transport in Iceland affect the IEF reported for bionaastheir emission factors are different

from emission factors for biomethane.

3.3.3.3 Emissions

Emissions from Road Transport have been steadily increasing from20890 In 2008, emissions
started decreasing due to the Icelandic national financial crisis lagyl tremained steady until 2015.

Due to increased tourism, emissions started increasing again in 2016, but a drop in emissions were
observed in 2020 due to the COVID pandemic. In 2021, there is a slight increase observed due to the
postpandemic economic mvery. The emissions can be seefable3.56 andFigure3.8.

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

Table3.56 Emissions from subcategoriesthtotal emissions [kt G, calculated using GWP from ARBmM 1A3b
Road Transport.

1A3bi- Passenger Cars 412.9 444 .4 490.3 576.8 577.1 527.1 560.0 546.7
1A3bii- Lightduty Trucks 294 30.8 35.2 52.8 93.9 74.7 87.5 94.5
1A3bii- Heavyduty Trucks and Buses 86.0 80.3 87.5 1419 1341 2153 181.8 217.3
1A3biv- Motorcycles 2.38 2.55 2.69 3.45 9.40 9.66 1.29 1.14
Total [kt CQe] 530.7 558.1 615.7 775.0 814.5 826.8 830.6 859.6
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Figure3.8 Emissions from subcategories and total emissions [k¢,@@lculated using GWP from AR®Bm 1A3b
RoadTransport

3.3.3.4 Recalculations
Several recalculations wedwone for the Road Transport sector for this submission.
The recalculation that had the most effect on emissions was because of recalculated carbon content

for gasoline for the whole timeseries. Measurements have been done for carbon content in gasoline
for 20192021. In the 2021 UNFCCC review, the ERT commented that these measurements were most
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likely done on blended fuel, gasoline, and biofuel. This was correct and Iceland has now calculated the
carbon content in pure gasoline based on the assumption ttine biofuel part has default factors of

NCV and carbon content from 2006 IPPC guidelines. The fuel was a blend of 5% biofuel. As can be seen
in Table3.57, this caused an increase in carbon content in gasoline and therefore an increasge in CO
emissions. The changes in£&Mnissions can be seenTiable3.58.

Table3.57 Changes in carbon content of gasoline because of correction for biofuel blended.

% Carbon in gasoline 19902019 2020
2022 v4 Submission 84.89 % 85.15 %
2023 Submission 86.62 % 86.89 %

Another recalculation was due to an error found in the categorisation of L7 vehicles, which are a part
of the motorcycle categoryin the kst submissionL7 vehicles were reported as using diesel, and
missing from the inventory, which was incect. Now they are included and correctly reported using
gasoline. Thameans the diesel is allocated elsewhere and now includetfor motorcycles there is

an increase in use of gasoline and emissions from #atother sectors there is an increase isewof

diesel which was allocated to motorcycles for last submisdiais is only applicable for 20:2820.
However a part of these recalculations were also due to the change of carbon content in gasolihe
changes in other factors which cannot be tliguished from the recalculation due to the error of L7
categorisation.

An error was also found in the km numbers for light duty vehicles for-2020, where the numbers
were extremely high. This was corrected which cause the km to be lower. This didfewittotal
emissions from 1A3b Roabransport,but it did change the allocation between vehicle categories
where less fuel is now allocated to light duty vehicles and more fuel to other vehicle categories,
especially passenger cars.

Severabther minor recalculations are due to the update of COPERT, which is done annually to reflect
the latest science in emissions from the sector. For this submission COPERT version 5.6.1 was used and
the methodological changes made from last can be seen on Emisia @8bsie company that
develops COPERT.

The summary of all recalculations, separated by gases, can be seen in the table below:

Table3.58 Summary oRoad Transport recalculations done for this submissjkinCQe, calculated using GWP
from ARS5].

1A3b Road Transport 1990

CQ [kt COe]

2022 v4 Submission ~ 511.7 537.1 5927 750.8 797.1 811.2 960.8 9405 817.0
2023 Submission 519.8 5457 601.7 760.7 8064 8196 968.8 9485 8233
Change 805 854 899 988 934 836 801 804 631
CHi [kt CQe]

2022 v4 Submission ~ 6.25 565 422 332 240 1.87 1.71 1.41 1.14
2023 Submission 6.24 565 423 332 234 1.92 1.60 1.36 1.09
Change -0.013 0.000 0002 -0.007 -0.059 0.045 -0.111 -0.056 -0.048
N2O [kt CQe]

2022 v4 Submission  4.67 6.94 996 1100 537 523 6584 697  6.23
2023 Submission 465 683 981 1092 569 531 668 688  6.20

19 https://www.emisia.com/utilities/copert/versions/
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1A3b Road Transport 1990 2000 2005
Change -0.022 -0.107 -0.158 -0.087 0.320 0.077 -0.156  -0.095 -0.027

Total [kt CQe]
2022 v4 Submission 522.7  549.7 606.9 765.2 804.8 8183 969.3 9488 8244

2023 Submission 530.7 558.1 6157 7750 8145 8268 9771 956.7  830.6
Total change [kt G®]  8.02 8.4 883 979 96l 848 774  7.89 6.23
Total change (%) +1.5% +1.5% +1.5% +1.3% +1.2% +1.0% +0.8% +0.8%  +0.8%

Recalculationfom the 2022ubmission:

The most extensive recalculation in Road Transport between 2021 Submissiorand 2022
Submissioris due to a reallocation of diesel oil in Road Transport in 2014. Review by the NEA of
allocation of diesel between swdectors of mobile combustion revealed outliers which the NEA
corrected for this submission. Diesel oil utilised in mobile machinery madlocated to Road
Transport for 2014, which caused an increase of 301 TJ which increased total emissions by 2.7% or 21
kt CQe. Note that figures from th€022 Submissioare based on GWP in AR4.

Emissions of JD from heavy duty trucks and buses duediesel consumption has decreased total
emissions by 0.00316.0060 kt NO or 0.52.2 kt C@e over the timeline (se@able3.58). The reason

for this is a change of emies factors for NO in COPERT for diesel in heavy duty trucks and buses.
According to patch notes released by Emisia for version 5.4.52, in May 2021, there was a correction of
N2O calculations for urban buses CNG. Note that figures frol2@22 Submissioare based on GWP

in AR4.

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 usd biomass by B4 TJ over the timeline.

Table3.59 Summary of road transport recalculations done for this submission

Road Transport 1990 1995 2000 2005 2010 2014
CQ [kt COe]

2021 visubmission 512 537 593 751 797 767 811 961 940
2022 Submission 512 537 593 751 797 789 811 961 940
Change - - - - - 2214 000 000  -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 - - - - - 001 000 000 0.0

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 CQe]

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 C@] -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%
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3.3.3.5 Planned Improvements

For future submissiondurther collaboration with thelTAwill be needed to obtairmore detailed
information on vehicle stock number$his data would go further badk time and besplit by Euro
standards and driven kilometres for each vehicle category.

3.3.3.6 Uncertainties

Fuel sales uncertainties are reported by the data provider (NEA) to be within 5%. TheiS€on

factor uncertainty is 2.8% which is based in the utaiaty 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 estimated to be 219% and 188%, respectively. The emission factor uncertainties for CH
and NO arefound using Combined Uncertainty (for diesel, gasolmel biomass) as pegiation3.2

from 2006 IPCC GL, Vol 3 Chap 5 using uncertainty ranges in IPCC Volume 2 Chapter 3 Table 3.2.2

The combined uncertainty of G@missions from road vehicles is 5. 7%} emissions it is 219% and
for NO emissions from road vehicles is 188%. The complete uncertainty analysis is shown in Annex 2.

3.3.4 Domestic Navigation and Fishing (CRF 1A3d and 1A4ciii)

The Domestic Navigation sector (CRF 1A3cudes all vessels of dlags which purchase fuel in
Iceland and sail between two Icelandic harbodrse Fishing Ship sector (1A4ciii) includes all fishing
ships of all flaga/hich purchase fuel in Iceland

3.3.4.1 Activity Data
1A3d Domestic NavigationTotal use of fuel for national navigation is based on NEA's annual sales
statistics. Activity data for fuel combustionDomesticNavigationare givenin Table3.60.

Table3.60 Fuel usgin kf] in 1A3dDomestidNavigation
1990 1995 2000 2005 2010 2015 2020 2021

Residual Fuel Oil  3.94 4.76 0.54 0.88 2.61 0.44 NO NO
Gas/Diesel Ol 6.40 7.04 3.43 6.20 8.46 7.89 7.83 5.48
Biodiesel NO NO NO NO NO NO NO NO

1A4ciii: FishingTotal use of fuel for fishing is based on the BE#nual sales statistics to fishing
vessels of all flags and all destinations (domestic and international). Activity dditeef@ombustion
in the Fishing sector are givenTable3.61.

Table3.61 Fuel usdin ki] in 1A4ciiiHshing
1990 1995 2000 2005 2010 2015 2020 2021 \

Residual Fuel Oil  35.6 57.2 22.3 32.6 69.9 52.4 NO NO
Gas/Diesel Ol 202.6 231.8 256.9 199.9 158.3 142.5 158.7 179.7
Biodiesel NO NO NO NO NO 0.094 0.075 0.065

Fuel sales data provided blye NEA allows the correct attribution of fuel sold to fishing vessels vs.
international ships for the time period 1995 to the current year. During 188@4 fuel sales statistics

were recorded differently and fuel sold for international use was recordédowt 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 fishing
vessels relative to total fuel s over 1995 to 1999, for diesel oil and fuel oil; this percentage was then
applied to the fuel sales for 1990 to 1994.
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3.3.4.2 Emission Factors

Default C contents and oxidation factor are used, as well as default emission factors EordI¥O

(taken from the P06 IPCC guidelines, Table 3.3/8lume 2 Chapter 3 for oceagoing ships). A
country-specific NCV for gas/diesel oil is used from 2017 and onwards based on annual measurements,
for other fuels and years a default NCV is used. These factors are presemtdie3.62.

Table3.62 Emission factors for GGCHand NO for oceargoing ships

Fuel / Factor Value Unit Reference
Marine Diesel Oil
NCV 42.89* TJ/kt Countryspecific measurements from 2012
Gcontent  20.11* t/TJ Countryspecific measurements from 2012
CH emission factor 7.0 kg/TJ Table 3.5.3 2006 IPCC Guidelines, V2, Ch3
N2O emission 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 Table 1.3 2006 IPCC Guidelines, V2, Chl
CH, emission factor 7.0 kg/TJ Table3.5.3 2006 IPCC Guidelines, V2, Ch3
N,O emission 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
N2O emission facto 0.6 kg/TJ Table 2.5 2006 IPCC Guidelines, V2, Ch2

*A country-specific value for 2R

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 inTable3.63:

Table3.63 Emissions [kt G@, calculated using GWP from AR®m oceanrgoing ships.

1990 1995 2005 2010 2015 2020 2021 ‘
1A3d- DomesticNavigation 32.9 375 22.6 35.3 26.6 25.2 17.5
1A4ciii- Fishing 760.4 921.6 742.3 726.6 621.2 509.5 574.2
Total 793.3 959.1 764.9 761.9 647.9 534.6 591.7
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Figure3.9 Emissiongkt CQe] from oceangoing shipgor the whole timeseries.

3.3.4.4 Recalculations
1A3d Domestic Navigation

No recalculations were performed for this sector.
1A4ciii: Fishing

No recalculations were performed for thésctor.
Recalculation fom the 2022Submission:

1A3d DomestidNavigation

Recalculatios for domestic navigation are linked to recalculations in 1A4ciii Fishing and 1D1b
International Navigation (memo). During review of the activity data and allocationedd fn 1990

1994 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, between-2Z kt CQe were withdrawn, by the NEA, from
Domestic Navigation and allocated t&ishing (1525 kt C@e) andInternational Navigation (716 kt
CQe), through reallocation of gas/diesel oil and residual fuel oil, Tsd#e3.64. Moreover, emissions
from domestic navigation were reduced by 0.000007 kkeCidh 2017 and 2019 due to an error
correction of the NCV of biodiesel, and by 0M80 kt C@e throughout the timeline due to country
specific measurements of carbon content in marine gasoil,Tsdde3.65. Note that figures from the
2022Submission are basedn GWP in AR4.

Table3.64 Recalculations fobomesticNavigation due to reallocation of fuels

2021 v1ubmission [Cée® kt] 60.44 55.27 56.75 61.29 58.43
20223ubmission [Cee kt] 32.93 23.13 26.23 32.04 26.97
Change relative tthe 2021 Submission [%] -46% -58% -54% -48% -54%
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Table3.65 Recalculations for domestic navigation due to couspgcific carbon content in marine gasoil

DomesticNavigation

2021 v1 submission [GOkt] 37.67 12.73 22.73 35.48 26.80 53.54

2022 SubmissiofCQe ki] 37.55 12.67 22.62 35.33 26.65 53.23

Change relative t@021 Submissiof#o] -0.3% -0.5% -0.5% -0.4% -0.5% -0.6%
1Ad4ciii: Fishing

Recalculatios for Fshing are linked to recalculations in 1A3d Dome$avigation and 1D1b
International Navigation (memo)puring review of the activity data and allocation of fuels in 990
1994 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 reallocationlef fue
between the categories. Therefore, between-22 kt CQe were added to fishing, sekable3.66.
Moreover, emissions frorishing were reduced by 0.00@20006 kt Ce® in 20132017 and 2019 due

to an error correction of the NCV of biodiesel, and By Bt CQe throughout the timeline due to
country-specific measurements of carbon content in marine gasoil,Tsd®#e3.67. Note that figures

from the 20223ubmission are based on GWP in AR4.

Table3.66 Recalculations fafishing due to reallocation of fuels
Fishing 1990 1991 1992 1993 1994

2021 viubmission [Cee kt] 746.4 717.0 800.5 862.1 848.0
20223ubmission [Céee kt] 760.9 739.0 818.2 875.9 859.1
Change relative tthe 2021 Submission [%)] +1.9% +3.1% +2.2% +1.6% +1.3%

Table3.67 Recalculations foFishing due to new biodiesel NCV and country specific carbon content of marine
gasoil

Fishing 1995 2000 2005 2010 2015 2019 \
2021 v1ubmission [Céee kt] 926.4 896.9 746.4 729.9 624.2 522.2
20223ubmission [Cee ki) 922.1 892.2 742.7 727.0 621.6 518.7
Change relative tthe 2021Submission [%] -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 fteebposition/engine types in
order to move to a higher tier faCH and NOthis subcategory.

3.3.4.6 Uncertainties

Fuel sales uncertainties are reported by the data provider (NEA) to be within 5%. The uncertainty of
CQ emissions from domestic navigation is 7%tlvein activity data uncertainty of 5% and emission
factor uncertainty of 5%), whilst the Cémissions uncertainty B0% (with an activity data uncertainty

of 5% and emission factor uncertainty $#%0) and the BD emissions uncertainty 0% (with an
adivity data uncertainty of 5% and emission factor uncertaintyl4®0). The complete uncertainty
analysis is shown in Annex 2.

3.3.5 International Bunkers (CRF 1D1a and 1D1b)

1Dla International Aviation (memo):This sector includes all flights or from destingions other than
Icelard which purchase fuel in Iceland.

1D1b International Navigation (memoJFhis sector includes all vessels of all flags which purchase fuel
in Iceland and sail internationally from an Icelandic harbour.
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3.3.5.1 Activity Data and Emissions

1D1a International Aviation:Activity data is provided by the NEA, which collects data on fuel sales by
sector. This dataset distinguishes between national and international usage. In Iceland there is one
main airport for international flights, Keflavilkternational Airport (KEF)Under normal circumstances
almost all international flights depart and arrive frafieF-except formostflights to Greenland, the
Faroe Islands, and some flights by private airplanes which depararrive from Reykjavikirport.
Domestic flights sometimes depart frodEFN case of special weather conditions. Oil products sold

to KEFare reported as intarational usage. The deviations between national and international usage
are believed to level out. Fuel use attributedliernational Aviation, and associated GHG emissions,
are shown infable3.68.

Table3.68 Fuel usdin kf] and resulting emissiorf&HG, in kt C@] from International Aviation.
1990 1995 2000 2005 2010 2015 2020 2021

Jet Kerosene 69.4 74.6 129.2 133.2 119.5 213.7 82.9 130.7
Gasoline 0.20 0.18 0.03 0.40 0.01 0.01 NO NO
Emissions [kt C©] 221.1 237.7 410.4 424 .4 379.8 679.1 263.3 415.4

1D1b: International NavigationThe reported fueuse numbers are based on fuel sales data from the
retail suppliers. Fuel data and associated emissions are showabie3.69. 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. However, during 1990 to 1994 fuel sales statistics wereagkcord
differently and fuel sold for international use was recorded without information on whether it was
used for a fishing vessel or another type of ship. Therefore, the share of fuel use by fishing vessels had
to be approximated for 1994994. This was dongy averaging the percentage of fuel sold to fishing
vessels relative to total fuel sales over 1995 to 1999, for diesel oil and fuel oil; this percentage was then
applied to the fuel sales for 1990 to 1994.

Table3.69 Fuel usdin ki] and resulting emissiof&HG, in kt C@] from InternationalNavigation
1990 1995 2000 2005 2010 2015 2020 2021 \

Residual Fuel Oil 0.25 NO 2.00 0.44 0.08 13.25 NO 3.48
Gas/Diesel Oil 8.53 1.05 15.0 0.12 NO 33.6 24.3 35.3
Emissions [kt C@] 28.1 3.37 54.4 1.75 0.25 149.1 77.9 123.7

3.3.5.2 Emission Factors

Emission factors for International Aviation are reportedTiable 3.51 and those for International
Navigation are reported iffable3.62.

3.3.5.3 Recalculations

1D1a International Aviation

No recalculations were performed for this sector.

1D1b: International Navigation

No recalculations were performed for this sector.
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Recalculationfom the 2022ubmission:

1D1lalnternational Aviation

Recalculations occur in international aviation in 2014. This is due to a change in activity data during a
review of data by the NEA. Note that figures from 8822 Submissioare based on GWP in AR4.

Table3.70 Recalculations for 1D1a International Aviation

International Aviation 2014
2021 v1 submission [GOKkt] 564.3
2022 SubmissiofCQe kt] 585.7
Change relative t@021 Submissiofs] 3.8%

1D1b: International Navigation

Recalculatioafor fishing are linked to recalculations in 1A3d Domds#ieigation and 1A4ciii Fishing.
During review of the activity data and allocation of fuels in 18901994 for the abovenentioned
categories outliers were revealed. This prompted research imtcailocation of fuels between these
three categories by the NEA which led to reallocation of fuels between the categories. Therefore,
between 716 kt CQe were added to international navigation, séable3.71. Moreover, emissions

from international navigation were reduced by 0-02 kt C@e throughout the timeline due to
country specific measurements of carbon content in marine gasoil which is now applied instead of th
IPCC default value, s@@able3.72. Note that figures from the 2022ubmission are based on GWP in
AR4,

Table3.71 Recalculations for 1D1b International Navigation due to reallocatf fuels
International navigation 1990 1991 1992 1993 1994 ‘

2021 v1ubmission [Céee kt] 19.0 7.2 115 18.7 17.9
20223ubmission [Cee kt] 28.1 14.0 205 29.9 34.0
Change relative tthe 2021 ubmission [%)] 48% 93% 78% 60% 90%

Table3.72 Recalculation for International Navigation due courgpecific carbon content in marine gasoil
International Navigation 1995 2000 2005 2015 2019 ‘

2021 v1ubmission [Céee kt] 34 54.7 1.8 149.8 206.8
20223ubmission [Céee kt] 34 54.4 1.8 149.2 205.6
Change relative tthe 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 ttheta 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 thee@tissions uncertainty is 100% (with an
activity data uncertainty of 5% and emission factor uncertainty of 100% (highest value in the range
given by the IPCC guidelines) and th#& Nemissions uncertainty is 200% (with an activity data
uncertainty of 5% and emission factor uncertainty of 200¥he 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 Fuels (CRF 1B2a5)

This sector includes emissions from distribution of oil products, which in Iceland includes distribution
of gasoline, jet kerosene, gas/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 inTable3.73.

Table3.73 Emission factors for 1B2a5 Fugitive Emissions from Fuels.

Fuel / Factor Value Unit Reference \
Liquid Fuels
o Gg perl,000 n? total oil Table 4.2.4 2006 IPCC Guidelines Tanke
CQ emission factor 2386 transported Trucks and Rail Cards
o Gg per 1,000 #total olil Table 4.2.4 2006 IPCC Guidelines Tanke
CH emission factor 2585 transported Trucks and Rail Cards
NO emission factor NA Gg per 1,000 #&total olil Table 4.2.4 2006 IPCC Guidelines Tanke
§ transported Trucks and Rail Cards
LPG
CQ emission factor 4.3E4 Gg per 1,000 Atotal LPG Table 4.2.4 2006 IPCC Guidelines Liquefi
Petroleum Gas
CH emission factor NA Gg per 1,000 Atotal LPG Table 4.2.4 2006 IPCC Guidelines Liquefi
Petroleum Gas
N2O emission factor 2.2E9 Gg per 1,000 Atotal LPG Table 4.2.4 2006 IPCC Guidelines Liquefi
Petroleum 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 providédlie3.74Table3.74 Fuel use

[in kt] and resulting GHG emissions [in kt2Z8Cralculated using GWP from AR®m distribution of

oil products

Table3.74 Fuel use [in kt] and resulting GHG emissions [in ke,Gfalculated using GWP from ARBEom
distribution of oil products.

1990 1995 2000 2005 2010 2015 2020 2021 ‘

Gasoline 129.4 132.2 153.4 164.2 144.5 139.6 101.5 103.7
Jet Kerosene 78.7 72.3 146.5 139.4 120.4 218.3 96.0 101.6
Gas/Diesel olil 335.8 309.3 427.9 418.2 292.3 342.1 387.3 427.2
Residual Fuel Oil 106.0 151.9 64.1 62.9 93.1 105.3 0.1 3.6

LPG 1.29 1.32 1.68 2.46 2.62 2.56 2.61 2.46
Emissions [kt Cé] 0.55 0.56 0.67 0.67 0.55 0.68 0.50 0.54

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 gedaider (NEA) to be 5%. Emission
factor uncertainties are 5% for @R006 IPCC Guidelines default) and 100% fai(€&rtral value for

the default range given in the 2006 IPCC Guidelines). When combining the AD and EF uncertainties,
total uncertainty is7% for C@and 100.1% for GHThe complete 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 plariteliand, including (as of 2020)

two power plants, one heat plant and five 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 geothermal systems classified as high
temperature. Emissions from direct hot water use from {t®mperature geothermal resources are

not thought to result in significant GHG emissi¢Radriksson Th2016)and 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% in the past few years). Small amounts of methane and considerable
quantities of sulphur in the form of hydrogen sulphide,@) are emitted from geothermal power
plants.

3.4.2.1 Activity Data

The NEA is the agency responsible for gathering information from power companies regarding
emissions of Crom power plants. This informatinis published annually in the data repository on
GKS b9! Qad ¢S0aAi i 2620 wekeSDublshetl dnS7aMayF2#Athd indiudepdata for

CQ, CH, and HS emissions from CHP plants, electric power plants, one power plant that is under
constructionand one heat plant.

Table3.75 shows the electricity production with geothermal energy and the tota, @8 (in CQe),
and HS emissions (in $€).

Table3.75 Electricity production and emissions from geothermal energy in Iceland.
1990 1995 2000 2005 2010 2015 2020 2021 \

Electricity Productions [GWh] 283 290 1,323 1,658 4,465 5,003 5,961 5,802
CQ emissions [ki] 61.4 82.2 1531 118.2 189.6 163.1 174.9 175.8
CH emissions [kt C£] 0.22 0.22 1.02 1.28 5.12 4.42 4.32 3.95
H2S emissions [kt S€) 13.3 11.0 26.0 30.3 58.7 42.4 39.3 47.7

3.4.2.2 Method Approach

Degassing of mantderived magma is theole source of GOn geothermal systems in Iceland. £O
sinks include calcite precipitation, gdscharge to the atmosphere, and release ob @Cenveloping
groundwater systems. The @&ncentration in the geothermal steam is site and tispecific andtan
vary greatly between 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 in the
NB LJXGddlosun jardvarmavirkjana & islandi 19M0% . &4 emissions of geothermal power
plants in Iceland 1972009) (Baldvinsson, pPorisdottir, & Ketilsson, 2Q1The report describes the
methodologies that the operating power companie®rkuveita ReykjavikurHS Orka and
Landsvirkjur) use when estimating the gas emissions. The power companies use similar
methodologiese.g., calculations based on measurements of the flow of steam through the plants and
analyses of the steam. All gas is assumed to go into thelyase upon segration of steam and liquid

by the welthead and that all the gas is released into the atmosphid& Orkand Landsvirkjurcollect

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

82



National Inventory Report, IcelargD23 L

samples at the welhead and at the separatestation, wherea®©rkuveita Reykjavikgathers samples

in the power plant. Irthe 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 into the toelsiof the prospective power
plant.

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

Emissions of Gldnd HS are also calculated in a similar way that i§@alculatede.g., based on direct
measurements. b5 has beemmeasured for the whole time series. Methane has been measured
consistently from 2008. Based on the measurements from 2B an average methane emission
factor was calculated and used for the years where no information has been provided. The emission
factors used for 1992007 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 geological and hydrological 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 theast 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 generallypgaser systems (see also Chapter 2.1 of
Fridriksson etal., 2016: Greenhouse gases from geothermal power production, Technical Report
009/16 of the Energy Sector Management Assistance Program (The World Bank)).

In Figure3.10, 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. InN&g8ayellirstarted
operation and in 2006 two power plants started operasoHellisheidand Reykjanes

Two power plantsHellisheidiand Svartsengihave capturing mechanisms attached to their outgoing
gas streams. Th€arbFixproject, located at theHellisheidi Power Statigias been pioneering GO
capture and reinjection orsite into the basaltic subsurface, and has proven rapid and complete
reaction to calcium carbonate precipitattMatter, et al., 2016) Reported emissions from the
Hellisheidi Power Statidmve been adjusted to reflect the amot of injected C@ The C@captured

and injected can be seenTrable3.76.

A sister projectSulFixconsists of separating8 from the stream and s reinjecting the gas into the
subsurface and mineralizing on contact with the basalt host rock.

Table3.76 Amount of C@captured and injected using the Carbfix method.
2012 2014 2015 2016 2017 2018 2019 2020 2021

CarbFix; Mineralised [kt CQ] 0.06 2.38 3.91 6.64 10.17 1220 9.70 11.70 7.54

At the George Olah Renewable Methanol Plar@vartsengion the Reykjanes peninsula in southwest
Iceland, Carbon Recycling International recycles pathi@fCQ emitted bySvartsengand converts it
to methanol, which is mostly exporté@arbon Recycling International, 201Bjnissions utilised at the
George Olah Plant are not subtracted from the total emissions of the geottigroveer plant in
Svartsengi
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Figure3.10 Emissions from 1B2d Geothermal Power.

3.4.2.4 Recalculations

Minor recalculations were performed for @lEmission in this sector. For 192007 a calculated
emission factor for CHis being used because of lack of measurements. This calculated emission factor
is based partly on GWh produced, and for this submission the numbers for GWh produced were
updated by the NEA. This caused a minor change in the calculated emission factorsfandCH
therefore the emissions for 1992007.

Table3.77 Summary of recalculations done for this submission [ke@alculated using GWP from AR5].

1990 1995 2000 2005 2006 2007
(2:0;]2 v4 Submissicfkt 0.0078182 0.0079638 0.0365518 0.0457367 0.0726965 0.0988931
2023 Submissiofkt CH] 0.0078180 0.0080205 0.0365589 0.0458177 0.0727135  0.0988909
ggsﬁ;gﬁe‘kttivceé]ﬁozz 1.7E7 5.7E5 7.1E6 8.1E5 1.7E5 2.2E6
ggs&?ssfg:ﬁaoj;}’e 1a022 0.002%  +0.713%  +0.019%  +0.177%  +0.023%  -0.002%

Recalculatios from the 2022Submission:

Recalculations were performed for Céissions from geothermal power plants in 2017. This is due
to a minor error in the amount of numbers after decimal forsCHhis caused a decrease in totab€0O
emissions by 0.02 kt in 2017, séable3.78. Note that figures from th€022 Submissioare based on
GWP in AR4.

Table3.78 Recalculations from geothermal due to a decimal issue

Geothermal 2017 \
2021 vlsubmission [Cg kt] 149.10
2022 SubmissiofCQe kt] 149.08
Change relative t@021 Submissiof#s] -0.01%
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3.4.2.5 Uncertainties

CQ and CHemissions figures are provided by the NEA, who reports an uncertainty of 10% forithe CO
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 emissioakated to electricity production vs. district heating will be
investigated in the future in collaboration with the geothermal power plant operators.

3.5 Reference Approach, Feedstocks, and Nenergy Use of Fuels (CRF 1AB, 1AC,

and 1AD)

3.5.1 ReferenceApproach

EmhaaAizya OFfOdAZFiAz2ya NS O2yRdzOGSR dA XYy ¥SHiKE R{ S
that relies on fuel sales statistics as gathered and provided by NEA. However, there is also the
WSTSNBYOS ! LILINR | OK-REW!Y(E S YHEK#E RatiokdK Sndrgyl statistic2thal

are collected and provided to Eurostat by the NEA. The RA is not used for reporting of emissions, but
rather serves as a means to check the values obtained through the SA. According to Volume 2, Chapter

6 of the IPCQ@uidelines, the RA and SA should be wittiiflo of each other for each fuel type.

Information regarding the acquisition of subsecspecific activity data (upon which the SA relies) can

be found throughout Chapte3, but the majority of it is provided to the EAI by the NEA. The RA relies
on fuel imports, stock changes, and international navigation and aviation to calculate emissions. This
data is also mvided to the EAI by the NEA.

Calculations for the RA are conducted according to the 2006 IPCC guidelines and a comparison is made
with the SA for each fuel type, as well as an overall aggregated comparison for all fuel types. Currently,
large discrepanciexist between the two approaches for some of the reporting years, while for other
years the difference between the two approaches is less it Table3.79).

The EAl has been, and will continue to, work with the NEA to identify the possible causes of
discrepancies that are larger thatb%. It may not be possible to identify the exact causes of
discrepancies for earlier years in the timeseries, however, accordifNgE#, in recent years the most
likely causes of discrepancies are incorrect reporting in imports by the fuel companies that provide
data to the NEA,; this incorrect reporting is likely due to the allocation of certain fuels to the wrong
import category. Ishould be noted that this is not definitive and there may in fact be other causes for

the discrepancies.

Table3.79 Apparent consumption for the Reference and Sectoral Approaches.

Reference Approach (TJ) 23,090 25,926 26,555 26,458 24,289 22,555 19,859 21,209

1990 1995 2000 2005 2010 2015 2020 2021 ‘

Liquid Fuels Sectoral Approach (TJ)

23,624 23,669 24,121 24,724 21,777 22,548 20,295 21,222

Difference (%)

+2.31% -8.71% -9.17%0 -6.5%% -10.3%2 -0.03% +2.1%% +0.06%

Reference Approach (TJ)

479.8 223.1 3421 520.0 94.1 NO NO NO

Solid Fuels Sectoral Approach (TJ)

3354 180.6 3612 361.2 103.2 NO NO NO

Difference (%)

-30.09% -19.080 +5.5% -30.546 +9.71%  NO NO NO

The aggregated discrepancy between the RA and SA for liquid fuels has exceeded the IPCC guideline
of 5% three times in the past five years, and 21 times since 1990. In 2017 and 2018, the emissions
calculated using the SA were 5.8% and 8.1% higher thae ttaiculated using the RA, respectively. In
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the current submission, emissions calculated using the SA were 6.7% lower than those calculated using
the RA. For specific fuels, the biggest siryglar differences are generally observed in jet kerosene,
RFOand LPG and these fuels are the most likely to be contributing to the aggregated discrepancies.
As of this submission, the reason for the discrepancies between the RA and SA for these specific fuels
is unclear, but the EAI will continue to work with theAN& investigate.

National Inventory Report, IcelargD23

3.5.2 Feedstockand Non-Energy Use of Fuels

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, othebituminous coal, cokeven coke, petroleum cokeand lubricants.
Previously, electrodes were reported under IPPU as WelWever this has since changed to address a
recommendation by the ERT thidite correct consumption be reporteunder this sector to allow for

an appropriate comparison between the RA and Eleéctrodes are now reported undeAB Solid

Fuels.
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4 Industrial Processes and Product Use @&Bier 2)

4.1 Overview

The production of raw materials is the main sourcgi@enhouse gasmissions related to Industrial

Processes. Another significant source is the use of HFCs as substitutes for ozone depleting substances

in refrigeration and aiconditioning. The dominardategory within thdPPUsector is metal production
where dmost all of the emissions are reported under the EU ETS (Directive 2003/87/EC).

4.1.1 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 reported under the EU ETS,
activity data and emission factors are taken from vedfEU ETS annual emissions reports. For other
activities, activity data is taken from Green Accounting (according to Icelandic regulation No 851/2002)
reports, sales statistics and/or import/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 resulting from the production
processes themselves. All emissions resulting frombihning of fuel as a source of energy are
included in the Energy sectofable4.1 gives an overview of the reported emissions, calculation
methods and type of emigsis factors. The methodologies are described under each of the CRF

categories in the respective chapters.

bCi
0 KI @
It

Table4.1 Reported emissions, calculation methods and type of emission factors used in the Icelandic inventory.

Ad NBLRNISR Ay (KS EO6KBYRKOYL ERItg/cOBME 2 &

i K

bCi A& y20 dza StRmpbrigd ds Siéhf(theyDirectdrafeRdf Cidtoins rggistiérs 6 S S
LOSt I yYRO ® L semitoRdRGRoBALEY = VY 2
manufacture, solar panels and chemical lasers) is present.

AYLRZNISR 322Ra G2

PS: Plant specific, CS: Country specific, D: Default, OTH: Other.

Sector name

Method

Emission factor

Reported emissions

2A Mineral Industry

2A1 Cement Production (until 2011) cQa Tier 2 PS
2A4d Mineral Wool cQa Tier 3 PS
2B Chemical Industry

2B10 Diatomite Production (until 2004) CcQ Tier 3 PS
2B10 Fertiliser Production (until 2001) N.O OTH PS
2C Metal Industry

2C1 Iron and Steel Production (202016) CQ Tier 1 D
2C2 Ferroalloys Production CQ Tier 3/Tier 1 PS
2C2 Ferroalloys Production CH Tier 2 D
2C3 Aluminium Production cQ Tier 3 PS
2C3 Aluminium Production PFC Tier 2 D
2D Non-Energy Products from Fuels and Solvent U:

2D1 Lubricant Use CcQ Tier 1 D
2D2 Paraffin Wax Use CcQ Tier 1 D
2D3a DomesticSlvent Use CcQ Tier 2b D
2D3b Road paving w. asphalt CcQ Tier 1 D
2D3d Coating applications cQa Tier 2 D
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Sector name Reported emissions  Method Emission factor
2D3e Degreasing cQa Tier 1 D
2D3f Dry cleaning (ofe) Tier 2 D
2D3g Paint manufacturing (efe) Tier 2 D
2D3h Printing (efe) Tier 1 D
2D3i Other: Creosote CcQ Tier 2 D
2D3i Other: Organic preservatives cQ Tier 2 D
2D3i Other:Deicing cQa Tier 2 D
2D3 Ureabased catalytic converters cQ Tier 1 D
2F Product Uses as Substitutes faDS
2Fla Commercial Refrigeration HFCs Tier 2a D
2Fla Commercial Refrigeration PFCs Tier 2a D
2F1b Domestic refrigeration HFCs Tier 2a D
2F1c IndustrialRefrigeration HFCs Tier 2a D
2F1c Industrial Refrigeration PFCs Tier 2a D
2F1d Transport Refrigeration HFCs Tier 2a D
2F1d Transport Refrigeration PFCs Tier 2a D
2F1e Mobile AirConditioning HFCs Tier 2a D
2F1f StationaryAir-Conditioning HFCs Tier 2a D
2F4 Aerosols HFCs Tier 1a D
2G Other Product Manufacture and Use
2G1 Use of Electric Equipment Sk Tier 2 Cs
2G3 N2O from Product Use N.O D D
2G4 Other: Tobacco consumption CH Tier 2 OTH
2G4 Other: Tobacc@onsumption N>O Tier 2 OTH
2G4 Other: Fireworks use ca Tier 2 OTH
2G4 Other: Fireworks use CH Tier 2 OTH
2G4 Other: Fireworks use N2O Tier 2 OTH

4.1.2 Key Category Analysis

The key categories for 1990, 2021 and 12921 trend in the Industrigdrocesses sector are as follows
(compared to total emissions without LULUCR)(e4.2).

Table4.2 Key category analysis for Industrial Processes, 1990, 2021 and trend (excluding LULUCF).

IPCC source category Gas Level 1990 Level 2@1 Trend \

IPPU (CRF sector 2)

2A1 Cement Production CcQ \Y \Y
2B10 FertiliserProduction N.O \% \%
2C2 Ferroalloys Production CQ \% \% \%
2C3 Aluminium Production CQ \% \% \%
2C3 Aluminium Production PFCs \% \% \%
2F1 Refrigeration and Ai€onditioning Aggregate fgases \% \%

4.1.3 Completeness

Table4.3 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 2 NP ¢KS SYAdaArAzya YINJSR ab2i 9aGAYFGSRE | NB
available to calculated them.
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U,

Table4.3 Industrial ProcessesCompleteness (E: estimated, NE: not estimated,ndfapplicable, IE: included

elsewhere).

Sector CcQ CH

Greenhouse gases

N.O HFC PFC Sk

NO

Indirect GreenhouseGases
CO NMVOC SO

2A Mineral Industry

2A1 Cement Production

(until 2011) E NA NA NA NA NA NA NA NA 1B
2A2 Lime Production NOTOCCURRING

2A3 Glass Production NOT OCCURRING

2A4a Ceramics NOT OCCURRING

iﬁ;‘b OtherUsesofSoda | \yo NA NA NA NA IE  NA NA NA
2A4c Nqnnetallurglgal NOT OCCURRING

Magnesium Production

2A4d Mineral Wool, EJIE NA NA NA NA NA NA E NA E

Ferrosilicon production

2B Chemical Industry

ZBl_ Ammonia Production NA NA B NA NA NA B NA NA NA
(until 2001)

2B2 Nitric Acid Productior NOT OCCURRING

2B3 Adipic Acid NOT OCCURRING

Production

2B4 Caprolactam, Glyoxa

and Glyoxylic Acid NOT OCCURRING

Production

2B5 Carbide Production NOT OCCURRING

2B6 Tlta_mlum Dioxide NOT OCCURRING

Production

2B7 Soda Ash Production NOT OCCURRING

2B8a Methanol productior N NG NA NA NA NA NA NA NA NA
(from 2012)

2B9 Fluprochemlcal NOT OCCURRING

Production

2B10 Other: Diatomite

Production (until 2004) E NA NA NA NA NA E NA NA NA
2B10 OtherFertiliser

Production (until 2001) NA NA E NA NA NA E NA NA NA
2C Metal Industry

2C1 Iron and Steel

Production (2014£2016) E NA NA NA NA NA E E E E

2C2 Ferroalloys E E NA NA NA NA E E E E

Production

2C3 Aluminium Productio. E NA NA NA E NA E E NA E

2C4 Magnesium NOT OCCURRING

Production

2C5 Lead Production NOT OCCURRING

2C6 Zinc Production NOT OCCURRING

2C7 Other NOTOCCURRING

2D Non-Energy Products from Fuels and Solvent Use

2D1 Lubricant Use E NA NA NA NA NA NA NA NA NA
2D2 Paraffin Wax Use E NA NA NA NA NA NA NA NA NA
ﬁ?:a Domestic solvent E NA NA NA NA NA NA NA E NA
2D3b Road paving . E NA NA NA NA NA NA NA E NA
asphalt
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Greenhouse gases Indirect GreenhouseGases

Sector CcQ CH N.O HFC PFC Sk NG CO NMVOC SQ
2D3d Coatind\pplications E NA NA NA NA NA NA NA E NA
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 PainManufacturing 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
2D3i OtherDeicing E NA NA NA NA NA NA NA E NA
2D3 Urea based catalytic E NA NA NA NA NA NA NA NA NA
converters
2E Electronics Industry NOT OCCURRING
2F Product Uses as Substitutes for Ozone Depleting Substances
2Fla Commercial NA NA NA E E NA NA NA NA NA
Refrigeration
2FLb Domestic NA NA NA E NA NA NA NA NA NA
refrigeration
2Fic Industrial NA NA NA E E NA NA NA NA NA
Refrigeration
2F1d Transport NA NA NA E E NA NA NA NA NA
Refrigeration
2FLe Mobile Air NA NA NA E NA NA NA NA NA NA
Conditioning
2F1f Stationary Air NA NA NA E NA NA NA NA NA NA
Conditioning
2F2 Foam Blowing Agent: NOTOCCURING
2F3 Fire Protection NOT OCCURING
2F4 Aerosols NA NA NA E NA NA NA NA NA NA
2F5 Solvents NOT OCCURING
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
2G2Sk and PFCs from
Other Product Uses NOT OCCURING
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: Fireworksuse E E E NA NA NA E E NA E
2H Other
2H1 Pulp and Paper NOT OCCURING
Industry
2H2Foodand Beverage  \» o NA O 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 Diatomite production (Diatomite production stopped
in 2004)

2CQ emissions from other process use of carbonates occur both from Mineral wool production and from carbonates used
in the ferraalloy industry. Mineral wool emissions are reported under 2A4d, whereag@i8sions from limestone in

ferroalloy production are included in 2C2 Ferroalloy production.

3 Ammonia was produced at tHertiliser production plant that closed down in 2001. R&sg emissions of ¥0 and NQ

are reported under 2B1Bertiliserproduction.
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4 Methanol production uses geothermal fluids from a négrgeothermal power plants, therefore emissions linked to this
activity are reported under 1B2 Geothermal Energy.

5S02emissions were reported by the plant and included both progetsted and combustiomelated SO2 emissions, and
these emissions are all reported under 1A2.

4.1.4 SourceSpecific QA/QC Procedures

General QA/QC activities, as listed in Chafitéy are performed for the IPPU sector. Further sector
specific activities include the following:

i1 Calculations of Cand PFC emissions from activities falling under the EU ETS Directive (2003/87/EC)
are crosschecked with the annual emission reports verified by accredited EU ETS verifiers (according to
Article 67 of Directive 2003/87/EC) since 2013. This applies taitastiwithin CRF categories 2.A.4.d,
2.C.2and 2.C.3.

i Participation 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.

1 Regular visits withthe inspection team of theeAlto factories/companies to increase transparency,
knowledge, and accuracy through active dialogue with the field.

1 Review of the IPPU chapter in this NIR by external stakeholders.

4.2 Mineral Products (CRF 2A)

4.2.1 CementProduction (CRF 2A1)

4.2.1.1 CategoryDescription

The single operating cement plant in Iceland was closed down in 2011. The plant produced cement
from shell sand and rhyolite in a rotary kiln using a wet process. Emissions ofigitate from the
calcination ofthe 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 @€ 2°PCC Guidelian¢Equation 2.2
Volume 3, Chapter)2based on clinker production data and data on the CaO content of the clinker.
Cement Kiln Dust (CKD) is rzaicined to fully calcined dust produced in the kiln. CKD may be partly
or completely recyéd in the kiln. Any CKD that is not recycled can be considered lost to the system in
terms of CQ@emissions. Emissions are thus corrected with plant specific cement kiln dust correction
factor.

Equation 2.2
000aQi i QveE400206 O
Where:
CQ Emissions = emissions of @m cement production, tonnes
M= weight (mass) of clinker production, tonnes
ERi = clinker emission factor, tonnes g¥onnes clinker; Ef= 0.785 x CaO content

Ckkda = emissions correction factor for neecycled cement kiln dust, dimensionless

Processspecific data on clinker production, the CaO content of the clinker and the amount ef non
recycled CKD are collected by tRdldirectly from the cement production plant. Data on clinker
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production is only available from 2003 onwards. Historical clinker production data has been calculated
as 85% of cement production, which was the average proportion for 2003 and 2004.

The productbn at the cement plant decreased slowly between 2000 and 2004. The construction of the
Kérahnjukamhydropower plant (building time from 2002 to 2007) along with increased activity in the
construction sector (from 2003 to 2007) increased demand for cenad, 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 production at the plant was significantly less than in 2007, due
to the collapse of the constructiosector. Late 2011 the plant ceased operation.

Table4.4 Clinker production and G@missions from cement production from 198@11. The cement factory
ceased its activitiesn 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 presented ihable4.4. 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 grindr was active longer. This is the reason for the significant-emt@ual change

in the CQIEF between 2010 and 2011.

4.2.1.3 CategoryspecificRecalculations

No categoryspecific recalculations were done for this submission.

4.2.1.4 CategoryspecificPlannedImprovements
No improvements are currently planned for this category.

Uncertainties

The uncertainty on activity data is assumed 2.0% which is the higher value of range given for plant
reported production data (Table 2.3, Volume 3, Chapter 2, IPCC Gugjeliftee uncertainty 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 Prodetion (CRF 2A2)
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)

4.24.1 CeramicsCRR2A4a)
This activity does not occur in Iceland.

4.2.4.2 Other Uses of Soda AfGRF 2A4b)

Other use of soda ash was in diatomite production for the period 248®. 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 ZBRiatomite Production. Methodological description of
calculations of emissions related to soda ash use can be found dngléi0.1Diatomite Production

(CRF 2B10a).

4.2.4.3 NonMetallurgical Magnesium Production (CRF 2A4c)
This activity does not occur in Iceland.

4.2.4.4 Other (CRRA40d Mineral Wool Production, Limestone Use in Ferrosilicon Production
CategoryDescription

Two emission sources fall under this category, on one hamiéharal wool production 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 undern / H CSNNRIF ff2&8a t NPRdA2OUGA2Y X & y2i
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
Feroalloys Production (CRF 2C2).

All imported goods are registered by the Directorate of Customs and subsequently by Statistics Iceland
(Hagstofg (SI) which indicates that there is no other recorded use of carbonates. If carbonates are
imported for manuécturing artistic ceramics, for 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 EUEFSS A ONRA O SR AY SANBOIAMBSOMMABIKYTR I 2 S D!
'yydzk £ DI D SYAAAAZY A elyddd thé [Haat is@xcladedhfiom the B schkeme | G/ |
as per Article 27 of the ETS Directive (which applies to operations producing less than 28yaatiD

According to Artid 27 of the ETS Directive and Article 14a of the Icelandic climate law (L6g 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 emissiontlieeltelandic State.

Activity data are provided by the plant (application for free allowances under the EU ETS t@02005

and reporting under the EU ETS, or exemption thereof, after that). In particular, the plant provides
data on electrode consumptip EF and NCV, as well as C content of shell sand. Emissionsaoé CO
calculated from the carbon content and the amount of shell sand and electrodes used in the
production process. Emissions of,%@e calculated from the-8ontent of electrodes and amat (in

unit of mass) of electrodes used. Emissions of CO are based on measurements performed at the plant
in 2009 anaMineralWool Production.

Emissions from the mineral wool plant were 0.93 k€@ 2021. Fluctuations in GHG emissions reflect
fluctuations in annual production.
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CategoryspecifidRecalculations
No categoryspecific recalculations were done for this submission.

Categoryspecificdannedimprovements
No improvements are currently planned for this category.

Uncertainties

The uncertainty on etivity data was calculated to be 2.25% based on the combined uncertainty for
two source stream types as reported in the ETS 2019 annual emission reparesmiS6ion factor
uncertainty was estimated to be 1.5% according to Chapter 2, subchapter 2.m 2006 IPCC
guidelines. The combined uncertainty is 2.7%. The complete uncertainty analysis is shown in Annex 2.

4.3 Chemicalndustry (CRF 2B)

The Chemical Industry Sector is insignificant in the Icelandic inventory, with no GHG emissions
reported under thissector since 2005. In the past, there were two large contributors to this sector, a
fertiliser production plant, which stopped production in 2001, and a diatomite production plant, which
stopped production in 2004.

4.3.1 Ammonia Production (CRF 2B1)

Ammonia was produced amongst othéertilisers during the period 199Q001. The associated
emissions are marked as Included Elsewhere under 2B1 Ammonia Production and are included in the
emissions reported under 2B1Rertiliser Production. The methodologgssociated with ammonia
Production is also described undeertiliserProduction (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 Dioxide ProductionGRFR2B6)
This activity does not occur in Iceland.

4.3.7 SodaAsh Production (CRF 2B7)

This activity does not occur in Iceland.
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4.3.8 Petrochemical and Carbon Black Production (CRF 2B8)

The only activity mentioned under this subsector is 2B8a Methanol Production which in Iceland started
in 2012. However, methanol produocti in this case does not produce any GHG, since the plant is
recycling Ceemitted from a geothermal power plant to convert it to methanol. All energy used in the
plant comes from the Icelandic grid, which is generated from hydro and geothermal energyaitie
uses electricity to make hydrogen which is converted to methanol in a catalytic reaction witf@O

CQ is captured from gas released by a geothermal power plant located next to the féCiitipon
Recycling International018) see also sectiof.4.2Geothermal Energy (CRF 1B2d)

4.3.9 Fluorochemial Production (CRF 2B9)
This activity does not occur in Iceland.
4.3.10 Other (CRF 2B10)

4.3.10.1 Diatomite Production
CategoryDescription

One company was producing diatomite (diatomaceous earth) by dredging diatom sand from the
bottom of Lake Myvatn in the north ofdtand. The silicaich 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 NQ were estimated on the basis of thed®ntent and Ncontent of the sludge,

and ofthe 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 carbon and therefore are not
included in the totals. C@missions that occurred fronhé use of soda ash in the production process
are reported here (in the CRF tahl&lusesthe notation keydincluded Elsewhegs(IE) under sector
2A4Db Other use of soda ash). The annualéd@ssions ranged from 0.24 to 0.49 ktL&hd the annual

NQ emissions ranged from 0.31 to 0.48 kt NO

CategoryspecifidRecalculations

No categoryspecific recalculations were done for this submission.

Categoryspecifiddannedimprovements
Noimprovements 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 guidelindis® @@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 Fertiliser Production
CategoryDescription

A fertiliser production plant was operational untiDR1 when there was an explosion at the plant. In
the early days of the factory, only one typefeftiliser was produced (a nitrogefertiliser), whereas
at the end of its production phase it was producing over 20 different typésrtlisers. CQand CH
emissions are considered insignificant, asfawtiliser plant used Hproduced onsite by electrolysis.
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Methodology
NQ.and NO emissions were reported directly by the factory to the. EA

CategoryspecifidRecalculations
No categoryspecific recalcaltions were done for this submission.

Categoryspecificdannedimprovements

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
defaut AD uncertainty values suggested in vol. 3 chap 3 of the IPCC guidelines), ap0 #raibbkion

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).

4.4.1.1 Steel (CRF 2C1la)
CategoryDescription

A secondary steelmaking facility was operating in the industrial aréarindartangi, Weslceland

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 steel from the alimum smelters, using an electric arc furnace. Carbonates and slags
were added during the smelting process. The @@issions amounted between 0.34 and 0.83 kk CO
during the years of operation (2042D16).

Methodology

CQ emissions are calculated usingopuction 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
(Volume 3, Chapter 4, Table 4.1, 2006 IPCC Guidelines). Pollutants are calculated Userg theFs

for Electric Arc Furnaces in the 2019 EMEP/EEA Guidébagk 2019)

CategoryspecificRecalculations

No categoryspecific recalculations were done for this submission.

Categoryspecifiddannedimprovements

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 CO
emission factor uncertainty was estimated to be 25% (Default 2006 G@i&lines), leading 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. Qaeydons

0SSy LINRPRdAzOAYy3a CS{ATp &aAyOS wmptd FYR FYy20KSNI 2y S
2018. A third company was operating between 2@D4.7 producing silicon metal but stopped
production in 2017. Both active operators are under theHEmnission 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 electicafurnace with selbaking Sdderberg
electrodes. The furnaces are seoavered. The other is using submerged arc furnaces usinbgked
graphite electrodes.

Methodology

CQ emissions are calculated according to the Tier 3 method from the 2006 IR@«i&s (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 exgts is 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
Guicelines for one operating factory while the other performs laboratory analysis. The emissions are
AyOft dzZRSR Ay (GKAa aSO02NJ OYIFINJSR a aAyOfdzRSR St 3
carbonate). The emission factor is 440 kg @€ tonne limestone, assuming the fractional purity of

the limestone is 1.

CH emissions are calculated using the Tiers 2 defaults from the 2006 IPCC guidelines (Volume 3,
Chapter 4, Table 4.8, 2006 IPCC Guidelines) using the appropriate emission factor for tasetdiffer
technologies used by the operators (batcharging, sprinkle charging).

Activity data for raw materials, products and the resulting emissions are givieable4.5.

Table4.5 Raw materials [kt], production [kt] and resulting GHG emissions [k, C@lculated using GWP from
ARSJ from the production of ferroalloys
1990 1995 2000 2005 2010 2015 2020 2021

ElectrodesCasingsand Paste 3.8 3.9 5.7 6.0 4.8 4.9 4.8 5.2
CarbonBlocks

Anthracite/Coking Coal 45.1 524 73.2 86.9 96.1 115 129 146
CokeOvenQoke 24.9 30.1 46.6 42.6 30.3 30.9 235 23.6
Charcoal

Wood 16.7 7.7 16.2 15.6 11.3 27.2 59.9 77.9
Limestone 0.00 0.00 0.47 1.62 0.50 2.19 0.95 2.09
FeSiSliconMetal Production 62.8 71.4 109 111 102 118 116 133
Total Emissions [kt C@e] 211 246 366 380 373 404 419 476

Plant and yearspecific emission factors for €@re based on the carbon content of the reducing
F3SyGaz GKS St SOGNRRS&ad® C2NJ G4KS CS{ATp LAIYlzZ
application for free allowances under the EU ETS for-200®. Upon request by theAlthe company

provided thisinformation for 20062004 and 2011. Since 2Q1Bis data ha been obtained from the
electronic reports submitted under the EU ETS and Green Accounting for both factories.
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Carbon content of electrode paste, graphite electrodes, coal, coke, charcoaltdimgand wood

have been obtained from the reports submitted under the EU ETS. Earlier in the timeline carbon
content of coal (anthracite), cokaven coke and charcoal are based on routine measurements of each
lot at the FeSi75 plant. These measurements 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 repor§(NTEF. Data og informasjon om skogbruk og virke, Report OR 54.88
The cabon 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 based on different carbon ocobrgkinputs and

outputs as well as different composition of the reducing agents used, from 3.2 tonnpeC@nne
Ferrosilicon in 1998, to 3.7 tonne £g@&r tonne Ferrosilicon in 2018. The Ldthission factor is the

default value for FeSi75 productionfurnaces operating in sprinkieharging mode (1 kg GHproduct
-Volume 3, Chapter 4, Table 4.8, 2006 IPCC Guidelines) and for the silicon metal plant the default value
for Simetal production in furnaces operating in Batcharging mode (1.5 kg @Hproduct- Volume

3, Chapter 4, Table 4.8, 2006 IPCC Guidelines).

Figure4.1 shows the evolution of total GHG emissions from Ferroalloy production since 1990. Since
2000the 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;,G@th CH only contributing to les 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 (3.28.7 t CQ't FeSi), as well as expansions and changes in production capacitgtingexi
facilities (19961999) and establishments of new facilities (2017, 2018).

Categoryspecific QA/QC anderification

CQ emissions reported in this inventory are cragsecked with the annual emission reports verified
by accredited EU ETS verifiersc@ading to Article 67 of Directive 2003/87/EC) since 2013.
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Figured.1 Total GHG emissions (£&4Dd CH) from the Ferroalloy productidit CQe, calculated using GWP from
ARS5] and annual production [kt]

CéaegoryspecificRecalculations

Recalculations were done for 2013, 2014, and 2015. Data-ocontént of coke and amount of
limestone was rounded before it was used in the emission calculations. Now more significant figures
are used for this data before dayrthe emission calculations. Also, the production amount used for
methane calculations for 2015 was updated for consistency within the inveratsgréunding issue).

Table4.6 Comparison between the 2022 84bmission and th2023 Submissiofor CQ and CHemissiosfrom
Ferroalloy$roduction (2C2) for 2013015.

2C2, Ferroalloy®roduction 2013 2014 2015

2022 v4ubmission Celkt] 406.158739 368.423 400.916
2023SubmissiorCQ [ki] 406.158740 368.428 400.918
Change relative tthe 2022 Submission C® +0.00000032% +0.0012% +0.00038%
2022 v4ubmission CH[t] 0.12 0.11 0.1179487
2023 Submissio@H [t] 0.12 0.11 0.1179490
Change relative tthe 2022 Submission CH 0% 0% +0.00022%

Recalculation for the2022 Submission

There were two recalculations for 2019. The first recalculation is due to the industry starting to use
microsilica to reduce G@missionsTable4.7). That was not accounted for in the last submission and
it only effects emissions in 2019.

Table 4.7 Comparison between the 2021 Wibmission and the 2022&ubmission for COemissios from
Ferroalloy$roduction (2C2) for 2019.
FerroalloysProduction 2019 \

2021 v1Submission C@Ykt] 429.8
20223ubmission CeYkt] 428.8
Change relative tthe 2021 Submission -0.24%

The second recalculation concerns methane emissions and is due to human error in the emission
estimation files Table4.8). Note that figures from th@022 Submissioare based on GWP in AR4.

Table4.8 Comparison between the 2021 @libmission and the 2023ibmissionfor methane emissiafrom
FerroalloyProduction (2C2) for 2019.
FerroalloysProduction 2019 \

2021 v1 submission Gkt CQe] 2.80
2022 Submissio@H, [kt CQe] 3.23
Change relative t@021 Submission 15%

Categoryspecificdannedimprovements
No improvements are currently planned for this category.

Uncertainties

The estimate of quantitative uncertainty has revealed that the uncertainty of édissions from
ferroalloys production is 2.1% (with an activity data uncertainty of 1.59gigen in the ETS Annual
Emission Report) and emission factor uncertainty of 1.5%). It is estimated that the uncertainty of the
CH emission factor is 10% as suggested in the 2006 IPCC Guidelines, uncertainties for Tier 2 emission
factors. In combinatiorwith 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 alwminproducers and one secondary
aluminium producer. Primary aluminium production results in emissions efa@® PFCs, whereas
secondary aluminium production does not generate any significant amounts of GHG in the process
itself. However, in both primary @nhsecondary aluminium production there are GHG emissions
associated with the combustion of fossil fuels used as energy source, and these emissions are
accounted for in the Energy chapter under sector 1A2.

4.4.3.1 Primary Aluminium Production
CategoryDescription

Primary aluminium production occurs in three smelters. All three primary aluminium producers use
the Centre Worked Prebaked Technology. The emissions pbi@fhate from the consumption of
electrodes during the electrolysis process, whereas PFGaii@k:Fs) are produced during anode
effects (AE) in the prebake cells, when the voltage of the cells increases from the norbndltd 25

-40 V.

All three primary aluminium operators are under the-Elhission 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

TheEAIcollects 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 fbaivid in
4.9 and are displayed iRigure4.2.

Table4.9 AluminiumProduction, C@and PFC emissions, |IEF fos @@ PFC since 1990.
1990 1995 2000 2005 2010 2015

PrimaryAluminium Production [kt] 87.8 100 226 272 819 857 831 836

CQ emissions [ki] 139 154 353 417 1238 1,300 1,261 1,272

PFC emissions [kt g€ 445 62 140 29.8 160.9 95.5 85.9 88.9

CQ [t/t Al 1.58 1.54 1.56 1.53 151 1.52 1.52 1.52

PFC [t Cé/t Al] 5.06 0.62 0.62 0.11 0.20 0.11 0.10 0.11

Total emissions [kt C£2] 584 216 493 447 1,398 1,395 1,347 1,361
CQ BEmissions:

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

St SOUNRBRSaAa® ¢KAA AYF2NNVIGA2Y gL & GF1Sy FTNRBY GKS
under the EU ETS for 20@810. Upon request by th&Al,the aluminium pants also provided
information on carbon content of the electrodes for all other years in which the corresponding
aluminium plant was operating in the time period 198012. Since 201 8he information comes from

submitted data from the operators under ¢hEU ETS. The weighted average carbon content of the
electrodes ranges from 9899%.

PFEmissions:

PFCs (Gland GFs) are produced during anode effects (AE) in the prebake cells, when the voltage of
the cells increases from the normal 8 V to 25 40V. Emissions of PFCs are dependent on the number
of anode effects and their intensity and duration. Anode effect characteristics vary from plant to plant.
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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 Guideline for Centre Worked Prebaked Technology, or usingspéanific emission factors for

some of the operators in recent years (depending onEhEETS requirements in this matter).

Equation 4.26

2§ O 0 0
and
O O z0 ¢

o oy

Where:

Ecra= emissions of Grom aluminium production, kg GF

Ecore= emissions of & from aluminium production, kg6

Sra= slope coefficient for GHkg CHtonne Al)/(AEMins/cellday)
AEM = anode effects per delhy, ABMins/cellday

MP = metal production, tonnes Al

Fcorécra= weight fraction of €/ Ch, kg GRe/kg Ch

GHG erssions from primary Al production have been relatively stable since Zig8ré4.2). The

main contributor to GHG emissions gas is,®@h various contributions frm 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 operations at a new facility. Total GHG emissions from the primary Aluminium sector have more
than doubled since 1990 altigh a slight decrease in emissions has occurred in the last few years.

=4 =4 A4 4 A -

Categoryspecific QA/QC anderification

CQ and PFC emissions reported in this inventory are echsgked with the annual emission reports
verified by accredited EU ETS verifiers (according to Article 67 of Directive 2003/87/EC).

CategoryspecifidRecalculations

Recalculations were done for 201314 and 2015. Activity data (anode consumptiongd@htent of
anodes and emissions of £#hd GR) was rounded when used from the aluminium plants, through
electronic reporting forms in accordance with the EU ETS. Now the data with more significae¥ figur
is used.

Table4.10 Comparison between th#022 v4 Submissisrand the2023 Submissiofor CQ, Ckand GFs emission
from Aluminium production (2C3) for 262815.
2C3, AluminiunProduction

2022 v4 SubmissioBQ [kt] 1,274.190536 1,279.505 1,299.55850
2023 Submissio€Q [ki] 1,274.190538 1,279.504 1,299.55848
Change relative t@022 Submissio@Q +0.00000014% -0.000097% -0.0000017%
2022 v4 Submissio@k [t] 9.943546 11.1689631 11.69460
2023 Submissiofh [t] 9.943547 11.1689628 11.69463
Change relative t@022 Submissio€h +0.000012% -0.0000024% +0.00029%
2022 v4 SubmissiotFs [t] 1.203169 1.3514445 1.415051
2023 SubmissiofFs [t] 1.203168 1.3514447 1.415054
Change relative t@022 SubmissioG:Fs -0.00010% +0.00001160% +0.00026%

Categoryspecificdannedimprovements

No improvements are currently planned for this category.
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Uncertainties

The uncertainty of C£emissions is based on the ETS Annual Emission Reports and is 1.5% for activity
data and 1.5% for the emission factors giving a combined uncertdi@y %. 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%. The complete
uncertainty analysis is shwm in Annex 2.

®
MY N n M1 J1>@D)
S
MT NN thn
<Y
; yrlnZ
MO NN
% g w3
< | I | --- | " g = TAan
. MH A | | g
= cnn_
< M4 Nnn .
> pnnz
°® ynn -
a 1 nnn:
cnn
- Pz
[a) . onnu
nnn i "5 =0 HNn
Hﬂ!'l!l:____' M
ESrIocoor>8c=Srxo0coco0or>8cs=Sx0c00Fr >8c =
n 83888888888 s RERgES=Ss=s=23ss=sszxzx N
RSERSHR SR SR SRS RS A S S S I I I S S T~~~ O~~~ Y~ Y S
=S ===2=22=2=2=2=Z2=2rIrrIrrrrrxrrxrrxrIIIIIrrIrrIIIII I I I I I
| hd & t Chii®h t NAYEFNE | &t NBRdzOsa 2y

Figure4.2 GHG emissions (gé&nd PFC) from primary Al productifkt CQe, calculated using GWP from AR5]
and annual production [Kt].

4.4.3.2 Secondary Aluminium Production

Secondary aluminium pduction started in 2004. In 2012, another facility opened in the industrial
area of Grundartangi. At the end of 2014, the first company was acquired by the second moving the
production to Grundartangi. Secondary aluminium production does not lead to GHSsiens;
however, it does lead to emissions of certain atmospheric pollutants which are reported under CLRTAP.
Upon request during the 2019 UNFCCC desk review, the company was contacted for a clarification
about the oxidation process. It is possible tdraffthat the secondary aluminium industries work with

two processes to prevent oxidation: one is dhlx and in the other the slag acts as a cover for
oxidation when the raw material melts. No cover gases are used for either process.

4,5 Non-Energy Productérom Fuelsand Solvent Use (CRF 2D)

4.5.1 Lubricant Use (CRF 2D1)

CategoryDescription

Lubricants are mostly used in industrial and transportation applications. Lubricants are produced
either at refineries through separation from crude oil or at petrochemical facilities. They can be
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subdivided into (a) motor oils and industrial oils, and dbases, which differ in terms of physical
characteristics (e.gviscosity), commercial applications, and environmental ((2€C, 2006)

Only CQemissions are reported here. There is no default methodology currandlifable to estimate
NMVOC emissions. Currently available activity data does not allow to separate lubricants mixed in with
other fuel in 2stroke engines from lubricants used for their lubricating properties, however the
amount of lubricant used as-g&roke engine fuel is likely to be very small. Thus, 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,FXDG63uidelines) and

the IPCC default Oxidised During 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 Volughef the 2006 IPCC Guidelines).

Activity data 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 lubricantae have generally been following a decreasing trend since 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 kt,€0

CategoryspecifidRecalculations
There was recalculation for the years 2002, 2004, 2005, 2006, 2011, 2012, and 2019. The recalculation
is due to updated import/export data from Statistics Iceland, Sable4.11.

Table4.11: Recalculatiogin 2D1 Lubricant)se due to updated activity data between submissions.
2D1, Lubricant Use 2002 2004 2005 2006 2011 2012 2019 ‘

2022 v4 SubmissioBQ [Ki] 3.540 3.820 3.593 4.099 2.532 2.403 2.070
2023 SubmissiofQ [ki] 3.539 3.819 3.501 4.099 2.532 2.399 2.070
Change relative 12022 0.017% -0.028%  -0.039%  0.008% -0.0004% -0.166%  0.029%
Submission

Categoryspecifidc®annedimprovements

There are no improvements planned in this category.

Uncertainties

The activity data uncertainty is 5% (Volume 3, Chapter 5.2.3.2, 2006 IPCC Guidelines) and the emission
factor uncertainty is 50.1% deriving from tlsembined uncertainty of the -€Content (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 emission factors is 50.3%. The complete
uncertainty analysis is shown in Annex 2.

4.5.2 Paraffin Wax Use (CRF 2D2)

CategoryDescription

Paraffin waxes are used in applications such as candles, corrugated boxes, paper coating, board sizing,
food production, wax polishes, surfactants (as used in detergentsyjreamy 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 wastewater
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treatment (for surfactants). Inhie cases of incineration and wastewater treatment the emissions
should be reported in the Energy or Waste Sectors, respec(iN&GC, 2006)
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According to 2006 IPCC guidelines, &ttl NO emissions are possible but nefdult methodology
F2N) SadAYlLGAy3a GK24aS A& LINPOARSRI UGUKSNBT2NB (K2a

The emissions from Paraffin Wax Wse estimated to be 0.17 kt Gn 1990 and 0.34 kt G@h 2021.

Methodology

CQ emissions from paraiifi 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 &ém paraffin waxes, kt GO

PW = Total paraffin waconsumption, TJ

CGvax= Carbon content of paraffin wax, tonne C/TJ

ODWvaxI" & BER RRdzNXKayta fodpar&ffin wax, fraction

44/12 = mass ratio of GC

For calculating the total paraffin wax consumption, PW, in energy units, the activity dateigiwas

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 C/GJ (on a Lower Heating Value basis) and the default
ODUWax factor of 0.2 (Tier 1) given in tREC 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 candles based on net consumption of candles (ingxqort +
production where production is zeyo

2. Emissions from paraffin (without candles) based on net consumption of paraffin (without candles)
(import ¢ export + production where production is zero).

To be able to add the two, the net consumption of candles is multiplied by the factor 0.66 seirelé n
of the candle activity data is made of paraffin:

0w & ZTEp @ a z) 0 w
where NMangesaNd Mparatiin IS the mass (net consumption) of candles and paraffin (without candles),
respectively. The proportion of paraffin candles used ismesl to be 66%, taken from the Norwegian
Inventory Report for 2021 as the activity data available in Iceland does not distinguish between paraffin
candles and others.

There is no available data for the production of candles. Considering that most caseites uceland

are imported (and therefore accounted for) only candles produced by very small local craft workshops
might be missing from the estimates. According to expert judgement the amount of candles produced
within the country is insignificant. Actiy data for paraffin production is missing but is considered
insignificant based on expert judgement.
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Categoryspecific recalculations

There was recalculation for the years 2012 and 2019. The recalculation was due to updated
import/export data of candles from Statistics Iceland, Sable4.12.

Table4.12: Comparison between th2022 v4 Submissignand the2023 Submissiofor CQ emission from
Paraffin wax use (2D2) for the year 2012 and 2019.
2D2, Paraffin Wax Use 2012 2019 ‘

2022 v4 SubmissioBQ [f] 276.66 285.9320
2023 SubmissiofQ [t] 276.58 285.9324
Change relative t@021 Submission -0.0281% +0.00014%

Recalculationgrom the 2022 ubmission:

Emissions in 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,
seeTable4.13.

Tabled.13: Comparison between the 2021 v1 submissions angd@B2 Submissidior CQ emission from Paraffin
wax use (2D2) for the year 2019.

2D2, Paraffin WaXJse 2019

2021 v1 submission GQ@] 285.9324
2022 Submissio@Q [t] 285.9320
Change relative t8021 Submission -0.00014%

Categoryspecificdannedimprovements
There are no improvements planned in this category.

Uncertainties

The activity data uncertainty is 5% (Volume 3, Chapter 5.3.3.2, 2006 IPCC Guidelines,) and the emission
factor uncertainty is combined 100.1%, deriving from a 5% uncertainty for#ten@nt and 100%
uncertainty for the ODWactor (Volume 3, Chapter 5.3.3.1, 2006 IPCC Guidelines). The combined
uncertainty for both activity data and emission factors is therefore 100T2%.complete uncertainty
analysis is shown in Annex 2.

4.5.3 Other NonEnergyProducts from Fuels and Solvent Use (CRF 2D3)

CategoryDescription

This section describes nanethane volatile organic compounds (NMVOC) emissions from asphalt
production, fossil fuetlerived solvents use and urdmsed additives for catalytic converterThe
various subgroups within 2D3 are taken from 2@&9EMEP/EE&uidebook.

NMVOCs are not considered direct greenhouse gases but once they are emitted, they vggl toxidi
CQin the atmosphere over a period of time, and the associategleghiissionsre considered indirect.
However, in order for these emissions to count towards national totals in the CRF reporter, we are
including these COnputs from the atmospheric oxidation of NMVOC in CRF Tables 2(I)s2 and 2(I).A
Hs2, following recommendationsoim the Working Group 1 under the European Union Climate
Change Committee.

An overview of the NMVOC emissions from the individual 2D3 subcategories is giedxheih14 and
is shown irFigure4.3.
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Methodology

NMVOC emissions are estimated according to the 2019 EMER3&HBbook (EEA, 2019)using

activity data provided by Statistics Iceland unless otherwise noted in the specific subcategories below.
¢KS a2d2NOS OF (S5a2NEEe athNPKRSd®O (y 2lyy R { 2t @Sy 4 | aSé¢ A
accordance with the EMEP/EE&iidebook classiation, as the nature of this source requires
somewhat different approaches to calculate emissions than other emissions categories.

The conversion of NMVOC to £fas done using the general formula provided in Box 7.2, Vol. 1
Chapter 7 of the 2006 IPCC @alines:

"0¢ 1) 660U Oa Qi i Q¢ &zidzt #p ¢
GKSNB / A& GKS FTNIOGA2Yy OFNb2y AY baxh/ H&/ Yl aad
was set to 0.5, the upper range given in the 2006 IPCC guidelines for asphalt produodtioseaor

road paving (Volume 3, Chapter 5.4.4, 2006 IPC@rlgs). For all other subcategories of 2D3, the
default value of 0.6 was given (Volume 3, Chapter 5.5.4, 2006 IPCC Guidelines).

4.5.3.1 DomesticSolvent UselncludingFungicides (2D3a)

NMVOC emissions from domestic solvent use including fungicides (2D3a) is calculated using tier 2b
methodology according to Table 3.5 in the 2019 EMEP/EEA Guidé€bBaék 2019)Since product
statistics in terms of the productypes are not complete, the emission factors used for different
product types that release 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. Gasestade emit
from the asphalt plant itself, the road surfacing operations and subsequently from 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 20The emission factors for NMVOC (0.016 kg/t
asphalt) are taken from Table 3.1, in chapter 2D3b in the 2019 EMEP/EEA emission inventory
Guidebook (EEA, 2019)Emissions 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/EEBuidebook(EEA, 2019rovides emission factors based on amounts of paint applied.
Data exists on imprted paint since 199(5tatistics Iceland, 2018hd on domestic production of paint
since 199§lcelandic Recycling Fupdlrvinnslusjodur, 2018)r written communication for the most
recent reporting year. For the time before 1998 no data exists about the amount of sehssed

paint produced domestically. Therefore, the domestically produced paint amount of 1998, which
happens to be the highest of the time period for which data exists, id tethe period from 1990

1997. The Tier 1 emission factor refers to all paints applied,veagerborne, powder, high soljand
solvent based paints. The existing activity data on production and imported paints, however, makes it
possible to narrow thectivity data down to conventional solvebased paints. Subsequently, Tier 2
emission factors for conventional solvelodsed paints could be applied. The activity data does not
permit a distinction between decorative coating application for construabiblouildings and domestic

use of paints. Their NMVOC emission factors, however, are identical: 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 amourtf solventbased paint is multiplied with the emission factor.
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4.5.3.4 Degreasing (2D3e)

The 2019 EMEP/EENidebook provides a Tier 1 emission factor for degreasing based on amounts of
cleaning products used. Data on the amount of cleaning products importevsded by Statistics
Iceland. Activity data consisted of the chemicals listed by the EMERE##book methylene chloride

(MC), tetrachloroethylene (PER), trichloroethylene (TRI) and xylenes (XYL). In Iceland, though, PER is
mainly used for dry cleaniri@xpert judgement). In order to estimate emissions from degreasing more
correctly without underestimating them, only half of the imported PER was allocated to degreasing.
Emissions from dry cleaning are estimated without using data on solvents usede(s@d.Ihe use

of PER in dry cleaning, though, is implicitly contained in the method. In Iceland, Xylenes are mainly
used in paint production (expert judgement). In order to estimate emissions from degreasing more
correctly without underestimating them, dn half of the imported xylenes were allocated to
degreasing. Emissions from paint production are estimated without using data on solvents used but
xylene use is implicitly contained in the method.

In addition to the solvents mentioned above, 1rithloroethane (TCA), now banned by the
Montreal Protocol, is added for the time period during which it was imported and used. Another
category included is paint and varnish removers as well as other composite organic solvents. The
amount of imported solventsof degreasing was multiplied with the NMVOC Tier 1 emission factor for
degreasing: 460 g/kg cleaning product.

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 wigethatement efficiency of Y w Iprovided by the EMEP/EEA 2019
Guidebook. Activity data for calculation of NMVOC emissions is the amount of textile treated annually,
which is assumed to be 0.3 kg/he@eEA, 2019nd calculated using demographic data. The unabated
NMVOC emission factor i§ 7 g/kg textile treated.

4.,5.3.6 Chemical Products, Manufacturingnd Processing (2D3Q)

The only activity identified for the subcategory chemical products, manufacture and processing is
manufacture of paints. NMVOC emissions from the manufacture of paints wendated using the
EMEP/EEA 20X8uidebook 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 communicatiofor the most recent 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 EMER/igEEBOOK Tier 1
emission factor of 500 g/kg ink used. Import data on ink was received from Statistics ((&tiainstics
Iceland, 2019)

4.,5.3.8 Other Solvent andProduct Use (2D3i)

Emissions from wood preservation (2D3i) were calculated using the 2019 EMERIEE&F00K Tier 2
emission factors for creosote preservative type (105 g/kg creosote) and organic solvent borne
preservatve (945 g/kg preservative). Import data on both wood preservatives was received from
Statistics Icelandn Iceland, creosotes were used from 1990 to 2010, and have been banned since
2011.Emissions from Aircraft dieing (2D3i) were calculated using th@1® EMEP/EEBuidebook
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Tier 2 emission factors for deing (53 kg/ton deicing fluid used). Data onidiag fluid used was sent
by email from Icelandair/Jet Center and Airport Associates Keflavik.

4.5.3.9 UreabasedCatalytic Gonverters

Emissions deriving fromhé use of uredased 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 fastiliser was registered in the same category udtinuary 2020 (see

also Agriculture sector, chaptds.11.2.2and Figure5.9). 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 reduction), the oil distributor companies in Iceland were contacted
and theamount of ureaadditives sold was requested. The so obtained activity data refers to the years
20082019. The emissions are then calculated following the 2006 IPCC guidelines, Volume 2, Chapter
3, Equation 3.2.2 as amount of urbased additives used iratalytic converters multiplied by the

purity (in this case 32.5%) and multiplied by 12/60 (stochiometric conversion from urea (QP{oIH
carbon) and 44/12 (conversion from carbon to L@he obtained emissions are 0.75 kiE€@r the

year 2021 and wer0.012 kt Cé& in 2008, the first year in which this activity is reported.

Emissions of Sector 2D3
Table4.14 and Figure4.3 show the NMVOC emissions from the sector 2D3 from 1990.

Table4.14 NMVOC emissions [kt] from all soategories, and total emissions from subsector 2D3 [ke[cdbe
to NMVOC.
1990 1995 2000 2005 2010 2015 2020 2021 \

2D3a Domestilvent Use 0.625 0.657 0.687 0.723 0.782 0.810 0.896 0.908
2D3b RoadPaving withAsphalt 0.003 0.003 0.005 0.005 0.004 0.003 0.004 0.004
2D3d Coating\pplications 0.509 0.547 0.560 0.342 0.289 0.318 0.442 0.410
2D3e Degreasing 0.076 0.057 0.085 0.058 0.038 0.046 0.043 0.052
2D3f DryQeaning 0.001 0.002 0.002 0.002 0.002 0.002 0.002 0.002
2D3g PainManufacturing 0.016 0.016 0.012 0.005 0.003 0.003 0.008 0.004
2D3hPrinting 0.077 0.109 0.198 0.305 0.189 0.207 0.078 0.086
2D3i WoodPreservation 0.009 0.019 0.025 0.086 0.031 0.026 0.038 0.041
2D3i AircraftDe-icing 0.037 0.037 0.037 0.037 0.037 0.031 0.038 0.023
Total NMVOC [ki] 1.35 1.45 161 1.56 1.37 1.45 1.55 1.53
Total NMVOC [kt C] 2.97 3.18 3.54 3.44 3.02 3.18 3.41 3.36
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Figure4.3 NMVOC emissions from all subgroups of Sector 2D3, othezrmergy products from fuels and solvent
use.

CategoryspecifidRecalculations

Recalculation within the 2D3 subsector is due to updated data from Statistics Icelarichldeé.15,
Table4.16, Table4.17, andTable4.18. Recalculation for 2D3i, Total Wood Preservation, is only due to
change in data for Organic solvent borne preservative. Airdeiting was added for the first time for
the 2022 Submissiqrsee abové&.5.3.8

Table4.15 Recalculations of emissis within 2D3d (Coating) for 1999, 2009, 2012, 2015, and 2019 bettixeen
2022 and2023 Submissian

2D3d, Coating 1999 2009 2012 2015 2019

2022 v4 Submissidh CQe] 1,161.402 718.36 704.56 700.19 644.00
2023 Submissioft CQe] 1,161.398 718.35 704.55 700.18 661.95
Change relative t@022 Submission -0.0003% -0.0016% -0.0011% -0.0005% +2.79%

Table4.16 Recalculations of emissiswithin 2D3e (Degreasing) for 2010, 2014, and 2019 betvike2022 and
2023 Submissian

2D3e, Degreasing 2010 2014 2019
2022 v4 Submissidh CQe] 83.491 81.375 128.0
2023 Submissioft CQe] 83.490 81.369 127.2
Change relative t2022Submission -0.001% -0.007% -0.6%

Table4.17 Recalculations of emissiswithin 2D3h (Printing) for 1999, 2000, 2013, 2014, and 2019 betieen
2022 and2023 Submissian

2D3h, Printing 1999 2000 2013 2014 2019

2022 v4 Submissidih CQe] 426.37 436.00 431.25 459.59 276.94
2023 Submissioft CQe] 426.35 435.92 431.18 459.66 278.81
Change relative t@022 Submission -0.01% -0.02% -0.02% +0.01% +0.68%
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Table4.18 Recalculatiorof emissios within 2D3i Total Wood Preservation for 2019 betw#en2022 and2023
Submissios.

2D3i, Total Wood Preservation 2019 |
2022 v4 Submissidh CQe] 105.02
2023 Submissioft CQe] 104.92
Change relative t@022 Submission -0.10%

Recalculatios from the 2022 ubmission:

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 datthere were recalculations for the whole timeline within the subsector.
Second, NMVOC emissions within Domestic solvent use including fungicides (2D3a), is now calculated based on
tier 2b methodology instead of tier 1 (according to the 2019 EMEP/EEA CokdBlaA, 2019 able4.19and

Table4.20 show theemission change due to these recalculations.
Table4.19 Recalculations of emissiswithin 2D3a DomestifolventUse Including Fungicides betwetiie 2021

and 2022 Submissian
2D3a,Domestic Solventse Including Fungicide 1990 1995 2000 2005 2010 2015 2018 2019

2021 v1 submission [t G€} 101 106 112 119 126 132 141 144
2022 Submissioft CQe] 137 145 151 159 172 178 189 1.93
Change relative t@021Submission +36% +36% +35% +34% +36% +35% +34% +34%

Table4.20 Recalculations of emissiswithin 2D3f Drydeaning betweerthe 2021 and2022 Submissian
2D3f, Drydeaning 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 Submissiofkg CGe] 3.26 3.43 3.59 3.77 4.08 4.23 4.48 4.59
Change relative t@021 Submission -08% -04% -15% -21% -03% -1.0% -24% -2.0%

Categoryspecificdannedimprovements

There are no 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 stéitis and the uncertainty is therefore for each group

2% (except 30% faircraft de-icing where data is retrieved from service companies) as proposed in
table 21, 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 urea based catalytic converters where the EF uncertainty is 5% based
on 2006 IPCC Guidelines default value fos) e complete unertainty analysis is shown in Annex

2.

4.6 Electronic Industry CRR2E)

This CRF sector is not occurring in Iceland and therefore subcategori@&2kate reported as NO.
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4.7 Product Uses as Substitutes for OzobepletingSubstances (CRF 2F)

4.7.1 Overview

This chager covers HFC and PFC emissions from product use in refrigeration and air conditioning as
substitutes for Ozone Depleting Substances. In Iceland hydrofluorocarbons (HFCs) are also used in
refrigerants and in metered dose inhalers. HFCs substitute ozopéetdw substances like the
chlorofluorocarbon (CFCYR and the hydrochlorofluorocarbons (HCFG&RRind R502, which are

being phased out by the Montreal Protocol. PFCs are also used in some refrigeration applications, as
part of HF@ontaining blendshowever emissions from PFCs in refrigeration applications are typically

< 0.01% of the total emissions from refrigeration.

¢KS a0NHzZOGdzNBE 2F GKS &a2dz2NOS OF §S32NE HC dat NRPRdAzO
is shown irrable4.21 Use of HFCs and PFCs in othersulrce categories of sector 2F is not occurring.

Sk is used only in electric switchgear and is reported under 2G1 Electrical Equipmenhégter c

481 ¢KAfS bCi KIFa yYySOSNI 6SSy dzaSR 2NJ AYLRNISR 2
In this chapter the American Society of Heating, Refrigerating ardofiditioning Engineers #&RAE)

Standard 34 is used to label HCFCs and H¥SE$RAE, 1992) consists of the letter R and additional

numbers and letters. HFC and PFC notations are used later on when-lilemd® have been
disaggregated into their congments. In the written text, HFCs and PFCs are referred tegasds.

Table4.21 Source category structure of product uses as substitutes for ozone depleting substances.

GHGSource ...
GHGSub-sourceCategory Further Specification HFCs PFC
Category
2Fla Commercial Combination of stanélone and medium
- . . . . V \%
Refrigeration & large commercial refrigeration
2F1l.) Domestlc Household fridges and freezers V
) ] Refrigeration
Refrigeration “3F1¢ industrial Food industries (fish farming, meat
: ; : . \% Vv
Refrigeration processing, vegetable production, etc.)
2F1 Refrigeration 2F1d Transport Reefers
and Air Conditionin i i fahi v v
9 Refrigeration Fishing vessels
Passenger cars
2F1e MobileAir-Conditioning (MAC) Trucks V
Coaches
2F1f Stationary Ai€onditioning Residential and Commercial AC, includir v
heat pumps
2F4 Aerosols 2F4a Metered Dose Inhalers (MDI) V

4.7.1.1 Legislation

HFCs in bulk were firghported 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, prodion, and sle of HFCs for d¢ter 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 834/2010 is to a large extemt implementation of regulation (EC) No 842/2006 as
dictated by the EEA agreement. However, in accordance with article 9 in the EU regulation, states that
had adopted stricter national measures were allowed to maintain those measures 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
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metered dose inhalers (MDIs). The regulation thus impliddm 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 inhalerapd as solvents (2F5).

As per the transitional provisions des&tabove 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 equipment are prohibited.
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 phasing out of the usegakEs, 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 regulation (EU) No 517/2014 itke 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 high GWP, use in fire protection, aerosols for entertainment and decoratjpasps).

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 imporgyjasds
(blends and species) according to their global wagotential.

4.7.2 Refrigeration and Air Conditioning (CRF 2F1)

HFCs are used either as single compounds, or in blends. The most used HFCsl2f HFE34a,

and HF€143a. They are imported in bulk, as part of blends and in equipment suclorasstic
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 the blend ratginown in Table 7.8, Volume 3, 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 laugestcfo
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 2006 IPCC Guidelines, using EmissiorofsaffEF) and other calculation factors from the
default range (Volume 3, Chapter 7, Table 7.9, 2006 IPCC Guidelines). For the 2020 submission the
Icelandic estimation model was reworked completely based on the information provided in the 2019
IPCC Refinenmés of the guidelines.

The calculation method applies a mixed model between defined amount of importedés which

are yearly reported and registered BAland other data from which the use ofgases is only inferred,

that is (a) number of cars with MCs, b) number of imported domestic refrigeration 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 importeasadd
amounts. The total imported amounts of R134a over 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 usageapped at the total import. See below. That could
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:

112



National Inventory Report, IcelargD23 L

Equation 7.4
Total Emissions =Assembly/Manufacture Emissions+
Operation Emissions+ Disposal Emissions

Where:

Assembly or Manufacture emissions include the emissions associated with product manufacturing
when new equipment is filled with chemical for the first time.

Operation emissins include annual leakage or diffusion from equipment stock in use as 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 Emissionfi@n charging new equipment

(@) R 0 2

pTIT
Where:

Echarge, = €missions during system manufacture/assembly, in year t, kg
M= amount of HFC charged into new equipment per year t, kg
k= emission factor of assembly losses of HFC charged inteeq&pment, percent

Equation 7.13
Sources of Emissions during equipment lifetime

(@) R 07

pTIT
Where:

Eiretime = €missions during system operation, in year t, kg
B= amount of HFC banked in existing systems in year t, kg
x= emission factorfeeach bank during operation, percent

Equation 7.14
Emissions at endf-life

(0] E 0 z
Where:
Eendot-iife,t= €Missions at system disposal, in year t, kg
Mt.s= amount of HFC initially charged into new system instafgear (td), kg
p= residual charge of HFC in equipment being disposed, percentage of full charge

hrec,i= 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 gfear y is calculated following the example from the 2019 IPCC
Refinements (Box 7.2B) as BagnBanki-+Addition-Removal. These equations are applied for each
subcategory with exception of the Mobile Air Conditioning, which follows the calculation proeed
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 of mobile A/C no recovery is calsutetssl a
is no data on recovery upon disposal of cars, cogamstrucks.

ActivityData
Input data comefrom different sources:

M

Environment AgencyEAl) Team Chemicals, providing yearly bulk import datagdses as declared by
the industry

Two logisic companies using reefers, providing the yearly amount of reefers usgagés (for 2F1d
Transport).

The Transport Authority (Samgongustofa) which provides numbers of first registrations of cars (for 2Fle
Mobile ACs) and country of previous registratfonused 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/species to the subcategories theviing assumptions are made:
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All R407C and R10A 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 logistics company (either data @it 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 between (A) the sum of assumedsgonis 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 a way 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 HEG4a and R404A from Reefers and MAfessubtracted from the total
imported amount of that species/blends. If the import of R404A is none, the calculated amount is
manually adjusted to zero for consistency.

Using all assumptions above and the bulk import amount as communicated from theriEngnt
Agency, Team Chemicals, the remaining blends are distributed over the categories by applying the
following percentages of use for the years 194811 2:

o0 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 preseradteih22. For
the years between 2012 and 2020 they changedity from the 2012 to the 2020 values.
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Table4.22 Distribution of unallocated blends, the share in 2020.

HFCG143a 40% 44% 16%
HFCG134a 23% 55% 22%
HFG32 6% 7% 17%
HFG23 0% 100% 0%
HFG227ea 0% 100% 0%
GhRs 0% 100% 0%

The percentages of use derive from surveys carried out among service providers and importers of F
gases. For the newest survey (2021)maporters returned a spreadsheet to tHeAlwith information

about the distribution of each blend between these sectors. The distribution is based on sale numbers.
Since parts of the sales were to service providers -gases, theEAlhas also managed toeg
information from some of the service providers. After analysing the dateE&ieow has a distribution

of the Fgas usage for by each blend and therefore species. There were no sales of blends with HFC
152a and & in 2020 which is consistent with port data that show that the last import took place

in 2009.

Figure4.4 gives an overview of the imported bulk amounts efdses since 1990 as registered by the
Chemcal Team of the Environment Agency. The drop in import between 2019 and 2021 can partly be
explained by stricter measures to decrease the usegdges (tax and import quota) and partly due to

the possibility that companies did stock up in 2018 before & import quota took place. Pre
charged equipment is not included in this data, but separate surveys about the type and number of
equipment sold were carried out by contacting the biggest service providers in Icelarchdged
equipment is included inCommercial refrigeration (2Fla) and consists of commercially used
refrigeration and freezing units used in industrial kitchens and supermarkets for example. The sharp
peak in the import amounts of 2018 can be explained by the onset of the import quaoteatfre year

2019 (seed.7.1.1Legislation).
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Figure4.4 Quantity of Fgases imported in bulk to Iceland siri893
DomesticRefrigeration 2F1b

Based on expert judgement it is assumed that all domestic refrigerators imported to Iceland from the
US since 1993 containl34A as refrigerant whereas refrigerators from elsewhere containtib@
refrigerants. Data abouhe import amounts are collected from Statistics Iceland based on the imports
registered by the Directorate of Customs. The average charge per refrigerator is estimated at 0.25 kg.
This estimation is in line with the range given by the 2006 IPCC Guidelir®850.5 kg (Volume 3,
Chapter 7, Table 7.9, 2006 IPCC Guidelines). Itis also assumed that all equipment is cechizngede

02 0KS O2dzy iNBZI NBadzZ GAy3 Ay dabhé F2NI FaasSvyofe S

TransportRefrigeration 2F1d

Transport refrigeration is calculadeon a disaggregated level. On the one side, the emissions from the

use of reefers, which are only usinglB4A and RIO4A are accounted for. Reefers come to Iceland

already prefilled, therefore emissions arise only from the yearly servicing operations and
FaaSYof &k FANRG T Al (LAWTR NV AIEAERN2 y2ay FINKGS dybdaY 6 SNJ 2 F
information on the sort of refrigerants contained in them was obtained from major stakeholders.

During the 1990s R2 in reefers was replaced bylR4A. Tday reefers contain either-R34A or R

404A. The average refrigerant charge per reefer is 6 kg for R134A and 4 kg for R404A refrigerant. No
AYVF2NXYIGAZ2Y | o2dzi NBO2OSNE 2NJ RAaALRalt S¥AaarAz2ya

Refrigeration gstems orboard 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 oiboard fishing ships does, however, resemble tiygipment in industry and is
therefore longer than for usual transport refrigeration. Two experts from the fishing industry were
contacted and confirmed that the lifetime of refrigeration systemshmard fishing ships is more
similar to equipment in indusy. The commercial fishing industry is one of Icef@ndost important
industry sectors, yielding total annual catches between one and two million tonnes since 1990. Directly
after catch and processing, fish is either cooled or frozen and shipped to thkeinA substantial part

of the Icelandic fleet replaced refrigeration systems that used CFCs and HCFCs as refrigerants with
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systems that use ammonia. Some ships, especially smaller ones, retrofitted their systems with HFCs
becausehe additional space ragrements of ammonidased systems exceeded available space. The
phase of retrofitting and replacing refrigerant systems in the fishing industry is stiibimg. A ban of
importing new R22 became effective in 2010 and a total ban eBZRmport has beein effect since

1 January 2015. Therefore;2R refrigerant systems are obsolete as the refrigerant is no longer
available and its use for repairs and servicing is prohibited.

Mobile Air Conditioning 2F1e

To derive activity data pertaining to mobile-awnditioning (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 registered 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): default value of 1.2 kg for trucks

1 EU class M&oaches): 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 on a study by th¢Sebwaz, et al., 2012}t is
assumed that 80% of all vehicles manufactured (since 2010) contain MACs. This value was reduced
linearly to 5% in 1995, the first year in which the automobile industry us&84R in new vehicles.

According to data obtaineddm 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 (Directive 2006/40/EC) which introduces a gradual bagas&Hn 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 R134a is still in
use. Therefore, we assume a lingcrease 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 prearged and therefore no emissions occur from
manufacturing/assembly.

At decommissining of vehicles, the remainingdgases in the system are not collected, therefore
NEO2JSNE A& ENBLR2NISR & dbh
Emissiorractors

All emission factors applied in the different subcategories are showalite4.23. They are taken from

the 2006 IPCC Guidelines (Volume 3, Chapter 7, Table 7.9, 2006 IPCC Guidelines), taking into
consideration Icelandic conditions and variations over the time series (such as the operation emission
factor in transport refrigeratioffishing vessels).
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Table 4.23 Values used for charge, lifetime and emission factors for stationary and transport refrigeration
equipment and mobile air conditioning.

HFC o Initial EF k . . Endof-life EF z
. Lifetime n " EFEquipment in
Application Charge [% of initial [% recovery
: IVEEE] Use- x o
[kag/unit] charge] efficiency]

DomesticRefrigeration 0.25 12 NO 0.3% 70%
CommerciaRefrigeration1 NE 8 2% 10% 70%

15%until 2015
Transport ref.Reefers 4 (404a) & NE NO and 10% since NE

6 (134a)
2016
Linear decrease
. from 50% in 1993
0, 0,

Transport ref. FAshingVessels NE 1% 29% t0 20% in 2012: 70%

20% since 2012
IndustrialRefrigeration NE 15 2% 10% 85%
Residential AC NE 12 1% 3% 75%
MAC:Passengears 0.8 14 NO 10% 0%
MAC:Trucks 1.2 14 NO 10% 0%
MAC:CQoaches 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 yeardsiassumed to be 10% since 2041ed 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
revaluation 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 in the inv®ry. 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 asdethbn 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 (Volume 3, Chapter 7, Table 7.9, 2006 IPCC
Guidelires). Stanehlone and medium & large commercial refrigeration are combined into one sub
source. 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 Guiddlmdls commercial applications
together have a lifetime EF range fron8%%). The value was chosen based on information from the

poll of the Icelandic refrigeration sector mentioned above.

Leakage on shipping vessels has decreased considerably in theetzgled. This is mainly 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 leakageearches have become common practice on fishing vessels.
Therefore, it can be assumed that the lifetime EF of shipping vessels has decreased since the
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introduction of HFCs. The lifetime EF of shipping vessels for the beginning of the period is assumed to
be at the upper 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 aboveanentioned poll and has bedkept constant for 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 commerciagjezation, fishing vessels, industrial refrigeratjion

and residential AC. No information is available on the average charge and the number of units for these
sub-source categories. Therefore, the botteup approach was modified. Instead of estimating-sub
source specific HFC amounts by multiplying units with their average charge, imported HFC bulk
amounts were divided between stdburces using fractions (cf. explanations above). The bulk import

is then treated as the equipment in which it is containedtde attributed with a suksource specific
lifetime €. 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 vehicles at endf-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 nfrigeerant recovery 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 antth¢hahnual emission

rate is estimatedr) is calculated a§ p @« wis 10%, henc 1 PIn the case of MACs, there is

no recovery at disposal, therefore the recovery efficiencdigposal%), or the- j value from Eq

7.14 is 0%. Calculating the recovery as charge contained at disposal multiplied with recovery efficiency,
we obtain 0 and thereforéNO&£

Emissions

Emitted refrigerants are separated into constituent HFCs and PFCs (information on blend compositions
from Volume 3, Chapter 7, Table 7.8, 2006 IPCC guidelines). HFC and PFC emissions are aggregated by
multiplying individual compounds with respective GWPs leading to totals in d&. @0 values and

fractions below relating to aggregated emissions are express€de.

Total HFC and PFC emissions from all refrigeration and air conditioning equipment disaggregated to
constituents are shown imable4.24.

Table4.24 HFC and PFC emissidks CQe, calculated using GWP from AR®Br all individual compounds,
calculated into kt C£ using AR5 GWPs.

1990 1995 2000 2005 2010 2015 2020 2021 ‘

HFG23 NO NO NO 0.035 0.014 0.014 0.052 0.057
HFG32 NO NO 0.005 0.016 0.061 0.11 0.42 0.53
HFG125 NO 0.80 19 22 41 60 73 58
HFCG134a NO 1.7 5.6 10 16 23 26 23
HFCG143a NO 0.2 19 25 54 79 97 76
HFC152a NO 0.008 0.067 0.047 0.041 0.0020 NO NO
HFG227ea NO NO NO 0.11 0.023 0.31 0.19 0.25
Total HFC [kt Cf@] NO 2.5 42.3 56.5 109 161 195 156
GFs (PFEL16) NO NO NO 0.0032 0.0012  0.0080 0.067 0.069
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1990 1995 2000 2005 2010 2015 2020 2021 ‘

GFRs (PFE218) [ NO NO NO NO 0.0006  0.0002 0.00007 0.00006
Total PFC [kt G&) NO NO NO 0.0029 0.0018 0.0075 0.061 0.063
Total HFC+PFC [kt eD NO 2.5 42.3 56.5 109 161 195 156

Figure4.5 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 explained by the importamméehe 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 the cold climate of Iceland and the fact that most
domestic applianceare imported from mainland Europe and do not usgases for refrigeration but
rather natural refrigerants.
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Figure4.5 Total Fgas emissions from Refrigeration and Air Conditioning, split by subcatefibi&Re].

CategoryspecifidRecalculations

No categoryspecific recalculations were done for the current submission.

Recalculatios from the 2022 ubmission:

There were three recalculations within the 2F1 subsector. One is a minor one due to updavésgt acti
data about number of reefers from one logistics company 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 distributiohtbe remaining unallocated blends over the categories
(see above about the input data).

The lifetime of transport refrigeration equipment on fishing vessels was 7 years in previous
submissions. Expert judgements from some of the major fishing compaui¢s fevaluation of the

lifetime. It is now 15 years for 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
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fishing vessels is now the same the lifetime of industrial refrigeration in the inventory. 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 antF&fte84a and
R404A from Reefers and MACS are subtracted from the total import) was distributed over the whole
timeline with the following percentages for the last submission:

T 15% Commercial Refrigeration
1 20% Industrial Refrigeration
1 65% Transport minus Bfers

The percentages used were derived from surveys among service providers and importgissesF

The last survey was completed in 2012. For this submission, a new thorough survey was made. All
importers returned a spreadsheet to tHeAlwith information about the distribution of each blend
between these sectors. The distribution is based on 2020 sales numbers. Since parts of the sales were
to service providers of-§ases, théeAlhas also managed to get information from some of the service
providers. After analysing the data, thEAInow has a distribution of the-§as usage for 2020 by each

blend and therefore species.

There were no sales of blends with HE§2a and &= in 2020 which is consistent with import data
that show that the last import tooklace in 2009. The new distribution was applied for 2020. For-1990
2012, the distribution from the 2012 survey is applied, just as in the last submissiom2B812 until
2020, the share of each blend and subsector changed linearly from the 2012 vahee2620 value.
Table4.25, Table4.26, and Table4.27 show the shares of the subsectors Comnmer&efrigeration
(2F1a), Industrial Refrigeration (2Flan)d Transport and after the recalculation.

Table 4.25 Distribution of Unallocated Blends to ©@mmercial Refrigeration (2F1a), changes from the last
submission.
Distribution of UnallocatedBlends,

CommerciaRefrigeration (2F1a) share

2021 v1 submission: 2F1a, all species 15% 15% 15% 15% 15% 15% 15% 15% NA
2022 SubmissiareFla, HFTC25 15% 17% 19% 21% 24% 26% 28% 30% 32%
2022 Submissiar?Fla, HFT43a 15% 18% 21% 24% 28% 31% 34% 37% 40%
2022 Submissiar2Fla, HFT34a 15% 16% 17% 18% 19% 20% 21% 22% 23%
2022 Submissiar2Fla, HFG2 15% 14% 13% 12% 11% 10% 9% 7% 6%
2022 Submissiar2Fla, HF@3 15% 13% 11% 9% 8% 6% 4% 2% 0%
2022 SubmissiarRFla, HF@27ea 15% 13% 11% 9% 8% 6% 4% 2% 0%
2022 SubmissiareFla, C2F6 15% 13% 11% 9% 8% 6% 4% 2% 0%

Tabled.26 Distribution ofUnallocatedBlends to Industrial Refrigeration (2F1b), changes from the last submission.
Distribution of UnallocatedBlends,

Industrial Refrigeration (2F1c) share

2021 v1 submission: 2F1c, all species 20% 20% 20% 20% 20% 20% 20% 20% NA

2022 Submissiar2F1lc, HFTC25 20% 24% 28% 32% 36% 40% 44% 48% 52%
2022 Submissiar2F1lc, HFC43a 20% 23% 26% 29% 32% 35% 38% 41% 44%
2022 SubmissiarF1lc, HFC34a 20% 24% 29% 33% 37% 42% 46% 50% 55%
2022 SubmissiarF1lc, HFG2 20% 27% 34% 41% 48% 55% 63% T70% 77%
2022 SubmissiarF1lc, HF23 20% 30% 40% 50% 60% 70% 80% 90% 100%
2022 SubmissiarRFlc, HR@27ea 20% 30% 40% 50% 60% 70% 80% 90% 100%
2022Submission2F1c, C2F6 20% 30% 40% 50% 60% 70% 80% 90% 100%
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Table 4.27 Distribution of unallocated blends to Transport excluding Reefers (2F1d), changes from the last

2021 vlsubmission: 2F1d, all species 65% 65% 65% 65% 65% 65% 65% 65% NA
2022 Submissiar2F1d, HFC25 65% 59% 53% 47% 41% 35% 28% 22% 16%
2022 Submissiar?F1d, HFC43a 65% 59% 53% 47% 40% 34% 28% 22% 16%
2022 Submissiar?F1d, HF@34a 65% 60% 54% 49% 44% 38% 33% 28% 22%
2022 Submissiar2F1d, HFG2 65% 59% 53% 47% 41% 35% 29% 23% 17%
2022 Submissiar2F1d, HF@3 65% 57% 49% 41% 33% 24% 16% 8% 0%
2022 SubmissiarF1d, HF@27ea 65% 57% 49% 41% 33% 24% 16% 8% 0%
2022 Submissiar2F1d, C2F6 65% 57% 49% 41% 33% 24% 16% 8% 0%

These three changes led to recalculations within Commercial Refrigeration (2F13glded.28,
Industrial Refrigeration (2F1c), sekable 4.29 and Transport excluding Reefers (2F1d), see
Table4.30. Within Transport the recalculations start earlier than within the other subsectors since the
lifetime change of equipment in fishing vessels led to changes to yetmel#012. Note that figures
from the 2022 Submissioare based on GWP in AR4.

Table4.28: Recalculations within 2F1a Commercial Refrigeration between submissions.

2F1a Commercial Refrigeration 2012 2013 2014 2015 2016 2017 2018 2019
2021 v1 submission [kt G&) 14 17 17 18 21 24 26 21
2022 Submissiofkt CQe] 14 17 18 20 25 29 34 33
Change relative t8021 Submission 0.0% 06% 4.4% 10% 16% 19% 30% 58%

Table4.29: Recalculations within 2F1c Industrial Refrigeration between submissions.

2F1c Industrial Refrigeration 2012 2013 2014 2015 2016 2017 2018

2021 v1 submission [kt G&) 21 24 25 24 27 25 28 31
2022 Submissiofkt CQe] 21 24 26 27 31 31 38 47
Change relative t@021 Submission 0.0% 06% 3.9% 10% 17% 24% 36% 51%

Table4.30: Recalculations within 2F1d Transport excluding Reefers between submissions.

2F1dTransport 2001 2005 2010 2015 2016 2017 2018

2021 v1 submission [kt G&) 30 35 67 118 134 115 82 123
2022 Submissiofkt CQe] 30 38 73 97 104 88 92 90
Change relative t2021 Submission -1.0% 8.4% 93% -18% -23% -23% < 12% -27%

The total recalculations within the subsector Refrigeration and Air Conditioning (2F1) can be seen in
Table4.31 andFigure4.6.

Table4.31: Recalculations within 2F1 Refrigeration and Air conditioning between submissions.

2F1 Refrigeration and Air conditioning 2001 2005 2010 2015 2016 2017 2018

2021 v1 submission [kt G€) 40 55 104 179 203 188 163 206
2022 Submissiofkt CQe] 40 58 110 162 180 172 190 202
Change relative t@021 Submission -0.7% 53% 6.0% -91% -11% -8.6% 17% -2.3%
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Figure4.6 Recalculation within the subsector Refrigeration and Air Conditioning (2F1) between 202022nd
Submission

Categoryspecifidc®annedimprovements

It is planned to investigate recovery and disposal emissions further and to repeat the survey among
end users and importers otgases for future submissions.is also planned to investigate the usage
of R134a in MAC in response to significant reduatibimport for the next submission.

Uncertainties

The emission factor uncertainty of each subsector was calculated for the lifetime emission factor
ranges, initial emission ranges, operation emission ranges, and recovery efficiency ranges given in the
2006 IPCC Guidelines to the respective values used. Using equation 3.1 (Volume 1, Chapter 3, 2006
IPCC guidelines) the emission uncertainty was calculated for each application in every subsector by
combining the emission factor uncertainty and the activity dataertainty. The emission uncertainty

for all subsectors of sector 2F1 was derived by combining the uncertainty of each subsector to one
value using equation 3.2 (Volume 1, Chapter 3, 2006 IPCC guidelines). The combined emission
uncertainty for the sectomwas calculated as per equation 3.2 (Volume 1, Chapter 3, 2006 IPCC
guidelines). The combined emission uncertainty was calculated to be 57.3%.

Details about the retrieval of the uncertainty factors are sumwgatiin Table4.32. Overview of the
uncertainties can be found in Annex 2.

Table4.32EFs used along with EF ranges given in the 2006 IPCC Guidelines; calculated combined EF uncertainties
and estimated AD uncertainties.

Sector Lower Upper EF AD
Bound Bound Uncertainty uncertainty
Lifetime EF 8 7 15 50% 100%
. Initial Em. 2 0.5 3 63% 100%
2F1a Commercial ref. -
Operation Em. 10 10 35 125% 100%
Recovery Effic. 70 0 70 50% 100%
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Lower Upper EF AD
S S Bound Bound Uncertainty uncertainty
Lifetime EF 12 12 20 33% 50%
) Initial Em. No first fills in Iceland
2F1b Domestic ref. -
Operation Em. 0.3 0.1 0.5 67% 50%
Recovery Effic. 70 0 70 50% 50%
Lifetime EF 15 15 30 50% 100%
i Initial Em. 2 0.5 3 63% 100%
2F1c Industrial ref. -
Operation Em. 10 7 25 90% 100%
Recovery Effic. 85 0 90 53% 100%
Lifetime EF 15 15 30 50% 100%
~Initial Em. 2 0.5 3 63% 100%
2F1d Transport fishing -
Operation Em. 20 15 50 88% 100%
Recovery Effic. 70 0 70 50% 100%
Lifetime EF NA
Initial Em. No first fills in Iceland
2F1d Transport reefers -
Operation Em. 20 15 50 88% 100%
Recovery Effic. NA
Lifetime EF 14 9 16 25% 70%
. . Initial Em. No first fills in Iceland
2F1e Mobile akcon. -
Operation Em. 10 10 20 50% 70%
Recovery Effic. NA
Lifetime EF 12 10 20 42% 50%
i . Initial Em. 1.0 0.2 1.0 40% 50%
2F1f Stationary aicon. -
Operation Em. 3.0 1.0 10 150% 50%
Recovery Effic. 75 0 80 53% 50%

4.7.3 Foam Blowing Agents (CRF 2F2)

This activity does not occur in Iceland. During theaontry review of the 2011 submission the expert
review team remarked that emissions from foam blowing were declared as not occurring although
Iceland reported the imporbf hard foams in containers for fish 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 Custortsdsupp
the EAIlwith a list of all companies 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 flaomanufacturer in the UK. The manufacturer
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
the production of foam box® One company buys HFC free containers 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 usén HfC
production of its boards. 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 doesat occur in Iceland.

124



National Inventory Report, IcelargD23 L

4.7.5 Aerosols (CRF 2F4)

Emissions from metered dose inhalers (MDI) use are reported under CRF 24 Bnd R27ea
are used in MDI's imported to Iceland. No other emissions are attributed to CRF sector 2F4.

Methodology

Emissions from MB are assumed to be 50% from year of import plus 50% of import from the previous
year.

ActivityData

The Icelandic Medicines Agency records import of MDIs contairii8¢R since 2002 and-R7ea
since 2014. The amount of HFCs in MDIs imported has bedtatisg between 500 and 660 kg since
2002. No import data is available for the time period 12901. 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 toalculate MDI imports as a function of population for the period 12001.

Emissions
Emissions from MDIs in 2021 were approx. 0.82 keCO

CategoryspecificRecalculations

Recalculation within the 2F4a subsector is due to an update in population data. For the years 1990
2001 the emissions are based on population data, this data has been updated to ensure consistency
within the inventory. The emissions from 2002 are alsocffé due to methodology used in the
calculations.

2F4a, MeteredDoselnhalers 1990 1995 2000 2001 2002
2022 v4 SubmissiddFC134a [t] 0.2407 0.5031 0.5290 0.5361 0.5573
2023 SubmissioRFG134a [t] 0.2413 0.5058 0.5274 0.5347 0.5571
Change relative t@022 Submission 0.250% 0.526% -0.302% -0.262% -0.030%

Categoryspecifidc®annedimprovements

There are no categorgpecific improvements planned for future submissions.

Uncertainties

The combined uncertainty of HFC emissions fMBIs are assumed to be 7.1%, with an activity data
uncertainty of 5% and an emission factor uncertainty of 5%. The complete uncertainty analysis is
shown in Annex 2.

4.8 Other Product Manufacture and Use (CRF 2G)

This sector covers emissions from other pradutanufacture and use. In Iceland the relevant
subsectors are 2G1 (S€&missions from use of electrical equipment), 2G3QNrom product use,
mostly in medical applications) and 2G4 where we repot, GHD, NQ, CO and NMVOC emissions
from tobaccoconsumption and CQOCH, NoO, 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 (§Fis used as insulation gas in gas insulated switchgear (GIS) and circuit
breakers. The number of 8ksers in Iceland is small. The bulk ofi®€d in Iceland is used by Landsnet
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LLC which operates IcelaRdelectricity transmission system. Additionally, a number of energy
intensive plants, like aluminium smelters and an ahionin foil producer have their own high voltage
gear using SF

Methodology

Sk nameplate capacity development data as well asgBBntities lost due to leakage were obtained

from the abovementioned stakeholders. The data regarding leakage consistedaduned quantities

as 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 sinchet last refilling or by assuming leakage percentages. The
Icelandic calculating method takes into account that when circuit breakers (CB) are imported to Iceland

they have normally been filled with &&t the factory. Combined CB cabinets come also taihckl

already prefilled. 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 toppednith Skin Iceland, the approach is based on the

yearly amount of SFwhich has been refilled by each power distribution/generation company and
AYRdzZaAGNE 6AGK AG& 26y 3l a AyadAZlIiSR agAiOKI3ISI N
reporteda@& dbhé Ay GKS LOStFIYRAO LY@SyG2NE YR y2 SY
emissions from stocks on the other hand comprises the total refill or use;ch8Fed out in one year

and reported by the stakeholders; it is comprised of the fiogt-up, the first filling, and the refill in

case of annual servicing. The amount refilled reflects the amount leaked obtaining therefore the yearly
SYAaarzya ol a NBLRZ NI S RalsdardpdiRthé totalliathddit HFESHdhin{thé | | S K 2 f
electrical equipment in order to obtain the yearly stock of tBRhe country.

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 wileinsxwhy 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 éf0@ears, which is supported by the

fact that none of the edy installed equipment has 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, transmissigand distributiorf’. Based on this informationthera2 dzy' & G wSYlF Ay A Y
LINERAzOGA i RSO2YYAdaaAzyAy3deé |yR (GUKS NBadzZ dAy3
NBLEZ2NISKR a dabh

Emissions

Figure4.7 shows the evaltion of SEin switchgear and the associated emissions due to leakage. The
increase in emissions is less than proportional compared to the net increasenian®®plate capacity

since 1990. The spike in 2010 is caused by two unrelated incidents durinly sikitchgear was
destroyed and Sfemitted. The spike in 2012 is caused by an increase of emissions from Landsnet LLC.

21nhttps://www.lota.is/power-and-energy/?lang=en
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Figure4.7 Total SFamounts contained in and SlIEakage from electrical equipment [t].
Recalculations

No categoryspecific recalculations were done for the current submission.
Recalculatios from the 2022 ubmission:

Activity data was updated due to new information from the stakeholders for 2009£2012-2019.
Table4.33 shows the emission change ofs8Ee to these recalculations.

Table4.33 Recalculations for 8Emission within 2G1 between 2021 ag622 Submissian

Electrical equipment
2021 v1 submission §ff 0.133 0.233 0.140 0.102 0.068 0.059 0.101 0.143 0.087

2022 SubmissioBFs [t] 0.133 0.234 0.141 0.105 0.070 0.059 0.120 0.171 0.100
Change relative t8021 Submissior 0.38% 0.44% 0.73% 3.02% 1.76% 0.00% 18.2% 19.8% 14.1%

Plannedmprovements

It is planned to further investigate the extent of the usage of iBFhis category and if it occurs in
other categoriegor future submissions.

Uncertainty

The uncertainty of the activity data is assumed to be 30% following expert judgement while the
emission factor uncertainty is derived from Table 8.5, chapteoByme 3 of the 2006 IPCC Guidelines
and is 30%. The combined uncertainty is therefore 42H%.complete uncertainty analysis is shown

in Annex 2.

4.8.2 Skand PFCs from Other Product Use (CRF 2G2)

This activity does not occur in Iceland.
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4.8.3 N20 from Product Us¢CRF 2G3)

Overview

N2O in Iceland is almost exclusively used as anaesthetic and analgesic in medical applications (CRF
subsector 2G3a). Minor uses ofNin Iceland comprise its use as fuel oxidant in auto racing, in fire
extinguishers and from the usd 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 sales statistics from the main importersOftd Iceland and is thefore
confidential. It is assumed that ali® is used within 12 months from import/sale. Therefore, emissions
were calculated using equation 8.24 of the 2006 IPCC guideline, which assumes that half 6 the N
sold in year t is emitted in the same year amalf of it in the year afterwards. The available activity

data since 2015 does not allow to determine whether the end use of the import@did\for medical
applications or other applications. The average distribution ratio (medical vs. other uses)yefttse
20102014 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 of aerosol cans of cream or whipped cream
cartridges imported to Iceland. In ord&r estimate the amount of pO that could be emitted from
whipped cream containers, Iceland follows the Finnish example of applying an average of the EFs used
in Central Europe, that is, 3.3 gdinhabitant/year.

Equation 8.24
O o ™zZ0 0 T®ZO O p 00

Where:
Enzd(t) = emissions of D in year t, tonnes
A (t) = total quantity of MO supplied in year t for application type i, tonnes
A (t-1) = total quantity of MO supplied in year1 for application type i, tonnes
EF= emissiorfactor 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 u§e dhI8 emission
factor is also used for other2@ uses. Total emissions framedical use of PO decreased from 17.8 t

N2O in 1990 (4.7 kt GE) to 4.6 t in 2021 (1.2 kt G&). Because the Icelandic market is relatively small
there can be large fluctuations in imports ydaryear, 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 NbO imported in those years, especially the imported amdar2016 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.

4.8.3.2 Emissions from OthdpProduct Use (2G3b)

Emissions from other use of,® comprise the emissions from aerosol cans of cream and whipped
cream cartridges for the whole time series. In 1990, emissions from the us@®dfdn other product

128



National Inventory Report, IcelargD23 L

use including fuel oxidants for motorsport, fire extinguishers and whipped cream applisatere
2.4t NO (6391t Cee) and 1.46 t bD (387 t Ce2) in 2021.

Recalculations
No categoryspecific recalculations were done for the current submission.

Recalculatioms from the 2022 Submission:

The population number was updated to ensure consistemitlyin the inventory. Since 0 emissions
from whipped cream is calculated based on population data, there were recalculations on@Ghe N
emissions for the whole timelineTable 4.34 shows the emission change ot due to these
recalculations.

Table4.34 Recalculations for 8D emission within 2G3b (Fire extinguishers and other uses) between 2021 and
2022 Submissian

Fire Extinguishers andOther Uses 1990
2021 v1 submissionA® [t] 2.417 2.010 2.142 1.313 1691 1.693 1.538 1.567

2022SubmissiomN;O [t] 2.410 2.007 2.128 1.292 1.688 1.682 1.510 1.544
Change relative t@021 Submission -03% -02% -0.7% -1.6% -02% -0.7% -1.8% -1.5%

Plannedmprovements

There are no categosgpecific improvements planned for futuseibmissions.

Uncertainties

The activity data uncertainty was calculated to be 6% as the data is based on national statistics but
some uncertainty lies in the completeness and allocation of the data. The emission factor uncertainty
is 5% giving a combinedhcertainty factor of 7.8%. The complete uncertainty analysis is shown in
Annex 2.

4.8.4 Other: Tobacc@ombustion and Fireworks Use (CRF 2G4)

4.8.4.1 Tobacco

All tobacco used in Iceland is imported. Emissions far D, NQ, CQ 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 tobacco, cigarettes, cigiagisall other tobacco
products). CkHand NO emissions are calculated using the Danish cowspecific approacliDanish
Centre for Environment and Energy, 20%8th emission factors of 3.187 t @k tobacco used and

0.064 t NO/kt tobacco used. These emissiortars are based on calorific data and energy content

for wood. NQ, CO and NMVOC emissions are calculated using the Tier 2 emission factors in the
EMEP/EEA 20X8uidebook. C@emissions from tobacco are biogenic and therefore not applicable.

Emissions

As @n be seen ifrigure4.8, Tobacco consumption in Iceland has been steadily decreasing since 1990,
with the imports in the most recent inventory year less than half of the 1990 imports. Accordingly, the
GHG emissionsalve decreased significantly, as shown in the same figure.
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Recalculations

There vererecalculatiors for 2003, 2005, 2013, and 2019 due to updated import/export data f&m
seeTable4.35.

Table4.35 Recalculation in 2G4, Tobacco due to updated activity data between submissions.
2G4, Tobacco 2003 2005 2013 2019

2022 v4 Submissio@H, [kg] 1,282.66 1,225.91 1,404.2 681.8
2023 Submissio@H, [kg] 1,282.68 1,225.90 949.9 682.2
Change relative t@022 SubmissioGH +0.001% -0.001% -32% 0.06%
2022 v4 Submissiag;O [kg] 25.7578 24.6182 28.2 13.69
2023 Submissioh,O [kg] 25.7581 24.6180 19.1 13.70
Change relative t8022 SubmissioN,O +0.001% -0.001% -32% +0.06%

Plannedmprovements
There are no categorgpecific improvements planned for future submissions.

Uncertainties

The activity data uncertainty is 2% as proposed in takle ¢hapter 5 of tb General Guidance of the

2019 EMEP/EEA Guidebook. The emission factor uncertainties are 50% &vd@9% for D and

are chosen in analogy to the Danish NIR 2021. The combined uncertainty for each greenhouse gas is
50.04%. The complete uncertainty aysib is shown in Annex 2.
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Figure4.8 Tobacco imports and GHG emissifiisCQe, calculated using GWP from AR®mM tobacco use.
4.8.4.2 Fireworks

All fireworks used in Iceland are imported. Here weraporting emission data for GACH, NoO, NQ,
CO and S{emissions.

Methodology

Activity data for fireworks use was collected from Statistics Iceland and is based on yearly imports.
CQ, CH and NO emissions were calculated using emission factors flteenNetherland National
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Water Board (2008). Emissions 06300 and NQvere calculated using default Tier 2 emission factors
from the 2019 EMEP/EEA Guidebook.

Emissions

¢c2G1rf FTANBg2N)l a dzasS KFra 0SSy 3IANI Rdzlatedidcredse/i©O NB | & A
emissions Figure4.9). The large spike in fireworks import in 2007 was due to a strong economic

upturn, which was then followed by a financial collajise2008 which is reflected in the fireworks

activity data and associated emissions. Total GHG emissions is estimated to have been less than 0.1 kt
CQe in 1990 and amounted to 0.30 kt €0n 2021. The main contributor to GHG emissions from
fireworks is MO, with about 90% of total emissions (when calculated igeCO
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Figure4.9 Fireworks import and GHG emissions [kt Calculated using GWP from AR®m firework use.
Recalculations and planned impronents

There was recalculation for the years 2012, 2013, and 2019 due to updated import/export data from
Statistics Iceland, sekable4.36.

Table4.36 Recalculation in 2G4, Fireworks due to updated activity data between submissions.

2G4, Fireworks 2012 2013 2019

2022 v4SubmissiorCQ [t] 27.1623 17.19 20.2950
2023 Submissio€Q [t] 27.1618 17.20 20.2949
Change relative t2022 Submission -0.002% +0.07% -0.0002%
2022 v4 Submissioi;O [t] 1.21524 0.769 0.907995
2023 SubmissioN0 [t] 1.21522 0.770 0.907993
Change relative t@022 SubmissioN,O -0.002% +0.07% -0.0002%
2022 v4 Submissio@H; [t] 0.518125 0.3279 0.387130
2023 Submissio@H, [t] 0.518116 0.3281 0.387129
Change relative t@022 SubmissioGH -0.002% +0.07% -0.0002%

Plannedmprovements
There are no categorgpecific improvements planned for future submissions.
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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 wmces are 50% for GCb0% for ClHand 50%

for NbO 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 CRRH)

In this sector emissianare reported from the Food and Beverages industry (CRF sector 2H2).
4.9.1 Food and Beveragdadustry (CRF 2H2)

The only pollutant emitted in this industry is NMVOC. The emission calculations include production of
fish, meat, poultry, animal feed, coffee, bidkand other breadstuff, beer and other malted beverages
and spirits.

Methodology

Production statistics for animal feed are available for 200%3. The statistics were linearly
extrapolated for earlier and later years in the timeseries.

Production of bred, cakes/biscuits, meat, fish, poultry, coffee, beer, malt/pilsraard spirits was
estimated as follows. The total consumption within the country was estimated by using results of the
survey The Diet of Icelander&Embeetti Landlaakis, 2022) (Embeetti Landleeknis, 201 1(Embeetti
Landleeknis, 2002)Embeetti Landleeknis, 1990)he results give average consumption figures per
person forthe years 1990, 2002, 2011 and 2020. The consumption figures were interpolated for the
years in between. The total consumption was calculated by using the population (or adult population
in the case of coffee, beer/pilsnesnd spirits). A waste factor @3% was also used when produced
amounts were calculated from consumption figu(@\0O, 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.
Thereare exports of fish and meatbut they are almost exclusively fresh or frozen and therefore not
cooked in Iceland. In the case of coffee, beer/pilsaad irits, the import and export statistics were
available fromSl The net import (import minus export) was subtracted from the calculated
consumption to estimate the domestic production.

There is no distinction made 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 factors for NMVOC were taken from the 2019 EMEP/giEAbGOk (EEA, 2019and are
presented inTable4.37.

Table4.37 NMVOC emission factors fitre production of various food and beverage products.

NMVOC
[kg/t produced]
Meat, fish and poultry 0.30
Cakes, biscuitsind breakfast cereals 1.0
Beer and malt 0.035
Bread (European) 45
Coffee roasting 0.55
Animal feed 1.0
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Emissions

NMVOC emissions have increased since 194@ure 4.10 shows the various subcategories
contributing to the emissions from the food and beverage production industry.Uetamh of spirit has

AYONBlFaSR Ay NBOSyid &SINBR fSFIRAY3I G2 bath/ SYA:

emission from NMVOC emission oxidation from this subsector.
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Figure4. 10 NMVOC emissionst[KIMVOC] for various food and beverage processing.
Recalculations

There was recalculation for the years 2620 due to updated activity data which is based on a new
survey on food consumption, sdable4.38.

Table4.38 Recalculations of emissiswithin 2H2 (Food and beverages industry) between submissions.

2H2, Food andBeveragedndustry 2013 2014 2015 2016 2017 2018 2019 2020\
2022 v4 SubmissioMVOC [kt] 0.2798 0.2518 0.3015 0.3535 0.3491 0.4622 0.4369 0.4610
2023 SubmissioNMVOC [kt] 0.2735 0.2390 0.2820 0.3272 0.3155 0.4205 0.3867 0.4024
Change relative tthe 2022 Submission -2% -5% -6% -7% -10% -9% -11% -13%

Recalculationgrom the 2022 ubmission:

This subsector was revised for this submission. The emission factors remain théaathe activity

data has been changed. Since production data was only available for part of the time series, now mos
of the emissions are estimated the same way, based on consumption figures. In someatsses
corrected for import and export figures (see abové&pble 4.39 shows tle recalculation of the
subsector due to these changes.

Table4.39 Recalculations of emissiswithin 2H2 (Food and beverages industry) between submissions.
2H2, Food and beverages industry 1990 1995 2000 2005 2010 2015 2018 2019

2021 v1 submission NMVOC [ki] 0.33 0.31 0.33 0.37 0.38 0.38 0.40 0.41
2022 SubmissioNMVOC [kt] 0.15 0.16 0.17 0.18 0.17 0.30 0.46 0.44
Change relative t@021 Submission S53% -47% -49% -53% -54%  -20% +16%  +7%
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Plannedmprovements
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 besgddairy cattle,
sheep, horses, and goats, which are all of an andiemdic 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 ap 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 Agriculturacanted to 0 kt CQe in the year 2021 and werel%

below the 1990 leveliable5.1). Emissions of Gldccount for 63%, XD for 36% of the total emissis

from agriculture- 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. 83%
of CH emissions were caused by enteric fermentation, the rest by manure managenato®NO
emissions were caused by agricultural soils, the rest by manure managemgnstorage of manure.

For the2023 Submissioimprovement efforts for this sector wermntinued. Calculations of emissions
were reviewed and updated for some subsectors, the quality of activity data has been improved,
transparency has been improved throughout the calculation process and comments received by
Iceland during the 2022 UNFC@&@tcalised review have been implemented.

Table5.1 Emission of GHG in the agricultural sector in Iceland-292Q, [kt Cge, calculated using GWP from
ARS§.
1990 1995 2000 2005 2010 2015 2020 2021

CH 476 430 415 394 420 426 390 388
N2O 219 212 224 211 222 228 219 223
ca 0.46 2.44 2.80 6.22 4.22 5.35 8.82 9.19
Total 695 643 641 611 646 659 617 620
Ej:;ﬂgg;ii:‘;;ﬁgse Jea 75%  7.7%  -12.1%  -7.0%  -52%  -11.3%  -10.8%

5.1.1 Methodology

Livestock characterisation follows the Tier 2 methodology of the 2006 IPCC Guidelines, Volume 4
(AFOLU) for the main animal categories: cattle and sheepe@idsions from enteric fermentation

and manure management build upon this livestocarettterisation and are calculated by applying the
2006 IPCC Guidelines using, when available, country specific emission fagibresmidsions from
manure management and agricultural soils are however estimated using a comprehensive nitrogen
flow model asdescribed in the 2019 EMEP/EB#iIdebook(EEA, 2019)Applying the nitrogen flow
methodology allows for full consistency with the methodologies presented in the 2006 IPCC Guidelines
and allows for a more detailed assessmenigd emissions and other N species and consistency with
the reporting under CLTRAP.

CQfrom liming, urea application and other carbon containing fertilisers are calculated by applying the
default emission factors and methodology as presented in the 2BG&1Guidelines.
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The followingTable5.2 gives an overview of the reported emissions, calculation methods and type of
EFs for the sector agriculture. The methodologies are described in more detail under each of the CRF
categories irthe respective chapters.

Table5.2 Reported emissions, calculated methods and type of emission factors used in the Icelandic inventory.
CS=Country specific, D=Default.

CRFource ReportedEmissions Method EmissiornFactor
3A  Enteric Fermentation CH T1, T2 CS,D
3B Manure Management

3B1 Manure Management CH T1, T2 CS,D
3B2 Manure Management N.O T1, T2 CS,D
3C Rice Cultivation CH NA NA
3D  Agricultural Soils

3D1 Agricultural Soils N.O T1, Tlb, T2 CS,D
3D2 Agricultural Soils N2O T1lb D
3E  Prescribed Burning of Savannas CH, NO NA NA
3F  Field Burning of Agricultural Residu CH, NO NA NA
3G Liming CQ T1 D
3H Urea CQ T1 D

3l Other Carborcontaining Fertilisers CQ T1 D

5.1.2 Key Category Analysis

The key sources for 1990, 2Q2thd 19962021 trend in the Agriculture sector are shownTiable5.3
(compared to total emissions without LULUCF):

Table5.3 Key source analysis for Agriculture, 1990, 2021 and trend (excluding LULUCF)

IPCCource Category Gas LE e Trend

1990 2021

Agriculture (CREector 3)

3A1 Enteric Fermentation Cattle CH \% \% \%
3A2 Enteric Fermentation Sheep CH \% \% \%
3A4 Enteric Fermentation Other CH \% \%

3B1 Manure Management Cattle CH \% \%

3D1 Direct NO Emissions from Managed Soils N.O \% \% \%
3D2 Indirect NO Emissions from Managed Soils N2O \Y, \Y

5.1.3 Completeness

Table5.4 gives an overview of the IPCC source categories included in this chapter and presents the
status of emission estimates from all ssburces irthe Agricultural sector.

Table5.4 Agriculture¢ completeness (E: estimated, NA: not applicable, NE: not estimated, NO: not occurring)

Sources CcQ CH N2O
3A Enteric Fermentation NA E NA
3B Manure Management NA E E
3C Rice Cultivation NOT OCCURRING
3D Agricultural Soils
Direct Emissions NA NA E
Indirect Emissions NA NA E
3E Prescribed burning of Savannas NOT OCCURRING
3F Field burning of Agricultural Residues NOT OCCURRING
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Sources CQ CH N-O
3G Liming E NA NA
3H Urea application E NA NA
3l Other Carborcontaining fertilisers E NA NA

5.1.4 Source Specific QA/QC Procedures

General QA/QC activities, as listed in Chafttér are performed for the Agriculture sector. Further
sectorspecific activities include the following:

T Work with the livestock data provider to crosscheck the conesgeand quality of the data;
communicate with agricultural experts to obtain expert judgement on the quality of data used.

1 For the category mature dairy cows, check the correlation between the following three pairs of
inherently connected parameters: mijkeld and nitrogen excretion rate (hereafter called Nex rate),
gross energy intake and Nex rate, milk yield and feed digestibility.

1 Data reported under CRF 3B and 3D is checked to assure consistency between N deposited on pasture,
range and paddock and ue and dung deposited by grazing animals.

1 A comparison between the Icelandic coungecific (CS) data on synthetic fertiliser consumption and
fertiliser usage data from the Internationdfertiliser Association (IFA) and synthetic fertiliser
consumption stimates from the Food and Agriculture Organization of the United Nations (FAO).

These checks are 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 Gows: CorrelatiorBetween Milk Yield, NexRate, and Feed Digestibility

This check for the livestock category mature dairy cows is conducted because the parameters milk
yield, Nitrogen excretion (Nex) rate and feed digestibility are all inherently atede

1 Increasing milk production requires a higher protein intake, resulting in a higher Nex rate;
1 A higher protein intake, which results in a higher Nex rate, means a higher energy intake;

9 Higher productivity, resulting in increased milk production, reggiia 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. Consistency 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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5.1.4.2 CRF 3B2 PasturRange and Paddockonsistent with CRBD13 Urine and Dung Deposited
by Grazing Animals

This check is implemented to ensure that the total manure excreted by animals equals the total
manure excreted over the manure management systems (MMS), by calculating livestock population
multiplied by theNex rate, e.g., that for each livestock category:

DENOAND QDEOQ D0 Qw

¢CKIFG Aa G2 alexr GKS &aRadure ringd, &nfl paddboKCRRBB2 ghwuidype I S R €
consistent withUrine and Dung Deposited by Grazingwalsin CRF 3D13.

Table5.5 Sector specific QCheck on reporting tables3B2 Pasture Range and Paddock consistent with 3D13
Urine and Dung Deposited by Grazing Animals.

Pasture,
3B Range and
Paddock
Urine and
Dung
3D Deposited
by Grazing
Animals
Check TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE
Pasture, Emission
3B Range and calculation ktN/yr 7.732 7.133 7.074 6.979 7.283 7.245 6.304 6.267
Paddock files
Urine and
Dung Emission
3D Deposited calculation ktN/yr 7.732 7.133 7.074 6.979 7.283 7.245 6.304 6.267
by Grazing files
Animals
Check TRUE TRUE TRUE TRUE TRUE TRUE TRUE TRUE

Reporting
Tables

Reporting

kt N/lyr 7732 7.133 7.074 6.979 7.283 7.245 6.304 6.267
Tables

5.1.4.3 Data Comparison on Synthetic Fertiliser Consumption

During the 2019JNFCCC desk review it was noted (Question 2019ISLQA216) that there were sharp
peaks in N fertilisers use in 2009 and 2014. It was recommended that Iceland conducts a comparison
between the Icelandic CS data on synthetic fertiliser consumption and fertilsseye data from the
IFA and synthetic fertiliser consumption estimates from the 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 cospéwific dataset is
higher, however. The main conclusions are that:

i1 All datasets correspond well in the firstchde (199€000), after which they diverge further.

1 The CS dataset and the FAO dataset continue to correspond quite well until 2009. For the years 2009
2014 the FAO dataset is on average 26% lower than the CS data. After that the datasets come 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 2005, then grows up to 54% lower than the CS data in 2018.
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Syntheticfertiliser data for the inventory is either obtained directly from the IFVA or from Statistics
Iceland(Hagstofa islands(SI) which receive the information from the IFVA. IFVA must be notified
about every import or manufacture of fertilisers in the cognaccording 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 them and relative changes.

According to information mvided by IFVA, the peak in import of fertilisers occurred during the
financial boom in Iceland, after which the financial crisis and fall of the currency is expected to have
caused the drop in imports, in line with a sharp increase in the price of imppgdeds. The numbers

refer to import data in a calendar year; in November 2014 a company imported more t6aa 2
tonnes of fertilisers which were then sold over the following spring 2€iS can distort the overall
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Figure5.1 Comparison of different datasets on synthetic fertiliser ugsgniculture.

Based on this comparison, the conclusion is that the CS data is currently the best availableiglata. Th
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 each other and from the domestic data,
for either of them to be the better choice conclusiyel

5.1.5 Planned Improvements

The 2006 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 inventory against the 2019 IPCC Refinements to
be fully consistent with emisaiofactors and methodologies.

Transparency of the inventory compilation has been improved over the past years, nevertheless, some
parts still need improvement.

Sector specific QA/QC will be further improved, and specific improvements are described uclier ea
subsector.
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5.2 DataSources

Activity data and emission factors are collected from different institutions and processed at the EAI.
The main data providers are listed Trable5.6. In addition, data can be requested from private
companies and farmers or breeding associations if needed. When published data is lacking information
that is needed for the compilation of the emission inventory, expert judgement is requested.

Table5.6 Main data providers for thégricultural sector
DataProvider IcelandicName Website

Ministry of Food,

Agriculture and Matveelaraduneyti
Fisheries (MFAF)

Icelandic Food and

5 government.is/ministries/ministry Annual livestock census (bustofn.i
of-food-agricultureandfisheries/ (formerly reported by IFVA)

Slaughtering data

Veterinary Authority Matveelastofnun mast.is : S
Inorganic fertiliseimport data
(IFVA)
Milk yield

. . Radgjafarmidstoo Fat content of milk
Icelandic Agricultural , ; . . .
Advisory Centre (IAAC) landbunadarins rml.is Data required for the Tier 2

y (RML) methodology for cattle and sheef

Expert judgements
Areas of drained organic soils
Use of sewage sludge for land
Landgreedslan land.is reclamation purposes
Use of other organic fertilisers for
land reclamation
Crop production
Statistics Iceland Hagstofa hagstofa.is Inorganic fertiliser import data
Livestock numbers for compariso
Specific studies about Icelandic
agricultural practices
Ibhi.is Emission factor for drained organi
soils
Expert judgements

Soil Conservation
Service (SCS)

Agricultural University Landbunadarhasko
of Iceland (AUI) {slands

Food andAgriculture
Organization of the fao.org Annual area of crops harvested
United Nations (FAO)

In addition to the data collection from the abovementioned data providers, an extensive effort to
update livestock parameters for cattle and sheep, which lawéh key categories in the Icelandic
Agriculture sector, was undertaken for this submission. The EAI collaborated with The Agricultural
Advisory CentreRadgjafamiostod landbunadaringlAAC) on updating various livestock parameters,
including feed digedhility, animal weights, pregnancy rates, time spent in various feeding situations,
fractions of manure going to different manure storage pathways, and the ratios for how many lambs
each ewe and animal for replacement carried with her in pasture over thersr (IAAC, 2022)A
similar collaboration was undertaken for the 2020 submission, where some livestock parameters were
updated for the sukcategories Mature Dairy Cattle and Lambs for the year 2018. For the collaboration
for the 2023 Submissigrmore livestock parameters have been updated for all cattlg. (Mature

Dairy Cattle, Other Mature Cattle, Heifers, Steers and Calves) and ghgelpwes, Rams, Animals for
Replacementand Lambs) subcategories for the three mostamt years (201:2021) and for 1990,
1999, 2005, and 2010. The parameters and recalculations are discussed in more detailed in the
relevant subchapters of this chapter.
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The Ministry of Food, Agricultur@nd FisheriegMatveelaradunetid) (MFAF) conducts an annual
livestock census, formerly conducted by the IFVA. Farmers count their livestock once a year in
November and send the numbers to MFAF through the online application bustofn.is. Consultants from
local municipalities visit eadlarm during March of the following year and correct the numbers from

the farmers in case of discrepancies. The EAI has access to the online application bustofn.is and
downloads the livestock numbers directly from there.

The livestock data collection methdehds to one issue, namely that young animals that live less than
one year and have been slaughtered at the time of the census are not accounted for (lambs, piglets,
kids, a portion of foalaand poultry). Consequently, the number of animals with a liéesghorter than

one year is calculated based on the parameters and methods listed in the sectamimals with a
lifespan shorter than one yeaelow. As a result, the numbers of several animal species are higher in
the NIR than they are in the natione¢énsus as reported bgl as can be seen ifable5.7. While
differences are small for most species, they are significant for livestock categories of which a big share
of the population has a life span of less than one year, such as lambggtetd.diambs and piglets are

not reported inSlor in the MFAF autumn reports, because at the time of the national census they have
already been slaughtered. This explains the notable differences between the two counts as shown in
Table5.7.

Animal categorisations have, furthermore, changed and improved over time. [Blttea, cattle for

meat production or Other Mature Cattle were not reported until 1998. The disumey between

Mature Dairy Cattle as reported Bland the NIR derives from the fact that Other Mature Cattle was
included in the Mature Dairy Cattle numbers in tBdata and were therefore disaggregated in the

NIR for the years 1990 and 1991 from tiséal Mature Dairy Cattle number. From 1993 Other Mature
Cattle numbers are available through MFAF, even though they are not reported on the welfSite of

The annual livestock census is the basis for government subsidies in the raising of cattle arahdheep

can be considered very accurate. For Swine, the data can be considered accurate as well because of
the nature of the industry.

Table5.7 Comparison between animal numbers as used for the calculation@fedtissions and as reported on
the website ofSI

Animal Category Source 1990 1995 2000 2005 2010 PAONES) 2020 2021 ‘
. SI 32,246 30,428 27,066 24,538 25,711 27,386 25,763 25,772

Mature Dairy Cattle

NIR 31,604 30,428 27,066 24,488 25,379 27,441 25,896 25,772
Other Mature Catle SI 949 1,355 1,672 2,049 3,295 3,672

NIR 645 737 953 1,355 1,608 2,049 3,295 3,672
Ewes SI 445,513 372,202 373,340 360,375 374,266 374,863 315,122 300,822

NIR 445,185 372,222 373,240 360,119 372,672 373,278 315,613 300,860
Lambs

NIR 309,821 260,177 264,540 258,693 275,845 278,962 234,045 227,346
Swine Sl 3,116 3,726 3,862 3,982 3,615 3,550 3,063 2,994

NIR 3,148 3,726 3,862 4,017 3,399 3,518 3,063 2,994
Piglets

NIR 26,620 27,020 28,380 35,333 34,633 39,024 36,190 35,387
LayingHens SI 214,936 164,402 193,097 166,119 173,419 238,000 203,643 187,565

NIR 506,165 186,295 284,612 212,795 164,374 171,161 240,853 230,383
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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 counting). MFAF is in the
process of setting up a better system by linking \WWethgur, the 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 been implemented since 2019 and it will take
sometime 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 paynesifer cattle and sheep. This could still
lead to an underestimation of the actual number of horses present in the country (Lorange, written
communication, 2019).

National Inventory Report, IcelargD23

Horses

For this submission it was decided to maintain the estimation method established for the pas
submissions by modelling the total number of horses as the sum of two thirds of animals registered at
MFAF (bustofn.is) and one third registered in the studbook after consulting with J6n Baldur Lorange,
advisor at the office for agricultural affairs attMF and manager of the studbook Worldfengtal{le

5.8). The calculated total number of horses is assumed to include all horses, mares, youngamarses
live foals, but excludes the number of foals that are slaughtered annually. This methodology has been
re-confirmed by expert judgment (Lorange, written communication, 2021) for2#&l Submissian

At a certain point, no calculations should be necegsand the horse numbers should derive directly
from the studbook, linked to the autumnal census of livestock. Until 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 IFVA and the studbook Worldfengurfor 2015
2021 and calculated horse numbers to be used in this subm#&Ssion.

MFARbustofn.is) 67,417 67,239 64,816 53,453 55,230 58,456 54,069
Studbook 97,941 97,955 96,840 96,689 93,733 91,648 91,166
(worldfengur.com)

Calculated for NIR 77,592 77,478 75,491 67,865 70,631 71,733 68,908

5.2.1.1 Animals with aLlifespanShorter than One Year

The fact that young animals that live less than one year and have been slaughtered by autumn, means
that they are unaccounted for in the annual census data. This issue has been resobatculating
these animal populations based on the parameters and methods listed below.

To adjust for the fact that the animals have a lifespan shorter than ywar, annual average
populations (AAP) were calculated, according to equation 10.1 in the 2006 IPCC Guidelines, using
estimates of total production of animals and average lifespan.

Equation 10.1
Annual average population

660 Odbiv 2

(OONV)

22 https://www.worldfengur.com/

23 This table contains the number of horses which are alive for more than one year (horses, mares, younghdrbes

foals). The AP of foals which are slaughtered is not included in this number, because they have never been a part of the
census Therefore, the total number of horses calculated for NIR in this table is a little lower than the total number of horses
reported in CRF.
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Where:
1 AAP= annual average population

T NAPA= number of animals produced annually

More details on how the numbers of each relevant animal category are calculated can be found in the
sections below.

Lambs

The population of lambs was calculated with information on birth rates, derived from data on infertility
rates, single, double, and triple birth fractions for both mature ewes and animals for replacesgent,
oneyearold ewes, early mortality rate andvarage age at slaughter, as shownTiable5.9 (IAAC,
2022) The number of lambs produced annually (NLPA) is consequesiitgated with the following
equation:

Equation
Number of lambs produced annually
6006 p 'YOOQ z OLA z. Ol z0
Where:
91 NLPA = Number of lambs produced annually
1  Ratevortaity = Early mortality rate
i Fraewes= Birth ate fraction for ewes
i1 Fragr = Birth rate fraction for animals for replacement
1  Newes = Number of ewes
T Narr = Number of animals for replacement

When the NLPA has been established, the AAP of lambs is calculated based on data on the age of lambs
at slaughter. The parameters and resulting calculated AAP of lambs can be Jabitem9.

Table5.9 Parameters used to calculate the AAP of lambs and the resulting calculated AAP of lambs.
Lambs Unit 1990 2000 2010 2020 2021 ‘

Mature ewes Number/Year 445,185 373,240 372,672 315,613 300,860
Lambs born per mature ewe  Number/Year 1.81 1.81 1.81 1.83 1.84
Female animals for Number/Year 79,655 71,122 83,257 67,063 65,047
replacement

Lambs born per female anime e vear  0.83 0.83 0.83 0.94 0.97
for replacement

Lambs born Number/Year 869,673 739,148 755,473 641,739 618,886
Early mortality % 5.0% 4.6% 4.1% 3.5% 3.5%

Number of lambs produced

annually (NLPA) Number/Year 826,189 705,440 724,341 619,033 596,989

Age at slaughter Months 4.5 4.5 4.6 4.5 4.6
AAP ofambs Number/Year 309,821 264,540 275,845 234,045 227,346
Piglets

The number of piglets was calculated with data on the number of piglets born to each sow per year
(Farmef® Association of Icelaitl written information, 2012, 2021). The parameters and resulting
calculated AAP of piglets can be seeffable5.10.

24 TheFarmer®@ Association of Iceland, sections for each livestock cateduiys://www.bondi.is/bugreinadeildir
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Table5.10 Parameters used to calculate the AAP of piglets and the resulting calculated AAP of piglets.
Piglets Unit 1990 2000 2010 2020 2021

Sows Number/Year 3,013 3,693 3,331 3,021 2,954
Piglets born per sow Number/Year 15.0 17.0 23.0 26.5 26.5
Piglets born (NAPA) Number/Year 45,192 62,781 76,613 80,057 78,281
Age at slaughter Days 215 165 165 165 165
AAP of piglets Number/Year 26,620 28,380 34,633 36,190 35,387
Kids

The number of kids was calculated with information on the fraction of female goats of the total mature

32+ G LR LMz I GA2Yy T 6ANIK FNIOGA2YaEA FyR GKS F3S I
(Porvaldsdéttir, oral information, 2012). The pareters and resulting calculated AAP of kids can be

seen inTable5.11.

Table5.11 Parameters used to callate the AAP of kids and the resulting calculated AAP of kids.

Kids Unit 1990 2000 2010 2020 2021
Goats Number/Year 332 375 695 1,621 1,672
Fraction female % 85% 85% 85% 85% 85%
Goats (female) Number/Year 282 319 591 1,378 1,421
Single birth rate Fraction 0.7 0.7 0.7 0.7 0.7
Double birth rate Fraction 0.3 0.3 0.3 0.3 0.3
Kids born (NAPA) Number/Year 367 414 768 1,791 1,848
Age at slaughter Months 5.0 5.0 5.0 5.0 5.0
AAP of kids Number/Year 153 173 320 746 770
Foals

Due to a lack ofegistration of foals, their number is estimated as a share of the total calculated
number of horses. These numbers are based on data received from the IFVA and on expert judgment
from the MFAF. Data on the number of foals, both live and slaughtered,egas/ed from the IFVA
between 19962012. From then on, the average share ofdiged slaughtered foals between 2007

2011 of the total number of horses in Iceland was used to calculate the number-@iriivslaughtered

foals for the years 2013021.

Akey difference between live and slaughtered foals, is that the live foals are calculated as a share of
the total calculated horse population, because they are alive for more than one year, while the
slaughtered foals are added to the totak., it is assumed that horses, mares, young horsasd live

foals add up to 100% of the total calculated number of horses. The 6% of slaughtered foals is added
on top of that. The parameters amdsulting calculated AAP of foals can be se€eTainle5.12.

Table5.12 Parameters used to calculate the AAP of foals and the resulting calculated AAP of foals.
Foals Unit 1990 2000 2010 2020 2021

Total horses Number/Year 72,030 73,669 77,196 71,733 68,908
Live foals, share of total horse % 8.6% 8.6% 8.6% 8.6% 8.6%
ﬁ(l)argggtered foals, share of tot % 5 6% 5 6% 5 6% 5 6% 5 6%
Live foals Number/Year 6,763 4,828 6,906 6,199 5,955
Slaughtered foals Number/Year 4,409 4,706 3,968 3,994 3,837
Age at slaughter Months 5.0 5.0 5.0 5.0 5.0

AAP of foals Number/Year 8,600 6,789 8,559 7,863 7,553
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Poultry

Animal numbers for mature poultry are derived from the yearly census data on bustofn.is. This is used
for the more mature animals, including hens and pullets. The number of pullets (chicken) is however
adjusted to derive the AAP, since pullets, as defimethe census, are less thdine months old. To

avoid underestimations of emission, it is estimated that all pullets are alivierdmonths out of the

year. For 1994991, data on the number of mature turkeys was missing. This was gap filled by
estimatng the number of mature turkeys to be the average of the fixst known years (1992996).

The number of younger poultry is derived from data on slaughtered poultry. Information on age at
slaughter was reviewed in collaboration with a poultry experthat IFVA in 2021.

For some of the poultry categories, data on slaughtered animals was missing for the early years,
between 19901995. For the chicks categories of chicken, dueksl turkeys, the same AAP was
assumed for 1990994 as there were estimated tbe in 199%; the earliest year for which real data

on the number of slaughtered chicks is available.

The parameters used for these calculations and resulting annual average and total populations of
chicken, ducks and turkeys can be seehable5.13.

Table5.13 Parameters used to calculate the AAP of poultry (chicken, ducks, and turkeys) and thegresultin
calculated AAP of poultry.
Poultry

Category Description Unit 1990 2000 2010 2020 2021
Chicken Total hens Number/Year 506,165 284,612 164,374 240,853 145,383
Chicken Total pullets Count 24,020 63,039 73,195 66,048 63,621
Chicken  Age of pullet aslaughter Months 5 5 5 5 5
Chicken AAP of pullets Number/Year 10,008 26,266 30,498 27,520 26,509
Chicken Total chicks Count 1,517,395 2,009,471 4,283,876 5,401,052 5,465,656
Chicken  Age of chicks at slaughte Months 1.10 1.10 1.10 1.16 1.16
Chicken AAP of chicks Number/Year 139,095 184,202 392,689 520,601 526,829
Chicken Total population Number/Year 655,268 495,080 587,561 788,974 698,720
Ducks Total hens Number/Year 3,618 884 1,079 519 525
Ducks Total chicks Count 11,944 8,936 0 0 0
Ducks Age of chicks at slaughte Months 1.67 1.67 1.67 1.67 1.67
Ducks AAP of chicks Number/Year 1,659 1,241 0 0 0
Ducks Total population Number/Year 5,277 2,125 1,079 519 525
Turkeys Total hens Number/Year 845 4,505 957 1,200 1,200
Turkeys Totalchicks Count 12,571 29,938 38,295 48,838 44,518
Turkeys  Age of turkeys at slaughte Months 2.57 2.57 2.57 2.75 2.75
Turkeys AAP of chicks Number/Year 2,689 6,403 8,191 11,206 10,214
Turkeys Total population Number/Year 3,534 10,908 9,148 12,406 11,414

5.2.2 Livestock Population Characterisation

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
enhancedivestock population characterisation, applied for the first time in the 2018 submission, was
maintained for all subsequent submissions. The category Cattle is subdivided into Mature Dairy Cattle,
Other Mature Cattle and Growing Cattle. The category Ohftgure Cattle comprises cows used for
meat production, while the category Growing Cattle summarises the three categories of the autumn
census: 1) Pregnant heifers 2) Steers and-ingeminated heifers12-25-month-old bullocks andL2-
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18-month-old heifers)and 3) Calves (males and females up to 12 months of age). The emissions are
calculated separately for each of these subcategories and then summed together in the category
Growing Cattle in CRF. An overview of the NIR categories is provitabl@b.14.

Table5.14 Clarification of cattle categories, English translations of Icelandic categories

Icelandic Endish Translation Category in NIR
Mjélkurkyr Dairy cattle Mature Dairy Cattle
Holdakyr til undaneldis Beef cattle for reproduction Other Mature Cattle

Pregnant heifer. Heifenwheninseminated at the age of 1t

. . Pregnant Heifers
months until they arecalving

Kelfdar kvigur

) 3 12-25 months old intact males and 413 months old Steers and Noimseminated
Geldneyti og ungar kvigur .
females Heifers
Kvigkalfar yngri en 1 ars Female calves younger than 12 months Calves
Nautkalfar yngri en 1 ars Male calves younger than 12 months Calves

The livestock category Sheep comprises Mature Ewes, Animals for Replacement, Other Mature Sheep
and Lambs. Animals for Replacement match the category of female and male yearlings in the autumn
census, while OtheMature Sheep are rams. The category Lambs is calculated from the number of
mature ewes, their pregnancy rate, and the early mortality rate of larhlvestock characterisation is
carried out applying the Tier 2 method from Chapter 10, Volume 4, of the EXDE Guidelines for

cattle and sheep.

Table5.15 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 maintenance to digestible energy consumed (REM) is calculated by applying
Eqg. 10.14 in the 2006 IPCC Guidelines, the ratio of net energgtdeddr growth in a diet to digestible

energy consumed (REG) is calculated by applying Eg. 10.15 and the gross energy (GE) is calculated
applying Eqg. 10.16 in the 2006 IPCC Guidelines.

Table 5.15. Overview 6 equations used to calculate gross energy intake in enhanced livestock population
characterisation for cattle and sheep (NA: not applicable).

Equations from Chapter 10, vol. 4 of tf#9061PCGGuidelines. NetEnergy

e e for Maintenance Activity, Growth, Lactation, Wool, andPregnancy
Maintenance  Activity Growth Lactation Wool  Pregnancy
NEm NEa NEg NEI NEwool NEp
Mature Dairy Cows 10.3 10.4 NA 10.8 NA 10.13
Other Mature Cattle 10.3 104 NA 10.8 NA 10.13
PregnantHeifers 10.3 104 10.6 NA NA 4.8
Steers and noiinseminated Heifers 10.3 104 10.6 NA NA NA
Young Cattle 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 10.4 NA NA 10.12 NA
Animals for Replacement 10.3 10.4 10.7 10.1 10.12 10.13
Lambs 10.3 10.4 10.7 NA 10.12 NA

1 Animals for replacement are considered from 4.5 months (when lambs are slaughtered) to 16.5 months, i.e., one year

later, when they will be categories as mature in the autumn census.

Table5.16 shows national parameters that were used to calculate gross energy intake for cattle in
2021. Not all parameters have been constant over the last three decades. The ones that have changed
over that time period aralays on stall, days on pasture, kg milk per dayt C& coefficient used for
calculating the net energy for maintenance. For cattle, the number of calves is taken directly from the
autumn census of the IFVA because calves have a lifespan longer thagaone y
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Icelandic Sheep
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The Icelandic sheep breed hbasen a part of
the Icelandic landscape since the age
settlement (874930). The breed was brough
over from Norway and belongs to the Norther
European shortailed sheep.

Selective breeding of the Icelandic she¢
began in the 19th century, but it led tc
diseases that the Icelandic sheep was ve
sensitive to and therefore it was stoppec
Today it is forbidden to import sheep t
Iceland. The size of the sheep is average. -
ewes weigh around 65kg and the rams aroul
93kg. The sheep are generally shorgded
with face and legs free of wool. Both ewe ar
ram can be horned or polled, but most shee
are horned.

There are around 400,000 sheep in Icela
during the winter and 1,000,000 during th
summer. That means that there are usual
more sheep in Icelandhan humans. After
lambing in May, Icelandic farmers turn the
flocks loose into the hills, valleysand

highlands, where they graze freely on gras
berries and herbs over the summer. Th
sheep roundup takes place in the autum
where the sheep are braht in, sortedand go

back to their respective owners. This methc
has been used ever since settlement. Eve
summer, the sheep roam around th
highlands.




National Inventory Report, IcelarD23 L

Table5.16. Animal performance data used in caltidbn of gross energy intake for cattle in 2021. (NA: Not
applicable, NO: Not occurring)
Steers and noh

Mature Dairy  Other Mature Pregnant

Cattle Cattle Heifers inseminated
Heifers

Weight [kg] 471 470 372 361 137
Days in stall 309 30 245 307 365
Days on pasture 56 335 120 58 0
Mature body weight [kg] 471 470 505 523 517
Daily weight gain [kg] NO NO 0.50 0.57 0.50
Milk per day [kg] 17.4 5.5 NA NA NA
Fat content of milk [%] 4.2 5.2 NA NA NA
CR 0.365 0.343 0.322 0.356 0.322

1Thecategory Steers and nenseminated Heifers consists 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 on pasture for the total category Steers anhseminated

Heifers is 58 days.

2The parameter G5 taken from Table 10.4 in the 2006 IPCC Guidelines. For Mature Dairy Cattle and Other Mature Cattle
the default value is adjusted to the lactating period (305 days for Mature Dairy Cattle and 120 days for Other Mature Cattle)
and for Steers and neimseminated Heifers the gender fractions are used to calculate the factor for the category, since intact
males require 15% more energy for maintenance.

Table5.17 shows national parameters that were used to calculate gross energy intake for sheep in
2021.

Table5.17 Animal performance data used in calculation of gross energy intake for sheep for 2020. NA: Not
applicable, NO: Not occurring
Other Mature  Animals for

Mature Ewes S E R Lambs

Weight [kg] 65 93 50 22
Days in stall 200 200 200 0
Days on flat pasture 60 60 60 32
Days on hilly pasture 105 105 105 105
Body weight at weaning [kg] NA NA NA 20
Body weight at one year old or at slaughter [kg] NA NA 60 17
Birth weight [kg] 3.9 3.9 3.9 3.9
Single birth fractioh 0.16 NA 0.50 NA
Double birth fraction 0.70 NA 0.24 NA
Triple birth fraction 0.09 NA NO NA
Annual wool production [kg] 2.0 25 15 15
Digestible energy [%] 65.86 65.86 65.86 70.43
CR 0.217 0.250 0.232 0.254

1Weight at 16.5 months for AFR and 4nonths for lambs (slaughter)

2 Difference between sum of birth fractions and one is due to infertility rates of mature ewes and animals for replacement.
3The parameter CFi is taken from Table 10.4 in the 2006 IBid€lies. For lambs and animals for replacement the gender
ratio is used for calculations, since CFi of males is 15% higher than that of females.
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Icelandic Cattle

The Icelandic cow breed is probab
one of the very few breeds in the
world that has remained little onot
mixed with other breeds since the
age of settlement in Iceland (874
930 AD). Research shows that tf
Icelandic breed is very similar to ol
breeds still found in Norway
nowadays. While all the dairy cattls
is of the old Icelandic breed, th¢
beef cattle are Aberdeen Angus
Galloway and Limousin, all
imported from Great Britain and
France. The import of these breed
started in the early 20th century anc
is fairly limited.

The Icelandic dairy cattle is sma
and adults weigh only about 470 k¢
The cowsare multicoloured and
show more diverse colours than an

other cattle breed in Europe.
Average milk yield reported in 202!
per cow is 6,336 kg with 4.2% fat ar
3.39% protein.

The table below shows ¢
comparison in weight between the
Icelandic breed (ISIlgne Norwegian
Cattle (NRF), two Swedish brees
(SRB, SLB) and one breed from N
Zealand (NZF).

Weight at birth [kg] 40 40 41 40 32
Weight at first calf [kg] 500 510 570 410 405
Mature body weight [kg] 550 550 670 530 470
Age at first calf [months] 25 28 AS 24 26

NFR: Norwegian Red, SRB: Swedish Red and White, SLB Swedish Friesian, NZF: New Zealand Friesian, ISL: Iceland
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Feed composition, daily feed amounts, their dry matter digestibility and feed ash content were
collected by the Agricultural University of Icelahdndbinadarhaskali island@Ul) (Sveinbjornsson,
written communication) and this information is based @®ding plans and research. In 2020, feed
digestibility parameters and body weight for mature dairy cattle were updated for 2018, in
collaboration with the IAAC (IAAC, written communication, 2020). Fo2®28 Submissigrthe EAI

made an agreement with thEAAC to gather data on the feed digestibility of cattle and sheep fodder
for all subcategories, as well as body weight, body weight gain, mature body weight, fat content of
milk, preghancy rates, days in stall and on pasture and hilly pasture, age @lsslaughtered, early
mortality rates of lambs, fraction of ewes and yearling with 0, &n& 3 or more lambs in hilly pasture,
annual wool productioflAAC, 2022)

National Inventory Report, IcelargD23

5.2.3 Feed Characteristics and Gross Energy Intake

All these parameters were updated before @23 Submissiofor all cattle and sheep subcategories

for 1990, 1999, 2005, 2010, and 2620921, in collaboration with the IAAC. The parameters were
extrapolated linearly between those years to complete the timeline, with advice from the IAAC. In the
future it is planed to update feed digestibility data evettyree to four years. Data about milk yield is
collected annually and published by the Icelandic Agricultural Advisory Centre (and other entities in
the past).

Feed ash content (instead of manure ash content) weedun all calculations in accordance with
Dammgen et al(2011) Dry matter digestibility and feed ash content were weighted with the
respective daily feed amounts in order to calculate average annual values. Thisdrietteded
seasonal variations in feed, e.g., stall feeding versus grazing on pasture, lactation verfatatamn

period etc. Dry matter digestibility was transformed into digestible energy content using a formula
from Gudmundsson and Eirikss@®95) Table5.18 shows dry matter digestibility, digestible energy,

and ash content of feed in 2021, for all cattle and sheep categories. All values used as well as
calculations and formulas for all cattledsheep categories are reportedAmnex 5.

Equation 10.16

Gross energy for cattle and sheep

060 00 0O 0O 00 VO 0O
. YOO YOO
00 O

()
pTIT

Where:
GE = gross energy intake, MJ/head/day

NEn, NE, NE NEok, NB, NE, NEoo = net energy required for different activities as calculated
equations 10.310.13, MJ/day

REM = ratio of net energy available in a diet for maintenance to digestible energy consumed
REG = ratio of net energy available for growth in a diet to digestibergy consumed

DE% = digestible energy expressed as a percentage of gross energy

Table5.18 Dry matter digestibility, digestible energy and ash content of cattle and sheep feed in 2021.

DMD [%] DE[%] Ash in feed [%)]
Mature Dairy Cattle 74.70 68.48 7.71
Other Mature Cattle 75.54 69.30 7.02
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DMD [%] DE[%] Ash in feed [%] |
Pregnant Heifers 74.90 68.67 7.44
Steers used principally for producing meat 75.36 69.12 7.07
Calves 78.44 72.14 7.90
Mature Ewes 72.03 65.86 7.48
Other Mature Sheep 72.03 65.86 7.48
Animals for Replacement 72.03 65.86 7.48
Lambs 76.69 70.43 6.71

Figure5.2 shows the gross energy intake (GE) in MJ per animal per day for all cattle and sheep
subcategories. Starting in tH023 Submissigrall subcategories have time dependent values for GE
(see paagraph5.2.4). Feed digestibility has been increasing over the timeline which has led to slightly
lowered gross energy intake for all categories gddature Dairy Cattle and Lambs. Mature dairy
cattle have been producing increasingly much milk over the timeline and lambs have been growing in
average body weight over this time period. These elements mainly explain their increased gross energy
intake.
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Figure5.2 Gross energy intake [MJ/animal/day] for cattle and sheep subcategories from2D290
5.2.4 Recalculations

There have been a number of recalculations due to, both updated livestock population numbers and
updated livestock parameters for cattle and sheep. The recalculations, which impacted livestock
population numbers, are described below. The impacts of théssmges on emissions can be found
under the recalculation chapters of each relevant CRF chapter.

The lamb population activity data was updated for 12820, as showin Table5.19. A thorough
review was undertaken for the Cattle and Sheep categories in the inveatalyit was discovered that
there were some inconsistencies and errors in the Sheep category which affected the lamb population
numbers.
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Previously, the lamb population was calculated based on the ratios for how many lambs each ewe and
animal for replacement carried with her in pasture over the summer, which does not represent the
number of lambs born but the number of lambs the ewe or alifor replacement lactates for. This

has been corrected and now, the lamb population is calculated based on the pregnancy ratios of
mature ewes and animals for replacement instead. In Iceland, almost no sheep is sent out to pasture
with more than two lamb, even though it might have carried three. The third lamb is given to a sheep
with one lamb. Hence, even though the percentage of ewes carrying three lambs has increased from
6-9%, the ewes in pasture with three lambs has decreased fror®.8% in 199€020. Since the
lactation ratios were incorrectly used as pregnancy ratios the lamb population was underestimated by
8-14% over the timeline.

In addition, the pregnancy ratios for Animals for Replacement were corrected. Previously the
pregnancy rates werapplied to the whole category population, even though on average only 89% of
the population is female. Hence, the population of lambs for the earliest years in the timeline is lower,
after the correction was made, as can be seefhable5.19.

Table5.19 Recalculations of lamb population numbers for the years 2380.
2022 v4 Submission 312,801 261,163 263,750 256,227 271,156 272,279 207,823
2023 Submission 309,821 260,177 264,540 258,693 275,845 278,962 234,045
Change relative tthe 2022 Submission -0.95% -0.38% 0.30%  0.96% 1.73%  2.45% 12.62%

Total horse population activity data (AD) was updated for the years-2020, as is shown ifable

5.20. The previous method to estimate this number was untransparent and was, therefore, simplified.
Now, the total horse population number used in CRF should match the sum of the horse population
calculation inTable5.8 and the AAP of slaughtered foalsTiable5.12.

Table5.20 Recalculations of horse population numbers for the years-2028.
TotalHorsePopulation 515 5013 2014 2015 2016 2017 2018 2019 2020

(AD)[number]
2022 v4 Submission 79,217 76,837 79,733 79,429 79,315 77,328 69,702 72,449 73,584
2023 Submission 79,175 76,740 79,703 79,392 79,275 77,242 69,440 72,270 73,397

Change relative tthe

. -0.05% -0.13% -0.04% -0.05% -0.05% -0.11% -0.38% -0.25% -0.25%
2022 Submission

Poultry population activity data was updated for the yed8902020, as show ifable5.1. The
number of pullets was adjusted according to their AdiRce chickens are only categorised as pullets
until they are 5 months old. The number of turkey chickens was gap filled forI¥80) as they were
previously reported to be zero for those years. The number of turkey hens was also corrected for 2010
2011 and 20172020, where activity data had been lacking.

Table5.21 Recalculations of poultry population numbers for 12920
2022 v4Submission 678,710 361,527 545,259 775,777 639,801 718,935 839,296
2023 Submission 664,608 345,297 508,486 655,950 598,055 674,698 801,961
Change relative tthe 2022 Submission  -2.08% -4.49% -6.74% -15.45% -6.52% -6.15% -4.45%

5.2.4.1 Animal CharacterisationUpdate for the2022 Submission

During a review of livestock parameters for th@22 Submissignan error in the categorisation of
poultry was discovered. Poultry previously categorised as Broilers should, in fact, be categorised as
Laying tdns for the whole timeseries according to the poultry expert veterinarian at the Fatie

5.22 shows the change in the livestock categorisation. The total number of Laying Hens and Broilers
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remained the same. This updated livestock categorisation resulted in some changes in the emission
from manure management, as the emission factors used for Broilers and Laying hens are different. In
detail, the following CRF categories 3B14 Other livestogghiultry, 3B24 Other livestock poultry,

3B25 Indirect BD Emissions, 3D12a Animal Manure Agipto Soilsand 3D2 Indirect )0 Emissions

from Managed Soils are affected and the emission changes are shown in the recalculations section in
the respective chapters. The sum of change in emissions due to this reclassification, over the timeseries
ranges from 0.3% to 4.5%.

Table5.22 Activity data change: Updated livestock categorisation of laying hens and broilers for the whole
timeseries 1992019 in number of animals

LivestockCategory 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

5.2.5 Planned Improvements

For this submission a collaboration was undertaken with the IAAC to update the feed digestibility
parameters for cattle and sheep. Furthermore, feed digestibility for the historical timelinbders
SAGAYIGSRET Ay fAYyS 6A0GK LOStFyRQa NBalLkyaS (2
2021ISLQA194.

Iceland is continuing to work on improving the quality of the animal characterisation data by working

with the MFAF and the IAAC with the aim oflating productivity data, such as the digestible energy

content of feed and gross energy intake, approximately every three years for the Tier 2 livestock
categories. In addition, it is planned to continue to update animal characterisation parameters

regulaly for all livestock categories, as was done for Tier 1 livestock categories in the previous
submission, and Tier 2 livestock categories in this submission.

A closer cooperation is planned with the MFAF to streamline data acquisition. The MFAF collects
agricultural data, some of which corresponds to activity data required for the inventory, in relation to
grants given out to farmers annually. There is potential to restructure the MFAF database to
correspond better with activity data required for the inwery and to collaborate on data acquisition

in the future.

Activity data regarding manure management systems for sheep is lacking. However, research is needed

to improve the data. The plan is to improve this for future submissions.

5.3 CH Emissions from Entéc 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. Cattle and Sheep are the largest
sources of enteric methane @ssions 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 emission factors for pseuglaminant and monegastric animal spees were taken from the
2006 IPCC Guidelinegaple5.23). For Poultry and Firearing animals, emission factors reported in
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the Norwegian Emission lamtory are used, as agricultural practices and the climate in the two
countries are similar. Further information can be found in the Norwegiarf®t#fstics Norway, 2019)

Table5.23 Default emission factors [kg @head/year] used for Tier 1 calculatians

LivestockCategory Source 2020 \
Swine Table 10.10 2006 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 Cattle and Sheep as
shown in paragraphk.2.3 These values, togethavith the default values of the methane conversion
rate from the2006IPCC Guidelines and reported in

Tableb.24, was used to calculate emission factors for methane emissions from enteric fermentation
by applying Equation 10.21.

Table 5.25 shows the country specific emission factors for Cattle and Sheep and the respective
subcategories. Starting with th2023 Submissiomall Sheep and Cattle subcategories have a gross
energy intake that varies over tinand as a result a fluctuating emission facti®AC, 2022)For all
subcategories other than Mature Dairy Cattle and Lambs the emission factor has been decreasing due
to increased feed digestibility. The increase for Maturénp@&attle is mainly due to the increase in

milk production during the last two decades. For Lambs it is the increased average body weight that
has driven the emission factor increase.

Equation 10.21

CH emission factors for enteric fermentation for a Isteck category
@

. oc 70 @ L
oo —RMIOMN
LV@uv

Where:
i1 EF = emission factor, kg {it¢ad/yr
i1 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 g CHi

Table5.24 Methane conversion rates for cattle and sheep (from tables 10.12 and 10.13 IPCCTR806lue
for the Animals for Replacement is a weighted average betweenilfa ¥iature Sheep and Lambs.

Category/Subcategory Cattle Mature Ewes ALEISE] [ I Y0 dyeaboldy

Replacement
Y 6.5% 6.5% 5.3% 4.5%

Table 5.25 Countryspecific emission factors [kg ftktead/year] for cattle and sheep, calculated based on
Equation 10.21 (IPCC, 2006)

LivestockCategory 2021 RelativeChange 199€2021 ‘
Mature Dairy Cattle 113.8 10%
Other Mature Cattle 70.1 -3%
Pregnant Heifers 54.9 -10%
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LivestockCategory 2021 RelativeChange 199€2021 ‘
Steers andNon-inseminated Heifers 51.0 -14%
Calves 20.9 -6%
Mature Ewes 10.3 -8%
Other Mature Sheep 11.3 -8%
Animals for Replacement 8.4 -10%
Lambs 5.3 10%

5.3.2 Emissions

Methane emissions from enteric fermentation in domestic livestock are calculated by multiplying the
emission factors from paragrah3.1with the regective population sizes of each livestock category
and subsequent aggregation of emissions of all categories. The results are shicattef 26.

The ivestock category Growing Cattle comprises the categories Pregnant Heifers, Steers and non
inseminated Heifers and Calves. The methane emissions are calculated separately for each category,
as shown ifTable5.26 and Table5.27, but uploaded in CRF as a sum. In CRF all relevant parameters
are expressed as a weighteglegiage leading to shifts in the IEF in case of population composition
changes in this category.

The livestock category emitting most methane from enteric fermentation is Mature Ewes. Due to a
proportionate decrease in population size, emissions from Mattwes decreased by 38% between
1990 and 2021. Similar decreases can be seen for other Sheep subcategories. The-cuntyimemt
livestock category with substantial methane emissions is Horses. The population size of Horses has
been rather stable from 199 and therefore, the methane emissions are fairly constant.

The decrease in methane emissions from Mature Dairy Cattle and Sheep caused total methane
emissions from enteric fermentation to drop by 17% over the time period 2X1.

Table5.26 Methane emissions from enteric fermentation [t4{CH
LivestockCategory 1990 1995 2000 2005 2010 2015 2020 2021 \

Mature Dairy Cattle 3,268 3,075 2,804 2,633 2,758 3,005 2,924 2,934
Other Mature Cattle 47 53 67 95 113 144 231 251
Pregnant Heifers 279 756 368 381 381 399 338 361
Steers and noinseminated Heifers 1,069 873 1,081 812 1,020 1,032 1,170 1,144
Calves 449 304 387 388 435 479 474 464
Mature Ewes 4,981 4,077 4,022 3,821 4,006 3,874 3,150 3,100
Other Mature Sheep 163 148 143 130 142 134 121 121
Animals for Replacement 831 665 709 722 813 746 615 616
Lambs 1,483 1,268 1,312 1,305 1,404 1,437 1,179 1,201
Swine 45 46 48 59 57 64 59 58
Horses 1,330 1,444 1,361 1,379 1,419 1,429 1,321 1,269
Goats 2.4 2.6 2.7 3.3 5.1 7.4 11.8 12.2
Fur Animals 5.0 3.8 4.1 3.7 4.0 4.8 1.6 1.7
Poultry 13.3 6.9 10.2 13.1 12.0 13.5 16.0 15.9
Total Methane Bmissions [t] 13,964 12,723 12,320 11,746 12,570 12,768 11,612 11,548
Emission change 199021 -8.9% -11.8% -159% -10.0% -8.6% -16.8% -17.3%
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Table5.27 Livestock category Growing Cattle: weighted averages of parameters necessary to calculate the
methane emissions as reported in CRF.

Population Pregnant Heifers 4579 12,781 6,361 6,728 6,620 7,157 6,167 6,580
Population Steers and nen
inseminated Heifers
Population Calves 20,118 13,874 17,916 18,149 20,029 22,372 22,744 22,223
Weighted average Body weight
(BW) [kq]

Weighted average digestible
energy (DE) [%]

Weighted average grosergy
(GE) [MJ/day]
Weighted average Volatile solid

17,957 15,379 19,848 15,250 18,873 19,757 22,928 22,416

256.4 2898 2714 261.2 263.8 260.7 2642 2654

66.0 66.6 68.1 69.0 68.3 69.3 70.4 70.4

98.8 107.9 97.6 92.5 94.6 90.9 89.7 90.2

excretion (VS) [kg VS/day] 2.0 2.1 1.8 1.7 1.7 1.6 15 1.6
SumEmissions [ktCH] 1.80 1.93 1.84 1.58 1.84 1.91 1.98 1.97
IEF 42.12 46.00 41.61 39.42 40.33 38.74 38.24 38.44

5.3.3 Recalculations

Several recalculations, that have an impact on @Hissions from enteric fermentation, have been
performed for this submission. The main updates are due to the updated livestock parameters for the
Tier 2 categories Cattle and Sheep for the whole timeseries, from2020, se€lable5.28 and Table

5.29 as well as some human errors found when updating those parameters, as discussed in Section
5.24. Smaller recalculations in emissions from hordeable5.30) and poultry Table5.31) are the

result of updated livestock population numbers.

Table5.28 Recalculations of CRF 3A1 Cattle due to updated livestock parameters fe2QER0

CRF 3A1Cattle[kt CQe] 1990 1995 2000 2005 2010 2015 2020
2022 v4 Submission 122.6 127.1 120.9 1145 124.1 135.8 137.5
2023 Submission 143.1 141.7 131.8 120.7 131.8 141.7 143.8

Change relative tthe 2022 Submissiol  16.7% 11.5% 9.0% 5.4% 6.2% 4.3% 4.6%

Table5.29 Recalculations of CRF 3A2 Sheep due to updated livestock parameters 802090

CRF 3A2Sheepkt CQe] 1990 1995 2000 2005 2010 2015 2020
2022 v4 Submission 203.8 170.4 172.7 168.3 173.4 173.1 149.2
2023 Submission 208.8 172.4 173.2 167.4 178.2 173.3 141.8

Change relative tthe 2022 Submissiol  2.5% 1.2% 0.3% -0.5% 2.8% 0.1% -4.9%

Table5.30 Recalculations of CRF 3A4 Poultry due to updated livestock population numd&acan20.

CRF 3A4Poultry [kt CQe] 1990 1995 2000 2005 2010 2015 2020
2022 v4 Submission 0.380 0.202 0.305 0.434 0.358 0.403 0.470
2023 Submission 0.372 0.193 0.285 0.367 0.335 0.378 0.449

Change relative tthe 2022 Submissiol -2.1% -4.5% -6.7% -15.4% -6.5% -6.2% -4.4%

Table5.31 Recalculations of CRF 3A4 Horses due to updated livestock population numbers-202012
CRF 3A4Horsegkt CQe] 2012 2013 2014 2015 2016 2017 2018 2019 2020
2022 v4 Submission 39.93 38.73 40.19 40.03 3997 3897 3513 36.51 37.09
2023Submission 3990 38.68 40.17 40.01 3995 3893 3500 3642 36.99
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CRF 3A4Horsegkt CQe] 2012 2013 2014 2015 2016 2017 2018 2019 2020

Change relative tthe 2022
Submission

-0.05% -0.13% -0.04% -0.05% -0.05% -0.11% -0.38% -0.25% -0.25%

5.3.3.1 Recalculationsrbm the 2022 Submission

During the quality checking of timarameters 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 for Other Mature Cattle, Heifers, Steers, and Young Cattle insteadatéot number

0.18 from Table 104 (Western Europe) in the 2006 IPCC GL. This resulted in slight recalculations over
the whole timeseries, showing a decrease of less than 0.0001%

5.3.4 Uncertainties

Annual livestock data are based on a national census, aisdpibssible to assign an activity data
uncertainty of 5.0% 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 Ciémissions is 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.c@hwwined activity data and emission
factor uncertainty for CRF categories 3A1 (Cattle), 3A2 (Sheep), 3A4 (Swine), and for 3A4 (Other
livestock) is 40%. The complete uncertainty analysis is shown in Annex 2.

5.3.5 Planned improvements

No improvements are currelyt planned for this category; however, updated livestock characterisation
will also impact this sector.

5.4 CH Emissiongrom Manure Management (CRF 3B1)

Livestock manure is principally composed of organic material. When this organic material decomposes
in ananaerobic environment, methanogenic bacteria produce methane. These conditions often occur
when large numbers of animals are managed in confined areas, e.g., in dairy, swine and poultry farms,
where manure is typically stored in large piles or disposéd sforage tankglPCC, 2006)

5.4.1 Emission Factors

Tier 1

Default methane emission factors are used for all livestock categories except cattle and sheep. The
emission factors are taken from Tables 10.14, 10.15 and 10.h6tfre 2006 IPCC Guidelindsble

5.32 summarises the emission factors used for the whole timeline. For the livestock category Poultry,
the emissions arealculated in a disaggregated level (laying hens, broilers, pullets, chicken, ducks/
geese, turkeys) to reflect the different emission factors and then summed.

Table5.32 Tier 1 default emission factors forethane emissions from manure management.

LivestockCategory Source 2021
Swine Table 10.14 2006 IPCC 6.0

Horses Table 10.15 2006 IPCC 1.58
Goats Table 10.15 2006 IPCC 0.13
Minks, Foxes Table 10.16 2006 IPCC 0.68
Rabbits Table 10.16 2006 IPCC 0.08
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LivestockCategory Source 2021

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 2006 IPCC 0.02
Tier 2

For the livestock categories Cattle and Sheep,Tiee 2 methodology as reported in the 2006 IPCC
guidelines (Volume 4, AFOLU, chapter 10) is applied. Based on the livestock characterisation described
in 5.2.2 the volatile solid excretion rate (VS) is calculated following Equation 10.24 of the 2006 IPCC
Guidelines.

Equation 10.24
Volatile solid excretion rates

oy e o® . .. p 0O
wyY 0C p —— Yo 002 ——
p M p&v

Where:
1 VS =volatile solid excretion per day on a-chgtter weight basis, kg VS/day
i1 GE = gross energy intake, MJ/day
1 DE% = digestibility of the feed, %
1 UE*GE = urinary energy expressed as fraction of GE; value of 0.04 GE used
1 ASH = ash content ofé¢hmanure in percent

9 18.45 = conversion factor for dietary GE per kg of dry matter (MJ/day)

Volatile solid excretion per day is then used in equation 10.23 of the 2006 IPCC Guidelines to calculate
the CH emission factor from manure management:

Equation 10.23
CH Emission factor from manure management

00 OYopu b rT@X- G zBf—Lz Y]

Where:

i1 Ekn=annual ClHemission factor for defined livestock category, kg/@hmal/year

1 VS =dalily VS excreted for livestock category, kg dry matter/animal/day

i 365 = basis for calculating annual VS production, days/year

1 Bo=maximum CH producing capacity for manure produced by livestock category, makglaf VS

excreted
0.67 = conversiofactor of n¥ CH to kg CH
MCFs k= CH conversion factors for each manure management system S by climate region k, %

== =

MS s k= fraction of livestock category manure handled using manure management system S by «
region k

Methane conversion factor@MCF) and maximum methane producing capacity valugsf¢B both
livestock categories, Cattle and Sheep, are taken from the 2006 IPCC GuidekTedle5.33.
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Table5.33MCF and 8from the 2006 IPCC Guidelines used for the calculations of methane emissions from manure
management.

Source Cattle Cattle Cattle Sheep \
. . - all MM
Cool climate pasture/ range solid storage  liquid/ slurry systems
10%?
Methane conversion factorMCF Table10.17, 1% 2% ———  sameasfor
2006 IPCC 0 cattle
17%?
Mature Dairy
Cattle Other Cattle Sheep
Maximum methane producin Tables 104
! P 9 4 1049, 0.24 0.18 0.19
capacity of manure Bo 2006 IPCC

1With natural crust cover
2Without natural crustcover.

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®Nemissions from manure management

and consequently D emissias from agricultural soils. The fractions used for all Cattle subcategories
were updated for the whole timeline for th2023 SubmissiolilAAC, 2022)The type of manure
management systems used, time in each system and amoustrafv used as bedding were all
updated. The fractions used for other livestock categories are based on expert judgement (Sveinsson,
oral communication; Sveinbjornsson, oral communication; Dyrmundsson, oral communication) and
are assumed to be constant sm 1990, sedable5.34.

The average amount of time Mature Dairy Cattle spend on pasture has decreased from 90 to 56 days
from 19902021. Heifers spend months per year on pasture whereas Other Mature Cattle spend 11
months on grazing pastures. Calves and Steers are housed all year round. Most cattle manure, not
deposited outside by grazing animals, is managed as slurry without a natural crust coveseTdfe

solid storage for Calves increased from74% from 1992008 and has been stable since then. Sheep
spend 5.5 months on pasture, rangad paddock (PRP); this includes the whole life span of lambs.
Around 19% of the manure from adult sheep is assd to be kept as slurry, which has a much higher
methane conversion factor, MCF (17%) than PRP (1%) or solid storage (2%). Therefore, the emission
factor from sheep in the Icelandic inventory is much higher than the Tier 1 emission factor from the
IPCC Gdelines (0.19 kg GHiead/year, cool conditions, Table 10.15 of the 2006 IPCC Guidelines),
which assumes that all manure is managed in a solid system.

Table5.34 Manure management system fractions for lalestock categories.
Slurry w/o

Slurry w/ Natural . Pasture/Range/
Orzj/st Cover Nattcl::)a\l: e(?rust SolidSorage Pad dockg

Mature Dairy Cattle 9% 75% 15%
Other Mature Cattle 8% 92%
Pregnant Heifers 7% 60% 33%
Steers and noiinseminated Heifers 10% 84% 16%
Calves 26% 74%

Mature Ewes 19% 36% 45%
Other Mature Sheep 19% 36% 45%
Animals for Replacement 19% 36% 45%
Lambs 2% 98%
Goats 55% 45%
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Slurry w/o

Slugzsv;/glsél:ral Natural Qrust SolidSorage Pasé::jeﬁﬂge/

Cover
Horses 14% 86%
Young horses 14% 86%
Foals 100%
Sows 100%
Piglets 100%
Poultry 100%

The emission factors are calculated with volatile solid excretion rates, methane conversion factors, and
manure management fractions for Cattle and Sheep, and are shoWwatbile5.35. Mature Dairy Cows
have the highest emission factors for methane from manure management.

Table5.35 Emission factors values and range for the tier 2 calculations of methane @migsdm manure
management.

LivestockCategory EmissionFactor 2021 EmissionFactor Range 19962021 \
[kg CH/head year] [kg CH/head year]

Mature Dairy Cattle 38.69 36.95-38.83
Other Mature Cattle 2.93 2.92-3.18
Pregnant Heifers 11.27 11.27-14.78
Steers andMon-inseminated Heifers 14.27 14.24-19.34
Calves 2.02 2.02-6.24
Mature Ewes 0.95 0.90-1.13
Other Mature Sheep 1.04 0.99-1.24
Animals for Replacement 0.95 0.91-1.16
Lambs 0.14 0.13-0.15

5.4.3 Emissions

The emission factor variations, which can be seen for Cattle subcategoiiebl#b.35, are due to
changes in feed digestibility and gross energy intake, as well as changes in feeding situation and
manure management systems. For Sheep subcategories there is a lack of activity data for manure
management systems and hence, the emission factoiability stems entirely from change in feed
digestibility and gross energy intake.

Three livestock subcategories alone are responsible for roughly two thirds of methane emissions from
manure management: Mature Dairy Cattle, Steers and-ineeminatedHeifers, and Mature Ewes.
Other important livestock categories for methane emissions from manure management are Swine,
Horses, and Poultry, as seenTliable5.36.

Table5.36 Methane emissions from manure management [t].
LivestockCategory 1990 1995 2000 2005 2010 2015 2020 2021 ‘

Mature Dairy Cattle 1,212 1,128 1,004 923 982 1,024 971 997
Other MatureCattle 2.0 2.3 29 4.0 4.8 6.1 9.7 105
Pregnant Heifers 68 177 84 84 85 85 69 74
Steers andNon-inseminated Heifers 315 246 293 214 274 265 292 286
Calves 125 75 73 63 45 48 46 45
Mature Ewes 504 404 391 365 389 360 283 286
Other Mature Sheep 16 15 14 12 14 12 11 11
Animals for Replacement 104 81 85 86 98 86 68 70
Lambs 40 34 35 35 38 39 32 33
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LivestockCategory 1990 1995 2000 2005 2010 2015 2020 2021
Swine 179 184 193 236 228 255 236 230
Horses 117 127 119 121 125 125 116 111
Goats 0.06 0.07 0.07 0.09 0.13 0.19 0.31 0.32
Fur animals (minks arfdxes) 32 26 28 25 27 32 11 11

Rabbits 0.15 0.01 0.06 0.02 0.01 0.03 0.01 0.01
Poultry 315 118 180 140 110 116 160 154
Total CHfrom manure management 3,029 2,617 2,503 2,308 2,418 2,456 2,305 2,320
Emission reduction 1992021 -14% -17% -24% -20% -19% -24% -23%

5.4.4 Recalculations

Several recalculations, that have an impact on @Hissions from manure management, have been
performed for this submission. The main updates are due to the updated livestock parameters for the
Tier 2 categories Cattle and Sheep for the whole timeseries, from2020, seelable5.28 and Table

5.29.

Sme human errors found when updating those parameters, as discussed in Se@idnSmaller
recalculations in emissions from horsesd Table5.30) and poultry (seel'able5.31) are the result of
updated livestock population numbers.

Table5.37 Recalculations of CRF 3B1.1 Cattle due to updated livestock parameters #@02890

CRF 3B1.4Cattle[kt CQe] 1990 1995 2000 2005 2010 2015 2020
2022 v4Submission 37.52 37.58 36.10 33.69 36.24 38.31 36.91
2023 Submission 48.22 45.60 40.78 36.06 38.92 40.00 38.86

Changeelative tothe 2022Submissior 28.5% 21.3% 13.0% 7.0% 7.4% 4.4% 5.3%

Table5.38 Recalculations of CRF 3B1.2 Sheep due to updated livestock parameters 802090

CRF 3B1.2Sheep[kt CQe] 1990 1995 2000 2005 2010 2015 2020
2022 v4 Submission 17.11 14.32 14.51 14.17 14.38 14.31 12.38
2023Submission 18.60 14.94 14.72 13.95 15.06 13.94 11.04

Change relative tthe 2022 Submissiol  8.7% 4.4% 1.4% -1.6% 4.7% -2.5% -10.8%

Table5.39 Recalculations of CRF 3B14 Poultry due to updated livestock population numbers {2902090

CRF 3B14Poultry [kt CQe] 1990 1995 2000 2005 2010 2015 2020
2022 v4 Submission 8.82 3.31 5.07 4.00 3.11 3.28 4.50
2023 Submission 8.81 3.30 5.05 3.93 3.09 3.25 4.49

Change relative tthe 2022 Submissior -0.09% -0.27% -0.41% -1.68% -0.69% -0.76% -0.41%

Table5.40 Recalculations of CRF 3B14 Horses due to updated livestock population numbers-R22012

CRF 3B14Horseskt CQe] 2012 2013 2014 2015 2016 2017 2018 2019 2020
2022 v4 Submission 242 235 243 242 242 236 213 221 225
2023Submission 350 339 353 351 351 342 307 320 325

Change relative tthe 2022 Submissior 45%  45%  45% 45% 45% 45% 44% 45%  45%
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5.4.4.1 Recalculations fomthe 2022 Submission
There were no recalculations in this subsector for 2022 Submissian

5.4.5 Uncertainties

The activity data uncertainties are a combination between the livestock number uncertainty (5.0% 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 timanure management system distribution (50%

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% fa Tier 1 calculations (all other animal categories). The combined uncertainties, activity data and
emission factors are the following: 3B1 (Cattle) 23%, 3B2 (Sheep) 54%, 3B3 (Swine) 32%, 3B4 (Other
livestock) 22%. The complete uncertainty analysis is shovmnex 2.

5.4.6 Planned Improvements

For future submissions, it is planned to obtain measurements of emissions from manure storage on
sheep farms. However, a cooperation with tA&lor IAAC and the MFAF is needed. The first steps
regarding this cooperation have been undertaken and the plan is for these measurements to be
available within the next few years.

5.5 N2O Emissionsrom Manure Management (CRF 3B2)

This section describes the dit and indirect nitrous oxide emissions occurring during housing and
storage of manure before it is applied to land. The emissions occurring due to manure applied to soils
or deposited directly during grazing are reported under 3D Agricultural Soilste€day and5.8)

A nitrogen masslow appioach has been used, as presented in the 2019 version of the EMEP/EEA
Guidebook. This approach has been designed to be fully consistent with the IPCC 2006 Guidelines on
estimating emissions from manure management and provides a methodology that is codiolée

I GKAIKSNI ¢ ASNE 20938 SubaissBrihg aniission Getdvd far %iS method were
changed from the 2016 edition of th@uidebook to the 2019 editio(EEA, 2019)

The Nflow approach considers the flow tdtal N and total ammoniacal N (TAN) through the entire
manure management system. Thefldw 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 compounds.
The methodabgy provided in the EMEP/EEAIdebook EEA, 2019)as applied to the disaggregated
livestock category level described in sect®B.2(e.g, for Cattle: Mature Dairy Cattle, Other Mature
Cattle and Growing Cattle, including separate calculations for the subcategories Pregnant Heifers,
Steers and noiinseminated Heifers and Calves; Mature Ewes, Other Mature Sheegp réms),
Animals for Replacement, and Lambs instead of just Sheep). The resulting emissions were then
aggregated to the respective CRF reporting categdig3.emissions from grazing animals are part of

this N flow approach, as is the calculation of the oig&hin management systems that is available for
application to land as organic fertiliser. Consequently, the approach provides a methodology that is
used for estimating emissions from both 3B Manure management and selected sources that are
reported under3D Managed soils.
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5.5.1 Methodology

The calculations are based on the 2006 IPCC Guidelines for calculatingdh&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@lier 2, depending on animal category.

The Ncontent is then fed into the Mow tool following the 2019 EMEP/EEBAIIdebook(EEA, 2019)

This method uses a mass flow approach based on the concept of Total Ammaotiiemgtn (TAN) in
contrast to the total amount of N used by IPCC. Based on TAN, a more accurate estimate of gaseous N
emissions such as NHENd other forms is possible. This calculation method allows consistency of the
nitrogen emissions from thégricultural sector between the GHG inventory and the air pollutant
inventory compiled under the LTRAP conventiéacther information on the Mlow methodology is
reported in the 2019 version of the EMEP/EEA 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 whichraals are for example housed inside or outside.

1 Multiplication with the default proportions of TAN that can be found in table 3.9 of the 2019 EMEP/EEA
guidebook.

i1 Calculation of the amount of TAN and total N deposited in buildings as liquid/slurry oics sol

=

NHs-N losses 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 ard TAN leaving housing (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 alsjecies (NEHN, NO-N, NON).
Calculation of organic N and TAN applied to the field.

Calculation of emissions during and immediately following application to field.

= =2 =4 A A4 -4 - A

Calculation of totaN and TAN returned to soil.

The same tool allows for the calculation of #missions from N returned to soils in manure anc-NH

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 iticalle

for Iceland as there are 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 aitidn through bedding) should match 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 abl Idkid NGN,
deriving from the abovedescribed Nlow methodology with the default emission factors (EF4 = 0.01

kg NO-N) from the 2006 IPCC Guidelinegure5.3 shows tke N-flow methodology with the data for

2021 and the relationship in the reporting between the differerspécies (NHN, NQ-N, NO-N) and

the different chapters, 3B Manure Management and 3D Agricultural Soils. The diagram also includes
5B2 Biological Tegment of waste, but biodigesters are not occurring in Iceland.
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5.5.2 Activity Data

The activity data for the flow approach is N and TAN that is quantified throughout the manure
management process, rather than livestock numbers. However, the nitrogen impueath of the
management systems is determined by livestock numbers combined with nitrogen excretion (Nex)
rates. Livestock numbers and characteristics, therefore, remain fundamental input datasets to the
methodology and are described in sectidn2.1and5.2.2 Manure management systems (MMS) are
reported in sectiorb.4.2 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 manure is managed as liquid/slurry whereas the manure of fur anamdlpoultry is managed

in solid storage. Manure management system fractions have changed for Cattle subcategories over the
timeline. The main changes are that Mature Dairy Cattle spend less time outside now, 56 days in 2021
compared to 90 days in 1990 am@d% of manure from Calves is stored in solid storage in 2021
compared to 10% in 1990. For other livestock categories the manure management system fractions
are assumed to be stable over the past thirty years and are summarigexbie5.34.

The Nex rate is calculated applying Tier 2 methodology from the 2006 IPCC Guidelines for Cattle and
Sheep (Eg. 10.31), and Tier 1 methodology for all other livestiegaries.
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Figure5.3 Complete Nitrogen flow applied to the categories 3B Manure Management and 3D Agricultural soils
for 2021. Biodigesters are not occurring in Iceland. In Atmospheric Depasiiolatiised CRF includes also

synthetic and other types of organic fertilisers. NFR refers to the reporting of air pollutants under CLT:RAP (NH

and NQ).
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v

Table5.41 shows the Nex default values, multiplied by the animal weight. For most livestitedfories

the animal parameters are not changing over the timeseries and the Nex rate is also constant.
Exceptions are Cattle and Sheep categories, calculated tisinTier 2 approach and Horses and
Poultry, 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.

The calculation method for the Nex rate for Cattle and Sheepwsltbe Tier 2 methodology from the
2006 IPCC Guidelines (Volume 4, chapter 10) by applying Equation 10.31, Equatiéh 40d32

Equation 10.33 for Cattle andebtion frac0f 0.10 from Table 10.20 for Sheep.

Equation 10.31
Annual N excretion rate§ier 2)
0 Qw0 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 N intake that is retained by anincategory, dimensionless

Equation 10.32
N intake rates for Cattle, Sheep and Goats

= 6 o
5 00 Twn
pPEUL QgL

Where:
Nintake= the daily N consumed per head of animal category, kg N/animal/day
GE= gross energy intake, MJ/animal/day
18.45= conversiofactor 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 for cattle

.. - EDB X8t a0 O
5 - BF E—mm WO oV —xp
oD Y pPTTEDE U

Where:
Nretention= 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, calculated 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= conversion factor from kg of dietary protein to kg otalig N, kg feed protein/ kg N

25 According to the 2019 refinements to the 2006 IPCC Guidelines, Eq. 10.32 is valid for CattlgrghGepts.
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Table5.41 Nitrogen excretion rates defaults, animal weight and Nex for the time series2(2890
NexDefault
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Animal
. [kg N/1,000 :
LivestockCategory P Weight 1990 1995 2000 2005 2010 2015 2020

k
o mesdy
Mature Dairy Cattle Q) 471.0 893 90.1 949 969 97.1 947 93.1 943
Other Mature Cattle Q) 470.0 71.2 716 723 732 728 705 687 664
Pregnant Heifers Q) 372.0 62.8 629 635 641 637 609 59.3 593

Steers and non
inseminated Heifers
Calves Q) 137.0 2000 203 209 209 211 204 197 19.8

Weighted average from - = 41 5 375 367 366 355 349 352
heifers, steersand calves

1) 361.3 57.8 435 435 435 435 435 435 435

Growing Cattle

Mature Ewes Q) 64.9 110 1121 112 11.2 112 10.7 10.3 10.6
Other Mature Sheep Q) 93.3 12,0 121 123 122 123 117 114 117
Animals for (1) 497 112 113 114 113 114 108 104 107
Replacement

Lambs (1) 216 73 75 76 77 718 79 77 81
Sows 0.42 150.0 23.0 230 230 230 230 230 230 230
Piglets 0.51 407 76 76 76 76 76 16 76 1.6
Horses 0.26 360.0 342 342 342 342 342 342 342 342
Young horses 0.26 175.0 16.6 166 166 166 166 166 16.6 16.6
Foals 0.26 600 57 57 57 57 57 57 57 57

Weighted average from

Horses (weighted horses, young horseand 27.1 26.4 27.6 281 27.4 275 275 275

average) toals

Goats 1.28 43.5 203 203 203 203 203 203 203 203
Minks NE NE 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6
Foxes NE NE 1221 121 1221 121 121 121 121 121
Rabbits NE NE 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
Hens 0.96 4.0 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
Pullets 0.55 3.0 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Chickens 0.55 1.0 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Ducks/geese 0.83 4.0 1.2 1.2 1.2 12 1.2 12 1.2 1.2
Turkeys 0.74 5.0 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
Poultry Weighted average from 09 09 07 06 05 06 06

all poultry subcategories
(@ Calculated with Tier 2, Eqg. 10.31, 10.32 and 10.33 of the 2006 IPCC Guidelines.
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5.5.3 Emission Factors

The parameters and emission factors for the differergpécies used in the-Nbw methodology are
taken from the 2019 EMEP/EEA Guidebook (Tables 3.8nd8.8.40)(EEA, 2019nd an extract is
given inTable5.42.

Table5.42 Proportion of TAN, fraction slurry/solid housing periods and EF for N species used ificive N
methodology, norexhaustive list

Livestock P Fraction Fraction ousing EFNBN EFNHN EFNON EF NGN
Category Surry Solid Reto Housing  Sorage Sorage!  Sorage
(of N) EVA]
Mature Slurry  0.24 0.25 0/0.01 0.0001
Dairy 0.6 1 0 309 )
Cattle Solid 0.08 0.32 0.02 0.01
Slurr 0.24 0.25 0/0.01 0.0001
All Other ) o 0.70 0.30 305 oy
Cattle? Solid 0.08 0.32 0.02 0.01
Slurry  0.24 0.25 0.001 0.0001
Sheep 0.5 0.35 0.65 200 :
Solid 0.22 0.32 0.02 0.01
i Slurr 0.27 0.11 0 0.0001
Swine- 07 1 0 365 2
piglets Solid 0.23 0.29 0.01 0.01
i Slurr 0.35 0.11 0 0.0001
Swine- 0.7 1 0 365 Ty
Sows 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
i Slurr 0.41 0.14 0 0.0001
Laying 0.7 0 1 365 oy
Hens Solid 0.2 0.08 0.002 0.01
Turkeys 0.7 0 1 365 Solid 0.35 0.24 0.002 0.01
10ther
Poultry 0.7 0 1 365 Solid 0.24 0.24 0.002 0.01
(ducks)
Other (fur 4 ¢ 0 1 365 Solid 0.27 0.09 0.002 0.01
animals)

10/0.01 means "0" for slurry without a natural crust cover @&d 1€ for slurry with a natural crust cover. Most cattle manure
is stored in slurry without a natural crust cover.

2 All Other Cattle consists of Other Mature Cattle, Pregnant Heifers, Steers aAdseoninated Heifers and Calves. A
weighted average is usedrffraction slurry/solid and housing period for these subcategories.

3No EFexistfor NH; emissions from slurry for sheep in tB619EMEPEEAGuidebook. Hence, the EFs for Cattle applied

The emission factors used to calculate emissions@FMlduring manure storageT@ble5.42) are

based on the default 2006 IPCC emission factors. While the IPCC emission factors are expressed as a
proportion oftotal N at excretion, the EMEP EEA emission factors 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 TéldriareN entering storage.

Further information can be found in the annex (Table A1.8) of the EMEP EEA 2019 Guidebook, chapter
3B. The addition of straw is only relevant for Calves, since they are the only Cattle subcategory whose
manure is stored in solidtorage. In 2022, the IAAC interviewed farmers on their use of straw for
bedding for Calves and came up with the estimate of 350 kg straw/animal/year for 2021, which is an
increase from 47 kg/animallyear in 1990, when only 10% of calf manure was stosetidrstorage.

Straw is otherwise only used for calving cows in Iceland and was estimated 3 kg/animal/year. For
Sheep, Goats and Horses the default straw values from the 2019 EMEP EEA guidebook, Table 3.7, are
adjusted for a different housing period. Foranple, sheep have a default housing period of 30 days
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but in Iceland it is 200 days. So, the default straw value of 20 kg/animal/year is multiplied by 200/30
to obtain 133.3 kg/animallyear.

The emission factor for indirect emissions due to volatiliseg-Nlldnd NGN is taken from the 2006
IPCC Guidelines (Volume 4, chapter 11, &fedl corresponds to 0.01 kg@®IN/(kg NHCN + N@N
volatilised). Indirect emissions from leaching and runoff from storage are not estimated, further
information on this can beound in section 5.5.5.

5.5.4 Emissions

N.O emissions from the manure management systems slurry and solid storage amounigdnn@s
N2O in 2021 and2tonnes in 1990-13%).

Emissions from liquid systems make up only a small part of total emissions frongeuasygstems or

15% of total MO emissions from manure management systems in 2021. This is because the emission
factor is twenty times lower for liquid systems than for solid storage. The majority of emissions from
solid and liquid storage in 2021 origindtéom the solid storage of sheep manur&¥%), followed by

solid storage of calf manurd %) and horse manure (9%).
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Figure5.4 N2O emissions from manure management, O

Figure5.4 shows NO emissions from slurry and solid storage. It also includes emissions from manure
deposited directly onto soils from farm animals (f&s). Although they are reported under emissions
from Agricultural Soils in national totals, they are included here to show their magnitude in comparison
to other emissions. In 20218 emissions from manurdepositedon pasture bygrazinglivestock
amourted to 112t NoO. Emissions from sheep manure wé&@t N,O, emissions from cattle manure
amounted to Z t, andemissions from horse manure were 280O.

Indirect emission from manure management from atmospheric deposition of nitrogen on soils and
water aurfaces, due to volatilisation of nitrogen, resulted in a totakéft N.O for 2021, decreasing
from 30t in 1990.
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5.5.5 Indirect Emissions from Leaching and Roffi from Storage

Whilst detailed information is available regarding the N going into differenturestores, 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 country specific information is needed to allow
emissions from leaching and raff 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 approaches and assumptions that are used for estimating this
source (and in paitular the fraction of stored N going to leaching and-oif). Consequently, it was

not considered appropriate to arbitrarily take a value from th2QP6 range that is quoted in the 2006

IPCC Guidelines. Notably no default fraction is given to suppader 2 €alculation.

The approach that has been used assumes that there is no N loss to leaching -@fidfirom stored
manure. This approach is expected to give rise to a smallestenate of NO emissions from the
agriculture sector. This is becauset@al of assigning N to leaching and +uif, the N is retained in
the stored N which is then applied to laadyiving rise to emissions o,®. The EF for leaching and
run-off (0.0075 kg BDO-N / kg N leaching and ruoff) is smaller than that from storagand/or
application (0.01 kg 2D-N / kg N applied).

Leaching and ruoff that may arise from N inputs to agricultural soils are considered in 3D Managed
soils.

5.5.6 Recalculations

Several recalculations, that have an impact o@ missions from Manure Managenighave been
performed for this submission. The main updates are due to the updated livestock parameters for the
Tier 2 categories Cattle and Sheep for the whole timeseries, from-2020, seel able5.28 and

Table5.29, as well as some human errors found when updating those parameterdisaussed in
Section5.2.4 Smaller recalculations in emissions from horsesTable5.30) and poultry (seelable
5.31) are the result of updated livestock population numbers.

Table5.43 Recalculations of CRF 3B2.1 Cattle due to updated livestock parameters #202290

CRF 3B2.1Cattle[kt CQe] 1990 1995 2000 2005 2010 2015 2020 \
2022 v4 Submission 0.65 0.65 0.63 0.58 0.62 0.67 0.66
2023Submission 0.87 0.90 1.17 1.24 1.69 1.80 1.75
Change relative tthe 2022 Submissiol  32% 38% 87% 116% 171% 168% 165%

Table5.44 Recalculations of CRF 3B2.2 Sheep due to updated livestock parameters 802090
CRF 3B2.2Sheep[kt CQe] 1990 1995 2000 2005 2010 2015 2020

2022 v4 Submission 9.86 8.27 8.34 8.08 8.43 8.40 7.13
2023 Submission 4.56 3.88 4.01 3.89 4.12 3.78 3.01
Change relative tthe 2022 Submissiol  -54% -53% -52% -52% -51% -55% -58%

Table5.45 Recalculations of CRF 3B14 Poultry due to updated livestock population numbers 202090
2022 v4 Submission 0.36 0.15 0.23 0.23 0.17 0.18 0.23
2023 Submission 0.35 0.14 0.22 0.20 0.16 0.17 0.22
Change relative tthe 2022 Submissiol -1.1% -3.1% -4.5% -14.2% -6.7% -6.7% -4.4%
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Table5.46 Recalculations of CRF 3B24 Horses due to updated livestock population numbers-2022012

CRF 3B24Horseskt CQe] 2012 2013 2014 2015 2016 2017 2018 2019 2020
2022 v4 Submission 0.64 0.62 0.64 0.64 0.64 0.62 0.56 0.58 0.59
2023Submission 0.60 0.58 0.60 0.60 0.60 0.58 0.52 0.55 0.55

Change relative t2022 Submissiol -6.5% -6.5% -6.5% -6.5% -6.5% -6.5% -6.5% -6.5% -6.5%
5.5.6.1 Recalculations fomthe 2022 Submission

As explained irParagraph5.2.4.1 poultry previously categorised as Broilers should, in fact, be
categorised as Laying Hens for the whole timeseries according to the poyet @eterinarian at the
IFVA. This led to a decrease of both direct and indire®t &missions in this category.

5.5.7 Uncertainties

The activity data uncertainty is based on the livestock number uncertainties, the manure management
systemdistribution, the amountand uncertainty of N excreted, and the amount and uncertainty of N
volatilised. All these activity data uncertainties are calculated and aggregated using both Equation 3.1
and Equation 3.2 of the 2006 IPCC Guidelines and diffeafth animal category ranging from 47% for

Fur animals to 68% for Sheep. The emission factor uncertainty is assigned to be 100% for all animal
categories as it is based on Table 10.21, chapter 10, vol. 4 of the 2006 IPCC Guidelines. The combination
of actvity data and emission factor uncertainty produces the following uncertainties for each CRF
subcategory: 3B21 (Cattle) 114%, 3B22 (Sheep) 121%, 3B23 (Swinedrid®B24 (Other livestock)

77%.

Indirect emissions from manure management have a combineckerainty of 412%, with 100%
uncertainty for activity 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 Plannedimprovements

During the 2021 UNFCCC review Iceland was encouraged to take steps to define an appropriate
Frag.achmsvalue for Iceland and include estimates for indirect N emissions from leaching awadf ian

the inventory, along with a justification dfie methodology and assumptions used in the calculations
(Question 2021ISLQAT73). Such research requires resources and time which are at the moment not
available. In the meantime, a temporary solution is described in Segttoh

For future submissions, it is planned to obtain measurements of emissions from manure storage on
sheep farms. However, a cooperation with th&lor IAAC and the MFAF is needed. The §itsps
regarding this cooperation have been undertaken and the plan is for these measurements to be
available within the next few years.

5.6 RiceCultivation(CRF 3C)

This activity is not occurring in Iceland.

5.7 Direct NO Emissions from Managed Soils (CRF 3D1)

Nitrous oxide (BO) is produced naturally in soils through the microbial processes of nitrification and
denitrification. The following agricultural activities lead teONemissions and are described in this
chapter:
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Application of inorganic N fertiliser

Application of organic N fertiliser (animal manure, sewage sludge, other organic fertilisers)
Urine and dung deposited by grazing animals

Crop residues

= =2 = = -

Mineralisation/ immobilisation associated with loss/gain of soil organic matter (not occurring in I1¢eland
9 Cultivation of organic soils

These activities add nitrogen to soils, increasing the amount of nitrogen available for nitrification and
denitrification, and ultimately the amount of ® emitted. The emissions o™ that result from
anthropogenic N inputsccur through both a direct pathway (i.e., directly from the soils to which the

N is added), and through two indirect pathwaykrough volatilisation as Nddnd NQand subsequent
redeposition and through leaching and run@®CC, 2006Direct NO emissions from agricultural soils

are described in the sections below, and indirect emissions are described in Ch&pter

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 emissions from agricultural soils (Tier 1a)
00 O O O z00 O zOO "0 200
Where:
N2Obirect-n = Emission of 20 in units of Nitrogen
Fsn= Annual amount of synthetic fertiliser nitrogen applied to soils, kg N/yr
Fon= Annual amount of organic N amendments (animal otapnsewage sludge) applied to soils, kg N
Fecr= 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 mineral fertilisers, organic amendments and crop residt
N20O-N/kg N input

Efre= Emission factor for emissions from grazing animals, split by livestock typgQ®d/Rdg N input
Efos= Emission factor for emissisifirom organic soil cultivation (k@ N/ha-yr)

5.7.2 Activity data

Iceland has implemented a nitrogdlow approach which better describes emissions gD and other

N species) throughout the agriculture sector. Thildw approach is based on the methodgles
presented in the 2019 EMEP/EE3uidebook 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 amotiit leaving manure storage

(both slurry and solid) that is available for application to land.

5.7.2.1 Inorganic N Fertiliser @y

All fertilisers imported to Iceland need to be registered by customs and the IFVA has to be notified
about every import or manufdare of fertilisers in the country according to Icelandic laws No 22/1994,
630/2007, 398/1995, 499/1996, 25/1993, 87/1995 and regulation 479/1995 regarding the inspection
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of food, fertilisers and seeds, animal diseases and prevention of them and relaingas. The EAI
receives a detailed list of the inorganic fertilisers from the |8l the amount of N applied to soils

is calculated from this information which can also be downloaded from the website of Statistics
Iceland®. Table5.47 reports the nitrogen content in inorganic fertilisers and the associate® N
emissions from 199Q021. Due to the nature of the imposystem, which registers imports during

one solar year, stockpiling of fertilisers can occur, e.g., when one shipment comes late in autumn and
62yQi 0S8 dzASR RdNAy3I GKS alyS eSIN® ¢KAa SELX A
peaks Figure5.5). In addition, according to the expert at the IFVA, the peak in import of fertilisers
occurred during the financial boom in Iceland (2€8D08), afer which the financial crisis (2009) 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.

Table5.47 Nitrogen applied in inorgaaifertilisers to soils and the associated emissions, -P820

1990 1995 2000 2005 2010 2015 2020 2021

N content in inorganic N fertiliser [kt N] 12.47 11.20 12.68 9.78 10.88 11.65 11.41 12.25
N.O emissions [kt dD] 0.20 0.18 0.20 0.15 0.17 0.18 0.18 0.19

5.7.2.2 Organic N Fertiliser dn)
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 takemfrthe Nflow approach described in sectidn5 is
multiplied with the Tier 1 default emission factor from the 2006 IPCC Guidelines. Fluctuatibes in t
emissions are due to fluctuations in yearly livestock numbeable5.48).

Table 5.48 Nitrogen input fom animal manure, both slurry and solid, applied to soils and associai®d N
emissions, 199Q021.

1990 1995 2000 2005 2010 2015 2020 2021 ‘
N inputg slurry [kt N] 3.74 3.52 3.41 3.22 3.37 3.50 3.29 3.29
N inputg solid [kt N] 2.69 212 2.33 2.26 2.39 2.39 2.08 2.04
N2O emissions [kt D] 0.101 0.089 0.090 0.086 0.091 0.092 0.084 0.084

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 sewage sludge, which can
occur only after applying for a permit and after treatmenttlog 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 municipalities are using sewage sludge as an organic fertiliser for land reclamation
purposes in collaboration with the Soil Conservation Service of Iceland. A pilot project was carried out
between 20122014 in the Hrunamanndistrict and a report (only in Icelandic) is availa@diénsdottir

& Jéhannsson, 2016Anunpublished report (Magnus H. Johannssomal May 2020) from the Soll
Conservation Service summarises quantities of sewage sludge-eodtéht (0.8%) used from 2012

2019. This data and data for 2020 (Magnus H. JohannssuajleAugust 2021) and 20ZMagnus H.
Johannsson,-eail, June 2022) 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 purposes is

26https://hagstofa.is/talnaefni/atvinnuvegir/landbunadur/aburdl

174


https://hagstofa.is/talnaefni/atvinnuvegir/landbunadur/aburdur/

National Inventory Report, IcelargD23 L

known. As can be seen frolrable5.49 the emissions from the application of sewage sludge are low,
with 0.110 t NO in 2021.

Table5.49 Nitrogencontent of sewage sludge 202821 and associated2 emissions
1990 1995 2000 2005 2010 2015 2020 2021

N in sewage sludge [t N] NO NO NO NO NO 0.81 6.56 6.98
N;O emissions [t pD] NO NO NO NO NO 0.013  0.103  0.110

Other Organic Fertiliserdpplied 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 repday the SCS (Magnus H. Johannssanag May 2020)

and written communication (Magnus H. Johannsomail, August 2021, June 2022) reporting type
and quantity of organic fertilisers used from 268921 for land reclamation purposes and related N
contents.

An effort was made for this submission to ensure that no underreporting of organic fertiliser use is
taking place in the Icelandic inventory. The IFVA has a list of companies that have obtained a licence
to sell organic fertilisers in Iceland since 19800 of those companies were contacted requesting data

on their sales of organic fertilisers before th@23 SubmissiarHowever, no full dataset of sales from

all companies was obtained, other than what the SCS had already provided. Furthermore, it ould b
impossible to separate fertiliser sold by the companies and subsequently used by the SCS from the
data the SCS has already provided, as the SCS is the predominant user of organic fertilisers in Iceland.
Therefore, the risk of doubleounting would be hig. Therefore, it was decided not to use any of the
obtained fertiliser sales data for this submission.

In this category we report other organic fertilisers used by the SCS ferdatamation purposes: bone
meal and a byroduct of slaughterhouses, stontacand gut contents of sheep. These fertilisers are
applied only on land reclamation sites, where grazing of domestic animals is excluded for the-next 20
50 years. In addition, compost produced by one company in Iceland with a kightéht has been
addedto this subcategoryTable5.50 shows the Ncontent and associated  emissions from this
category, reaching 2.74 .0 in 2021.

Table5.50 Nitrogen content of other organic fertilisers and associate@® Bmissions, 1992021.

1990 1995 2000 2005 2010 2015 2020 2021 \
N in other organic fertilisers [t N] NO NO NO NO 103 163 178 175
N2O emissions [t pD] NO NO NO NO 1.62 2.56 2.79 2.74
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Figure5.5 Amounts of nitrogen from synthetic (inorganic) and organic fertiliser (animal manure, sewage sludge,
and other organic fertilisers) applied to soils]t]

5.7.2.3 Urine and Dung Deposited by Grazing Animals:gF

N deposited from animals at pasture, range and paddock is also determined byfline Bipproach
described in sectio®.5. The number of days animadpend outside are collected for the livestock
characterisation and are reported in chapt&2.2 Default emission factors of 0.02 kgQ\NN/kg N
deposited for cattle, poultry and pigs, and 0.01 k@MNi/kg N deposited for sheep and other animals
are applied Table5.51) to calculate the pD emissins from this category.

Table5.51 Nitrogen deposited by grazing animals (pasture, rgragel paddock) and associated®lemissions,
19902021

1990 1995 2000 2005 2010 2015 2020 2021 \
N excretiongrazing [kt N]  7.73 7.13 7.07 6.98 7.28 7.24 6.30 6.27
N2O emissions [kt D] 0.137 0.129 0.125 0.122 0.127 0.127 0.113 0.112

5.7.2.4 Nitrogen in Crop Residues Returned to Soils (FCR)

There are three types of-fixing crops cultivated in Iceland: tubers (potatoes), barley and root crops
(beets and carrots). After harvest, crop residues are returned to soils. The amount of residue returned
to soils is derived from crop production datdn€lcrop yield data, retrieved from Statistics Iceland, is
reported in harvested fresh yield and is therefore corrected forwleyght by using Equation 11.7 from

the IPCC 2006 Guidelines. For the residue/crop ratio, dry matter fraction and nitrogenrirabto

IPCC default values from Table 11.2 are used. It is estimated that 80% of barley residue is used as
fodder, as well as bedding for calves.

Data on the total annual areas harvested of each crop were exported from the FAO database for the
time seriesavailable. The years for which data on annual areas harvested was missing were gap filled
based the following assumptions:

1 The timeseries, from 199R020, was available for potatoes and carrots. The ratio between the annual
areas harvested with the cropefd for the latest known 6 years (20:2020) was used to calculate the
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annual areas harvested in 2021. For potatoes, the ratio was calculated to be 0.070. For carrots, the ratio
was calculated to be 0.007.

1 The years 2012020 were available for barley. Thest of the years were gap filled for barley, using the
ratio between the annual areas harvested with the crop yield for 20080. The ratio was calculated
to be 0.296. This ratio was then multiplied with the crop yield of barley for 29801

1 No data vas available for beets. The annual areas of beets harvested was gap filled for all years by using
the ratio for carrots (0.007). This ratio was then multiplied with the crop yield of beets for2@20.

The amount of residue per crop returned to soilsudsequently calculated using Equation 11.6 from
the IPCC 2006 Guidelines. Crop produce amounts and associfdeeinNssions are shown Higure
5.6.
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FHgure5.6 Crop produce and associatedN[t] emissions for 199R021.

The amount of nitrogen in crop residues returned to soils was at its lowest in 1995, when it amounted
to roughly 46 tonnes antdighest in 2009 when it amounted to roughly 197 tonnes. It must be noted,
however, that there is a very large difference in scale between the amounts of nitrogen in crop residues
returned to soils and N amounts in synthetic fertiliser and animal manuréeapf soils. N inputs to

soils from crop residues range between 40 and 200 tonnes per year, N inputs to soils from synthetic
fertiliser application ranges from 10,000,000 tonnes per year.

5.7.2.5 Mineralisation/Immobilisation Associated with Loss/Gain of $@rganic Matter

This category does not occur (NO) in Iceland. As can be seen in CRF table 4B (LULUCF sector), there is
a carbon stock gain (+) reported in land remaining cropland or in land converted to cropland, and
therefore there are no associated®emissions.

5.7.2.6 Cultivation of Organic Soils

In this category bD emissions from cultivated drained histosols, comprising mostly hayfields, and from
drained organic soils used for the grazing of animals are calculated. The areas of the organic soils are
calcubated by the LULUCF team at the Soil Conservation Service and communicBtelditee areas

and associated XD emissions are reported rable5.52.
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Table5.52 Area of organic soils [kha] and associate®Nmissions, 1999021.

1990 1995 2000 2005 2010 2015 2020 2021

Organic soikhistosols 65 65 65 65 65 65 66 66
Drained organisoilsgrasslands 150 196 219 247 251 252 258 259
Total aregkha] 215 261 284 312 316 318 323 324
N2O emissions [kt XD] 0.205 0.237 0.253 0.272 0.275 0.276 0.280  0.281

There is a slight difference in the areas reported for cultivated organic soils under CRF category 3Da6
and the sum of the areas of organic soils under cropland and grassland in CRF table 4B and 4C. The
reason for the difference in the area reported is thihe area of natural birch shrubland (old and
recently expanded into other grassland) is not considered in the agriculture sector, as these areas are
neither considered as cultivated/managed cropland nor as cultivated/mangggess$iand.

5.7.3 EmissionFactors

The emission factors applied in this category are taken from the 2006 IPCC Guidelines, Vol. 4 AFOLU,
chapter 11 and are reported ifable5.53. For urineand dung deposited by grazing animals two
emission factors are used based on the animal category: for cattle, poultry and pigs 0.£2Mgpbir

kg N is applied, while for sheep and all other animal categories the emission factor is @QCENg&r

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 #¥N¥ha/yr for the emissions from
cultivated drained histosols comprising mostly li@jds and 0.44 kg 0-N/ha/yr for drained organic

soils used for grazing, for calculating the emissions from organic soils, which are tenfold lower than the
default emission factor proposed by the 2006 IPCC Guidelines.

These values derive from tileasurements of pD fluxes in Iceland, carried out by J6n Gudmundsson
from the AUlover a period of three years comprising nine measurement sites with three different land
management types of organic soils: undrained land, drained but not cultivated laciddiained,
cultivated and fertilised (hayfield land). In addition to these sites, some measurements were
performed in freshly tilled drained land. In total, 861 measurements on plots with different land use
were carried ou{Guwmundsson J. , 2009Fhe measurements were carried out using a static chamber
and a gas chromatograph measuring the gas flux from the gas concentration in the headspace of the
chamber with time. Detailed information about this study and the pectjiari Icelandic soils can be
found in Anne»6, which was produced for the 2019 UNFCCC desk review as a response to a potential
issue.

In view of the unique composition of Icelandic soils, with active volcanism playing a major role in soil
formation, the low emission factors are justified,ON emissions are linked to the amount of
phosphorus and copper in the peat; if both P and Cu are low, they can lifiphduction even
though there is sufficient N available in the soil. The reasoroferP content and intermediate Cu
content in Icelandic soils can be found in the mineralogic composition of Icelandic soils strongly
influenced by mostly basic volcanic parent material, tephra, which weathers easily, releasing Al, Fe
and Si.
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Table5.53 Emission factors used for the estimation of diregdNmissions from agricultural soils (CS: Country
specific)
N2O emission factor

[kg NbO-N per kg N] S
Inorganic N fertilisers ER 0.01 Tablel1.1 IPCC 200
Animal manure applied to soils ER 0.01 Table 11.1 IPCC 20C
Sewage sludge applied to soils ER 0.01 Table 11.1 IPCC 20(
Urine and Dung deposited by grazing anim Efere 0.02 cattle, poultry, pigs Table 11.1 IPCC 20C
Efre 0.01sheep and other
Crop residues ER 0.01 Table 11.1 IPCC 20(
Cultivation of organic soils Efs 0.99/0.44 [kg NO-N/halyr] CS (Anneg)

5.7.4 Emissions

The direct emissions from agricultural soils amount td 63f NoO in 2021 and are slightly higher than
in 1990 (64 1t). The main fluctuations are due to the import and use of synthefierhlisers as can be
seen inFigures.7.
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Figure5.7 Direct NO emissions from Agricultural soils [t].
5.7.5 Recalculations

Several recalculations that have an impact e®@NMmissions from 3D12a Animdbnure Applied to
Soils and 3D13 Urine an@®ung Deposited by Grazing Animals, have been performed for this
submissionseeTable5.54 and

Table5.55. The main updates are due to the updated livestock parameters for the Tier 2 categories
Cattle and Sheep for the whoteneseries, from 199@021. Smaller recalculatioms emissions from
horses and poultry are the result of updated livestock population humbers.
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Table5.54 Recalculations of CRF 3D12a Animal Manure Applied to Soils due to updated livestock parameters for
1990-2020.
CRF 3D1.2.kkt CQe] 1990 1995 2000 2005 2010 2015 2020

2022 v4 Submission 33.89 29.46 29.72 28.55 29.60 30.53 27.58
2023 Submission 26.78 23.52 23.91 22.82 23.98 2451 22.35
Change relative tthe 2022 Submissiol  -21% -20% -20% -20% -19% -20% -19%

Table5.55 Recalculations of CRF 3D13 Urine and Dung Deposited by Grazing Animals due to updated livestock
parameters for 1992020.

CRF 3D1.fkt CQe] 1990 1995 2000 2005 2010 2015 2020

2022 v4 Submission 42.56 39.34 38.74 38.22 40.02 40.96 36.64
2023Submission 36.35 34.08 33.14 32.43 33.77 33.69 29.82
Change relative tthe 2022 Submissiol  -15% -13% -14% -15% -16% -18% -19%

A review of the activity data used to calculate emissions from 3D1.2.b Sewage Sludge Applied to Soils
resulted in thediscovery of an error: for one municipality AD was registered in 2018 instead of 2019.
This issue has been fixed, leading to recalculations for 2018 and &0tan be seen ifiable5.56.

Table5.56 Recalculations of CRF 3D1.2.b Sewage sludge applied to soils due to updated AD for 2018 and 2019.

CRF 3D1.2.kkt CQe] 2018 2019
2022 v4 Submission 0.065 0.020
2023 Submission 0.015 0.065
Change relative t@022 Submission -T7% 231%

The methodology to calculate emissions from 3D14 Crop Residues was updated for this submission,
for the years 1992020. Previously, the method from the GPG2000 stdlsused for this category,

due to the unavailability of reliable data on the annual area of crops harvested. The reported crop
yields (tubers, barley, beetand carrots), retrieved from Statistics Iceland, are corrected for dry weight
with Equation 117. Data on annual areas harvested has now been retrieved from the FAO database
for the timeseries available.

1  The full timeseries, from 1998020, was available for potatoes and carrots.

1 The years 2012020 were available for barley. The rest of the yeagsengap filled for barley, using the
correlation between the annual areas harvested with the crop yield for ZDZD. The correlation
factor was calculated to be 0.296. This correlation factor was then multiplied with the crop yield of
barley for 199e2014.

1 Annual areas of beets harvested was similarly gap filled by using the correlation between the annual
areas harvested of carrots and the crop yield of carrots for 18®®0. The correlation factor was
calculated to be 0.007. This correlation factor wiasrt multiplied with the crop yield of beets for 1990
2020.

Subsequently, the2006 IPCC Guidelines method has been used to calculate emissions from Crop
Residues. N from crop residues is now calculated using the Tier 1 method of Equation 11.6 and default
parameters from Table 11.2 for the relevant crop types: tubers (incl. potatoesgybeamnd root crops,

other (inc. carrots and beets). The recalculations for the whole timeseries can be Sksreb.57.

Table5.57 Recalculations of CRF 3D1.4 Crop residues due to the updated calculation method for emissions, 1990
2020.

CRF 3D1.fkt CQe] 2000 2005 2010
2022 v4 Submission 0.05 0.03 0.05 0.07 0.10 0.06 0.06
2023Submission 0.26 0.19 0.29 0.52 0.66 0.40 0.44

Change relative tthe 2022 Submissiol  391% 486% 457% 648% 551% 569% 594%
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The activity data (land areas) used to calculate emissions from 3D16 Cultivation of organic soils were
updated due to updates ithe Icelandic Geographic Lattse Database (IGLUM)scussed further in
Section6.6.1.1 The recalculations for the whole timeseries can be sediabie5.58.

Table5.58 Recalculations of CRF 3D1.6 Cultivation of organic soils due to updated land areg)2®90

CRF 3D1.kkt CQe] 1990 1995 2000 2005 2010 2015 2020
2022 v4 Submission 54.32 62.68 66.86 72.05 72.76 73.03 74.12
2023 Submission 54.32 62.74 66.97 72.16 72.90 73.19 74.21

Change relative tthe 2022 Submissior  0.00% 0.09% 0.15% 0.16% 0.20% 0.22% 0.13%

5.7.5.1 Recalculations fom the 2022 Submission

The livestock characterisation change within the poultry category lead 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 IFVA. As the niteogeation

rate for laying hens is higher, moving all animals previously categorised as broilers to laying hens,
increased the emissions slightly for the time series 32909, or on average by 0.1.

Recalculations in the subcategory cultivated organic sa@te due to changes in the areas of histosols
as reported by the LULUCF specialists. This led to minor recalculations over the whole time series 1990
2019 with an average increase in emissions of 0.5%.

5.7.6 Uncertainties

The activity data uncertainties varga@rding to the used activity data. For 3D11 Inorganic Fertilisers
the uncertainty is 5.0% based on expert judgement and based on the fact that the amount of imported
N-fertilisers are part of national statistics. The activity data uncertainty for 3D1gharnanure
Applied to Soils is the maximum uncertainty of the activity data in 3B and is 71%, while for Sewage
Sludge and Other Organic Fertilisers this uncertainty is 20% in light of the uncertainty of completeness.
For subcategory 3D13, Urine and Dung@sited 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 71%. The activity data uncertainty for Crop Residue
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 uncertainties fop®l anissions are calculated using the lower and upper range
values of the default emission factors from the 2006 IPCC Guidelioksne 4,Chapter 11, Table
11.1, and amount to 233%.

The combined uncertainties of activity data and emission factors are fl@viag: 3D11 Inorganic
Fertilisers 233%, 3D12 Organic Fertilisers 236%, 3D13 Urine and Dung Deposited by Grazing Animals
244%, 3D14 Crop Residues 254%d 3D16 Cultivation of Organic Soils 201%. The complete
uncertainty analysis is shown in Annex 2.

5.7.7 Plamed improvements

There are no planned improvements in this subsector.
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5.8 Indirect N2O Emissions from Managed Soils (CRF 3D2)
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Indirect NO emissions originate from three sources:

1 Volatilisation of N as Nbnd NQ from agricultural fertilisers and manure andisequent atmospheric
deposition.

1 Leaching and runoff of applied fertiliser and animal manure, crop residues and urine and dung
deposition.

1 Discharge of human sewage nitrogen into rivers or estuaries.

The last source is reported under tiiéaste sectorChapter7). The first two sources are covered here.
5.8.1 Methodology

The amounts of N&EN and N@N from Inorganic N fertilisers, Animal Manure Applied to SUils)e

and Dung Deposited by Grazing Animals and from Sewage Sludge Applied to Soils are calculated
separately and multiplied with the default IPCC emission factor (EF 4) of 0.00kg per kg of NE

N & NON deposited is used. A comparison of this metioth the IPCC 2006 Tier 1a (using FracGas)
was carried out and the proportion of synthetic N volatilised as Birtl NO is only about 0.022
compared to the 0.1 assumed with FracG@snsidering, however, that not much urea is used in
Iceland, combined witthe 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, rivers, and eventually the oceanrevhenhances biogenic
production of NO. To estimate the amount of applied N that is leached or runs off, the methodology
in the 2006 IPCC Guidelines is used (Equation 11.10) with default input parameters and EFs.

Equation 11.10
N2O from N leaching/rundffrom managed soils (Tier 1)

0 0 0 O O O 'O z'0Y0 O 200
Where:
N20wbn = emission of BO-N produced from leaching and runoff of N additions to managed soils;®&g
N/yr

Fsn=annual amount of synthetic feliser nitrogen applied to soils, kg N/yr

Fon= annual amount of animal manure, sewage sludge and other organic N additions applied to <
N/yr

Ferr= amount of nitrogen deposited during pasture, range and paddock, kg N/yr
Fcr= amount of N in crop medues, kg N/yr
Fraceacwn)= Fraction of all added N applied that is lost through leaching and runoff, kg N/kg N add

The total amount of N input into soils is determined by methodologies explained in earlier sections of
this Chapter. It ishen assumed that 30% is leached or rarfs(the IPCC 2006 default value). Indirect
N.O emissions from leaching and runoff are then calculated by multiplying the resulting nitrogen
amount with the emission factor from the 2006 IPCC Guidelines for estignailirect emissions due

to leaching and runoff of XD.
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5.8.2 Activity Data

5.8.2.1 AtmosphericDeposition

The atmospheric deposition includes emissions from livestock manure applied to soils and deposited
during grazing, from the use of inorganic and organi@mliser and crop production. This data is
calculated in sectiob.7. From 1990 to 2021, volatilised nitrogen from agricultural inputs diminished
by 10%or from 2,199 t in 1990 to 1,975 t in 2021.

5.8.2.2 Leaching and Runoff

The amount of N input (deriving from the application of inorganic and orga#festisers, manure
and dung deposited by grazing animals and from crop residues) lost to soils through leswthing
runoff is calculated by summing all the agricultural inputs and applying the default 30%:A&#ac
This amount has diminished by 10% from 8,053 tin 1990 to 7,242 t in 2021.

5.8.3 EmissionFactors

Table 5.59 reports the emission factors and parameters used for the calculation of the indirect
emissions. They are all default values from the 2006 IPCC Guidelines, Volume 4, Chapter 11.

Table5.59 Emission factors used for the estimation of indiregd missions from agricultural soils

N>O EmissionFactor Source \
N Volatilisation and o
redeposition EF4 0.01 [kg NON / (kg NHcN + NQN volatilised)] Table 11.3 IPCC 200€
Leaching and runoff EF5 0.0075 [kg MOGN / (kg N leaching/runoff)] Table 11.3 IPCC 200€
Fraceacun) 0.3 [kg N (kg N additions or deposition by grazing anime Table 11.3 IPCC 200€

5.8.4 Emissions

Thedevelopment of indirect BD emissions from 199P021- after conversion from nitrogen to nitrous
oxide-is shown irFigure5.8. Indirect NO emissions amounted t®20t N.O in 2021, which 8% lower
than the 1990 emissions oB2t. However, the emissions fluctuate without showing a clear trend.
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Figure5.8 Indirect NO emissions from agricultural soils [t].
5.8.5 Recalculations

Several recalculations, that have an impact o@®Mmissions from 3D2 Indirect® emissions from
managed soils, have been performed for this submissionTabé5.60. The main updates are due to

the updated livestock parameters for the Tier 2 categories Cattle and Sheep for the whole timeseries,
from 19962020. Smaller recalculations in emissions from horses and poultry are the regptiated
livestock population numbers.

Table5.60 Recalculations of CRF 3D2 Indiregd [Emissions from Managed Soils, predominantly due to updated
livestock parameters for cattle and sheep, 12920.

CRF 3R[kt CQe] 1990 1995 2000 2005 2010 2015 2020 ‘
2022 v4 Submission 38.2 34.4 35.9 32.3 34.4 35.9 335
2023 Submission 34.9 31.6 33.2 29.5 31.6 32.8 31.0

Change relative tthe 2022 Submissiol  -8.6% -7.9% -7.5% -8.5% -8.0% -8.6% -7.4%
5.8.5.1 Recalculations fomthe 2022 Submission

An issue was raised during the 2021 UNFCCC Review (Question 20211SLQA197: Consistengy of Frac
and Fraeasy. Consequently, external consultants at Aether performed a quality check of the 3D
calculations and dissered an error in the calculation of M@ and NBN from sewage sludge and

other organic fertilisers. This issue has now been resolved and resulted in a slight change in the
volatilised N from agricultural inputs of N and conseque® Emissions reportednder CRF category

3D21 Atmospheric Deposition.

5.8.6 Uncertainties

For atmospheric deposition estimated 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 11apter 11,Volume 4of 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

There are no @inned improvements in this subsector.

5.9 PrescribedBurning of Savannas (CRF 3E)

This activity is not occurring in Iceland.

5.10 FieldBurningof Agricultural Residues (CRF 3F)

No field burning is occurring in fields that are in use in Icelfardreasons that ee detailed below
Hence, the notation key for this category was updated from NE to NO for this submission.

Crop residues that are produced in Iceland are considered a valuable resource (P6roddur Sveinsson,
written information, 2022). Straw is used for lidg and hay for feeding, since livestock must be kept
inside for a large part of the year in Iceland and many livestock categories (incl. horses and sheep) are
fed exclusively on hay, harvested during the summertime, over the winter months.

Old fields tha have not been in use for a considerable amount of time often grow a thick vegetation

in the form of straws over a few years. In these cases, the old fields have occasionally been burned if
the farmer intended to start using the field again for farmingisTis not considered burning of
agricultural residues. However, this was almost completely banned with strict laws in 1992 with Act
No 61/1992 (Law on the burning of straws and use of fire in open areas). Later, the laws were restricted
even further withAct No 40/2015 (Law on the treatment of fire and fire prevention) and Regulation
No 325/2016 (Regulation on the treatment of fire and fire prevention), which almost closed the
possibility to gain a permit from the District Commissioner in Iceland.

If a lardowner gains a permit, which can only be gained between the 1 April and 1 May each year,
provided the purpose is justified, it is still uncertain whether the field burning will take place. The time

frame is very limited, the weather conditions have to berfpct, and the fire marshal has to be

contacted at least 6 hours before the burning is to take place and he can cancel the field burning if the
weather conditions change. Despite it being difficult to obtain a permit, illegal burning of land is
expected 2 0SS SEGNBYSte NINBod ! OO2NRAYy3I (2 G(KS 5Araldl
consequences for not getting a licence.

¢t2 O2YFTANXY SOGSYy FdzNIKSNI GKFG y2 20SNEAIKG 2F GKA
was performed otountries where field burning is known to occur, which crops are known to be most
commonly burned, as well as how the other Scandinavian countries are reporting field burning of
agricultural residues. Globally, field burning seems to be most common fealseffibres, oilseeds,
pulses and sugarcane. Of these, only cereals are grown in Iceland. In Norway and Denmark, field
burning is only reported in very little amounts for cereals and hay. Hay is, as mentioned above, too
valuable a resource for beddingdieeding to be burned in Iceland. The main crops grown in Iceland
have traditionally been tubers potatoes- and root crops. The first cereals (barley) were grown in
Iceland in 1992 and this crop has been grown steadily more and more since then. |belasder,

only has 1 short outdoor growing season during the year, which is over the summer months (May
September) and, therefore, farmers have no reason to need to burn crop residue fast in order to be
able to get the fields ready for a winter growing sea. Residues from barley crops are also considered
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valuable as bedding for Calves. Farming has been modernised in Iceland for many years and every farm
has a tractor and ploughing machinery, which has been the main method for getting fields ready for
the next growing season. Hence, it is most appropriate to report this activity as not occurring in Iceland.

5.11 CQ Emissionsrom Liming, Urea Application, Other Carbon Containing
Fertilisers and Other (CRF 3G, 3H, 3I, 3J)

Combined Cgemissions from liming (3@)rea application (3H) and other carbon containing fertilisers
(3I) account for 1.5% of the total GHG emissions from the Agricultural sector.

For this submission, two main changes have been made in sectors 3G and 3l. This includes shellsand
being relocate from 3l to 3G1 (more details in Sectibrll.2.) and C@emissions from calcium
ammonium nitrate fertilisers (CAN) being added to sector 3l (rdetails in Sectio®.11.2.3.

5.11.1 Methodology

Tier 1 methodology from the 2006 IPCC Guidelines, Volume 4, Chapter 11 is applied for all three
subsectos.

Annual C@emissions frontiming 3G, i.e., emissions from the application of limestone, shellsand (90%
CaC@), and dolomite, are estimated by using Eq. 11.12 from the 2006 IPCC GuidHtiisds.because
shellsand is 90% limestone the total limestone amount is obtained by adding 90% of the shellsand
weight to the other limestone data.

Equation 11.12
Annual C@emissions from lime application (Tier 1)

86 6067Qi i Q8¢ 200 0 200
Where:
CQ-C Emission = emission of C from lime application, t C/yr
M = annual amount of calcic limestone (Cadd dolomite (CaMg(CG), t/yr
EF = emission factor, t of C (t of limestone or dolorite)

Annual C@emissions frm urea application (CRF 3H) are estimated using Equation 11.13 from the
2006 IPCC Guidelines.

Equation 11.13
Annual C@emissions from urea application (Tier 1)
00 06004 Qi i WEze0O
Where:
CQ-C Emission = emission of C from urea application, t Clyr
M = annual amount of urea fertilisation, t/yr
EF = emission factor, t of(Cof urea)!

CAN exists usually in a fertiliser mixture, where other nutrients, such as phosphorus and potassium,
are ircluded in the mixture. In 2020 and 2021 around 78% of the CAN fertilisers imported to Iceland
were pure calcium ammonium nitrate. Hence, the fertiliser weight was multiplied by 0.8 to isolate the
CAN part. For pure CAN, around 23% is limestone or dolonfitgefore, 23% of the CAN weight was
calculated and CQemissions were subsequently estimated using Eq. 11.12 from the 2006 IPCC
Guidelines. This is the same equation as is used to calculate emissions from 3G Liming, with the
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exception that for CAN, thdightly higher EF for dolomite is used. This process is described in the
following equation:

Equation
Annual C@emissions from CAN application (Tier 1)

00 00aQi i W e zTz T ¢ OO
Where:
CQ-C Emission = emission ofrGnfi CAN application, t Clyr
M = annual amount of CAN fertiliser, t/yr
EF = emission factor, tonne of C (tonne of dolortite)

5.11.2 Activity Data

5.11.2.1 Liming

Data on liming is based on sold Ca@d@d imported synthetic fertilisers containing chalk or dolomite.
Although the ratio of calcifying materials is low in these fertilisers, the amount of fertilisers applied
make this source relatively large in terms of emissions. Activity data about intpdinesstone,
dolomite and synthetic fertilisers are registered through the customs system and obtained either from
Statistics Iceland or from IFVA. Data on the use of shellsand is derived from distributor sales numbers.
Shellsand contains 90% of Ca@@d is naturally available from Icelandic seashores and there is no
system in place at the moment registering the amount of shellsand used by single farmers.

The time series 1992003 for limestone has been completed by an update in data collection from
Statigics Iceland. Data for dolomite and shellsand 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, there was-raw very little dobmite and shellsand used during those years.
Therefore, they are now estimated as not occurring for the period B3P, Figure5.9 shows the
imported amounts of limstone, dolomite, Urea and CAN and the sold amounts of shellsand.

It is assumed that all liming occurs on cropland and that the bulk occurs on organic soil as the pH of
mineral soils is generally so high that liming is unnecessary.

The peak in imports ofalomite in 2020 is due to a significant increase in imports by one distributor
according to information received from IFVA. The distributor intends to encourage a significant
calcification effort by Icelandic farmers which is taking place from 2U2R. @lcification 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-apsoium pH
levels?’

27 https://lwww.yara.is/kolkurer-grundvallaratridithegarkemurad-godriupptoku-naeringarefna/
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Figureb.9 The amount of limestone, dolomite, Urea and CAN imported and shellsand sold {202490
5.11.2.2 Urea Application

Activity data about imported urea fertilisers are registered through the customs system and obtained
by thelFVA. Urea data from the IFVA is used from 2012. Based on expert judgment (Valgeir Bjarnason,
written communication, 2022) and real data from the IFVA for 2012 and 2013, no urea was used as
fertiliser in agriculture in Iceland until 2014. It is, therefamgrked as not occurring for 19D13.

Urea import data can be seenfigureb.9.

5.11.2.3 Other Carborcontaining Fertilisers

For the2023 Submissigrthe amount of CAN félisers imported was only readily available for 2020

and 2021. Before that, only the amount of imported N fertilisers is available. Hence, it was necessary

to rely heavily on the expert judgement of the fertiliser expert at the IFVA (Valgeir Bjarnasetimgse

and phone calls, 2022). A single fertiliser factory in Iceland had exclusive rights to import and
manufacture fertilisers in Iceland until 1995. They manufactured ammonium nib@sed fertilisers.

Hence, it is safe to say that no CAN fertiliseawadzi SR Ay LOSf I yR dzyiAf wmddp
rights were revoked.

According to expert judgement close to 100% of imported N fertilisers in-2026 were CAN except

for granular fertilisers, which proportion has been rather stedbyoughout the timeline. The
proportion of granular fertilisers was 33% in 2021 and that proportion is kept for-209%, and the

rest is assumed to be CAN. The proportion of CAN of all inorganic N fertilisers in 2020 was 44% and in
2021 it was 42%, thenaount of CAN fertilisers imported in 20PD19 was estimated by interpolating

the proportion of CAN of all inorganic N fertilisers from 67% in 2010 to 44% in 2020.

The amount of other nutrients mixed into the fertilisers has also stayed rather stableér@m/gmeline

and was around 222% in 2020 and 2021, hence, to not underestimate the emissions, a 20% of the
weight of the CAN fertiliser was subtracted to obtain the pure CAN weight. Approximately 23% of pure
CAN fertilisers is limestone or dolomite. Téfere, the limestone/dolomite weight is obtained by
taking 23% of the CAN fertiliser weight.
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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 usedSince the limestone mount in shellsand has been added to the other
limestone data, only the limestone EF is needed for this group. The emission factor for the application
of urea fertilisers is 0.2.

The activity data available for CAN in 2020 and 2021 does not fully annatat&ier magnesium or
calcium or both is used in the fertiliser. The emission factor for dolomite is slightly higher than for
limestone. Hence, the dolomite emission factor is used for all CAN fertilisers to not underestimate the
emissions.

5.11.4 Emissions

The ©; emissions due to liming of cropland, Urea or CAN use are calculated by conversion of
carbonated carbon t€Q andare shown inrable5.61 and Figure5.10.

Table5.61 CQ emissiondrom liming (limestone and dolomite), urea application and other carbon containing
fertilisers (CAN).

Limestone + shellsand 462 0 44 4,029 1,706 3,238 3,297 4,008
Dolomite NO NO NO 65 225 47 1,969 1,761
Urea NO NO NO NO NO 7 1,668 1,476
CAN NO 2,437 2,760 2,127 2,292 2,055 1,888 1,945
Total CQ Emissions [t] 462 2,437 2,804 6,221 4,223 5,346 8,822 9,190
ng%“"e change since 427%  507%  1247%  814%  1057% 1,809%  1,889%
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Figure5.10 CQ emissions from liming (limestone and dolomite), urea application and other carbon containing
fertilisers (CAN).

189



L National Inventory Report, IcelargD23

5.11.5 Recalculations

Data for dolomite and shellsand is not available before 2002. Howeasgdon expert judgement
from specialists at the Agricultural University and the Icelandic Agricultural Advisory Genaiwed
in 2021, there was noor very little dolomite and shellsand used during those ye#étence, the
notation keys used were chaed from NE to NO for 19920(2.

Emissions from shellsand were previously reported under the CRF category 3l but have been moved
to CRF category 3G1. No other changes have been made regarding shellsand and there is ho impact on
emissions, as can be seenTiable5.62. Shellsand is used predominantly for liming purposes, rather
than as a fertiliser and this categorisation was, therefore, deemed more pppte.

Table5.62 Recalculations of 3G1 and 31 due to emissions from shellsand being recategorise2)2@90
CRF 3|, 3Gkt CQe] CRF 1990 1995 2000 2005 2010 2015 2020\

2022 v4 Submission 3l (shellsand) NO NO NO 229 166 118 1.43
2023 Submission 3Gl (shellsand) NO NO NO 229 166 118 1.43
Change relativeatthe 2022 Submissiof?q - - - 0.00 0.00 0.00 0.00

Activity data on urea fertiliser was previously retrieved fr8matistics Iceland, which in turn received

it from the customs authority. Imports, however, had started showing a sharp increase from 2014

onwards and after some research and meetings with the customs authority it was found out that urea
used as an additev for selective catalytic reduction for diesel vehicles was registered on the same

custom number as the urea used as fertiliser. The figures reported until the 2020 submission (reporting
year 2018) were, therefore, updated by deducting the amount of udd as SCGRdditives which

have been directly collected from the oil distributing companies. From 2020 onwards, there were

different custom numbers for different urea uses and this issue should not have been of concern
anymore.

However, after reviewing thaistorical inventory numbers with an experienced fertiliser expert from
the IFVA, it became clear that that the urea customs data for the earlier years of the timeline was still
very unreliable, and included urea used not just as an additive for diekiles and as fertiliser, but
many other purposes. Urea was not used as fertiliser in Iceland until 2014 according to the expert at
the IFVA, which has been confirmed by checking that the imports of urea as fertiliser registered by the
IFVA in 2012 and 281were 0. Therefore, there is a recalculation of urea emissions for the whole
timeseries, as can be seenTiable5.63. Urea used as fertiliser is notcurring in Iceland until 2014

and from then on fertiliser import data form the IFVA is used directly.

Table5.63 Recalculations of 3H due to updated activity data for the whole timeseries; 2240
CRF 3Hkt CQge] 1990 1995 2000 2005 2010 2015 2020 \

2022 v4 Submission 0.06 0.06 0.07 0.07 0.13 0.17 0.19
2023 Submission NO NO NO NO NO 0.01 1.67
Changeelative b the 2022 Submissiof#4] - - - - - -96%  763%

CQ emissions from CAN were included in the Icelandic GHG inventory for the first time 2028e
Submissionwhich impacted the emissions as showTable5.64. How the emissions are calculated
is described in dethin earlier subsections of Sectiénl 1l

Table5.64 Recalculations of 3l due to emissions from CAN fertilisers being added to the inventor02090
CREF 3]kt CQe€] CRF 1990 1995 2000 2005 2010 2015 2020

2022 v4 Submission 3l (CAN) - - - - - - -
2023 Submission 31 (CAN) NO 244 276 213 229 205 1.89
Change relativeatthe 2022 Submissiofkt CQe] - 244 276 213 229 205 1.89
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5.11.5.1 Recalculations fomthe 2022 Submission
There were no recalculations in this category for 222 Submissian

5.11.6 Uncertainties

For liming, ureapplication and other carbon containing fertilisers the activity data uncertainty is 50%
based on expert judgement in light of completeness and data retrieval issues. The emission factor
uncertainty for C@is 0 based on the 2006 IPCC Guidelines in which by using Tier 1 method it is
assumed that all C contained for example in lime is emitted ast@@e atmosphere which is a
conservative approach and implies that the default emission factors are consideredh given this
assumption. The combined uncertainty for each category is therefore 50%. The complete uncertainty
analysis is shown in Annex 2.

5.11.7 Planned Improvements

For future emissions it is planned to process more IFVA data back in tivezifyp the CAN activity
data and become less reliant on expert judgement.
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6 LandUse, Landise Changeand Forestry (CRF sector 4)

6.1 Overview

In this sectoyemissions and removals related tand Use, Land-Use Change, androrestry (LULUCF)

are reported. The categation of land use is according tiee 2006 IPCC guidelines (IPCC 2006). This
defines six mainlandse categories and conversions between them. Emissions and removals sf GHG
are reported for all managed land within these categories according to guidelines given in Volume 4:
Agriculture, Feestry, and Other Land Use of the 2006 Guidelines (IPCC, 2006), hereafter aagtd
AFOLU Guidelines, and the 2013 Supplement to the 2006 Guidelines: Wetlands (IPCC, 2014), hereafter
named 2013 WetlansiSupplement. Th&il Consewvation Srvice ofliceland(Landgreedslan(SCSI) and

the research division of thécelandicForest Service (Skogreektin (IFS)are responsible for preparing

the inventory for this sector.

Almost 90 % of the total area of Iceland is included in two-as®l categoriesthese areOther Land
andGrasslandLand categorieserechanged considerably in tt#921 Submissioas part of theOther

Landcategory is now undeGrasslandThis changevas due to new data available for this ye&r
submission Figure6.1 shows the relative division of the area of Iceland to the six mainleed
categories reported.

Forest Land Cropland
1% 4’ » 1%

Other land
30%

Grassland

Settlement
58%

0%

Wetland
9%

Figure6.1 Relative size of landse categories in Iceland according to land debase2021 andother landuse
estimates available for the reporting.
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Both emissions from sources and removals by sinks are reported for this.SEwtonet contribution
of the manland-use categories is summsed inFigure6.2.

14 /hi$
-1,000 0 1,000 2,000 3,000 4,000 5,000 6,000 7,000

4.B Cropland

2,003

4.C Grassland

5774

4.D Wetlands

2,121

4.E Settlements

©

Figure6.2 The net emissions/removals of lande categoriegkt G0z€] in 221 calculated using global warming
potentials (GWP) from the IP@Gth Assessment Report (ARBissions fromdther Land4F) and Harvested
Wood Products gG)are not included in this graph.

The total gross emissions reportade 11,90292 kt CQe andthey are72.26dominatedby 8,59529

kt CQe emissions related to drainage of organic soils, mostly included @desslandCroplandand

to a small extenEorest LandAnother important emissn componenif 26.7%or 3,178.45kt CQe is

the methane emissiosfrom managed wetlands. The remaining reported emissions are assigned to
biomass burning, hydropower reservoirs @;dsses of soil organic carbon (SOC) from mineral soils,
and loss of bimass due to conversion of land &ettlements The removal by sinks reported is by
sequestration of carbon to wetlandg9.6%or 1,243.M0 kt CQ), to biomass and SOC in revegetation
(27.9% or 697.40 kt CQ), and to biomass and SOC in foe§20.7% or 518.51 kt CQ). Other
components contributingo the total 3.5% removals by sinks reported areincreasel SOC of mineral
soils in some&Xxoplands, increasttbiomass and SOC of mineral soils in Natural Birchb&mnd, and
increase of biomass @bandonedCoplands.

Compared to last yeathe net emissiosreported forthe LULUCSector haeincreasedrom 9,00975

kt CQe t09,397.& kt CQe. The use of netWPfrom the IPCC'sth Assessment Report (AR&pstly
explain the significant increase in emissions for2B23 Submissiatdowever, when AR5 calculations
are also applied for the 2022ubmission, the comparison betwedhe 2022 and2023 Submissian
highlights that the net emissions have decreased® 94 from 9,412.5%t CQe to 9,397.% kt CQe.
New area estimate ofsome landuse categories included in this submissiafiects emissions
increasing Table6.1 summarsesthe GHG emissions in kt @Jor the LULUCF sector from 1990 to
2021. Total GHG emissions in 2021 2@®%below the total GHG emissions reported for 1990.

The CRF tables are prepared throutje new version of the CRF reporter (version 8.0.The
information on all categories Isdhe same structure as in th2022 Submissian
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Table6.1 GHG emissions in LULUCF sector-2920, [kt CQe].
(€] (€] 1990 1995 2000 2005 2010 2015 2020 2021 ‘

/[ hi 5761.4 5740.2 5,774.7 5,829.3 5,822.1 5,741.3 5,666.2 5,642.1
1] 3,848.0 3,846.6 3,828.6 3,8054 3,773.3 3,763.4 3,753.7 3,754.8
bih 0.2 0.4 0.5 0.7 0.8 1.0 0.9 0.9
Total 9,609.6 9,587.2 9,603.8 9,635.3 9,596.2 9,505.8 9,420.8 9,397.8
Emissions increases/

reductions (yeabase -0.2% -0.1% 0.3% -0.1% -1.1% -2.0% -2.2%
year)/base year

6.1.1 Methodology

The present CRF reporting is based on land use as recorded in the Icelandic GeographidakLand
Database (IGLUDActivity data and mapping on afforestation and deforestatioaps of natural birch
forest and shrublandre from the Icelandic Forest Research (IFR]}ivity data (incl. active grazing
areas), and maps on revegetatia@re fromthe SCSIime seriesof Afforestation, Reforestatiorand
Grassland categorig@ncluding revegetation, drainageropland abandonment, and reservqitare

based on data from IFR, the Agricultural University of Icelatidhinadarhaskéli islanggAul),
Registerdceland(Pjodskréa islandgRI) the Icelandic Agricultural Advisory Cen{Radgjafamidstod
landbunadariny (IAAC) the National Power Company of Icelaficandsvirkjuip (NPCI), and the
National Land Survey of Icelaticandmaelingar islandigNLSL)Dataon biomass burning is based on
area mapping of the Icelandic Institute of Natural Hist@wattGrufreedistofnun islands(IINH) and
biomass estimation for relevant land categories was obtained through IGLUD field sampling
(GudmundssonGisladottir, Brink, & Oskarsson, 20IM)e project was designed to provide two types

of data 1) landuse classification data for both geographically identifiable categories and relative
dimensions of land use; 2) data on the sigédifferent carbon pools inside each lande category.

The project enabled a classification build on available geographical maps and a classification according
to field data which, in addition, proposed that field data could be applied to determingweldivision

size of subcategories.

Considerable changes were made to IGlftiDhe 2023 SubmissiofTable6.2). The IGLUD map now
consists of 102 cagmries, of which 69 belong to the Habitat Map of Iceland (HVhe HMI is a
comprehensive description and overview of habitat types in Iceland and their distributiopnaste
conservation value. The HMI includes a total of 105 habitat types of whicireés4errestrial, 17
freshwater, and 24 coastal habitat types. [INH submittiésl first habitat classification scheme for
Iceland, based on the EUNIS habitat classification system (a recognisdtunogean system)
(Ottésson, Sveingidtir, & Hardardéttir, 2016)There is no specific information regarding uncertainties
for the habitat type classificatiohn any case, the process of describing and mapping habitat types in
Iceland has been the most extensive project undertakenhigyllNH to date. Project findings are the
product of wideranging field observations and data analysis, and the databases developed in the
process will continue to serve well in the future. The project was carried out in collaboration with
numerous individals and natural history institute€oncise descriptions of each habitat type with
their attributes, distribution and conservation values are providgottésson, Sveinsdottir, &
Hardardottir, 2016)Further investigations regarding Hil being assessed by Girdd (the National

Soil and Vegetation Monitoring Programttps:/grolind.is/; an independent research program
coordinated by the SOQSThe other 33 categoes are from the SCSI, IRRnistry of Industry and
Innovation,NPCIR| NLSIand AUL One of thechange made to the IGLUD map is the reintroduction

of 13 Icelandic Farmland Database (IFD) clasda@s is necessary following tdeletion of the HMI

layer L14.1 Constructed, industriahd other artificial habitats from the habitat mappititat left gaps
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that have since been replaced with IFD dathe TFDdata used hadcomparable IGLUD/LULUCF
classificatios of the land surface for the IGLUD databasefrping

National Inventory Report, IcelargD23

In the IFD, the classification method was supervised classification adjusted to ground truth sampling
points to reach reasonable certaintywhereasin the HMI the classification is automatic ISODATA
(Lillesand, Kiefer, & Gimann, 2004and classes correlated to on ground classification.

The HMI adopted in 2019 as the IGLUD base map is a hybrid map applying remote sensing of
wlk LIAR9@Su &l St f R018, but Ado BtleNavailabldlBnatery such as SPOIM
20022010, and LANDSA&Trom 20132016 (Ottésson, Sveinsdottir, & Hardardéttir, 20185 for the

HMI, the IFD is a hybrid map applyigegilableimagery from SPQ3, SPO#, and Landsat Other

data used includes various other available data and direct mapping on aerial photographs as necessary
due to current data gaps. The HMI is updated regulamy this yea® submission reflects changes
released by the IINH in 202

In preparing the IGLUD lane map, other map layers also included in previous versions are still
utilised. This includea map ofGrassland on Drained (organic) Salsnap of Reservoirg map of
Revegetated Land (with its lscategories),a map of Forest Landwith subcategories)a map of
Cropland(with subcategories)a map of Birch Shrublandanda map ofSettlements There are still
some discrepanesbetween these layers that will be addressed in future submissigraneffort to
improve the overall quality and accuracy and to comply with current guidelines.

Table6.2a l LJ f I @ SNA I LILI ABdmap antltheir &rdediof corBpilaNdd &ierdrchyy e table also

ForestLand CullvatedForest Not HMicategory Not HMI category 3
cutvatedorest Not HMI category Not HMI category 4
Icelandic Farmland
gslt?\?:tzzlgﬁi)t Not HMI category Not HMI category 27
before 1990
Natural BirchForest Not HMI category Not HMIcategory 5

Cropland gggestecﬂoplands Not HMI category Not HMI category 13
?gzr\(/)estect)oplands Not HMI category Not HMI category 14
;glr\éestecﬂoplands Not HMI category Not HMI category 15
gg{\éestecﬂoplands Not HMIcategory Not HMI category 16
?glr\;estecﬂoplands Not HMI category Not HMI category 17
g(r)gglancb(] KSNJ Not HMI category Not HMI category 18
;:cr)cz)gland Othef y f Not HMI category Not HMI category 19
gort)la;n(;nzcgve f u Not HMI category Not HMI category 20

Grassland - Revegeratedand SCS - Not HMI category Not HMI category 8
Revegetatedand SCS - Not Hmi category Not HMI category 9
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Habitat Type/or Compilation

Subcategories

Habitat Type Aass

Hierarchy

Category

Farmef revegetation

Other Map Layer

before 1990 Not HMI category Not HMIcategory 10
Farme@ revegetation
19902021 Not HMI category Not HMI category 11
Natural Birch
Shrubland Not HMI category Not HMI category 12
Croplands Not HMI category L14.20ther Landypes 21
Icelandic Farmland
Database (IFD) Not HMI category Not HMI category 22
Grassland
Icelandic Farmland
Database (IF@)Richly Not HMI category Not HMI category 23
VegetatedHeath Land
Icelandic Farmland
Database (IFD) Not HMIcategory Not HMI category 24
CultivatedLand
Icelandic Farmland
Database (IFD)
PoorlyVegetated Not HMI category Not HMI category 25
HeathLand
Icelandic Farmland
Database (IF)Birch  Not HMI category Not HMI category 26
Shrubland
Icelandic Farmland
Database (IFD)Moss Not HMI category Not HMI category 28
Land
Icelandic Farmland
Database (IFD)
PartiallyVegetated Not HMI category Not HMI category 31
Land
gi?sssland oirained Not HMI category Not HMI category 38
e oreeee® et
. Moraines and L1.6 Icelanditnland Dunes 39
Grassland without
. Sands
Grazing]
EXpOS;ﬁiem'a” L2.1 IcelandigxposedAndic Soils 40
RiverPlains L4.2 IcelandiBraidedRver Pains 41
MossLands L5.3 Moss antlichenHell Felds 42
LavaHelds L6.4 IcelanditavaHeld Shrub Heaths 43
Coastalands L7.1 Icelandi&nd B_e_achPerennlaI 4
Communities
L7.4 NortherrFHxed Grey Dunes 45
L7.7 Atlanticcea-diff Communities 46
Grasslands L9.1 Icelandi€arexbigelowii Grasslands 47
L9.2 InsulaNardusc GaliumGrasslands 48
L9.3 WavyHair ¢ GrassGrasslands 49
L9.4 Borealufted HairgrasdMeadows 50
L9.5 Icelandi€estucatrasslands 51
L9.6 Borea, Subalpine Agrosti§&rasslands 52
L9.7 NortherrBoreal FestuceGrasslands 53
Heathlands L10.1 Icelandic Racomitrium Grass Heat 54
L10.2 Arcti®ryasHeaths 55
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U,

Landuse . . Habitat Type/or Compilation
Category Subcategories  Habitat Type Aass Other Map Layer Hierarchy
L10.3 Icelandi€arexbigelowii Heaths 56
L10.4 IcelandiEmpetrumThymus
57
Grasslands
L10.5 IcelanditichenRacomitriumHeaths 58
L10.6 North AtlantiBoreo ¢ Alpine Heaths 59
L10.7 Oroboreailossg Dwarf Willow 60
SowbedCommunities
L10.8 North Atlantic VacciniuglEmpetrum 61
RacomitriumHeaths
L10.9 Icelandi8alixlanata/ S.phylicifolia
62
Scrub
L10.10 Oroboreadlillow Srub 63
Woodlands L11.33 Subclasses of BirctWood 64
Not HMI category L14.3 Mixedorestry Plantations 65
Not HMI category L14.4 LandReclamationForb fields 66
Wetland . Reservoirs
Reservoirs Landsvirkjun &UI Not HMI category 1
Icelandic Farmland
Database (IF)Semi  Not HMI category Not HMI category 29
Wetland
Icelandic Farmland
Database (IFD) Not HMI category Not HMI category 30
Wetland
Icelandic Farmland
Database (IF@)Lakes Not HMI category Not HMI category 33
andRvers
Lakes StandingwWaters V1 36
Rivers RunningWaters V2 37
CoastaWetlands Coastalands L7.5 Atlantidower Shore Communities 67
L7.6 Icelandi€arexyngbyeiSalt Meadows 68
Mires andrens Wetlands L8.1PhilonotisSaxifragastellaris Sorings 69
L8.2 Icelandi&iff SedgeFens 70
L8.3 CottonsedgMarshFens 71
L8.4JuncusarcticusMeadows 72
L8.5 BoreaBlackS=dgebrown MossFens 73
(high altitude)
L8.6 BoreaBlackSedgebrown MossFens
- 74
(low altitude)
L8.7 Aapaires 75
L8.8 PalsMlires 76
L8.9 IcelandiBackS=dgebrown MossFens 77
L8.10 Icelandi€arexariflora Alpine Fens 78
L8.11 CommoRbtton-grasskens 79
L8.12 IcelandiBlackSedgebrown Moss
80
Fens
L8.13 BasiclinBottle SedgeQuakingMires 81
L8.14 Icelandi€arexXyngbyeiFens 82
GeothermaWetland Geothermallands L12.1Geothermal wetlands 83
Settlements Settlements Not HMI category Not HMI category 6
Roads Not HMI category Not HMI category 7
Icelandic Farmland Not HMI category Not HMI category 32

Database (IF¥)
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Landuse . . Habitat Type/or Compilation
Category Subcategories  Habitat Type Aass Other Map Layer Hierarchy
Sparsely/egetated
Land
Icelandic Farmland
Database (IFD)
Uncategoried, Islands Not HMI category Not HMI category 35
and Reefs
Other Land FellFelds, L1.1 Sparsehor unvegetatedHabitats on
Other Land Moraines and Mineral Qubstrates notResulting from 84
Sands Recentlce Activity
L1.2 Sparselor unvegetated Habitats on
Mineral Substrates not Resulting from 85
Recent Ice Activity
L1.3 OroboreaCarexbigelowiirRacomitrium
86
MossHeaths
L1.4 GlacidWloraines with ven&parse or no
. 87
Vegetation
L1.5 Volcani&sh andLapilli Felds 88
Screes andliffs L3.1 IcelandidalusSopes 89
L3.2 IcelandiSalixherbacearees 90
L3.3 Icelandidlchemillarees 91
RiverPlains L4.1 Unvegetated dfparselyVegetated 92
Shores
MosslLands L5.1 BoreaMossShowbedCommunities 93
L5.2 Icelandi®acomitriumericoidesHeaths 94
LavaHelds L6.1 Barren IcelandlavaFelds 95
L6.2 IcelanditavaHeld LichenHeaths 96
L6.3 IcelanditavaFHeld MossHeaths 97
Coastalands L7.2 UppeSmngIeBegches withOpen 98
Vegetation
L7.3 AtlantidEmbryonicDunes 99
GeothermalLands L12.2 GeothermdHteathlands 100
L12.3 Geothermapine Habitats 101
L12.4 GeothermdBare Grounds 102
GlaciersRockGlaciers . L13.1 GlacierfockGQaciers and
andUnvegetated Ice- Glaciers ) . 2
. ; Unvegetated Ice-dominatedMoraines
dominatedMoraines

W/ NGhedf OthérRultivated Felds (horticulture, greefiodder, cereals, oilseeds, lack of crops).
h urdplaridinactive (fallow): Crops map layers from the Registers Iceland (crops not in use)

6.1.2 Key Category 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 category analysis can be found
in Annex 1. By categories within the LULUCF sector are present&dlite6.3 below.

Table6.3 Key Categories for LULUCF: 12821Leve) and 19962021trend.

Level Level
IPCCource Categor Trend
e 1900 2021

LULUCF (CRF sector 4)
AAL Forest Land &naining Forest LangilCarbonSock co Vv Vv

change
4A2 Land Converted to Forest Lag&€Carbon Stock Change  CQ \% \%
4B1 Cropland Remaining CroplagdCarbon Stock Change (ofe} \% \% \%
4B2 Land Converted to CroplamdCarbon Stock Change (ofe} \% \%
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Level Level
IPCCource Categor Trend
2/ 1900 2021
4C1 Grassland Remaining Grasslan@arbon Stock Change CQ \% \Y \Y,
4C2 Land Converted to Grasslagdarbon Stock Change CQ \% \Y \Y,
4D1 Wetlands Remaining WetlandsCarbon Stock Change  CQ \% \Y \Y,
4(1) Grassland Emissions and removals from drf':unage a_nd rewet_tlng CH Vv Vv
and other management of organic and mineral soils
4(1l) Grassland Emissions and removals from drglnage a_adettlng_ co Vv
and other management of organic and mineral soils
4(1l) Wetlands Emissions and removals from drglnage apd rewet.tlng CH v Vv Vv
and other management of organic and mineral soils
4(11) Wetlands Emissions and removals from drf':unage a'adettlng. co Vv Vv
and other management of organic and mineral soils

6.1.3 Completeness

The emissions and removal of most sources and sinks are estimated. There afevstdhtegoriesor
components where sufficient data is not availalllable6.4 and Table6.5 givean overview of the IPCC
source/sink categories included in this chapter and present the status of emission/removal estimates
from all subland categories in the LULUCF secto2fa23 Submissian

Table 6.4 LULUCFE Completeness. Notation keys used for changes in carbon stock changes and:net CO
emissions/removals in soils for Forest Land (e: estimated; NE: not estimated; NA: not applicable; NO: not
occurring; IE: included elsewbg

Net carbon Net carbon

LivingBiomass Soils
stock stock
Landuse Category . .
. change in  change in . .
Gains Losses . Mineral Organic
dead wood litter

4.A.1 Forest Land Remaining Forest Land

Natural Birch Forest older than 50 years e IE NO NA NA
Afforestation older than 50 years e IE IE NA NA
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 Forest8D yearsolc e IE NO

Afforestation 150 years old; Cultivated Fores 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 LandConverted to Forest Land
Afforestation 150 yearsolc e IE IE e e NO

Afforestation Natural Birch ForestSD yearsolc e IE NO e e NO

199



L National Inventory Report, IcelarD23

Table6.5 LULUCE Completeness. Notation keys used for Carbon Stock Changes and eeti€¥idns/removals
in soils for Cropland, Grassland, Wetlands, Settlements, and Other Land (e: estimated; NE: not estimated; NA: not
applicable; NO: not occurring; IE: incluagdsewhere).

LivingBiomass i Soils
LanduseCategory 9 DeadOrganic

Gains Losses Matter Mineral Organic

4.B.1 CroplandRemaining Cropland
Cropland Active NA NA NA
Cropland Inactive (Fallow) NA NA NA
4.B.2 Landonverted to Cropland
Forest Land Converted to Cropland NO NO NO NO e
Grassland Converted to Cropland e e IE e IE
Wetlands Converted to Cropland e e IE IE <]
Settlements Converted to Cropland NO NO NO NO NO
Other Land Converted Cropland IE IE IE IE NO
4.C.1 GrasslanBemaining Grassland
Revegetated Land older than 60 years NA NA NA NA NO
Cropland Abandoned for more than 20 years NA NA NA NA e
Natural Birch Shrublangrecently expanded into
Other Grassland € IE © © ©
Natural BirchShrubland; old e IE NA NA
Wetland Drained for more than 20 years NA NA NA IE
Grazing Areas NA NA NA NA IE
Grassland without Grazing NA NA NA NA IE
Grazing Areas o@ther Land NA NA NA NA NO
4.C.2 Landonverted to Grassland
Forest LandConverted to Grassland NO NO NO NO NO
Cropland Converted to Grassland e IE IE e
Wetlands Converted to Grassland NA NA NA NA
Settlements Converted to Grassland NO NO NO NO NO
Other Land Converted to Grassland
Revegetation before 199! e IE IE e NO
Other Land Converted to Natural Birch Shruble e IE e e NO
Revegetation since 19%0Protected from Grazing e IE IE e NO
Revegetation since 19¢0 imited Grazing Allowec e IE IE e NO
4.D.1 Wetlands Remaining Wetlands
PeatExtraction Remaining Peat Extraction NO NO NO NO NO
Flooded Land Remaining Flooded Land
Mires Converted to Reservoi 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 Reserv ~ NA NA NA NA NO
4.D.2 Land Converted to Wetlands
Land Converted to Peat Extraction NO NO NO NO NO
Land Converted to Flooded Land
4.D.2.2.3 Grassland Converted to Flooded Land
Medium SOC tReservoirs IE IE IE e NO
4.D.2.2.5 Other Land Converted to Flooded Lan:
Low SOC to Reservoi IE IE IE e NO
Land Converted to Other Wetlands
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LivingBiomass DeadOrganic Soils

Landuse Category

Gains Losses Matter Mineral Organic
4.D.2.3.3 Grassland Converted to Other Wetlanc

Rewetted Wetland Soil:  NE NE NE e e
Refilled Lakes and Ponc  NE NE NE NE IE
4.E.1 Settlements Remaining Settlements NA NA NA NA IE
4.E.2 Land Converted to Settlements
Forest Land Converted to Settlements NO e e e NO
Cropland Converted to Settlements IE IE IE IE IE

Grassland Converted to Settlements
All Other Grassland subcategories Converte(

Settlements NE € IE NE IE
Natural Birch Shrubland Converted to Settleme  NO e e e NO
Wetlands Converted to Settlements IE IE IE IE IE
Other Land Converted tBettlements IE IE IE IE IE
4.F.2 Land Converted to Other Land
Forest Land Converted to Other Land NO NO NO NO NO
Cropland Converted to Other Land NO NO NO NO NO
Grassland Converted to Other Land NO NO NO NO NO
Wetlands Converted to Other Land NO NO NO NO NO
Settlements Converted to Other Land NO NO NO NO NO

6.2 Landuse Definitions and Classification Systems Used

Definitions of the six mainlandse categories as applied in IGLUD are listed below, along with
descriptiors of how they were compiled from the existing data.

Forest Land

Includes #8 land not included undefSettlementsthat is presently covered with trees or woody
vegetationthat is onaverage more than 2 m highjth acrown cover minimunof 10% that coversat
least 0.5 ha in continuous areand ha aminimum width of 20 m. Land which currently falls below
these thresholds but is expected to reach thansituat mature statejsalso included.

Cropland

Includes & cultivated land not included undeBettlements or Forest Landhat is at least 0.5 ha in
continuous area and flsaaminimum widthof 20 m. This category, besides including fields with annual
or bi-annual crops, includes harvested hayfields with perennial grasses.

Grassland

Includes d land where vascular plant cover is >20% et included under thé&ettlements Forest

Land Crogand, or Wetlands categories with the exception below This category includes, as
subcategory, landhat is being revegetated and meets the definition of the actibity does not fall

into the other categories. Drained wetlands, not falling into otleategories, are included in this
category.Anew subcategory has been addedthe 2021 SubmissiarThis is the subcategoGrazing
Areas on Other Landnd represents managed land with vascular plant cover <20%. This land was
previously under théther Lanl main categonbut has been relocatetiecauseof the new available
land-use data(see also chapte.?).
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Wetland

Includes 8 land that is covered or saturated byater for at least part of the year and does not fall into
the Settlements Forest Landor Croplandcategories. It includes intact mires and reservoirs as
managed subdivisions, and natural rivers and lakes as unmanaged subdivision

Settlements
Al NBI & Ay Of dzRSR ¢ Towrfs and viliagéS | WiriBodtsit 1855 NS TIA Y SR Ay
v2020 geographical database (NLSI). Settlers@mtlude roads classifiealshavinga 15 m wide road

zone, including primary and secondary roads. Roads withiesELand are excluded the actual road
zone does not reach 20 m, the minimum width of Foiestd.

Other Land

This category includes bare soil, rock, glaciamsl all land that does not fall into any of the other
categories. All land in this categasyunmanaged. This category allows the total area of identified land
to match the total area of the country.

The landuse map resulting from the preparation of map layers and the compilation process is shown
in Figure6.3 andFigure6.4 ; they are also available at the AUI websitg://www .Ibhi.is/vefsja

Cropland Cultivated
Cropland Inactive Natural Birch Shrubland
Glaciors and Perpetual Snow [l oter Lans

=5 - RS

Figure6.3 The landuse map of IGLUD prepared for 202
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Toataw 21w 2tw 20°58W ' 20°86W  20°54W  20°52W  20°50W  20°48W  20°4BW  20%44W 2042w

[ cropiana cutvatea B Grassane [ vawraieien Forest [l Prantea Forest 19002010 [_| Revegetated 1090-2019 [ wetiana 0 175 35 525 7km
I copiana inactive Il G:2s5ianc on Drained soil [l Naturai Birch Shrubiand [ Pianted Forest before 1990 [__| Revegetated before 1990 Dilch network 32.371 km
[ Glaciers and Perpetual Snow [[1] Lakes and Rivers Bl otrer Lanc B reservors B scttement Icelandic Land Use Map 2021

Map data from: The Soil Conservation Service of Iceland, Icelandic Institude of Natural History, Icelandic Forest Service & National Land Survey of Iceland. Cartography Sigmundur H. Brink. Projection: ISN93 / Lambert 1993. Datum: Islands Net 1993

Figure6.4 Enlargement of landise map for 202, emphasizing theubcategory Grassland on drained soils and
Cropland inactive.

6.3 Landuse Changes

The reported laneuse changes rely on a few independent time series of areas of someusand
categories converted to different langse categoriesThere is ongoing developmeirt the qualities

of these series, regardingpth geographical correctness of new areas and the previous land use of
these new areas. Development of the time series for Fast (through past submissiopshows

this well. Both improvements in mappingcagacy and categasation of previous land use can be
traced through previous submissions.

From 2017 agricultural support was modified with Regulation N0.1240/2016 on General Support for
Agriculture®, addingemphasis on landbased support. Due to these modifications in support, farmers
applying for support must annualubmitmaps of harvested land. This new recording of harvested
Qropland was not available for the preparation of the present IGLUD-Ugednapbut isexpected to

be forthe next submission. Landse changes in this submission involving Cropland are estimated
through the time series constructed from available data, 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 imagebkat were previously not accessible.dtiminary results from this work
are readyand used in this submission.

BGwS3If dzASNE b2d mMHnAakHAMc dzY FfVYSyyly &aldyAy3a @GAs t+y
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InformationConcerning CRF Table 4.1 Land Transition Matrix

Small inconsistencies between final areas in CRF Table 4.1 and the corresponding total areas in CRF
tables on carbon stoskfor 4C Grassland, 4D Wetlapndad 4FOther Landoccur. In the case of the

land category Grassland the inconsistency is only for 2007, where the final area in Table 4.1 is 0.51 kha
larger than the total area in CRF Table 4.C for the same year. In thefdas land category Wetlands

the inconsistency appears only for 2021, where the sum of the final areas for Wetlands (managed) and
Wetlands (unmanaged) in Table 4.1 is 0.07 kha smaller than the total area in CRF Table 4.D for the
same year. For the larmhtegoryOther Landthe inconsistencies appear in 2007 where the final areas

in Table 4.1 are 0.51 smaller than the total area in CRF Table 4.C for the sanamgiea2021 where

the final area in Table 4.1 is 0.07 kha larger than the total area i &#é-4.F for the same ye@rable

6.6). Furthermore, in CRF Table 4.1 Cropland (managed) converted to settlements is reported as IE
because no data are available g@paration of Cropland from Grassland convertedetitlements. AD

and CSCs are included as aggregate area and CSCs under -ttegegoby All other Grassland
converted subcategories converted to Settlements. Area of Wetlands managed converted to
settlements is reported as IE because reported as aggregate. Qtret converted toQropland is
reported as IE as aggregate in Grassland converted to cropland. Other Land converted to settlements
is reported as IEas aggregate values under the stdtegory All dter Grassland converted to
settlements.

Table6.6 Inconsistenciedetected in Table 4.hetween final areas and corresponding total areas in CRF tables
for 2023 Submission
Land

Category 2007 2008 2009 2010 2011 2013 2014 2015 2016 2017 2018 2019 2020 2021
Grassland 0.51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
[managed]

Wetlands

(managed 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.07
unmanaged)

Otherland -0.51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07

6.4 Approaches Used for Representing Land Areas and bselDatabases

Information on land use is mostly in line with Approdths described in Chapter 3.3.1 of the 2006
AFOLU Guidelingdl?CC, 20065ome categoriefollow Approach 3 qualifications wipatiallyexplicit
observationseither as systematic sample plot inventay forCultivated Forestor by direct mapping
as for land converted to reservoiand theSettlementscategory.

IGLUD is théand-use databas used in this reporting. That database was constructed by AUI but is
now maintained by the SCSI. The compilation of available geographical dathetémd-use map is

as described in Gudmundsson et(@D13) Other estimatesbesideghe landuse map exist for several
land-use categories. When these estimates are considered more acctinatarea of the category is
reported accordingly. The difference in these two area estimates is transferred to/from other
categoriesas summaesed inthe followingTable6.7.

The IGLUD database contains map layers of diverse origin, geographically referable datasets obtained
through IGLUD field work, results of analyses of the sangiémined in the aforesaid field work,
photographs taken at sampling points, geographical data related to surveys on specific map layers or
topics related to the database, and metadata describing the above data. A description of the fieldwork
for collecting landinformation for the database and some preliminary results can be found in
Gudmundsson et a{2010)
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Table6.7 Landuse map area transfer matrix showing area trangfea) between landuse categories to adjust other mapped aséa other estimates available. Lines shows
area moved from category and columns area moved to categamgl area estimate reported is shown as Correéied.
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Fromito [ha]

Cultivated Forest

Natural Birch Forest

Cropland

Grasslandrained
Natural Birch Shrubland
RV before. 1990

RV since. 1990
Grazing Areas 2,153
Grasslandwithout Grazing 247 266 16,810
GrazingAreas on OL
Other Wetlands 19,589
Lakes and Rivers

136,177

4,624

Reservoirs

Settlements
OLExcept Grazing Areas 21,418

Glaciers
Other
Other Estimate 47,340 99,175 147,137 281,720 56,502 157,166 156,604

Map Area 55,256 96,924 147,137 262,131 54,083 4,179 135,186 2,794,423 344,152 2,255,712 638,703 217,842 59,358 41,533 2,097,772 1,033,133

Difference 7,916 -2,251 -19,589 -2,419 -152,987  -21,418
CorrectedArea 47,340 99,175 147,137 281,720 56,502 157,166 ~ 156,604 2,661,135 327,698 2,251,088 619,114 217,842 59,358 41,782 2,080,729 1,033,133
10,237,525

Total Area [ha]
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6.5 Forest Land (CRF 4A)

In accordance with the GPG arising from the Kyoto Protocol, a cespégific definition of forest has

been adopted. The minimum crown cover and the minimum height of forest at maturity is 10% and 2
m accordinglyThe minimum area of forest is 0.5 ha and minimum width 20 m. This definition is also
used in the National Forest Inventory (NFI) as a classification definition to distinguish between forest,
shrubland, and ther land categories. All forests, both natunaltegenerated and planted, are defined

as managed, as they are all directly affected by human activity. The Natural Birch Woodland has been
under continuous usage for many centuries. Until the middle of last century, it was the main source
for fuel wood fo house heating and cooking in Icelan@linistry for the Environment
(Umhverfisrdduneytid), 2007Most of the woodland was used for grazing and still is, although some
areas have been protected from grazing.

Natural Birch Woodind (NBW) is included in the IFR NFI. In the NFI, Natural Birch Woodland is defined
as one of the two predefined strata to be sampled. The other stratum is Cultivated Forest (CF)
consisting of tree plantation, direct seeding, or natural regeneration atgig from Cultivated Forest.

The sampling fraction in the NBW is lower than in the CF. Each286tris placed on the intersection

of 1.5 x 3.0 km grid but in the NFI of CF the grid is 0.5 x 1(&Rkorrason A. , 201QAll plots in the

NFI are permanent. @RI plots are visited in fiwgear intervals, and every year ofith of the plots

are visited. NBWWNFI plots are visited iten-year intervals. The sample population for NBF is the
mapped area of NBW. The samplepptation of CF is an aggregation of maps of forest management
reports from stakeholders in forestry in Iceland. In some cases, the NFI staff does mapping in the field
of private CF. To ensure that forest areas are not outside the population area, theapopdbr both

strata is increased with buffering of the mapped border. Current buffering is 24 m. The third inventory
cycle of CF and the second one of the NBW was ongoing in the perio@025The fourth inventory

cycle of CF started in 2020 and remag plots of the second cycle of the NBW were measured in 2021.
The part of NBW defined as forest (reaching 2 m or greater in height at maturity) is estimated on basis
of new map of NBW mapped in 262014 (Snorrason, et al2016)

By analysing the age structure in the NBW that does not geographically merge the old map from the
survey in 19871991, it was possible to festimate the area of NBW in 198P91 and 2012014. The

area was estimated to be 137.69 kha at tlmae of the initial survey in 1987991 (Snorrason, et al.,

2016) Earlier analyses of the 19&B91 survey resulted in 115.40 k{laaustason & Snorrason, 2008)

The difference is the area that was missed in the earlier survey. The area of NBW was estimated 150.65
kha in the 2012014 mapping survey. The difference of 12.95 kha is an estimate of a natural expansion
over the period of 1989 to 2012 (23 years) whéne midyears of the two surveys are chosen as
reference years. In the new map of 202014, the ratio of NBW that can reach 2 m height in the
mature state and is defined as a forest is 64% of the total area. Natural Birch Forest (NBF) is accordingly
estimated as 87.72 kha in 1989 and 95.97 kha in 2012, with the former figure categorising NBF
classified ag-orest Remaining Foreand the difference between the two figures (8.25 kha) as NBF
classified assrassland or Other Land Converted to Forest hwitid a mean annual increase of 0.36

kha.

In accordance with the Forest Lgwlpingi, 2019)the IFSand the National Planning Agency hold a
register on planned activity that can lead to deforestati@kdraektin & Skipulagsstofnun, 2017)
Planned activities leading to deforestation must be announced by the municipalities t6Shed the
National Planning Agency. IFR samples activity data of the affected areas and data about the forest
that will be or has been removed. This data is used to estimate emissions from lost biomass and C
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inventory years 2002007, 2011, 2013, 2015, 2017, 202hd 2021. Thre different types of
deforestation occurred in these years. The first and most common type is road building, house building,
and construction of snow avalanche defences. In these cases, not only were the trees removed, but
also the litter together with thesppermost soil layer. The second type of deforestation is two events

in 2006 and 2020 in which trees in an afforested area were cut down for new power lines. Bigger trees
were removed. In this case, dead wood, litter, and soil were not removed, so anhjidmass of the

trees was supposed to cause instant emissions in the year of the action taken and reported as such.
These two types of deforestation are both reported=asest Land Converted to Settlemente third

type of deforestation reported was aafforested area on drained organic soil that was converted to
cropland and reported as such in 2015. Further description-sto€k changes regarding deforestation

can be found in the Cropland and Settlement chapters below.

6.5.1 Forest Land Remaining Forestrich(CRF 4A1)

6.5.1.1 CategoryDescription
Three categories are defined Berest Land Remaining Forest Land

i1 Afforestation older than 50 years
i1 Plantations in Natural Birch Forest
91 Natural Birch Forest older than 50 years

The two first categories are extracted frotine systematic sample plot (SSP) of the NFI of CF. The
conversion period for landse changes to Forest Land is defined as 50 years and as plantations
measured on plots are of known age, they movda-twest Land Remaining Forest Lawviten they

reachana§ 2 OSNJ pn @SEFENE® ! OO2NRAy3If e GKS NBF 2F GfF
and are updated annually when new plot data are merged into the database.

The third category is extracted from the 98P of NBW and the new mapping survey of MiW. All

NBFs that existed before the 198891 survey are assumed to be existing more than 50 years ago.
The majority are pristine Natural Birch Forests. Area changes reported in the NBF older than 50 years
are deforestation and plantations. In the casE plantations, the area is moved from NBF to the
category Plantations in Natural Birch Forest.

6.5.1.2 Methodology

As already mentioned in Chaptér3, the mapping of the CF is done by annually adding the mapping

of afforestation to the map activity; this is collected from forest management centres around the
country. This map has turned out to be inaccurate and overestimates the area of CF. Accordingly,
another approach is used to estimate the area of CFlaruclassificéion results on the SSRFI and

area is calculated by proportions as described in Annex 3 A.3 in Chapter 3 of the 2006 AFOLU Guidelines
(IPCC, 2006MHistorical area and time series of CF are estimated by the age digtrilmitihe forest in

the sample.

The area of the third category, Natural Birch Forest older than 50 years, is estimated directly from the
new mapping survey of the NB{@norrason, et al., 2016)

The net Gstock change of the biomass ofthe NBV@i& G A Y I 0 SR 0 &5 NI KBS N KRGS { di 2 (OR
describedin Chapter 2.3.1.lwith Equation 2.8 irthe 2006 AFOLU Guidelind®CC, 2006 Biomass

losses caused by mortalignd harvestare therefore included in the net aomal removal and reported

as Included Elsewhere (IE) in the CRF reporting tAlgieCGstock changes in biomass of the Natural
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Birch Woodland for the period 202021 are for the second timeestimated with new data of the
aboveground biomass from the send NFI of NBW conducted in 202621 compared to biomass
estimates from the first NFI of NBW conducted in 2Q@031. Paired plot estimates on 196 plots were
compared and resulted in average net gain of 0.31 tyhdor the 10year period from 2007 t@017

with significant changes in stock in the period (P=<0.001). (Snorrason et al. in prep.). These plots were
defined as inside the NBW that existed before the 12891. Increases in the biomass stock in this
ten-year period can be partially explainey Bkewed age distribution as shown kigure6.5, for

median age class 240 years. Biomass stock per hectare is increasing with age, meaning NBW wiill
likely become &ink of carbon as long as mean age increases.
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Figure6.5 Age distribution and the mean stock of biomass aboveground of the Natural Birch Woodland as
estimated in the 2012021 inventory.

An older analysis of the comparison of tH@87-1988 tree data samplingldnsson T. H., 2004jth the

data from the 20082011 SSPI of NBW was used to estimate the woody atpawend biomass of the

NBW in 1987 and 2007, and compare these estimg@asrrason, Jonsson, & Eggertsson, 2019¢se
estimates were built othe same newly made biomass equations as used to estimatedRs in 2005

2011 (J6nsson & Snorrason, 20k8)d the 20152021 inventories. &tocks in abovground biomass

of birch trees and shrubs in NBW was according to tisnate 752 kt C (88 kt SE, n=272) with an
average of 5.45 t C Hdn 1987. A rough, older estimate of 1,300 kt C from same raw data, with an
average of 11 t C HaSigurdsson & Snorrason, 2008)new estimate of the-&ocks of the Natural

Birch Woodland built on the sample plot inventory of 2€2IBL1 was 728 kt C (90 kt SE, n=181), with
average of 5.28 t C HaThe Gstock in the forest and the shrub part of the Natural Birch Woodland
was estimated to 576 kt C with @verage of 6.46 t C Haand 152 kt C with average of 3.13 t Ctha
respectively. The net change in the tree biomasddCk between 1987 and 2007 (the midyear of the
20052011 inventory) turned out to be insignificarifBnorrasn, Jonsson, & Eggertsson, 2Q019)
Consequently,thenet€ 1 2 01 OKI y3aS Ay (GNBS 0A2YI &da Aa-NBLR2NI
2006 for the categories of Natural Birch Forest older than 50 years and Natural Birch Shrubland older
than 50 yeas, which is in subcategory Gfrassland Remaining Grassland
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Carbon stock gain of the living biomass of trees in CF is based on data from a direct sample plot field
measurement of the NFI. The figures provided by IFR are based on the inventory dataG&ad20.

In 2010, the second inventory round of Cultivated Forest started with remeasurement of plots
measured in 2005 and of new plots since 2005 on new afforestation areas. Currently the fourth
inventory cycle is ongoing, and the oldest plots have beeasured four times. In each inventory year,

the internal annual growth rate of all living trees is estimated by the differences between current
biomass and the biomass five years ago. Trees that died or were cut and removed in H®afive
period are notincluded, so the Gtock gain estimated is not entirely a gross gain.

The biomass stock change estimates of thatdek of CF are for each year built on fixgar sample

plot measurements, seen ifiable6.8. The most accurate estimates are for 268020, as they are

built on growth measurements of the two nearest years before, the two nearest years after, and of
the year of interest (here named midilue estimates). In tse cases, biomass growth rates are equal
forward and backward. For 2021, the estimate is forwarded one year respectively, compared to the
mid-value for 2020. Estimates for 2005 and 2006 are backward values for two years and one year,
respectively, from tB midvalue for the field measurements of the period 262809. They are
calibrated with the relative difference between the backward value and thevaide from 2008,

which was 1.21For earlier years (199P004), a speciespecific growth model that isalibrated
towards the inventory results is used to estimate annual stock changes. The forward value for 2021
was calibrated by the average difference between+vatlies and forward values of 20@820 which

was 0.84. In the next submission, a malue estimate build on measurement years 202023 will be

used instead of the forward calibrated estimate. This is the reason for regular update of the biomass
gain CSC of the second last year of the inventory.

Table6.8 Measurement years used to estimate different annual estimates of biomass stock change in CF.

Mid-value Estimates ForwardEstimates BackwardEstimates Built on MeasurementYears \

2021 20182022

2020 20182022
2019 20172021
2018 20162020
2017 20152019
2016 20142018
2015 20132017
2014 20122016
2013 2011-2015
2012 20102014
2011 20092013
2010 20082012
2009 20072011
2008 20062010
2007 20052009
2006 20052009

2005 20052009

Estimates of carbon stock losses and dead woatb€k changes in the Forest land remaining Forest
land (FrF) categories of Cultivated Forest are included in the Grassland converted td &ule§icF)
category as they are built on annual wood removatist&s and cannot be divided between FrF and
Land converted to Foresiind categories. These estimates are further described in Chépie2.2
below.
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For Gstock danges in litter and mineral soil farand Converted to Forest Lancountryspecific
removal factors are used, built on-@ountry research as explained below. No evidence from research
literature exists foForest Remaining Forest Iceland, but modeland model modifications used in

other Nordic countries show an increase in litter and mineral soil powdsallin Forest in general
(Dalsgaard, et al., 2016Fhanges in the litter-§tock in the categories ¢forest Remainingorestare

likely to be sinks rather than sources and are therefore reported as not applicable. As in the Tier 1
approach, they are assumed to be zero as recommended in 2006 AFOLU Guidelines (see page 2.21).

Gstock changes in mineral soil are reportedtia same manner as for litter. They are reported as NA
and assumed in a Tier 1 approach to be zero, as recommended in AFOLU (see page 2.29).

Direct C@emissions from drained organic soil are estimated by default emission factor of 0.37 t CO
Chayr'¥2NJ aC2NBad [FYRZ RNIAYSRI AyOf dzRAY3 aKNHzf |
F2NBadé 6aSS ¢rofS Hodm AIFCCi2RIE) Newly publistedrésedrcyf 854 { dzLJ
Eddy Covariance G@stimates on the 225yearold Black Cottonwood plantation on drained

peatland in South Iceland unexpectedly resdlin a net sink in DOC of drained organic soil and litter

of 0.53 t C hayr? (Bjarnadéttir B., 2021)This result supports the use of a rather conservative emission

factor for drained organic soil on Forest Land as done in this submission.

Areas and emission factors used for carbon stock changes and comparabéniS€ion/removal
calculations foForest nd Remaining Forest Lasdbcategories are summarisedTiable6.9.

Table6.9 Carbon stock changes anelated CQemission/removal foForest Remaining Forestibcategories in
2021.

. Emissions/
LandCategory SB?!B;:S/ [kha] = Tiers [tl;_?]a e9 Removals
[kt CQ]
Natural Birch Forest older than 50 yea BiomassGain 87.69 OTH T3 0.31 27.37 -100.34
OrganicSoll 0.08 D T1 -0.37 -0.03 0.11
Afforestation older than 50 years BiomassGain 1.76 OTH T3 2.89 5.08 -18.63
OrganicSoil 0.10 D T1 -0.37 -0.04 0.14
Plantations in natural birch forest BiomassGain  1.12 OTH T3 2.28 2.59 -9.50
Total -128.22

6.5.1.3 Uncertainties andlime-SeriesConsistency

As the area estimate of Natural Birch Forest is entirely built on in field mapping, a sample error
propagation is not applicable. It can be stated that areal error§ied mapping are lower than
systematic sample errors of the SSI NFI of NBW. Half the 95% confidence interval of the area estimate
of the Cultivated Forest is in this year submission estimated 5%. The same relative error will be used
for the area of NBW ithe uncertainty calculation.

The estimate of Gtock in living biomass of the trees is based on results from the field sample plot
inventory, which is a major part of the national forest inventory of IFR. T$tedR changes estimated
through the forest mventory fit well with earlier measurements in research proje($sorrason,
Sigurdsson, Gudbergsson, Svavarsdottir, & Jénsson, 2002; Sigurdsson, Elmarsdéttir, Bjarnadottir, &
Magnusson, 2008)

It is possible to estimatuncertainties by calculating statistical error of the sample plot estimates; this
is because of the design of the NFI. Currently, error estimates are available for the area of Cultivated
Forest as mentioned above (5%), the annuatdek change in biomasf the Cultivated Forest (10%)
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and the Natural Birch Woodland between 2007 and 2017 (32%). Combined uncertaiftydet Land
Remaining Forest Lamategory is 25.0% in this y&asubmission.
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6.5.1.4 CategoryspecificRecalculations

As described above, the éssion/removal estimate for Forest Land has been revised in comparison to
previous submissions. Ar@ependent sources, such as emissions from drained organic soil, have been
changed in relation to changes in the area estimate for each category and eacH lie main reason

for area changes is inclusion of measurements plots from newly discovered old forest:stduk C
OKlIy3aSa Ay oAz2YlLaa Ay / C FINB oFadaSR 2y RANBOG aiz
They were recalculated for 2020 dtee new data from NFI measurements in 2022. Estimates of the

net gain of biomass of the Natural Birch Forest were totally revised in last year submission; built on

new data from the newly conducted NFI (262321) of the Natural Birch Woodland described in
Chapter6.5.1.2above.The changes in values and relative impact are showaloe6.10.

Table6.10 Comparison between th2022 Submissioand2023 Submissioon CSC in tHeéorest Remaining Forest
category and subcategories for 2020.

tCha [tCha csC CsC
[;g;; [2"5‘% % oy iy %  [ktC] [ktC]

Land Soil Type/

Category Biomass Change 2022 2023  Change 2022 2023

S, el subm.  subm. subm.  subm.

Forest older

than 50 OrganicSoil 0.08 0.08 0.0% -0.37 -0.37 0.0% -0.03 -0.03 0.0%
years

Afforestation BiomasgGain  1.68 1.70 1.4% 2.95 3.15 6.7% 4.95 5.36 8.3%

older than T o . .
50 years OrganicSoil 0.05 0.10 94% -0.37 -0.37 0.0% -0.02 -0.04 94%

Plantations
in Natural Biomas<zain 1.22 1.12 -7.9% 2.12 2.54 19.8% 2.59 2.85 10.2%
BirchForest

Total 90.62 9055 -0.1% 0.38 0.39 2.0% 3486  35.52 1.9%

6.5.1.5 CategoryspecificPlannedImprovements
Data from NFI are used for the 15th time to estimate main sources of carbon stock changes in the
Cultivated Forest where changes in carbon stock are most rapid.

Sampling of soil, litter, and vegetation other than trees, is included as part of NFI. titglestimates

of changes in the carbon stock in soil, dead organic matter, and vegetation other than trees are
expected in future reporting when data from remeasurement of the permanent sample plot will be
available and analysed ford@dntent.

One can theefore expect gradually improved estimates of carbon stock and carbon stock changes
regarding forest and forestry in Iceland. As mentioned before, improvements in forest inventories will
also improve uncertainty estimates both on area and stock changes.

6.5.2 Land Converted to Forest Land (CRF 4A2)

6.5.2.1 CategoryDescription

Carbon dioxide emissions/removals caused by carbon stock chamigasd Converted to Forest Land
are recoguised as key source/sink in level (2021) as well as in the-2020Q trend.

Four categories are defined as Land Converted to Forest Land:
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Grassland Converted to Forest Land (4.A.2.2)
Afforestation 150 years old; Cultivated Forest
Afforestation 150 yearsld ¢ Natural Birch Forest

Other LandConverted to Forest Land (4.A.2.5)
Afforestation 150 years old; Cultivated Forest
Afforestation 150 years old; Natural Birch Forest

In achronosequencstudy (named ICEWOODS research project) where afforestat@snodithe four

most commonly used tree species of different age were compared in eastern and western Iceland, the
results showed a significant increase in the soil organic carbon (SOC) on fully vegetated sites-with well
developed, deep mineral soil prafd (Bjarnadottir, 2009) The age of the oldest afforestation sites
examined were 50 years so an increase of carbon in mineral soil can be confirmed up to that age. These
results did govern the choose of conversion period oy&érs for Land Converted to Forest Land.

Both categories of Cultivated Forest are extracted from the systematic sample plot (SSP) of the NFI of

CF. The conversion period for lanse changes to Forest Land is defined as 50 years. As plantations
measured orplots are of known age, they move from Land Converted to Forest Land when they reach

F3S 2SN pn @SIENE® ! OO2NRAy3Ifesr GKS FINBFLa 2F GKS
too, are updated annually when new plot data are merged into thellase.

The categories of Natural Birch Forest are extracted from the new mapping survey of the NBW. All NBF
that did not exist before the 1987991 survey were afforested in the period 193812. Specifically,

they expanded from zero in 1989 to 8.25 kha2012. A mean annual area increases of 0.36 kha is
interpolated over the 1982012 period and extrapolated for 20£921.

Conversion from ther landuse classes does not occur. Old hayfields are sometimes used for
afforestation but are converted fror@ropland to Grassland before afforestation.

6.5.2.2 Methodology

Area estimation for categories lrand Converted to Forest Laisdidentical toForestLandRemaining
ForestLand. Former landse classification is for the CF assessed on the measurement pletd inui

for the NBF the mapping ratio between the two former laumgk classes (Grassland and Other Land) is
used.

Estimation of &tock changes in biomass for the CF categories are the same as for CF categories in
Forest Land Remaining Forest La@dtod changes are gradually increasing with annual additions of
afforestation area every year and the increasing age of the Cultivated Forest. Skewed age distributions
with high ratios of young age classes are accelerating the annual increassarfk@hangen tree
biomass, as can be seerfigure6.6.
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Figure6.6 Age distribution of Cultivated Forest showing area amdent annual biomass growth per hectare of

each class.

For the NBF expansion since 1989 a new linear regression between biomass per area unit in trees on
measurement plots in Natural Birch Woodland that belongs to the area expansion from 1989 (n=28, P
=00002) is used to measure net annuadtGck change (Snorrason et al. in prep.).

In the already mentioned ICEWOODS research project, the carbon stock in vegetation other than trees
showed very low increases 50 years after afforestation by the most usedprecies, Siberian larch,
although the variation inside this period was considera8&gurdsson, Magnusson, Elmarsdéttir, &
Bjarnadattir, 2005)

Carbon stock samples of vegetation other than trees are collected on field yholsr the field
measurement in NFI together with samples of litter and soil. Estimates of carbon stock changes in
vegetation other than trees are planned to be available from NFI when sampling plots have been
revisited and the samples analysed foc@htent.

Annual wood removal is the source of the reporting eft@ck losses using data on activity statistics of
commercial roundvood and woodproducts production from domestic cuttings in forest (Gunnarsson

E., 2010; 2011; 2012; 2013) (Gunnarsson E., 20¥5; 2016; Gunnarsson & Brynleifsdottir, 2017;
Gunnarsson & Brynleifsdottir 2019; Elefsen & Brynleifsdottir, 2020; Johannesdéttir b., 2020;
Brynleifsdottir & Jéhannsdéttir, 2025norrason et al. 2022Most of the cultivated forests in Iceland

are relatvely young; area weighted average age was only 22 years ahthef 2021, and clear cutting

is very rare. As an example, in 2019 only 3 ha of forest were clear cut, 73 ha were commercially thinned,

and 87 ha were preommercially thinned (J6hannesdéthr, 2020). Commercial cutting is taking place

in some of the older forests and is accounted for as lossesiadR in living biomass. A very restricted
traditional selective cutting is practiced in a few Natural Birch Forests and is managed by théidcelan

Forest Service. Asthe NBE@ 2 O1 OKI y3S A & ARZFFSNBoyeO S arkSSl K{20R=G A
should not be accounted as losses #at@ck, but because the volume of the birch wood from the NBF

cannot be distinguished from reported annual birgtiume from Cultivated Forest, the birch volume

is accounted as-§tock losses in the Cultivated Forest. Estimation of Hs&€k losses of biomass has

been revised in this year submission in accordance with the biomass losses estimates and calculation
done in the Iceland National forestry accounting plarf the Forest Reference Level 202025

(Snorrason, Kjartansson, & Traustason, 20P0)calculate the stem&ock from commercial reported
roundwood GA 1201 I af STl 20SN) aGSY NBaARdzSastochNdf Az 27
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the stem and total &tock aboveground was calculated from biomastctions of the stem biomass
and the total biomass above grourf@norrason & Einarsson, 2006} dimensions 22 cm in dbh and
14 m in height of the four main introduced species and 15 cngdmuld height 8 m of the native birch
resulting in factor 0D.71.The ratio of the belowground biomass/total biomass used (0.2) is identical
to the results of excavation of root systems in Icelag®horrason, Sigurdsson, Gudbergsson,
Svavarsdattir, & Jonsson, 2002)ptal expansion facot of the commercial roundwood-§tock to the
total Gstock of harvested trees is then 2.5 (See calculation stepalite6.11).
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Estimates of thelead woodstock haalsobeen revised and recalculated using thetGck of harvested

trees as source instead of dead wood measurements on NFI sampleTietdead wood components

of biomass losses due to harvest (Sign Faible6.11) are moved to the dead wood<Tock pool. Half

life of the decay of deadwood is set to 30 years with annual decay rate of 0.023 with reference to
(Hararuk, Kurz, &idion, 2020¥or annual mean temperature of 5°C and annual precipitation under
1837 mm.

Table6.11 Calculation of the expansion of commercial rowndd C stock to tre¢otal Gstock

. : . Expansion % ofTotal C

Gstocks ofVarious Tree Components Equation Sign Ratios Sock
Commercial roundwood =1 A 1.00 40%
Harvested stems and associated stumps above ground  A/(1-0.3) B 1.43 57%
Leftover of harvested stems including top and stump: 3( BA c 0.43 17%
of harvested stems
Above ground stock: Stem/total abg 70 C/0.71 D 2.00 80%
Crown stock D-C E 0.57 23%
Below ground 25% of aleground stock D*0.25 F 0.50 20%
Root stock and coarse roots > 3 cm 68% of below grour F+0.68 G 0.34 14%
stock
Input to deadwood pool: root stock, stem leftovers C+G H 0.77 31%
(_:rown and other coarse roots combusted or moved into E+EG 3 0.73 29%
litter pool
Sum all parts 2.50 100%

All losses from living biomass and the dead wood stock changesnéreeported in subcategory
Grassland Converted to Forest Land: Afforestatiéi®) years old, which is the biggest category of CF
both in area and total Stock changes. All biomass losses in other CF categories are consequently
reported as Included Elsdwre (IE).

As mentioned above, carbon stock samples of litter are collected on field plots under the field
measurement in the NFIl. Estimates of carbon stock changes in dead organic matter will, as for
vegetation other than trees, be available from the NFI data wienpding plots have been revisited

and samples analysed.

In the meantime, results from two separate research projects of carbon stock changes are used to
estimate carbon stock changes in littégnorrason A. , Jorms, Svavarsdottir, Gudbergsson, &
Traustason, 2000; Snorrason, Sigurdsson, Gudbergsson, Svavarsdéttir, & Jonsson, 2002; Sigurdsson,
Magnusson, Elmarsdottir, & Bjarnadottir, 2006) the ICEWOQOD research project, carbon removal in

the form of woody déris and dead twigs was estimated to 0.083 t & yxal. The ICEWOOD project
contained chronosequence measurements of Siberian larch, Lodgepole pine, Sitka spruce, and Natural
Birch Woodland compared with treeless grazed heathland which is defined aslaach#n IGLUD
(Bjarnadottir, 2009) Snorrason et a{2000; 2002found a significant increase in carbon stock of the

whole litter layer (woody debris, twigs, and fine liffefor afforestation of plantations and direct
seeding of various species (Siberian larch, Downy birch, and Sitka spruce) and ages ranging from 32 to
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54 years compared to treeless grazed heathland which is defined as Grassland. The range of the
increase wa 0.0871.213 t C hayr?, with the maximum value in the only thinned forest measured
resulting in a rapid increase of the carbon stock of the forest floor. A weighted average for these
measurements was 0.199 t Charl. An arithmetic average of theesults from these two research
projects is used as a factor of annual increase-sock in litter, 0.141 t C hayr'. New research from
Southwest Iceland shows higher C accumulation in conifer plantations (0.22ty€*haompared to

native birch pantations (0.049 t C hiayr?) (Owona, 2019)but on average they were at a similar level

as the factor used in this submission.

The same research results as mentioned above showed an increase of carbon of soil organic matter
(GSOM) in mineral soils (B@9 t C hayr?) due to afforestatior{fSnorrason, Sigurdsson, Gudbergsson,
Svavarsdattir, & Jonsson, 2002; Sigurdsson, Elmarsdaéttir, Bjarnadoéttir, & Magnusson,|2008)
ICEWOODS styda significant increase in SOC was found in the uppermost 10 cm layer of the soll
(Bjarnadéttir, 2009) The average increase in soil carbon detected was 134 gn€@r? for the three

most used tree species. This rate efe&tjuestration to soil was applied to estimate changes in soil
carbon stocks in mineral soils for Grassland Converted to Forest Land. New research results from
Southwest Iceland showed much highestGk accumulation in SOC than the factor applied or 309 g
CQ m?2 yr? for conifer plantations, and 235 g €@ yr! for native birch plantation indicating
underestimation of &tock accumulation in Southwestern Icelgi@lvona, 2019)

Research results of carbon stock changes in soil on revegetated and afforested areas show a mean
annual increase of soil-€ock between 0.4 to 0.9 t C hgr! up to 65 years after afforestatiord
comparison of a 1§earold plantation on a pooyl vegetated area to a similar open land gave an
annual increase of -SOM of 0.9 t C ha(Snorrason, Sigurdsson, Gudbergsson, Svavarsdéttir, &
Joénsson, 2002Newer experimental research results showed removals of 0.4 to @a&tyr? of soil

seven years after revegetation and afforestation on poorly vegetated (Andalds, Orradottir, &
Aradottir, 2013) Anotherchronosequenceesearch project focused on native birch showed a mean
annual renoval of 0.466 t C hato soil up to 65 years after afforestation in desert arééslkaJonsson,

2011) All these findings support the use of a courdpecific removal factor of the dimension 0.51tC
ha'yr?, which is sameemoval factor as used for revegetation activities.

Drained organic soil reported in the two Forest Land categories results in direct and indise@H;O

and NO emissions The methodology and applied emission factors are identidabrast Land
Remaning Forest.andcategorydescribedin Chapter 6.5.1.2 foForestLandRemaining Foredtand

and in Chapte6.14Emissions and Removals from Drainage and Rewetting and Other Management of
Organic and Mineral Soils (CRF 4(ll)). Area estimations for drained organic Isaild Bonverted to
Forest Lan@re identical td~orestLandRemaining Foredtand. The appearaa®f drained organic soil

for the CF is assessed on the measurement plots in field, but for the NBF, the mapping ratio between
mineral soil and drained organic soil is used.

Table6.12 Carbon stock changesd related C@emissions/removals for 6.5.2and Converted to Forest Land
subcategories in 2021.

Grassland Converted to Forest Land

Afforestation 150 years

old ¢ Cultivated Fores LivingBiomassGains 35.31 OTH T3 1.85 65.30 -239.43

LivingBiomassLoss OTH T3 -1.46 5.35
Net CSC ihtter 35.31 Cs T2 0.14 4.98 -18.26
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Mineral Soil 32.13 Cs T2 0.37 11.74 -43.05
OrganicSoil 3.18 D T1 -0.37 -1.18 4.33
Afforestation Natural
Birch Forest-60 years  LivingBiomassGains 6.66 Cs T2 0.19 1.28 -4.69
old
Net CSC ihtter 6.66 Cs T2 0.14 0.94 -3.45
Mineral Soil 5.88 cs T2 0.37 2.15 -7.88
OrganicSoil 0.77 D T1 -0.37 -0.29 1.06

Other LandConverted to Forest Land
Afforestation 150 years

old LivingBiomassGains 9.14 OTH T3 1.22 11.16 -40.92
Net CSC ihtter 9.14 Cs T2 0.14 1.29 -4.73
Mineral Soil 8.26 Cs T2 0.51 4.69 -17.20
Afforestation Natural
Birch Forest-60 years  LivingBiomassGains 4.82 Cs T2 0.19 0.92 -3.37
old
Net CSC ihtter 4.82 CS T2 0.14 0.68 -2.49
Mineral Soil 4.82 CS T2 0.51 2.48 -9.09
Total -383.83

6.5.2.3 Uncertainties andlime-seriesConsistency

Uncertainties in areand biomass Gtock change estimations in Cultivated Forest aretB®same as

in the Forest Remaining Foresategory and described B15.1.3 Biomass &tock changes in NBW are
estimated with a statistical uncertainty of 47%. The country specific removal factor of soil for Grassland
Converted to Forest Land has an uncertainty of 23% and for litter removal 24%. Although harvest
statistics are rathedependablewith uncertainty likely to be below 5%, the biomass loss calculation is
built on simplification by using country vice expansion factors. It is therefore an expert judgement to
double the harvest statistic uncertainty and use 10% uncertaintpifomass losses. The combined
uncertainty for C@emissions of the Land Converted to Forest Land category is 9.89% in this year
submission.

6.5.2.4 CategoryspecificRecalculations

As described above, the emission/removal estimate for Forest Land has been ievisetparison to

previous submissions. Argependent sources, such as removal to litter and soil, and emissions from
drained organic soil, have been changed in relation to changes in the area estimate for each category

and each year. The€ock changesiibiomass in CF are based on direct stock measurements (Tier 3),

Fa Ay fFad @SIFNRa adzoyYiraaizyod ¢KSe gSNBE NBOI t Od
in 2022. Estimates of biomass loss and dead wood CSC are totally revised with more complete
estimation of all components of harvested trees. Estimates of the net gain of biomass of the new
Natural Birch Forest were revised in last y@aubmission according to new data from the newly
conducted NFI (2023021) of the Natural Birch Woodland aldgadescribed in Chaptér.5.1.2above.

The changes in values and relative impacts are shovalite6.13.
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Table6.13 Comparison between th2022 Submissioand 2023 Submissioan CSC in Land Converted to Forest
Land category and subcategories for 2020.

National Inventory Report, Icelar&D23

[tC ha

% lyr1]
Change 2022
subm.

[tC ha

lyr] %
2023 Change
subm.

CSC
[kt C]
2022
subm.

[kha]
2022
subm.

Land

Soil type/

Category biomass

Grassland Converted to Forest Land
Living
biomass 33.88 35.21 3.9% 1.89 1.76 -6.9% 64.09 62.04 -3.2%
gains
Living 150.0
Afforestation biomass loss -0.74 -1.85 %
1-50 years old™ pead wood
¢ Cultivated csc NO 0.39
Forest :
Neltmifc ' 3388 3521 39% 014 014 00% 478 496  3.9%
Mineral soil  30.71 32.03 4.3% 0.37 0.37 0.0% 11.22 11.70 4.3%
Organic soil  3.16 3.18 0.6% -0.37 -0.37 0.0% -1.17 -1.18 0.6%
Living
Biomass 6.45 6.45 0.0% 0.19 0.19 0.0% 1.24 1.24 0.0%
Afforestation Gains
Natural Birch ;
Forest 150 Neltm%fc " 645 645 00% 014 014 00% 091 091  0.0%
years old ™y ralsol 570 570  0.0% 037 037 00% 208 208  00%
Organic soil  0.75 0.75 0.0% -0.37 -0.37 0.0% -0.28 -0.28 0.0%
Other LandConverted to Forest Land
Living
biomass 8.26 8.86 7.2% 1.62 1.14 -29.6% 13.38 10.10 -24.5%
Afforestation gains
1-50 years old Neltmcefc N g26 886 72% 014 014 00% 117 125 7.2%
Mineral soil 8.26 8.86 7.2% 0.51 0.51 0.0% 4.24 4.55 7.2%
Living
Afforestation  biomass ~ 4.67 467 00% 019 019 00% 090 090  0.0%
Natural Birch gains
Forest150  NetCSCin 467 467  00% 014 014 00% 066 066  0.0%
years old litter
Mineral soil 4.67 4.67 0.0% 0.51 0.51 0.0% 2.40 2.40 0.0%
Total 53.26 55.19 3.6% 1.81 -8.1% 104.87 99.87 -4.8% 1.81

6.5.2.5 CategoryspecificPlannedImprovements
See discussion in Chap&b.1Forest Land Remaining Foreshd§CRF 4A1)
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6.6 Cropland (CRF 4B)

6.6.1 CroplandRemaining Cropland (CRF 4B1)

6.6.1.1 Category Description

Carbon dioxide emissions from carbon stock chang€sdapland Remaining Croplaace recognised
as key sources/sinks in level (1990 and 2021) as well as in the2029Grend.

Cropland in Iceland consists mainly of cultivated hagdi¢inany of which are on drained organic soil),

as well as cultivation of potatoes and vegetables. Cultivation of barley is small but increasing part of
the category. The new HMI map, introduced as base map for the IGLUDdandap in the 2019
submission contains an extended map layer for Cropland. The extension involves adding an area of
recently cultivated fields obtained frothe IAAC and RI. The IGLUD Cropland map layer was originally
digitised from satellite imagery supported by aerial photographs2008 by AUl and NLSI in
cooperation and revised by AUI in 2009. The total area of Cropland emerging from the 2021 map layer
through the IGLUD processing, considering the order of compilation appliedl7 is4kha compared

to 145.20 kha in 2020. This shndecrease in map area is not interpreted as decrease in Cropland area
but considered to reflect an inaccuracy in mapping indicating a larger area of abandoned Cropland,
and as such does not affect the reported Cropland area. The mapped area includé€3rdyoldnd in

use and abandoned Cropland reported as Grassland. The area reported in CRF as Crbpfahd is

kha, whereo65.59kha is estimated as organic soil. The reported area is a product of the primary time
series for new cultivation, drainage of thand for cultivation, and Cropland abandonment. The time
series is prepared by AUI from agricultural statistics, available reports, and unpublished data. The
preparation of the time series will be described in detail elsewhere.

The area of Cropland org@ansoils is estimated through the time series available. In 2021, the
submissionCropland Remaining Croplaneas reported as two new categories for the first time:
"Cropland Active" and "Cropland Inactive (Fallow)." The time series and conversion peiied &p

these new subcategories are constructed on ratio calculations between the total area of Cropland,
Cropland Active, and Cropland Inactive (Fallow) areas emerged from the new map layers through the
IGLUD process and then subtracting the ratibard Converted to Croplangreas also emerged from

the new map layers through the IGLUD proceksyever, from 2017 Iceland has integrated a payment
systembased on cultivated areas and that data is now used in IGLh®digisation of cropland has
therefore undergone a major transition from being identified wiindsat andSPOTmagery to aerial
photography.This data is continuously being improved and future improvements will include better
tracking ofactiveand inactivecropland, as well agnactive cropland transitioning to grasslaridhe two

new subcategories are described below.

The geographical identification of Cropland organic soils as appearing on IGLUD maps is still
preliminary based on ditch€setwork density analsis. A special project in IGLUD aiming at identifying
cropland organic soils starting in 2011 is now being BedliThe results of this project are expected

to improve geographical identification of Cropland organic soils.

No information is available ommissions or removals regarding different cultivation types and
subdivisions of areas according to the types of crops cultivated is not attempted.

Cropland Active

This category includes all Cropland that is currently under cultivation, according toGRITIAd area
reported for this category is the area emerging from the time series and estimated as 102.15 kha
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whereof 45.00 kha is organic sollaple6.15). For the2022 Submissiothe total area for Cropland
Active has increasedubstantially (seeTable 6.14). Until 2022 Submission areas of fields of
horticulture, green fodder, cereals, oilseeds, lack of crops (see Cropland Othabl®6.2) were
classified as Croplandactive This explains the increase of area for this subcategory and the decrease
of areas of inactive Cropland

Cropland Inactive (Fallow)

This category includesdl Cropland currently considered not under cultivation according to Rl and IAAC.
The area reported for this category is the area emerging from the time series and estim&@d2s

kha whereofl7.86kha is organic soil@ble6.15). Decrease in area for this subcategory is explained in
sectionCropland Activand inTable6.14.

Table6.14 Comparison between th2022 Submissioand 2023 Submissioron area in the Cropland remaining
Cropland category and subcategories for 2020.

Land Category Soil Type | [kha] 2022 subm. [kha] 2023 subm. % Change
. Mineral Soils 52.22 57.19 9.51%
CroplandActive -
OrganicSoil 40.82 44.98 10.20%
Total Croplandictive 93.04 102.17 9.82%
. Mineral Soils 25.7 21.87 -14.90%
Cropland Inactive (Fallow) —
OrganicSoil 21.2 17.86 -15.77%
Total Cropland Inactive (Fallow) 46.9 39.73 -15.29%
Total CroplandRemaining Cropland 139.94 141.9018 1.40%

6.6.1.2 Methodology

No perennial woody crops are cultivated in Iceland, and accordingly no changes in living biomass are
reported for this category. The AFOLU Guidelines Tier 1 methodology assumes no or insignificant
changes in dead organic matter (DOM) in CroglRemaining Cropland and that no emission/removal
factors or activity data are needed. No data is available to estimate the possible changes in DOM in
Cropland Remaining Cropland. Most of the land classified as Cropland in Iceland is hayfields with
perennral grasses only ploughed or harrowed at decade intervals. A turf layer is formed and depending
on the soil horizon definition it can partly be considered as dead organic matter. This is therefore
recognised as a possible sink/source.

Annual change of S@@ mineral soil of Cropland Remaining Cropland was estimated for the first time
in the 2018 submission, according to Tier 2. The estimate is based on the study of HEIga@&)on

effects of different N fertilisers osoil properties. The experiment site was conducted at four different
locations; the one presented here is in Samsstadir in Southern Iceland. The site is located on a freely
drained, slightly sloping soil, and during the experiment period (18%3) the sil had a CEC of 52
m.e/100 g and a BD of 0.7 g/énThe experiment was conducted to estimate the changes in base
status and SOM content resulting from letegm use of three different nitrogen fertilisers. Changes
were largely restricted to the top of thsoil (35 cm) and seem to disappear at-18 cm soil depth.
Compared to the plot where no N was added during the experiment period, the study detected a 15%
SOC increase in®cm soil depth compared to SOC measured in 1945. After reviewing the original
paper, the initially calculated factor as 0.17 t Ca was corrected; and from th2022 Submissign

the factor is 0.15t C hayr™.

The current data on Cropland is, however, severely limited. As explained abovesthek@hanges
factor in minerakoils was estimated only from one study (Helgason 1975). Consequently, aware of the
fact that Cropland Inactive is not considered under cultivation, it was decided to use the same EF for
CSC in mineral soils for both subcategories, i.e., Cropland Antiv€rapland Inactive (Fallow).
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There is an ongoing process to correct the issue before 2026.

Changes in SOC of organic soils are calculated according to Tier 1, applying equation 2.3 in the 2013

2 S{ifFyRa &adzldLX SYSyi(io® ¢201 SYRNHA Y X O/BHBUH. Bhgst NB R & 2 7
organic soils are estimated to 10g®6.56kt C. Areas and emission factors used for carbon stock
changes and comparable €@missions/removals calculations for Cropland Remaining Cropland
subcategories are summarisedTiable6.15.

Table 6.15 Carbon stock changes and related ££@missions/removals for Cropland Remaining Cropland
subcategories in 2021

. Mineral soil 57.16 CS T2 0.15 8.72 -31.96
Cropland Active - -
Organic soll 45.00 D T1 -7.90 -355.46 1,303.36
Crop|and Inactive Mineral soll 21.86 CS T2 0.15 3.33 -12.22
(Fallow) Organic soil ~ 17.86 D T1 -7.90 -141.10 517.37
Total 1,776.54

6.6.1.3 Uncertainties andlime-seriesConsistency

The mapping in IGLUD has been controlled through systematic sampling where land use is recorded at
preselected random sampling points. Preliminary results indicate that 91% of land mapped as Cropland
is Cropland and that 80% land identified itusas Cropland is currently mapped as such (AUI
unpublished data). A survey of Cropland was conducted in 2010 to control the IGLUD mapping of
Cropland and has been ongoing. Randomly selected 500m x 500m squares below (200 m a.s.l. were
visited and the maping of Cropland inside these squares was controlled. Total number of squares
visited was 383 with total area of 9,187 ha including mapped Cropland of 998 ha. The results indicated
that 216 ha or 21% were not confirmed as Cropland and 38 ha or 4% wetdiédeas Cropland not
included in the map layer. Uncertainty in mapped area of Cropland is therefore set as 20%.

¢KS FNBF 2F RNIAYSR /NRBLXFTYR A& Ay (KAa &SI NRa
series of lanelse conversion as previoysailescribed. The proportion of hayfields on organic soils are
estimated as 44% Porvaldss¢tP94) and the time series of Croplands on organic soils has been
adjusted to that ratio. In the summer 2011, a survey on Guag soils was initiated as part of the

IGLUD project involving systematic sampling on 50m x 50m grid of randomly selected polygons of the
Cropland mapping unit. Preliminary results from this sampling effort show similar ratio of organic soils.

The uncertinty for the mapped area of Cropland on organic soil is for this submission assumed to be
20%, or the same as for Cropland total area.

The area of Cropland in use is, as in previous submissions, estimated through the time series of new
cultivations and esmated abandonment. There is considerable uncertainty regarding the area of
Cropland in use. Preliminary data extracted from the records of-bms#d payments indicate time
series overestimating present area of Cropland in use up {8(26.

Uncertainty estimates for &tock change factors for the period 192021 have been assessed
following Approach 1 of 2006 IPCC Guidelines (IPCC, 2006). The uncertainty associated to C change
factors for Cropland Remaining Cropland in 2024ig1%deriving from comlyied uncertainty of €

stock change factors in mineral and organic soils. Emissions and removals reported from organic soils
are based on default EFs from Table 2.1 in the 2013 Wetlands Supplement to AFOLU (IPCC, 2006).
Emissions and removals reported fommial soils are based on country specific EFs. Cosptyific

220



National Inventory Report, Icelar&D23 L

uncertainty is assigned based on expert judgement. The complete uncertainty analysis is shown in
Annex 2.

6.6.1.4 Categoryspecific QA/QC anWerification

No specific QA has been performed for thisgegary. The QC procedure are Tier 1 and involve
checking the emission calculation processes and data sources during the inventory preparation.

6.6.1.5 CategoryspecificRecalculations

As described in Chaptér.6.1.2 the Gstock chance factor for mineral soils in Cropland Active and
Cropland Inactive (Fallow) was revised and corrected from 0.17 @ ha 0.15 t C hdyr? for the

2022 Submission. €hchanged values and relative impact in CSC in mineral soils for these two
subcategories are shown Table6.16.

Table6.16 Comparison between th2022 Submissioand 2023 Submissioon CSC in the Cropland Remaining
Cropland subcategories for 2020.

[fChat [tCha

Category yp Change 2022 2023 Change

Biomass subm. subm

subm. subm.

Mineral o555 5719  95% 015 0.15 0.0% 7.% 8.72  +95%
Cropland solil
Active O;go"’i‘ln'c 4482 4498 102%  -7.90  -7.90  00% -32248 -35538 +10.2%

Mineral
Cropland 2570 2187 -149%  0.10 0.15 0.0%  3.92 334  -14.9%
Inactive Oraanic
(Fallow) 59’0“ 210 1786 -158% -7.90 -7.90  0.0% -167.48 -141.07 -15.8%
Total 139.94 141.90 1.4% -478.09 -48439 +1.3%

6.6.1.6 CategoryspecificPlannedImprovements

A new map of cultivated land was prepared by RI for2B281 SubmissianThese changes included
both recording of total area of harvested land and new angukivated land, as well as spatial
identification of this land. This new recording is includethia submission. This change has improved
the area estimate for Cropland in use from 2017 and onward. The backward tracking of area of
Cropland in use is subject to more uncertainty. This geographically explicit mapping of Cropland
enables tracking of lahconversion to and from the Cropland category and enables spatially explicit
tracking of Cropland in use and abandoned Cropland.

6.6.2 Land Converted to Cropland (CRF 4B2)

6.6.2.1 CategoryDescription

Carbon dioxide emissions from carbon stock changes in Land Gasht@iCropland are recognised as
key sources/sinks in level for 198ad in trend for 1992021.

The category Land Converted to Cropland is in the CRF reported from three sétoeest Land
Converted to Cropland, Grassland Converted to Cropland, and Wetland Converted to Cropland. Only a
small area (12 ha) of Forest Land converted to Cropland was detected in 2015 through IFS data
sampling. The separation to Land Remaining and l@odverted to Cropland is not presently
recognisable in the landse maps. Grassland and Wetland Converted to Cropland are assumed to be
included in the mapping units for Cropland and Cropland on Drained Soils.
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Forest.and Gonverted to Cropland

As describd in Chapter6.5 Forest Land (CRF 4A)JFR estimates the area of thistegory as
deforestation activity.

Other Land Converted to Cropland

Area of mineral soils oDther LandConverted to Cropland is reported with notation key IE and
reported as aggregated values under the subcategory 4.B.2.2 Grassland Converted to Cropland.

6.6.2.2 Methodology

Carbon stock changes in living biomass associated with the conversion of land to Cropland are
reported. These changes are estimated according to the Tier 1 method and are assumed to occur only
at the year of conversion as all biomass is cldaamd assumed to be zero immediately after
conversion. Changes in living biomass of Land Converted to Cropland are estimated for both losses and
gains. Living biomass gains for the area of Grassland Converted to Cropland and Wetlands Converted
to Croplandare estimated based on the year before the conversion and assuming biomass after one
year of growth using a default emission factor 2.1 t € yr& according to Table 5.9 (Temperate (all
moisture regimes)) in Chaptergg2006 IPCC Guidelines. Lossesestenated for the area converted

in the year. The biomass prior to conversion is estimated from preliminary results from IGLUD field
sampling(Gudmundsson, Gisladéttir, Brink, & Oskarsson, 2@#&3ed on that sampling the aveeag
aboveground biomass for Grassland and Wetlands below 200 m height above sea level, including litter
and standing dead, was estimated as 1.27 kg*Cequivalent to 12.68 t C Hayr?, and 1.80 kg C ¥
equivalent to 17.96 t C Hayr?, respectivelyThe calculation of the countrgpecific EF for-€tock
OKIy3aS Ay YAYSNIf az2Aifa 7F2N aDNyrd & based 6 Equatiprd S NIi S R
2.25¢ Annual change in organic carbon stocks in mineral sfiitsn Chapter 2; 2006 IPCC Giglines,

where the countryspecific SOEH9.05 kg C/rf) was estimated based on the same date set described
above, whereas |k Fuc, and Irstock change factors are IPCC defaults taken fibable 5.5 Relative

stock change factors (& Fus, and B (over 20 years) for different management activities on Cropland
¢from ChaptercHnnc Lt/ / DdziuR &93Xs¢t &sidE)HE = 4.200(176 tillége), E 1.0
(medium input).

Organic soils of Land Converted Cropland are reported in two catepgéoesst Land Converted to
Cropland, and Wetland Converted to Croplahdk{le6.17). All soils of Wetland Converted to Cropland
are assumed to be organic.

The only recendeforestation event of converting Forest Land into Cropland is from 2015 on drained
organic soil. For biomass of trees removed, the Tier 2 approach was used and data from a
measurement plot of the SSW¥FI of CF situated in this area was used to estil@ai®ck removed and
instantly oxidised. The same Tier 2 approach was used-iItJKBCF deforestation when Forest Land

is converted to Settlement, it is used fois@ck losses of litter.-Stock emissions from drained organic

soil are estimated by the Tidr approach with a default emission factor-Gf9 t CG-C ha yr? for
Cropland, drained in Boreal or Temperate Climate zones from Table 2.1 in the 2013 Wetlands
Supplement(IPCC, 2014D0n the year after conversion, a Tieddfault Gstock gain of crop biomass

of 5.0 t C hdis reported as given for annual Cropland in Table 5.9 in the 2006 AFOLU Guidelines.

With regard to conversion aftherlandi 2/ N2 LJX | YRX 2 NHI yA O GiherLé&nd | NB N
doesnotcontai® NEIF YA O &a2Af® aAySNIft az2ifa 6SNBE NBL]RNISR
Grassland Converted to Cropland.
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Areas and emission factors used forstGck changes and comparable Cénissions/removals
calculations for Land Converted to Croplautbcategories are summarisedliable6.17.

Table 6.17 Carbon stock changes and related 2G#nissions/removals for Land Converted to Cropland
subcategories in 2021

. Emissions/
LandCategory SBIQ(I)l;y:SeS/ tyEpFe Tiers [t C halyr?] [IZSC? Removals
[kt CQ]
Forest Land Converted to Croplan  OrganicSoil 001 D,OTH T1,T3 -7.90 -0.09 0.34
Mineral Soll 2.53 Cs T2 0.10 0.26 -0.97
Grassland Converted to Cropland Biomass Gains 2.53 D Tl 0.11 0.27 -0.98
Biomass Losse 2.53 Cs T2 -0.63 -1.61 5.89
Organic Soil  2.72 D Tl -7.90 -21.47 78.72
WetlandConverted to Cropland Biomass Gains 2.72 D T1 0.11 0.29 -1.05
Biomass Losse 2.72 Cs T2 -0.90 -2.45 8.99
Total 90.95

6.6.2.3 Uncertainties andlime-seriesConsistency

The official recording of Land Converted to Cropland has been fragmentary until now, but as described
a2 S AYLINRO@SYSyGa IINB 2y (G(KS K2NRT2y® ¢KS | NBI
estimated by applying the same method as in the last submission. The cumulated area of Land
Converted to Cropland from 199108 was estimated by Snaebjornssetral. (2010) The same rate

of new cultivation was assumed to have continued with a fixed ratio of mineral and organic soils. That
ratio was adjusted to the estimated proportion of Cropland of wetland origin in a survey conducted
during 19901993 (borvaldsson, 1994)The area of land converted is thus assumed to be highly
uncertain on yearly basis.

The area of Forest Land Converted to Cropland is estimated through deforestation reporting of IFR,
where each deforestation event is mapped aegorted with high spatial accuracy (<4%).

Uncertainty estimates for -Stock change factors for the period 1992021 have been assessed
following Approach 1 of 2006 IPCC Guidelines (IPCC, 2006). The uncertainty associated to C change
factors for Land Carerted to Cropland in 2021 &l1.12% deriving from combined uncertainty of-C

stock change factors in living biomass and in mineral and organic soils. Emissions reported from organic
soils are based on the default EF from Table 2.1 in the 2013 Wetlandke®eapp to AFOLU (IPCC,

2006). Emissions/removals reported for mineral soils are based on country specific EFs, with
uncertainty assigned based on expert judgment. Emissions/removals in C changes in living biomass are
based on default EFs from Table 5.9tlee 2006 IPCC Guidelines for National Greenhouse Gas
Inventories¢ Chapter 5¢ Cropland (IPCC, 2006). Courgpecific uncertainty for living biomass is
assigned based on expert judgement. The complete uncertainty analysis is shown in Annex 2.

6.6.2.4 Categoryspecific QA/QC anWerification

No specific QA has been performed for this categditye QC procedure are Ter 1 and involve
checking the emission calculation processes and data sources during the inventory preparation.
6.6.2.5 CategoryspecificRecalcuhtions

No specific recalculation was performed for the Land Converted to Cropland subcategories. Changes
in values between the 2022 arff023 Submissianare related to new areas emerged from the new
map layers through the IGLUD proceHBse values relativee Gstock changes in mineral soils, organic
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soils, living biomass, and dead organic matter for the Grassland Remaining Grassland subcategories for
2022 and2023 Submissianare shown iTable6.18.

Table6.18 Comparison between th2022 Submissioand the2023 Submissionn CSC in Land Converted to
Cropland subcategories for 2020.

[kha]  [kha]
2021 2022

[tChal [tC hat CcsC Ccsc

Land SoilType/ % yri yri % [kt C] [kt C]

Category  Biomass Change 2021 2022 Change 2021 2022

subm. subm
subm. subm. subm. subm.

Forest Land Organic
Converted Sgo” 001 001 00% -790 -7.90 0.0% -0.09 -009  0.0%
to Cropland
Grassland Mineral
Converted <o 253 253 00% 010 010 00% 026 026  0.0%
to Cropland
Bg’ar?nzss 253 253 00% 011 011  00% 027 027  00%
'ﬁfsrgzzs 253 253  00% -063 -063 0.0% -1.61 -1.61  0.0%
Wetland Oraanic
converted Sgo” 272 272  00% -7.90 -7.90 0.0% -21.47 2147 0.0%
to Cropland
B;’ar?na:s 272 272  00% 011 011  00% 029 029  0.0%
'ﬁ'(;’g::s 272 272  00% 090 -090 00% -245 245  0.0%
Total 526 526  0.0% 2498 -2498  0.0%

6.6.2.6 CategoryspecificPlannedImprovements

Ly GKA& adzomYAaaizys la Ay frFad @SFENRaE adzoYAaana:
estimate the area of each category. As described above, improvements in the recording of total area

of Cropland in use and newnda Converted to Cropland, as well as the renewing of older hayfields,

have been implemented in connection with the reforming of governmental support payments to
agriculture. These changes also involve geographically recording all land approved for payments

Continued field controlling of mapping improved mapping quality, and division of Cropland to soil
classes and cultivated crops is planned in coming years. Information on soil carbon of mineral soil under
different management and of different origin iportant to be able to obtain a better estimate of the

effect of land use on the SOC. Establishing reliable estimates of Cropland biomass is also important
and is planned.

Considering that the G@missions from Land Converted to Cropland are recogniskdyasources, it
is important to move to a higher tier in estimating that factor.

6.7 Grassland (CRF 4C)

Grassland is a diverse category encompassing varying vegetation communities, soil types, erosion
forms, and management. This category includes 42 map dageremerging from the compilation

process for the IGLUD lanude map. Of those, 29 originate from the HMI map. From 2681
Submissiona significant area increase for this category is reported as a large part of Other Land and is
added in Grassland. Fitre 2020 submission, Grassland had an extension of 3,693.65 kha, whereas for
GKA&a @S NRA& adz YAaaA 2 ysB91@KkHhaiTheddasoSsIor tNd chaide dielatB E (G Sy F
to the overlay of the Grazing Areas Map (information regarding the Graraas Map is reported in

Chapter 6.1.1) on the IGLUD map which reveals areas of Other Land previously considered unmanaged,
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where instead grazing activities occur. The Grassland category is divided into 13 subcategories since
the 2021 SubmissianThree newd dzo O G SA2NASE | NB T RRSR T2NJ (KAa
Remaining GrasslanGrazing Area<Grassland Without Grazipngnd Grazing Areas on Other Land

The subcategory Other Grassland was reported until the 2020 submission but has been removed from
the CRF inventory navigation tree and replaced with Grassland Without Grazing and Grazing Areas on
Other Land Grazing Areas on Other Land is, however, not classified as Grassland, as Grassland is
categorised as land with 20% minimum vascular plant cdes.overlapping of the Grazing areas map

on the IGLUD map revealed grazing activities occurring on Other Land areas. Consequently, areas of
grazing activities occurring on Other Land are reported as part of Grassland Remaining Grassland

The Grasslandrtie series reported are prepared from three primary time series of Cropland Converted
to GrasslangWetland Converted to Grasslarahd two independent time series for expansion of Birch
Shrubland into Other Grassland and Other L3i time series of Otlerassland was prepared from

the Grassland mapping unit when all other mapping units of Grassland subcategories have been
considered. The backward tracking of area within that category was done by correcting the area of the
year after according to all asewithin Other Laneuse categories considered to originate from Other
Grassland, including Forest Land, Cropland, Other Grassland subcategories, Reservoirs, and
Settlements. However, in th2021 Submissigrthe time series for Other Grassland was disagapet)

in two new time series: Grazing Areas and Grassland Without Grakiisgime series disaggregation

is obtained by dividing proportionally the time series of the subcategory Other Grassland by the ratio
obtained between the total area of Other Gramsll, Grazing Aregsand Grassland Without Grazing
areas emerged by the overlaying of the Grazing areas map on the IGLUD map.

A similar approach as described above is adopted to obtain time series for Grazing Areas on Other
Land The proportion of areas witgrazing activities on Other Land was calculated by multiplying the
total area of Other Land by the ratio obtained between the total area of Other Land and areas with
grazing activities emerged by the overlaying the Grazing@reap to the IGLUDap.

6.7.1 GrasslandRemaining Grassland (CRF 4C1)

6.7.1.1 CategoryDescription

/' Nb2y RAZ2EARS Syraairazya FNRBY OFNb2y &aidz20] OK I
recognsged as key sources/sinks in level (1990 and 2021) as well as in thQ@29@rend.

The time series and conversion period applied enable keeping track of the area of different origin under
the category Grassland Remaining Grassland. The subcategories are described below.

Cropland Abandoned for more than 20 Years

This category includes all preus Cropland abandoned for more than 20 years that is still remaining
under the Grassland landgse category. The area reported for this category is the area emerging from
the time series and estimated 22.09kha, whereob.45kha is organic soil.

NaturalBirch Shrubland

Natural Birch Shrubland is the part of the Natural Birch Woodland andriltne NFI, it does not meet

the thresholds to be accounted for as Forest Land but is covered with Eethlé pubescendo a
minimum of 10% in vertical covend at least 0.5 ha in continuous area. Stock changes are estimated

by the IFR. The estimates of total area and changes in carbon pools are based on the same methods
and data sources as used to estimate the Natural Birch Forest.
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Two subcategories of NaturBirch Shrubland are reported as Grassland Remaining Grassland. One is
Natural Birch ShrublanglOld, including Shrubland surveyed in the 198P1 inventory. As for Natural

Birch Forest, the-Gtock of Natural Birch Shrubland is estimated to be unchabgésleen 19872006,

but new data of the above ground biomass from the second NFI of NBW conducted H2@015
compared to biomass estimates from the first NFI of NBW conducted in-2005 results in new
estimates of the mean annual net change e$t@ckbiomass revised in last year submission (2022).
Further information about this revision is to be found in Chapéeb.1.2 above. The second
subcategory, Grassland Ganted to Natural Birch Shrubland, represents Other Grassland Converted
to Shrubland. As this change in vegetation cover does not shift the land between categories, this land
remains as Grassland. The conversion period is set to 50 years as for Grasalaante@ to Natural

Birch Forest. Same country specific removal factors as for Natural Birch Forest are used in the case of
biomass, dead organic matter and mineral soil and the same IPCC default emission factor for drained
organic soil of the category Gexst Land, drained, including Shrubland and drained land that may not
0S Of I aaA oRBBtREJCha DMt Hasis of the Tier 1 method from the 2013 Wetlands
Supplement)(IPCC, 2014)The subcategory GrassthrConverted to Natural Birch Shrubland is
extracted from the new mapping survey of the Natural Birch Shrubland. Natural Birch Shrubland that
did not exist before the 1981991 survey expanded into vegetated land defined as Grassland in the
period 19892012 More exactly, they expanded from zero in 1989 to 2.59 kha in 2012. The mean
annual gross area increases of 0.10 kha is interpolated over the2@B® period and extrapolated

for 20132021.

Grazing Areas

As described in Chaptér7, the mapping unit for Grazing Areas obtained by the disaggregation of the
subcategory Other Grassland includes all land categorised as Grassland, where vascular plant cover is
20% or moreas compiled from IGLUD. Accordingly, all land within the-ls®dcategories that is

ranked higher than Grassland in the hierarchgl{le6.2) is excluded. The lard this category is, for

example, land dominated by grasses, land with grasses and mosses in variable combinations
(respecting the 20% minimum vascular plant cover), vegetated lava fields, river plains and costal land,
heathlands with dwarf shrubs, shrulasher than birch Betula pubescens)ichens, and mosses. The

area mapped is then adjusted to Other Grassland categories and the time series prepared as described
Fo20Sd ¢KS (20Kt | NBF NBLIR2NISR Agp42b8haa &SI NDRa ad

Grassland Without Grazing

For this subcategory, the description is the same as reported in Grazing Areas. The total area reported
Ay GKAA &SI NRa &adz YBZRXK®mY F2N 0KAa &ddzo Ol 6S32NE A

Revegetated Land Older Than 60 Years

By defining a conversioperiod of 60 years for revegetation (Other Land Converted to Grasgland
Revegetation) which is shorter than the time revegetation has been practiced in Iceland, a small area

of revegetated land older than 60 years emerges as this category. The totalhayea 0 KA & &S| N
submission i8.19kha. This area is not at present reccagal as a separate mapping unit but is assumed

to be included in the mapping unit Revegetation before 1990, despite currently limited area of that
mapping unit (sedable6.7). The notation keys for CSC in mineral soils for the period-2096 were

updated and changed from NE to NA during the 2020 submission. Current data on Revegetated Land
Older than 60 Years is limited. However, it is assumed that changestotkCin mineral soils under

this subcategory are likely to be sinks rather than sources and is therefore estimated as NA as Tier 1
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approach where mineral soils under this subcategoag&imed to be in equilibrium as recommended
in 2006 IPCC Guidelines (see page 2.29).

Wetland Drained favlore Than 20 Years

This category appears as result of time series and application of default 20 years conversion period for
Wetland Converted to Grassd. The time series is prepared from records of excavated ditches (data
available until 1993Hagstofa Islands (Statistics Iceland), 1997; Oskarsson,) 88from 1993 to

2008 compiled from personal records @bnsultant Kristjan Bjarndal Jonsson, collected in his local
district (personal communication) and upscaled to the whole country. The estimate of the new area
drained from 2008 to the present is estimated from preliminary results froghgéisation of tte ditch
network. All ditches recognisable on SPOT 4 satellite images were digitised in 2008 in a cooperative
effort of the AUI and the NLSI. The new digitisation is based on latest available aerial photographs and
comparison to photographs from 20&9009.

The map layer Grassland on Drained Soils was prepared by SCSI from the AUI/NLSI map of ditches. For
the 2020 submission, the previous map layer based on IFD was revised according to the new HMI data
and the new Arctic Digital Elevation Model (ADEM). The langer is still prepared from the 2008 ditch

map. The first step, as in previous versions, was to attach a 200 m buffer zone on every ditch. Then, all
areas where slope exceeded 10° in the new ADEM or extended below seashore line were excluded.
From the emaining areall the areas overlapping with those map layers classified as not potentially
drained soils were excluded; this includes the HMI habitat type classes L1, L2, L3, L4, L6, L12, and L13.
After these above exclusions, polygons not including ehditere formed; for example, where the

buffer had extended across a river. The next step taken was to remove these polygons. The HMI classes
removed are all described as not including organic §0igsson, Sveinsdottir, & Hardaitdir, 2016)

The overlap of the still remaining HMI habitat types not stated to include organic soils was explored.
On the basis of that exploration, a habitat type description and expert judgement decision were made

for each of the map layers. Thrgh that process, 13 more habitat types (L5.1, L5.2, L5.3, L7.1, L7.2,
L7.3,L7.7,10.1, L10.2, L10.5, L10.7, L10.8, and L14.4) were excluded from the buffer. Of the habitat
types remaining, five are not defined as including organic soils. The total pwédrlae map layers for

these types with the uncut ditch buffer is 59.3 kha. This map layer of Grassland on Drained Soils was
used in the IGLUD compilation process and further limited by the map layers ranking higher in
compilation order. The Grassland sabbegory Drained Grassland is identified in IGLUD on basis of this
map.

The time series of drainage ditches is converted to area by applying the ratio of mapped ditches and

area estimated as affected. As most of the drained land was drained for at legsaX) the majority

2F GKS RNIAYSR ¢gSGftlyRa INB y2¢ NBLER2NISR dzy RSNJ i
submission i253.27kha and all of it is assumed to be within organic soils. This category is not at
present identified as a separateapping unit, but together with the category Wetland Converted to

DN} aaftlyR Aad LINBaASYGSR Fa (GKS YFLILAY3 dzyAd GaDNI a

Grazing Areas on Other Land

As described in Chapted.7, this subcategory is not classified as Grassland. Nevertheless, being
subjected to light grazing activities, these areas of the Other Land category become managed, and
therefore reported as part oBrassland. The map layers included in the subcategory Grazing Areas on
Other Land are areas with vascular vegetation cover <20%.
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6.7.1.2 Methodology

Carbon stock changes are estimated for all subcategories included under Grassland Remaining
Grasslandexceptfor Revegetated land older than 60 years, Grazing Areas, and Grassland Without
Grazing where\ailable datas limited. However, it is assumed that changes-gtdck in mineral soils

under these three subcategories are likely to be sinks rather than sourdesrartherefore estimated

as NA based on the Tier 1 approach.

Carbon stock changes in living biomass of the subcategories Revegetation Older than 60 Years,
Wetland Drained for more than 20 Years, Cropland Abandoned for more than 20 Years, Grazing Areas,
Grassland Without Grazing, and Grazing Areas on Other Land are also assumed to be sinks and are
reported as NA based on the Tier 1 approach.

The changes in carbon stock of the subcategories Natural Birch Shrupfaltdiand Natural Birch
Shrubland; Recenty Expanded into Other Grassland are estimated by IFR based on NFI data. The C
stock changes in living biomass of Natural Birch Shrubland are presented in the NFI by applying Tier 3
methodology of direct estimate of stock changes. As already describe@pief$6.5.1.2and6.7.1.],

the net Gstock changes in biomass of the NatuBirch Woodland for the period 20@2021 are
estimated for the second time with new data of the abay®und biomass from the second NFI of
NBW conducted in 2038021, compared to biomass estimates from the first NFI of NBW conducted

in 20052011.

The cabon stock changes in dead organic matter for Natural Birch ShruglRedently Expanded into
Other Grassland are estimated by the same cousfrgcific EFs as used for Grassland Converted to
Forest Land and described above in Chaftér2.2 The carbon stock changes of dead organic matter
in the category Natural Birch Shrublagdld are, as with Natural Birch Forest older than 50 years,
assumed to be a slight siakd reported as NA based on the Tier 1 approach.

The carbon stock changes in the DOC of the mineral soil of subcategory Natural Birch Skyubland
Recently Expanded to Other Grassland are estimated by the same capetiific EFs as used for
Grassland Carerted to Forest Land and described above in Chap&R.2

Drained organic soils are reported under four subcategories; these are Cropland Abandoned for more
than 20 Years, Natural Birch ShrublamdRecently Expanded to Other Grassland, Natural Birch
Shrublandcht R FyR 2SGflFyR 5NIAYSR T2NJ Y2 NBReéertly y Hn
Expanded to Other Grassland and Natural Birch Shrulgjaid, theemissions are estimated by the

same Tier 1 default emission factor as used for drained organic soil on Forest Land, which is 0.37t C
ha'yr! for Forest Land, Drained, Including Shrubland and Drained Land that may not be Classified as
Forest (see TableRin the 2013 Wetlands Supplemgi?CC, 2014)In other categories the emissions

are estimated according to Tier 1, and default EF = 5.7 t@-hfor Grassland, Drained in Boreal Zone

(see Table 2.1 in the 2013 IPCC Waeltasupplement (IPCC, 2014)). The aresto€k changes and
comparable C@emissions are summarised Trable6.19.

Areas and emission factors used for carbon std@nges and comparable g€pnissions and removals
calculations for Grassland Remaining Grassland subcategories are summafiabl2@:20.
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Table 6.19. Area of drained soils and estimated C losses aneitenCQ@ emissions of Grassland
OFGS3I2NASakadzoOFiSaA2NRSa AY HAumM® {dzo Ol GSI2NASa 2F o2
G2 DN} &aatlyRé I NB AyOf dZRSR®

5 NI A @NSHRI y6i7 CarbonSock Changes Emission
LS R T ils [kha in OrganicSoils [kt C] [kt CQJ
Grassland Remaining Grassland 259.24 -1,474.88 5,407.90
Cropland Abandoned for more than : 5.45 31.04 113.81
Years
Natural BirchShrubland (NBS)Old 0.26 -0.09 0.35
NB; Recently Expanded into Oth: 027 010 0.36
Grasslanc
Wetland Drained for more than 20 Yesz 253.27 -1,443.65 5,293.39
Land Converted to Grassland 22.48 -128.13 469.79
Cropland Converted tGrasslanc 2.43 -13.88 50.88
Wetland Converted to Grasslar 20.04 -114.25 418.92
Total 281.72 -1,603.01 5,877.70

Table6.20 Carbon stock changes and related@@issions/removals for the Grassland Remaining Grassland
subcategories in 2021

Soil Type/ [tChat CSC [kt Emissions/

LandCategory [kha] EFType  Tiers

Biomass yri] C] Removals [kt CQ@
Cropland Abandoned fo o iayi 545 D T1 570 -31.04 113.81
more than 20 Years
Natural Birch Shrubland
¢ Recently Expanded Mineral Soil 2.80 CS T2 0.37 1.02 -3.75
into Other Grassland
Organicil  0.27 D T1 037 -0.10 0.36
Biomass 5 57 cs T2 0.19 0.59 2.16
Gains
DeadOrganic cs T 0.14 0.43 159
Matter
’C\lgtﬁ;al Birch Shrubland - o onicoil— 0.26 D T 037 -0.09 0.35
Bomass 99 OTH T3 0.07 3.64 -13.35
Gains
Wetland Drained for oo ioayil 253,27 D T1 570 -1,443.65 5,293.39
more than 20 Years
Total 5,387.06

6.7.1.3 Uncertainties andlime-seriesConsistency

The area and changes in biomass of Natural Birch Shrubland are estimated by IFR through NFI and
subjected to the same uncertainty as other estimates obtained through NFI.

The size of the drained areais inthBly ND&a &dzoYAadairzy SaGdAYIFIGSR FNRBY
Improvements in ascertaining the extent of drained organic soils in total and within differenrtiend

categories and soil types has been a priority in the IGLUD data sampling. In summer 2@iriagedr

control project aimed at improving the geographical identification of drained organic soils was initiated

within the IGLUD. This project involved the testing of plant index and soil characters as proxies to
evaluate the effectiveness of drainage.eTtesults of that survey have not yet been fully analysed.
Preliminary results indicate that of 966 points included within the area estimated as drained, 492 (51%)

are confirmed as drained and 311 (32%) as not drained, with the remaining 163 (17%) pelitgyn

further analyses or determined as uncertain. (AUl unpublished results). Of the 210 points outside the

area estimated drained, 42 (20%) are confirmed as drained and 102 (49%) as not drained, with the
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remaining 66 (31%oints needing further analysas determined as uncertain. The uncertainty is
thus higher in the spatial identification of the drained land than in the total area.

Many factors can potentially contribute to the uncertainty of the size of drained area. Among these is
the quality of theditch map. Ongoing surveying on the type of soil drained has already revealed that
some features mapped as ditches are not ditches, but are actually tracks or fences. During the summer
of 2010, the reliability of the ditch map wasaluated Randomly selded squares of 500 m x 500 m

were controlled for ditches. Preliminary results show that 91% of the ditches mapped were confirmed
and 5% of ditches in the squares were not already mapped.

The starting width of the buffer zone, applied on the mapped ditches, is set to be 200 m to each side
as determined from an analysis of the Farmland Datal§&sladottir, Metisalemsson, & Oskarsson,
2007) The map layers usdd exclude certain types of land cover from the buffer zone to estimate
area of drained land have their own uncertainty, which is transferred to the estimate of the area of
drained land.

As described in Chaptér7.1.2 changes in Stock of living biomass and dead organic matter of the
category Grassland Remaining Grassland are reported as NA (Tier 1 approach) except for living biomass
of Natural Birch Shrubland. Ti&Q emissions from mineral soils of Grassland Remaining Grassland
are also reported as NA based on the Tier 1 approach. Uncertainty estimatestémk@hange factors

for the period 1992021 have been assessed following Approach 1 of the 2006 IPCHliresidiPCC,

2006). Uncertainty associated with C change factors for Grassland Remaining Grassland in 2021 is
49.63% deriving from the combined uncertainty ofdibck change factors in living biomass and in
mineral and organic soils. Emissions egmiovals reported from organic soils are based on default EFs
from Table 2.1 in 2013 Wetlands Supplement to AFOLU (IPCC, 2006). Emissions and removals reported
for mineral soils are based on counspecific EFs with uncertainty assigned based on expert
judgment. The complete uncertainty analysis is shown in Annex 2.

6.7.1.4 Categoryspecific QA/QC anWerification

No specific QA has been performed for this categbheQC procedurés T1; involving checking the
emission calculation processes and data sourcesiduhie inventory preparation.

6.7.1.5 CategoryspecificRecalculations

No specific recalculation was performed for Grassland Remaining Grassland subcategories. Changes in
values between the 2022 ar?D23 Submissianare related to new areas emerged from the newpma

layers through the IGLUD proce$he values relative to-§tock changes in mineral soils, organic soils,

living biomass, and dead organic matter for Grassland Remaining Grassland subcategories for the 2022
and2023 Submissianare shown ifTable6.21.

Table6.21 Comparison between the 2022 a®23 Submissiamon CSC in Grassland Remaining Grassland
subcategories for 2020

1 1

Soil  [kha]  [kha] [tChat [tCha CSC
Land oo 2022 2003 oyl oyl e
Category . P Change 2022 2023 Change 2022

Biomass subm. subm

subm. subm. subm.

Cropland
Abandoned — Organic ¢ o, 532  -103% 570 -570  00%  -31.90 -30.35 -4.9%
for more than Soil
20 Years
Natural Birch  Mineral
Shrubjanct: o 2.71 2.71 0.0%  0.37 0.37 0.0%  0.99 0.99 0.0%
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] [tChal [tC hal CSC  CSC
Land Soil - [kha] — [khal . T Tog %  [kC] [ktC]
Typel 2022 2023
Category Biomass  subm subm Change 2022 2023 Change 2022 2023
! subm.  subm. subm. subm.
Ef;gggg dinto orsg;”'c 0.25 0.26 0.0% -037 037 00% -010 010  0.0%
Other i
Grassland Bgari“nasss 2.97 2.97 0.0% 021 019  -10.6%  0.57 0.57 0.0%
Dead OM  2.97 2.97 0.0%  0.14 0.14 0.0% 042 0.42 0.0%
Natural Birch Ors%?mc 0.26 0.26 0.0% 037 037  00%  -009  -0.09  0.0%
Shrublancdg Biomass
old oae 4997 4997 00% 007 0.07 0.0%  3.64 3.64 0,1%
Wetland
aﬁ'gfs;srzo orsg;”'c 25325 25220 0.0%  -570 570  0.0% -1,443.51 -1,437.55 -0.4%
Years
Total 317.97 316.66 -0.4% -1,469.99 -1,462.46 -0.5%

6.7.1.6 CategoryspecificPlannedImprovements

The totalemissions related to drainage of Grassland soils are a principal component in the net
emissions reported for the landse category. The total emissions reported from drained soils of
Grassland including Grassland Remaining Grassland, Land Convertedstan@rasd MO emissions

of drained land within these categories652440 kt CQe for this submission, making this component

by far the largest identified anthropogenic source of GHG in Iceland. Further revision of the area of
drained land is pending, ggeparation of a new map of ditches is in progréBHse estimation of this
component is still based on T1 methodology and basically no disaggregation of the drainage area.
Improvements in emission estimates for the Grassland and other categories to higiet tiers is
planned in future submissions.

The results of the drainage control project are still to be fully analysed and are expected to improve
the area estimate of drained land and the effectiveness of drainage.

New map of ditches was released4621 and provide new estimates of changes in ditch network.
Mapping of ditches is ongoing, now with emphasis on when they were dug. aNiithe series for
ditches it will be possibléo identify andcreate betterandmaore reliable data on grassland on aired
soils.Data for dividing the drained area according to soil type drained has been collected for a part of
the country. Continuation of that sampling is planned, and the results used to subdivide the drained

area into soil types.

The T1 EF for-§lock changes of drained soils is comparable to newly published Icelandic data
(Gudmundsson & Oskarsson, 201&pnsidering the amount of emissions from this category, it is
important to move to higher tier levels in general and defirelevant disaggregation to lange
categories and management regimes. That disaggregation is one of the main objectives of the IGLUD
project and it is expected that analyses of the data already sampled will enable some steps in that
direction.

The largst subcategory of Grassland, Other Grassland, is, since the 2020 submission, reported as two
units: Grazing Areas atgrassland Without Grazing. Severely degraded soils are widespread in Iceland
as a result of extensive erosion over a long period of ti@ganges in mineral soil carbon stocks of
degrading land is a potentially large source of carbon emissions. The importance of this source must
be emphasised since Icelandic mineral grassland soils are almost always andosols with a high carbon
content (Arnalds, Oskarsson, Gisladattir, & Grétarsson, 2009; Arnalds & OskarssonS2@@)ision
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of those categories according to vegetation coverage and soil erosion is pending. The processing of the
IGLUD field data is exged to provide information connecting degradation severity, grazing intensity,
and Gstocks. This data is also expected to enable the relative division of the area degradation and
grazing intensity categories, including areas where vegetation is impranthdegradation decreasing
(Magnusson, et al., 2006Processing of the IGLUD dataset is expected to give results in the next few
years.

In a recent repor{Gudmundsson J. , 201@ptential emision and removal of greenhouse gasses from
the category were identified and their range estimated. This report shows the need to obtain better
information on this lanelise category and its soils.

One component pinpointed in this report is the effect ofl doickening on &equestration. The aeolian
deposition of sand and dust on soil of Grassland, as well as otheutsndategories, causes soll
thickening. On vegetated land, this soil addition will accumulate carbon. The deposition rate of aeolian
materials of different regions in Iceland has been estimated by Arfaaik0) The rate and variability

of Gsequestration following this deposition is still not estimated. This potential carbon sink needs to
be quantified ad its variability mapped. The potential of the soil samples, collected in the IGLUD
survey, to estimate this component will be explored.

6.7.2 Land Converted to Grassland (CRF 4C2)

6.7.2.1 CategoryDescription

Carbon dioxide emissions from Carbon stock changes inCanderted to Grassland are recognised
as key sourcesinks in level (1990) as well as in the 12821 trend.

Land Converted to Grassland is reported for three main categories: Cropland Converted to Grassland,
Wetland Converted to Grassland, and Othemd_&onverted to Grassland. Conversions of Forest Land
and Settlements to Grassland are reported as not occurring.

Cropland Converted to Grassland

The area reported is as emerging from the time series available for Cropland using the default
conversion period of 20 years. The category is at present not identified as a specific mapping unit but
is included in both the mineral and organic soil part of the Cropland mapping unit. The total area
reported for this category is 5.82 kha with 2.43 kdraorganic soilTable6.22).

Wetland Converted to Grassland

The area included under this subcategory includes the area drained for the last 20 years prior to the
inventory year. The total area reported for this subaaigy is 20.04 kha and the whole area is assumed

to be on organic soilT@ble6.22). The area estimate is based on available time series and applies 20
years as the comrsion period. The time series for this category is revised according to new estimate
of total area of drained grassland soils.

Other Land Converted to Grassland

This category is divided to four subcategories; three of which originate from revegetatigities
Revegetation Before 1990, Revegetation Since 1@9Qareas) Protected from Grazing, and
Revegetation since 1990(areas with) Limited Grazing Allowed. The fourth subcategory, Other Land
Converted to Natural Birch Shrubland, originates from thgaing expansion of Birch Shrubland noted

in the NFI. The total area reported for these subcategories is shoWwakile6.22.
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Revegetation

The revegetation activity wdre no afforestation is included is reported as Other Land Converted to
Grassland. The original vegetation cover is less than 20% for the vast majority of the land before
revegetation (Thorsson et al., in prep.). Accordingly, this land does not meet fiwtida of

DN} daflyRa FyR Aa Ffft OfFraaAFASR d hidKSNI [ YR
National Inventory on Revegetation Areas based on best available data, the NIRA database. Large
efforts have been put into improving the NIRA @adse and all revegetation areas are now expected

to be available in draft form by the end of 2022, and formally available for the 2024 submission and it

will contain all known revegetation activities since 1907. Preparations are being made to linkaall dat

AY bLw! G2 GKS {/{LQ&a DL{® ¢KS 3IS2alLJ GAFf AyTFT2N
activity year and available information, but accuracy is constantly being improved; for example, by
using GPS tracking in real time. The NIRA databasgésntiy being expanded to include all data from

ongoing inventorying field surveys starting in 2007. A conversion period of 60 years has currently been
defined on basis of the NIRA database.

Other Land Converted to Natural Birch Shrubland

This subcategoris extracted from the new mapping survey of the NBW as Natural Birch Shrubland
that did not exist before 1987991. The incrememntnges from zero in 1989 to 2.50 kha in 2012. The
mean annual area increases of 0.11 kha is interpolated over the-2088 pe&iod and extrapolated

for 20132021. The conversion period is set to 50 years for Other Land Converted to Natural Birch
Forest, with the same toountry removal factors for biomass, dead organic matter, and mineral soil.

6.7.2.2 Methodology

Carbon stock changés living biomass are estimated for all categories of Land Converted to Grassland
where conversion is reported to occur. Conversions of Forest Land and Settlements to Grassland are
reported as not occurring. Changes in living biomass in the category Weglamverted to Grassland

are reported as not occurring; vegetation is mostly undisturbed as no ploughing or harrowing takes
place. Changes in living biomass in the category Cropland Converted to Grassland are estimated on
basis of default Cropland biomagBable 5.9. in 2006 IPCC guidelines) and average C stock in living
biomass, litter, and standing dead biomass of Grassland as estimated from IGLUD field sampling (see
Chapter6.6.2.2.

The stock changes in living biomass of the subcategories of Other Land Converted to Grassland
representing revegetation activities reflect the increase in vegetation coverage and biomass achieved
through those activities. The changeshiomass are estimated as relative contribution (10%) of total
Gstock increas€Aradottir, Svavarsdottir, Jonsson, & Gudbergsson, 200069 total &tock increase

is estimated on basis of the NIRA sampling. The increaseeofatbon stock in living biomass on
revegetated land is estimated for four subcategories: Revegetation before 1990, Revegetation since
1990¢ Protected from Grazing, and Revegetation Since X9Bbnited Grazing Allowedand Other

Land Converted to Natur8lirch ShrublandTable6.22).

Changes in carbon stock of dead organic matter are estimated for the category Other Land Converted
to Natural Birch Shrubland by the IFR in the NFI.

The changes in dead organic matter areluded in &tock changes in living biomass for the category
Cropland Converted to Grassland, as stated above (Ché&pie2.9. The changes in dead organic
matter are also included in living biomass of the three revegetation subcategories under Other Land
Converted to Grasslan@dradottir, Svavarsdottir, Jonsson, & Gudbergsson, 2000)
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Changes in dead organic matter of Wetland Convertedrissland are reported as NA as it is assumed
that changes in Gtock in this C pool is likely to be sinks rather than source based on the Tier 1
approach.

The conversion period for Other Land Converted to Natural Birch Shrubland is set to 50 yeass, as it
for Other Land Converted to Natural Birch Forest, and with the sareuntry removal factors for
biomass, dead organic matter, and mineral soil (see Ch#&pbe?.2above).

The changes reported in mineral soil of Cropland Converted to Grassland are assumed to be reversed
changes estimated for Grassland Converted to Cropland (Chéytt:2. No mineral soil is included
as Wetland Converted to Grassland.

For the three subcategories of Other Land Converted to Grassland representing revegetation, the
changes in carbon stock in mineral soils are estimated by applying TiditBea@S emission (removal)
factor. Gstock changes in mineral soils of Other Land Converted to Natural Birch Shrubland are
estimated by applying the same CS emission (removal) factor as used for revegetation categories
(Table6.22).

Organic soils are reported under two subcategories: Cropland Converted to Grassland, and Wetland
Converted to Grassland. In all categories, the emission is estimated according to Tikthk default
EF =5.70t C Bart.

Areas and emission factors used for carbon stock changes and comparaki@i€sions and removal
calculations for the Land Converted to Grassland subcategories are summarisdiad.2?2.

Table 6.22 Carbon stock changes and related :Gfnissions/removals for Land Converted to Grassland
subcategories in 2021.

Emissions/
Removals
[kt CQ]

[tChal CSC [kt
yri] Cl

SoilType/

LandCategory [kha] EFType Tiers

Biomass

Cropland Converted to Grassland
Mineral Soil 3.39 CS T2 -0.10 -0.35 1.29
OrganicSoil 2.43 D T1 -5.70  -13.88 50.88
Biomasszains 5.82 CS T2 0.53 3.08 -11.29
Wetlands Converted to Grassland
OrganicSoil 20.04 D T1 -5.70 -114.25 418.92
Other LandConverted to Grassland
Revegetation before 199 Mineral Soil 157.17 CS T2 0.51 80.63 -295.63
Biomasszains 157.17 CS T2 0.06 8.96 -32.85
OtherLand Con‘é?rréﬁdstﬁrl':';g;(‘ MineralSil 347  CS T2 051 178 6.53
Biomasgzains 3.47 CS T2 0.19 0.67 -2.44
Dead Org. M. 3.47 CS T2 0.14 0.49 -1.80
Re;,’fgéﬁggr}zgcgrlsﬁ MineralSil  117.45  CS T2 051 6025  -220.93
Biomasgzins 117.45 CS T2 0.06 6.69 -24.55
Revegetation since 1990
Limited Controlled Grazin  Mineral Soil 39.15 CS T2 0.51 20.08 -73.64
Allowed
Biomasgzins  39.15 CS T2 0.06 2.23 -8.18
Total -206.76
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6.7.2.3 Uncertainties andlime-seriesConsistency

The area uncertainty of the categories reported is estimated at 20%, except for Revegetation.
Uncertainties in the subcategories @ther Land Converted to Grasslangiolving revegetation have

been estimated usindata from the KP LULUCF sampling program. It indicates that revegetation areas
prior to 2008 are overestimated by a factor of 1.3 (30%), but after 2008 this error is assumed to be
10% due to GPS retitne tracking of activities. Errors in area prior to9D9remain to be estimated.

The NIRA database adjusts automatically for these errors. The area of Other Land Converted to Natural
Birch Shrubland is estimated through the IFR effort of remapping birch woodlands and is subjected to
same uncertainty as otharategories in that mapping effort.

The changes in living biomasd.ahd Converted to Grasslaiskestimated for Cropland and Other Land
and their subcategories. Thedibck changes in living biomass for the conversion of Cropland to
Grassland is based dactors estimated with standard error of ZD%. The Stock changes in living
biomass in the subcategories @ther Land Converted to Grasslamg for the revegetation
subcategories based on the estimate of totastGck changes in all categories and #simate of
average proportion of vegetation in those changes being 10%.

Uncertainty estimates for 8tock change factors for the period 199021 have been assessed
following Approach 1 of 2006 IPCC Guidelines (IPCC, 2006). Uncertainty associateddogkltitange

factors forLand Converted to Grasslai&l20.48% deriving from combined uncertainty ofsfock

change factors in living biomass and in mineral and organic soils. Emissions and removals reported
from organic soils are based on default EBsnfiTable 2.1 in 2013 Wetlands Supplement to AFOLU
(IPCC, 2006). Emissions and removals reported for mineral soils are based on-specitig EFs with
uncertainty assigned based on expert judgment. The complete uncertainty analysis is shown in Annex
2.

6.7.2.4 Category-specific QA/QC anWerification

No specific QA has been performed for this category. QC procedueeT 1 involving checking the
emission calculation processes and data sources during the inventory preparation, except for
revegetation Qther LandConverted to Grasslafdwhich is T2.

6.7.2.5 CategoryspecificRecalculations

No specific recalculation was performed for thend Converted to Grasslasdbcategories. Changes
in values between the 2022 arf?t023 Submissianare related to new areas emerged frahe new
map layers through the IGLUD proceHBse values relative to-§&tock changes in mineral soils, organic
soils, living biomass, and dead organic matter forlthed Converted to Grasslansisbcategories for
the 2022 and®023 Submissianare shown iTable6.23.

Table6.23 Comparison between the 2022 a@623 Submissiaon CSC in tHeandConverted to Grassland
subcategories for 2020.
. [tCha [tCha CsC
o L % oy oy %  [ktC]
yp Change 2022 2023 Change 2022

Biomass subm.
subm.  subm. subm.

Land

Category

Mineral ;15 339 -184% -010 -010 00% -043 035 -18.4%
Cropland soil
Convertedto  Organic  ,qq 543 1849 570 -570 00% -1699 -13.87 -18.4%
Grassland soil

S;‘i’r’gass 713 582 -184% 053 053 00% 377 308 -18.4%
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Soil [kha] [tChat [tC ha CSsC CSC
Land Tvoe/ 2022 % yr yri % [kt C] [kt C] %
Category yp Change 2022 2023 Change 2022 2023 Change
Biomass subm.
subm. subm. subm. subm.
Wetlands Organic
Converted to soil 20.75 20.75 0.0% -5.70 -5.70 0.0% -118.29 -118.29 0.0%
Grassland
Other Land
Converted to
Grassland

Revegetation Mineral
before 1990  soil

S;‘i’r:';ass 15833 15833 0.0% 006 006  00% 902 902  0.0%

158.33 158.33 0.0% 0.51 0.51 0.0% 81.22 81.22 0.0%

Other Land
Convertedto  Mineral

X . 3.36 3.36 0.0% 0.51 0.51 0.0% 1.73 1.73 0.0%
Natural Birch  soil

Shrubland
S;?:;ass 336 336 00% 019 019 00% 064 064  0.0%
Dead OM 336 336  00% 014 014  00% 047 047  0.0%
Revegetation

since 199@ Mineral

. 103.20 111.92 8.4% 0.51 0.51 0.0% 52.94 57.41 8.4%
Protected from soil

Grazing

S;?:;ass 10320 11192 84% 006 006  00% 588 638  84%
Revegetation
since 199@
Limited Mineral 4602  37.31 -189% 051 051  00% 2361 1914 -18.9%
Controlled soil
Grazing
Allowed

S:I;\?:;ass 46.02 37.31 -189% 006 006 00% 262 213 -18.9%
Total 338.80 337.49 -0.4% 4621 4872  5.4%

6.7.2.6 CategoryspecificPlannedImprovements

The planned improvements described above for drained are&adsland Remaining Grasslatsb
applies for the drained area 6aind Converted to Grasslarithe creation of a new map of the drainage
network was finished in 2021. It provides a better amiproved accuracy of the estimate band
Converted to Grasslarah drained soils.

Maps of Cropland in use have been improved, along with reformation of agricultural support
payments. These improvements enable better tracking of abandoned Cropland, s@@to@and
Converted to Grasslara other categories.

Improvements in sequestration rate estimates and recordings for other revegetation areas are aimed
at establishing a transparent, verifiable inventory of carbon stock changes that are accountable
accoding to the Kyoto Protocol. The corresponding emissions and removal factors, based on the
ongoing NIRA update, have been delayed and are now expected to be finished 2022.

When implemented, these improvements will provide more accurate area and removalr fact
estimates for revegetation, subdivided according to management regime, regions, and age.
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6.8 Wetlands (CRF 4D)

6.8.1 WetlandsRemaining Wetlands (CRF 4D1)

6.8.1.1 CategoryDescription

Carbon dioxide emissions from Carbon stock changéfettands Remaining Wetlandse recognsed
as key sources/sinks in level (1990 and 2021) as well as in the2029Grend.

Wetlands is the third largest langse category identified by present lainde mapping, as described
above. The total area of the Wetlands category is reporte@&s31kha. Wetlands include lakes and

rivers as unmanaged land and reservoirs and intact and rewetted mires and fens as managed land. The
mires and fens are included in rangeland grazed by livestock and are grazed to some extent and
accordingly included asanaged land.

The subdivision ofVetlands Remaining Wetlands described below. Contrary Other Laneuse
categories (excepgbther Lang, this category contains land defined as unmanaged; for example, lakes
and rivers which are, according to AFOLU 6@lirids, included as unmanaged land. It can be argued
that some lakes and rivers should be included as managed land as they are impacted in the sense that
their emissions of GHG are affected. Examples of potential impacts on lakes and rivers are urban,
agricultural, and industrial inputs of nutrients and organic matter. Channelling of rivers and other
alterations of their paths can also potentially affect their GHG profile. There is no attempt made to
separate potentially managed lakes and rivers from thibs¢ are unmanaged, except for lakes used

as reservoirs. For the categdvyetland Remaining Wetlandour subcategories are reportetiires
Converted to Reservoirkakes and Riverkakes and Rivers Converted to Reseryaingintact Mires

Mires Convered to Reservoirgs reported as a subcategory undeD.1.2¢ Flooded Land Remaining
Flooded Langdalthough the land was not flooded before it was inundated by the reservoir. The other
categories are reported under.D.1.3¢ Other Wetlands Remaining Othéfetlands

Mires Converted to Reservoirs

This subcategory is reported undélooded Land Remaining Flooded Lahide land included here is
inundated land with high soil organic carbon content (high SOC), or higher than 50 %gThisn
category includes land with organic soil or complexes of peatland and upland soils. The high SOC soils
are, in most cases, organic soils of mires and fens or wetlands previously conveGeasslandr
Croplandthrough drainage. The total area 6fKA & OF 6 S3I2NE NBLR2NISR A& nd
submission Table 6.24). The area estimate is based on reservoir mapping and available data on
inundated land. As the CRF table does not allow-as®lchanges within the main category, inundated
mires should not beaeported asOther Wetlands Converted to Flooded Landcluding them as
remaining mires was discussed, but because the inundation changes the functionality of mires through
vegetation dieoff, it was decided to categorise themRBE®oded Land RemainingbBtled Landn order

to estimate GHG emissions.

Lakes and Rivers

As described in Chaptér2, this applies to all land that is covered or saturatgdwater for at least

part of the year, and does not fall into tlgettlementsForest Landor Croplandcategories. It includes

intact mires and reservoirs as managed subdivisions, and natural rivers and lakes as unmanaged
subdivisions.
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Lakes and Rivere@erted to Reservoirs

This category represents the area of reservoirs previously covered by lakes or rivers. Lakes turned in
to reservoirs by building a dam in their outlet without changing the water level are included here.

Intact Mires

In the 2013 Wetlads Supplement{IPCC, 2014puidelines are provided for estimation of emissions
from vegetated wetlands. Intact mires are classified as managed land based on inclusion under land
used br livestock grazing. The total area of intact mires is, in this submission, estima&#&d.aékha,
compared t0649.24kha in 1990 for this ye& submission. All the area is included as organic soils.

6.8.1.2 Methodology

The C@removal due to carbon stock changes in the categatland Remaining Wetlang Other
Wetlandsis recognised as a key category in level in 1990 and 2021, and in the tren@Q2B0

No changes of-6tocks in living biomass or dead organic matter are regabfor Wetlands Remaining
Wetlands For the land converted to reservoirs, changes in the living biomass and dead organic matter
are included in an aggregate number that is reported as changessiocks of soils. For the
subcategories o6rassland Conved to Other Wetlandsthe changes are not estimated, as no data

is available. COemissions from reservoirs are estimated for three subcategories. However, CO
emissions from organic soils are estimated onlyRFtwoded Land Remaining Flooded Landires
Converted to Reservoirsvhereas COemissions from mineral soils are estimated fGrassland
Converted to Flooded LargdMedium SOC to Reservaqimnd forOther Land Converted to Flooded
Landc Low SOC to Reservairs

The C@emissions fronFlooded Landre estimated, either on the basis of classification of reservoirs
or parts of land flooded to these three categories, or on basis of resespeitific emission factors
(Oskarsson & Gudmundsson, 2008pr the three new reseoirs established, reservegpecific
emission factors were calculated according to the estimated amount of inundated carbon. The
inundated carbon of these reservoirs was estimated by Oskarsson and Gudmu(2B3bnRegrvoir
classification is based on information from the hyqh@mwver companies using the relevant reservoir on
area and type of land flooded.

The C@emission estimates of reservoirs are then converted &tdek changes of soils and reported
as such in CRé&bles.

The changes in soils of the categtmyact Miresare estimated according to T1 by applying Equation
3.4 and EF =0.55 t CQC ha' yr?, just as foBoreal Nutrient Rich Soifsom Table 3.1 in the 2013
Wetlands Supplement (IPCC, 2014)eas ad emission factors used for carbon stock changes and
comparable C@emissions and removal calculations Wetlands Remaining Wetlandsibcategories
are summarised iffable6.24.
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Table6.24 Carbon stock changes and related:@@issions and removals fovetlandsRemaining Wetlands
subcategories in 2021

Emissions/
Removals
[kt CQ]

Soil Type/ EF [tCha CSC [kt

LandCategory LGEY Tiers

Biomass Type lyrd] C]

4.D.1.3 Other Wetland&®emaining Other Wetlands

Intact Mires  Organic soil 61790 D Tl 0.55 33985 -1,24610
4.D.2.1 Floodedand RemainingFlooded Land
Mires Converted to Reservoi  Organic soil 0.99 CS T2 -0.76 -0.75 2.75
Total -1,24335

6.8.1.3 Uncertainties andlime-seriesConsistency

The area ofintact Mires and Lakes and Rivershe two largestWetlands Remaining Wetlands
subcategories, is not recorded specifically, but rather is estimated through the process of compilation
of the landuse map. The increase in extent of drained land is not directly recorded either but is
estimated through a time series for drainage ditch€be accuracy of the time series of drainage has
not been estimated.

Uncertainty estimates for 6tock change factors for the period 199021 have been assessed
following Approach 1 of 2006 IPCC Guidelines (IPCC, 2006). Uncertainty associatedogiicitange

factors forWetlands Remaining Wetlandis 39.91% deriving from a combined uncertainty etk

change factors in organic soils. Emissions and removals reported from organic soils are based on
default EFs from Table 3.1 of the 2013 Wetlandsp&umpent to AFOLU (IPCC, 2006) and country
specific EFs, with uncertainty assigned based on expert judgment. The complete uncertainty analysis
is shown in Annex 2.

6.8.1.4 Categoryspecific QA/QC anWerification

No specific QA has been performed for this categQi@.procedurgare Tier linvolving checking the
emission calculation processes and data sources during the inventory preparation.

6.8.1.5 CategoryspecificRecalculations

No specific recalculation was performed for ietlands Remaining Wetlandsbcategories. Changes
in values between the 2022 arft023 Submissiaare related to new areas emerged from the new
map layers through the IGLUD proceBse values relative to-§&tock changes in organic soils for the
Wetlands RemainingVetlandssubcateg@ries for the 2022 an@023 Submissianare shown iTable
6.25.

Table6.25 Comparison between the 2022&2023 Submissianon CSC in th&etlandsRemainingWetlands
subcategories for 2020.

Soil  [kha]  [kha]

[tCha [tCha cscC csc

Land % yrl]  tyrd % [ktC] [kt C] %
Category ~ _YPE/ 20222023 o0 5022 2023 Change 2022 2023 Change
Biomass subm. subm
subm. subm. subm. subm.
4.D.1.3 Other Wetland&emaining Other Wetlands
Intact Mires gi?a”'c 618.76 617.99 -0.1% 055 055 0.0% 340.32 339.90 -0.1%
4.D.2.1 Floodedand Remaining Flooded Land
Mires Organic

Converted ta .g 0.99 0.99 0.0% -0.76 -0.76 0.0% -0.75 -0.75 0.0%

Reservoirs
Total 619.75 618.98 -0.1% 339.57 33915 -0.1%
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6.8.1.6 CategoryspecificPlanned Improvements

Time series for ditches is planned to be completed in 2ZB@25. With that data possibilities of
analysing, finding patterns and then being able to evaluate age in drained grassland will give us a
different geographical stamp on how these areas are affédteterms of emission from these areas.

As of today, all drained grassland falls into the same category, no nhattenold it is

6.8.2 Land Converted to Wetlands (CRF 4D2)

6.8.2.1 CategoryDescription
Grassland Converted to Flooded Land

This category includes inuntda land with mineral soils having medium soil organic carbon content
(medium SOC) in a range 666 kg C M, and with a vegetatiogover in the range of 260%.

Other LandConverted to Flooded Land

This category includes inundated land witineral soils with low soil organic carbon content (low SOC)
in a range of & kg C m, and very sparse vegetation cover. The unvegetated part of the surface can
be covered with sand, stones, or rock.

Grassland Converted to Other Wetlands

For this categry, two subcategories are reportethese areRewetted Wetland SoiendRefilled Lakes
and Ponds These two subcategories include-agstablished wetland areathat were previously
disturbed. Activity data for mineral soils tine Rewetted Wetland Soilsubcategory is reported with
the notation key NO from 1990 until 201&s no rewetting actions on wetland mineral soils have
occurred during that period. In the case REfilled Lakes and Pondsstock changes in soils are
reportedl & & bl a H n delineks (Vdl 4, chBpdzh p. 7.20) do not provide any methodology for
estimating Gstock changes in soils due to land conversioRltmded Land

6.8.2.2 Methodology

Reservoispecific emission factors are available for one reservoir classified as High SOC, three
reservoirs classified as Medium SOC, and six reservoirs classified as Low SOC. For those reservoirs
where specific emission factors or data to estimate them are not available, the average of emission
factors for the relevant category is applied for theaesoir or part of the flooded land if information

on different SOC content of the flooded area is availabéble6.26).

Reservoir emissiofactors include diffusion from the surface and degassing through spillways for both
CQ and CH, and bubble emissions for the latter. The emission factors of High SOC are applied for the
land-use categorpires Converted to Reservoif€hapter6.8.1.1).

Table6.26 Emission factors applied to estimate emissions fRoudedLand (Oskarsson and Gudmundssoi®20
Oskarsson and Gudmundss@008).

EmissiornFactors forReservoirs EmissiorFactor [kg GHG had]

in Iceland

ReservoilCategory CQicefree CQice cover CHicefree CH ice cover
Low SOC

Reservoispecific 0.23 0 0.0092 0
Reservoispecific 0.106 0 0.0042 0
Reservoispecific 0.076 0 0.003 0
Reservoispecific 0 0 0 0
Reservoispecific 0.083 0 0.0033 0
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EmissionFactors forReservoirs

EmissionFactor [kg GHG had?]

in Iceland
Reservoispecific 0.392 0 0.0157 0
Reservoispecific 0.2472 0 0.0099 0
Average 0.162 0 0.0065 0
Medium SOC
Reservoispecific 4.67 0 0.187 0.004
Reservoispecific 0.902 0 0.036 0.0008
Reservoispecific 0.770 0 0.031 0.0007
Average 2.114 0 0.085 0.0018
High SOC
Reservoispecific 12.9 0 0.524 0.012

The Gstock changes in soils of the categ&gwetted Wetland Soiksre estimated according to T1 by
applying Equation 3.4 and EFO55 t CQC hat yr?, just as foBoreal Nutrient Rich Soilsom Table
3.1 in the 2013 Wetland Supplement (IPCC, 2014). No changesankS of soils or other pools are
estimated for the categorRefilled Lakes and Ponds

Carbon dioxide emissions from mineral soils are estimate®Gfassland Converted to Flosdl Land;
Medium SOC to Reservqidther Land Converted to Flooded Land.ow SOC to Reservqitand
Rewetted Wetland Soils

Areas and emission factors used for carbon stock changes and comparatdeniSsions, as well as
removal calculations for theand Converted to Wetlandsubcategories, are summarisedliable6.27.

Table6.27 Carbon stock changes anelated C@emissions and removals for thandConverted to Wetlands
subcategories in 2021

Emissions/
Removals
[kt CQ]

Soil Type/ [fChat CSC

LandCategory Tiers

Biomass ype yri] [kt C]

4.D.2.2 Land Converted to Flooded Land
4.D.2.2.3 Grassland Converted to Flooded Land

Medium SOC to Reservoirs Mineral soil 7.19 CS T2 -0.24 -1.72 6.32
4.D.2.2.5 Other Land Converted to Flooded Land
Low SOC to Reservoirs Mineral soil  18.91 CS T2 -0.01 -0.25 0.92

4.D.2.3 LandConverted to Other Wetlands
4.D.2.3.3 Grassland Converted to Other Wetlands

Rewetted Wetland Soils Mineral soil 0.01 D T1 0.55 0.00 -0.02
Organic soil  1.18 D T1 0.55 0.65 -2.39
Total 4.83

6.8.2.3 Uncertainties andlime-seriesConsistency

The area estimates of the categdntact Miresis based on the IGLUD lande map plus adjustments
based on other information. Both the hierarchy of the map layers used, and the quality of the original
mapping can affect the accuracy of the amstimate of the IGLUD lantse map. The overall accuracy

of the HMI mapping is not estimated. Therefore, the uncertainty of the area estimdteaut Mires

is potentially large.

For the T1 default emission factors used liaiact Mires comparison tdn-country measurements is
available for two of themTwo studies have estimated yearly £&dhissions fronintact Mires with

one on lowland miresand the other on highland mires. The annual emission was estimated as 150 kg
CH-C ha yr? for lowland mies (Gudmundsson J. , 2008hd 6398 kg CHC ha yr? for highland
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mires (Oskarsson & Gudmundsson, 2008he default EF of 137 kg 88 ha! yr' is thus in good
agreement with those estimates. The comparisons also indicate that uncertainty might decrease by
subdividingintact Miresto emission categories by altitude or regions. Theosel EF comparison is of

N>O emissions through surfaces lottact Mires The default EF is zero emissions, but in Icelandic
measurements for lowland mires the emission factor was estimated at 0.04,@NNa* yr?
(Gudmundsson). , 2009) but no emission factor was detected for highland mi(@skarsson &
Gudmundsson, 2008)Again, there is a good agreement and subdivision according to altitude or
regions might decrease uncertainty of the esti.

The uncertainty associated with the reservoir emission factors includes uniformity of emissions from
reservoirs of different ages, and how different qualities of the decomposing carbon affects the
emissions. The emission factors for,@irfe estimatedfrom measurements on freshly flooded soils.
The C®@emission factors are based on measurements on a reservoir flooded 15 years earlier. The
information on the area of flooded land is not complete and some reservoirs are still unaccounted.
This applies toaservoirs in all reported categories. The same number of days for tHeeie@eriod is
applied for all reservoirs and all years. This is a source of error in the estimate.

Uncertainty estimates for -8tock change factors for the period 199020 have ben assessed
following Approach 1 of 2006 IPCC Guidelines (IPCC, 2006). Uncertainty associattatikocange

factors forLand Converted to Wetlands 113.02%deriving from combined uncertainty of-€ock

change factors in mineral and organic soils. $5iins and removals reported from organic soils are
based on default EFs from Table 3.1 in 2013 Wetlands Supplement to AFOLU (IPCC, 2006) and country
specific EFs with uncertainty assigned based on expert judgment. The complete uncertainty analysis is
shown in Annex 2.

6.8.2.4 Categoryspecific QA/QC anWerification

No specific QA has been performed for this category. QC procedteel 1, involving checking the
emission calculation processes and data sources during the inventory preparation.

6.8.2.5 CategoryspecificReclculations

No specific recalculation was performed for thend Converted to Wetlandsibcategories. Changes

in values between the 2022 arftD23 Submissianare related to new areas emerged from the new
map layers through the IGLUD process. The valuatwelto Gstock changes in mineral and organic
soils for theLand Converted to Wetlandsibcategories for the 2022 aradd23 Submissiaare shown

in Table6.28.

Table6.28 Comparison between the 2022 a@023 Submissi@aon CSC in theand Converted to Wetlands
subcategories for 2020.

1
Soil  [kha] [kha] ., [tCha [tC ha CsSC CsC

0 yri] % [ktC] [kt C]
LandCategory  Type/ 2022 2023 Chanae yri 2022 2023 Change 2022 2023

subm. subm. subm.

Biomass subm. subm 9 subm.

4.D.2.2 Land Converted telooded Land
4.D.2.2.3 Grassland Converted to Flooded Land

Medium SOC t« Mineral
Reservoirs  sall

4.D2.2.5 Other Land Converted to Flooded Land

Low SOC t Mineral
Reservoirs soil

4.D.2.3 Land Converted to Other Wetlands
4.D.2.3.3 Grassland Converted to Other Wetlands

7.19 7.19 0.0% -0.24 -0.24 0.0% 172 -1.72 0.0%

18.91 1891 0.0% -0.01 -0.01 0.0% -0.25  -0.25 0.0%
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1
Soil  [kha] [kha] ,,  [tCha [t ;Ea " [kctsé [kctsé
i
LandCategory Type/ 2022 2023 Change yri] 2022 2023 Change 2022 2023
Biomass subm. subm subm.

subm. subm. subm.
Wetimeg;i M',:;Ira' 001 001 0.0% 0.55 055  00% 000 000 0.0%
O"SQOT'C 112 118 6.1% 0.55 0.55 0.0% 061 065 6.1%
Total 2723 2729 0.3% 136 -132  -2.8%

6.8.2.6 CategoryspecificPlannedImprovements

Improvements regarding information on reservoir area and type of land flooded are planned. Efforts
will be made to map existing reservoirs but many of them are not included in the present inventory.
Introduction of reservoispecific emission factors forare reservoirs is to be expected as information

on land flooded is improved. Compiling information on thefie® period for individual reservoirs or
regions is planned. Applying reservoir specificfiee periods will decrease the uncertainty of
emissim estimates. Information on how emission factors change with the age of reservoirs is needed,
but no plans have been made at presenttnductthis research.

The planned revisions of the map of drainage ditches and deducted map layer of drained soils are
especially likely to affect the estimate of wetland area.

Mapping of wetland restoration activities is available in printed form, but digitisation of those maps is
pending and will be included in the compilation of the IGLUD-ls®map, when available.

Separation ofntact Miresto altitude, regions, soil classes, and drainage categories, as well as adoption
of different emission factors is planned.

6.9 Settlements (4E)

6.9.1 SettlementsRemaining Settlements (CRF 4E1)

6.9.1.1 CategoryDescription

As already mentioned i@hapter6.1.], significant changes have been made for this category. For the
first time, area estimation ofSettlementshas been constructed adoptip Approach 3which is
charactersed by using spatially explicit observations of larsg categories and langse conversions.
The SCSI created four new urban area maps in certain time resa@ut@®0, 2000, 20,2020 and
2021 Maxar Satellite Images, aerial images frixhS| and Loftmyndir ehf® were used for tis
LJdzN1J2 S ® ¢ KS | alL f InduSridDafd@hedutificalMIi2 ¢ A il IN®Hz2O& SRI>a RSt S
the habitat mapping. However, since new urban maps produced by the SCSI coeidiredy fit the
replaced HMI layer, the Icelandic Farmland Database (IFD) was used for this puwitokeappeared

to havea comparable IGLUD/LUDF classification of the land surface for the IGLUD datadnage
mapping. The neBettlementsmap layer included towns and villagegwarequiredminimum of 200
inhabitants.The pads map layer has a buffer zone ranging from1a® m fromthe central Ine. No
subdivision of this category is reportebut the estimated total area consists of two components
represented in IGLUD langse mapthese arélowns and VillagemndOther Settlements (Roads)ime
series for these two components are now construtta interpolation of the neflour map areas. The
total area reported in this submission44.78kha, whereas areas farowns and Villagesnd Other
Settlements (Roads)re 12.01kha and29.77kha, respectively. No maps are available for these time

29 https://loftmyndir.is

243


https://loftmyndir.is/

L National Inventory Report, IcelarzD23

series. The area @ettlements Remaining Settlemeri¢sset as the total area &ettlementsthe year
before, subtracting the recorded conversions frdforestand Natural Birch Shrubland

6.9.1.2 Methodology

No emissions are estimated f@ettlements Remaining Settlements

6.9.1.3 Uncertainties andlime-seriesConsistency

Despite updated records of the area $éttlementsas described in Chaptér9.1.1 uncertainties for
this category have been estimated assuming expert judgement foR@28 SubmissiariThe activity
data uncertainty for these areas is 5%. Emission uncertaintie€Sdtiements Remaining Settlement
are not estimated, as no emissions are reported from this subcategory (see Ca&pied.

6.9.1.4 Categoryspecific QA/QC anWerification

No specific @ has been performed for this catego@C procedureare Tierl, involving checking the
emission calculation processes and data sources during the inventory preparation.

6.9.1.5 CategoryspecificRecalculations

Except for the recalculations made for the activibta for areas oSettlementgsee Chapte6.9.1.7),
there are no other recalculations, as emissions from this subcategory are not reported.

6.9.1.6 CategoryspecificPlannedImprovements

There are no categorgpecific planned improvements for this category.

6.9.2 Land Converted to Settlements (CRF 4E2)

6.9.2.1 CategoryDescription

Two time series dfand Converted to Settlemendsea available; these afeorest Lad Converted to
Settlementsand Natural Birch Shrubland Converted to Settlemenrisese time series explain only a
small portion of the increase in S (1 G f Sane& Yhie @rda of both categories is estimated through
the deforestation recording of IFR, wigeeach deforestation event is mapped and reported with high
spatial accuracy.

The remaining increase in the areaS#ttlementds, for the time being, assumed to be converted from
the GrasslangubcategonOther Grasslandnd reported as such. No mapsavailable for this time
series.

Forest Land Converted to Settlements

As already described in Chaptb, IFR estimates the area, of this categ@y deforestation activity.
Permanent deforestation resulting from building activities as road construction, house building and
construction of power lines is reported to the Icelandic Forest Service and defined as conversion to
Settlements It is assumedthat this deforestation is included isettlementsmaps, although a
comparison of maps has not been carried out.

Cropland, Wetlands, arfather LandConverted to Settlements

These areasre reported with the notation key IE and included as aggregated awadsr the
subcategory 4.E.2.3All Other Grassland Subcategories Converted to Settlements
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6.9.2.2 Methodology

Carbon stock changes are estimated for three categoriésioél Converted to Settlementhese are
Forest Land Converted to Settlemeni$atural BirchShrubland Converted to Settlementand All
Other Grassland Subcategories Converted to Settlenm(@iatisle6.29).

Forest Land Converted to Settlemer#ted Natural Birch Shrubland Converted to Settlements are
estimatedwith same methodology described below.

Biomass is either measured on the site priord&forestation or built on measurement plots in the
neighbourhood of the deforestation site. In few cases with deforestation of Natural Birch Woodland
Country Specific value for biomassstGck is usedAccording to the 2006 AFOLU Guidelines Tier 1
methodology biomass is reported as instant oxidation in the year of deforestation.

According to the 2006 AFOLU Guidelines Tier 1 method for dead organic maferest Land

Converted to Settlement@Chapter 8.3.2), all carbon contained in litter is assumedetdobt during

conversion and subsequent accumulation not accounted for. Carbon stock in litter has been measured
outside ofForestareas as control data in measuring the change in t#sto€k with afforestation. Its

value varies depending on the conditiohthe vegetation cover. On treeless medium to fertile sites, a

mean litter Gstock of 1.04 t hd was measured (n=40, SE=0.15; data from research described in
Snorrason et al(2002). Given the annual increase of OldC hdl & dzASR Ay (KA a&a &SI N
the estimated &stock in litter of afforested areas of 10 years of age on medium to fertile land is 2.45 t

C ha. Treeless, poorly vegetated land has a much sparser litter |Bgta from the research cited

above showed aGtock of 0.10 t hd(n=5, SE: 0.03). A littersibck of al0-yearold afforestation site

wouldbe 1.51tChiep ! aAy3d GKS AAYAfFNINIXGA2 0SG6SSy L32NI
submission (17% and 83%, respectively), gife 2.29 t C hhas weighted &tock ofthe 10-year-old

afforestation site. As with carbon in litter, soil organic carbon (SOC) has been measured in research
projects. SOC in the same research plots that were mentioned above for poorly vegetatetvaseas

14.9 t C h3, for fully vegetated areas with thick developed andosol layers it was 72.9 1 (H40;

R2gy (G2 on OY a2AiAf RSLIKOLSD® ¢KS yydzaf AYyONBIasS A
t C hat yr? for poorly vegetated sitesral 0.365 t C hayr? for fully vegetated sites. Accordingly, 10

years old forests will then have astbck of 20 t haand 76.6 t h& on poorly and fully vegetated sites,
respectively. Weighted-6tock of treeless land is then 66.9 th#&ccording to the 2006 IPCC guidelines

Tier 1 method for mineral soil stock changelaind Converted to Settlementkat is paved over is

attributed asoil stock change factor of 0.8. UsingQayearconversion period, this means an estimated

carbon stock loss of 1% during the year of conversion; the annual emissions from SOC will be 0.67t C
hatl. These factors were used to estimate emissions fronerlitind soil in this first type of
deforestation.

The second type of deforestation leadingRorest Land Converted to Settlemeat® two one events

in 2006 and 2020 where trees in an afforested area were cut down under new power line. Bigger trees
were removed. In this case, litter and soil were not removed, so only the biomass of the trees is
supposed to cause emissions instamtlythe year of the action taken and reported as such.

The carbon stock changes in above ground biomass of the catélibey Grassland Converted to
Settlementds based on average carbon stock of IGLUD field sampling points on land below 200 m a.s.l.
categorised to theGrasslanctategory, and the assumption that 70% of the original vegetation cover

is removed in the conversion. The estimation of the ratio of vegetation cover removed is based on
correspondence with planning authorities of several towns étaled. The changes of above ground
carbon stock are reported as aggregate number of changes in living biomass.
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Areas and emission factors used for carbon stock changes and comparaki@i€sions and removal
calculations fol.and Converted to Settlemengsibcategories are summarisedliable6.29.

Table6.29 Carbon stock changes and relatec:@@issions ad removals for thé.andGonverted to Settlements
subcategories in 2021.

Emissions/
. : kha EFType Tiers th hla CSCkt Removals
LandCategory Soil Type/Biomass C 2
(2021) (2021) (2021) (2021) (2021) 1a /|
(2021)
Mineral Soil 0.08 D Tl -0.63 -0.05 0.18
Forest Landonverted to =0 o rocdosses . 008 OTH T3 -3.93  -031 113
Settlement
DeadOrganicMatter 0.08 OTH T3 -0.70 -0.06 0.21
Grassland Converted to
Settlement
All Other Subcategorie . . _.
Converted tettlements LivingBiomassLosses  0.22 CS T2 -8.88 -1.95 7.16
NBSConverted to Mineral Soil 001 CS T2 037  0.00 0.02
Settlements
LivingBiomasslosses  0.01 CS T2 -2.52 -0.03 0.11
DeadOrganicMatter 0.01 CS T2 -0.14 0.00 0.01
Total 8.79

6.9.2.3 Uncertainties andlime-seriesConsistency

For activity data uncertainty, see text f8ettlements Remaining Settlementdncertainty estimates

for Gstock change factors for the period 199021 have been assessed following Approach 1 of 2006
AFOLU Guidelines (IPCC, 2006). Emissions and removals repottadddConverted to Settlements
mineral soils are based on counspecific EFs. Uncertainty associated wit@tk change factors for
this category is 150% and assigned based on expert judgment.

6.9.2.4 Categoryspecific QA/QC anWerification

No specific QA has been performed for this category. QC procedredier 1, involing checking the
emission calculation processes and data sources during the inventory preparation.

6.9.2.5 CategoryspecificRecalculations

As described in Chapt#.9.1.1 significant changes have occurred in activity data for areas in the
Settlementscategory. Changes in values between the 20222028 Submissianare related to new

areas emerged from the new map layers through the IGLUD process. RX2B&ubmissiothe area

for the subcategory 4.E.2.3 All Other Grassland subcategories converted to Settlements increases
significantly with the creation of theQ21 urban map area (see secti6r.1.]). Consequently, the
significant increase inarbon losses related to biomass lossiesected in this subcategorfpr 2020
accading to the2023 Submissionompared to the 202&8ubmission(Table6.30), is to be attributed

to the increase in urban area described here above (seeldls4. The values relative to-&ock
changes in mineral soils for thend Converted to Settlemenssibcategories for the 2022 ar23
Submissiosa are shown ifTable6.30.
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Table6.30 Comparison between the 2022 ag623 Submissiaon CSC in tHeandConverted toSettlements
subcategories for 2020.
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[tChal [tC hat csC csc

[kha]  [kha] % yr] yr] % ktC]  [ktC]

Land Soil Type/ 2022 2023

Category Biomass Change 2022 2023 | Change 2022 2023

subm. subm
subm. subm. subm. subm.

Forest Land Mineral

Convertedto 005 005 00% -062 -062 00% -003 -003 0.0%
Settlement
Grassland Converted to Settlement
All Other
Subcategories Biomass 1, 545 8350 888 -888 00% 097 -371 2835%

Convertedto  Losses
Settlements
NBSConverted Biomass
to Settlements  Losses

Total 0.17 048 182.5% -1.01 -3.75 272.2%

0.01 0.01 0.0% -1.16 -1.16 0.0% -0.01 -0.01 0.0%

6.9.2.6 CategoryspecificPlannedImprovements
There are no category specific planned improvements for this category.

6.10 Other Land(4F)

6.10.1 OtherLand Remaining Othdrand(CRF 4F1)

6.10.1.1 CategoryDescription

No changes in carbon stocks @ther Land Remaining Other Laack reported in accordance with
AFOLU Guidelines. Conversion of land into the cate@uingr Landis not recorded Direct human
induced conversion is not known to occur. Potential processes capable of converting I&rideto
Landare, however, recogeed. Among these are soil erosion, soil avalanches, floods in glacial and
other rivers, changes in rivpathways, and volcanic eruptions.

The area reported foDther Lands the area estimated in IGLUDther Landn IGLUD is recognised as

the area of the map layer included in the category remaining after the compilation process. The map
layers included intte categoryOther Landare areas with vascular vegetation cover <20ring the

2020 submission, th®ther Landarea decreases significantly. In 20@@her Landwvas reported with

an area of 5,314.54 kha, whereas for this submis€itirer Lanccovers an sea 0f3113.86kha as large

part of this category is reported &rassland Remaining Grasslg¢sde Chapte$.7).

6.10.1.2 Methodology

No emissions reportedsaoccurring.

6.10.1.3 Uncertainties andlime-seriesConsistency

Time series ofOther Land Remaining Other Ladeérive from changes in conversion to other
categories.

6.10.1.4 Categoryspecific QA/QC anderification

No specific QA has been performed for tbédegory. QC procedures are Tlelinvolving checking the
emission calculation processes and data sources during the inventory preparation.

6.10.1.5 CategoryspecificRecalculations

No emissions reported, artius no recalculationsvere performed for this category
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6.10.1.6 CategoryspecificPlannedImprovements
There are no categorgpecific planned improvements for this category.

6.10.2 OtherLand Converted t®ther LandCRF 4F2)
No anthropogenic conversion of land to this category is recorded.

6.11 Harvested Wood Products (CRF 4G)

6.11.1 CategoryDescription

Emissions and removals related to Harvested Wood Products (HWP) are estimated for the sixth time

Ay GKAa &SI NRa adomYAaairzyod ! fGK2dzaAK RFEGF 2y R2YS
from domestic wood are natfficial and the official statistical agency in Iceland (Statistics Iceland) has
fragmented, unverified, and incomplete reporting of these d3tthe annual unofficial report of the

Iceland Forest Association contains data about sawnwood production foonestic harvested wood

for 1996 to 2021 (se&able6.31); (Gunnarsson E.2010; 2011; 2012; 2018pBunnarsson E. , 2014;

2015; 2016; Gunnarsson & Brynleifsdottir, 20GTinnarsson & Brynleifsdottir, Skdgraektarario 2017,
2019)(Elefsen & Brynleifsdéttir, 2020; J6hannesdattir b., 2020; Brynleifsdéttir & Jéhannsdattir, 2021)
(Snorrason, Brynleifsdéttir, & J6hannsdéttir, 2022)

Table6.31 Annual wood production (in hon bark) and sawnwood production (irfinn 1996 ta2021.

Year Wood Sawnwood
1996 403 9
1997 314 18
1998 308 5
1999 309 9
2000 326 6
2001 286 7
2002 458 11
2003 620 9
2004 537 10
2005 961 6
2006 884 6
2007 642 27
2008 1,444 21
2009 1,528 46
2010 4,185 50
2011 3,845 112
2012 3,459 93
2013 5,511 93
2014 5,923 165
2015 4,744 64
2016 4,182 133
2017 4,333 202
2018 3,131 118
2019 2,702 76
2020 3,637 77

30 http://faostat3.fao.org/download/F/FO/E
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Year Wood Sawnwood
2021 2,726 46

These data were used to estimatestock changes in HWP. Sawnwood is only a small fragment of
commercial wood removal. Other HWP than sawnwaoe not produced from domestic wood. To
convert sawnwood volume (fhto Gstock, a conversion factor of 0.22%ifn Table 2.8.1 in 2013
Revised Supplementary Methods and GPG Arising from tiKE, 20143 usedEquation 2.8.5 with

a default haHlife of 35 years for sawnwood given in Table 2.8.2 are used to estimate CSC of the HWP
pool. Methods and activity data of HWP are unchanged from last year submission. Uncertainty is
assumed to be 5%1WP &stock changes were recalculated in this year submission as a calculation
error was found in previous estimates.

6.12 Other (CRF 4H)

6.12.1 CategoryDescription

In response to the UNFCCC expert review team request, as well as by the review team during the 2019
EU step 2, the XD emissions form draine@rasslandoils are no longer reported under the LULUCF
sector as three subcategorieSrassland Remaining Grassla@dopland Converted to Grasslarahd
Wetland Converted to Grasslanohder 4.H Other. From the 2020 submission, these emissions are
reported under he Agriculture sector under the subcategory Cultivation of Organic Soils (3.D.1.6).

6.13 Direct NO Emissions from N Inputs to Managed Soils (CRF 4(l))

6.13.1 CategoryDescription

The NO emissions from fertilisers used in revegetation are reported under agricuttailalChapter

5.7).

In response to the comment from the UNFCCC ERT about the completeness of 4(1V) Ia@irect N
emissions from managed sods\:O (L 22, ARR 201i@hder the LULUCF chapter, it was decided to
include the fertilisers used iRorestryunder the total synthetic fertiliser under 3D1 (see Chapter 5.7.
above). According to this decision, use of inorganic fertiliser previously reported LadéConverted

to Forest Land (CRF 4.Al2%rassland Converted to Forest Landfforestation 150 years oldg
Cultivated Foresthas been removed and replaced with Included Elsewhere (IE) in the CRF 4.A.2.
Activity data are still reported in CRF 4.A.2 Inorganic Beirtli

6.14 Emissions and Removals from Drainage and Rewetting and Other Management
of Organic and Mineral Soils (CRF 4(ll))
6.14.1 CategoryDescription

Emissions of both G@nd CH of this category are key categories in level 1990 and 2021, anthCH
trend 19902021.

Forest Land

As described in the Chaptérs, Forest Lanan drained organisoil is reported with direct and indirect
CQ emissions and Gtnd NO emissions.
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Cropland

The 2013 Supplement to the 2006 Guidelines: Wetla(i@CC, 2014)provides guidelines for
estimation of emissions related to twéactors reported here. These factors are the -sitb
decomposition of dissolved organic carbon (DOC) and emissions and removalrohC#tained soils.

No rewetting of soils in land included &oplandand no other source or sink of GHG related to
drainage or rewetting oCroplandsoils is recognised, and the relevant categories of 4(ll) are reported
with notation key NO.

Grassland

Two sources of emissions are reported here; these arsitdfCQ emissions via waterborne losses
from drained inland sis, and ClHemissions and removal from drained inland soils. The third source
described here is D emission from drained soils of t&asslancategory.

The rewetting ofGrasslands reported asGrassland Converted to Wetlando other source or sinkfo
GHG related to drainage or rewetting Gfasslandoils is recognised, and the relevant categories of
4(11) reported with notation key NO.

From the 2020 submission, the emissions gDNrom drainedGrasslandoil are no longer reported

underthe LULUGFS Ol 2NE o6dzi FNB Y2@SR Ayid2 GKS ! INRK Odz { dz
2T hNBIFIYAO {2Af aé¢ 6.0205 dIpehsdd the) BNEECC lexperteviewktéaini S NJ
request, as welas by the review team during the 2019 EU step 2.

Wetlands
Included in this category is efite CQemissiors and CHemissiors from wet organic soils.

Settlements

No emission from this component is reported ®ettlementsin this submission. There is no data on
extent of organic soils or drainage within tiettlementscategory.

6.14.2 Methodology

Forest Land

Indirect CQemissions from drained organic soils (which affesite emissions via waterborne carbon

losses) is estimated by default emission factor of 0.12 t-&yhafor Boreal climate zone (see Table

2.2 in the 2013 Wetlands Supplement (IPCC, 2014). In newly published research in which Eddy
Covariance techniwas used to estimate G@uxes in 2325-yearold Black Cottonwood plantation on

drained peatland in South Iceland, offsite 8@s measured simultaneous{Bjarnadéttir B., 2021)
Waterborne carbon losses were measuredCa®4 t C hayr'’s gKAOK A& O 2F (KS
Nevertheless, the default value will be used in this submission.

Methane emissions from drained organic soil are also estimated by default emission factors using
Equation 2.6 in the 2013 Wetlands Suppéary assuming an average ditch width of 2.5 m and average
distance between ditches of 50 m. The drained area is thus divided between ditches (2.5%) and drained
land (97.5%). Emission factors used are for drained land (2.04upC* for 'Forest LandDrained,
Nutrient-rich, Boredlin Table 2.3 and 217 kg Ch&? yr? for ditches in Boreal/TemperateDrained

Forest Land/Drained Wetlands Table 2.4 in the 2013 Wetlands Supplement. Combined emission
factor is 7.375 kg GHal yr?.
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Nitrous oxide erissions from drained organic soils are estimated with cousprgcific emission
factors; the same as used for drained organic soilGmafsslandwhich is 0.44 kg #&-N hat yr? (see
further description in Chaptes.7.2.9.

Area, implied emission factors, and estimatedsife CQand CHemissions foForest Lanére shown
in Table6.32and Table6.33.

Cropland

Off-site CQ emissiors via waterborne losses from drained inland soils @poplandare calculated
according to Tier 1 by applying Equation 2.4 in the 2013 Wetlands Supplement. Area, implied emission
factors, and estimated offite CQfor Croplandare showrin Table6.32.

Methane Emissions and Removals from Drained Inland Soils (Cropland):,Eneis3kdn from drained

land is calculated according to Tier 1 by applying Eqguaié in 2013 Wetlands supplement. The
equations separate the emissions into two components; these are emissions from the drained land,
and emissions from ditches. The Tier 1 default EF for drained land @ro@fandis zero, and
consequently the emissiarreported are only from the ditches. The&rhissions and removals from

drained cropland is calculated according to Tier 1 by applying EFCH4_laNd = 0 and EFCH4_ditCH =1,165
kg CHhat yr! from Tables 2.3 and 2.4 in the 2013 Wetlands Supplement, réspBc Area, implied

emission factors, and estimated £¢issions folCroplandare shown irlrable6.33.

Grassland

Off-site CQ emission via waterborne losses from drained inland soils: Thsiteffemission of CO
waterborne organic matters from drained soils is estimated according to equ&iénin 2013
Wetlands Supplement applying Tier 1 methodology. Theitdfemission is reported for all Grassland
subcategories with drained soils. The-sie CQ emission via waterborne losses from drained
Grassland soils is calculated according to Tiesing EF = 0.12 t Cha? from table 2.2 in 2013
Wetlands Supplement. Area, implied emission factors and estimateditdf CQfor Grassland are
shownin Table6.32.

Methane Emissions and Removals from Drained Inland @&ilsssland)The CH emissions from
drained land are calculated according to Tier 1 by applying Equation 2.6 from the 2013 Wetlands
Supplement. The equations separate the emissions into twopoments these areemissions from
drained land and emissions from ditches. No estimate on the fraction of area covered by ditches is
available and the indicated value from Table 2.4 in the 2013 Wetlands Supplement is applied. In
general, drainage ditches in Iceland are ddépp-4.0 m) and EF foGrasslandditches selected
accordingly. The Glemissions and removals from drain€tasslands calculated according to Tier 1

by applying EFCH4_land = 1.4 and EFCH4_ditCH = 1,16fh&d @Hifrom Tables 2.3 and 2.4 in the
2013 Wetlands Supplement, respectively. The emissions afa@Hreported for all theGrassland
subcategories including drained soils. Area, implied emission factors, and estimated Gidssland

are showrin Table6.33.

Wetlands

Off-site CQ emissions via waterborne losses from wet organic soils are reported for four wetland
subcategories; these aMires Converted to Reservojtatact Mires(of Wetland Remaining Wetland
Refilled Lakes and PondmdRewetted Wetland Soilkof Land Convedd to Wetland$. In all cases,

the emissions are estimated according to Tier 1 by applying Equation 3.5 in the 2013 Wetlands
Supplement. The oite CQ emissions via waterborne losses frdvtires Converted to Reservojrs
Intact Mires Refilled Lakeand PondsandRewetted Wetland Soilsre calculated according to Tier 1
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using EF = 0.08 t @O ha yr! from Table 3.2 in the 2013 Wetlands Supplement. Area, implied
emission factors, and estimated edfite CQemissions for Wetlands are shownTable6.32.

Methane BEmissiors and Removals fromWetlands: The Chlemissions from reservoirare estimated

for reservoirs as in previous submissions. Emisib@44 from reservoirs were estimatelly applying

a comparative method for G@missions using either reservoir classification or a resesgcific
emission factor (Oskarsson & Gudmundsson, 2008). In cases where information was available, the
emissiorswere calculated from inundated carbon.

CH emissions from wet soils in tHatact Mires Refilled Lakes and PondmdRewetted Organic Soils
categories are estimated according to Tier 1 by applying Equation 3.8 in the 2013 Wetlands
Supplement.

The Chlemissions and removals fromtact Mires Refilled Lakes and PondmdRewetted Wetland
Soilsare calculated according to Tier 1 by applying EF = 137 4G G#t yr! from Table 3.3 in 2013
Wetlands Supplemenirea, implied emission factors, and estsited CHare shown irirable6.34.

Nitrous OxideEmissions fromWetland Soils: Emissios of NO from reservoirs are considered as not
occurring. Zero emisons were measured in a recent Icelandic study on which the emission estimates
of CQand CHfor reservoirs were based (Oskarsson & Gudmundsson, 2008).

The Tier 1 approach of the 2013 Wetlands Supplement for emissiongoisNonsidered negligible
for Rewetted Wetland Soilnd the same is assumed here to applyritact Mires

Other Land
By definition, this category is unmanaged, and no drainage or rewetting is occurring.

Table6.32 Drained soils: Area, implied emission factors, and estimatesiteflCQ@ emissions of categories and
subcategories which include drained soils.

5 NI A @NSERI (f EF Coper area[kg  Off-site CQ

el S Een Soils [kha] Calhal emission [kt CQ
Forest Land Remaining Forest Land 0.19 0.08
Afforestation more than 50 Years C 0.10 440.0 0.05
Forest Land Remaining F i
Forestolder than 50 Yea  °%8 4400 0.04
Land Converted to Foredtand 3.95 1.74
Grassland Converted to Forest Layiatural Birch

Forest 13:{?50 Years O 0.77 440.0 034
Grassland Converted to Forest ngﬁg(;e\?;?rzno]ﬂ 318 4400 1.40
Cropland Remaining Cropland 62.86 27.66
CroplandActive 45.00 440.0 19.8
Cropland Inactive 17.86 440.0 7.9
Land Converted to Cropland 2.73 1.21
Wetlands Converted to Croplar 2.72 440.0 1.2
Forest Land Converted to Cropla 0.01 440.0 0.01

Grassland Remaining Grassland 259.24 114.07
Cropland Abandoned for more than 20 Ye 5.45 440.0 2.40
Natural Birch Shrubland (NBSDId 0.26 440.0 0.11
NBS; Recently Expanded into Other Grassle 0.27 440.0 0.12

Wetlands Drained for more than 20 Ye: 253.27 440.0 111.44
LandConverted to Grassland 22.48 9.89
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5 NI A ONSHRI v EF Ceper area [kg Off-site CQ

CategoryRubcategory Soils [khal] CQhal emission [kt CG
Cropland Converted to Grassla 2.43 440.0 1.07
Wetlands Converted to Grasslal 20.04 440.0 8.82
Wetlands Remaining Wetlands 618.89 181.54
Intact Mires 617.90 293.3 181.25
Mires Converted to Reservoi 0.99 293.3 0.29
Land Converted to Wetlands 1.24 0.36
Refilled Lakes and Pon 0.01 293.3 0.00
Rewetted Wetland Soil 1.18 293.3 0.35
Total 971.53 336.53

Table6.33 Drained soils: area, impliegmission factors and estimated £2nissions of categories/subcategories
which include drained soils.

,Drained ERALand [kg EFDitches CH Total
CategoryBlbcategory ;?N"S‘ﬁd!a]y CH/halyr] CH,[rlfg,yr] [kt CHy [kt CQe]
Forest LandRemaining Forest Land 0.19 0.001 0.039
Afforestation more than 50 Years C 0.103 2.00 217.0 0.001 0.021
Natural irch Forest oder than 50 ve, 0080 200 2170 o001 0017
Land Converted to Forest Land 3.910 0.029 0.721
Natural Birch Forest 110 50 Yoars 0773 200 2170 0005 0160
Grassland Converted to Forest Le
Afforestation 1 to 50 Years O 3.181 2.00 217.0 0.023 0.657
Cropland Remaining Cropland 62.86 3.66 102.518
Cropland Active ~ 44.995 - 1,165.0 2.621 73.387
Cropland Inactive 17.861 - 1,165.0 1.040 29.131
Land Converted to Cropland 2.730 0.159 4.452
Wetlands Converted to Croplar 2.720 - 1,165.0 0.158 4.433
Forest Land Converted ropland 0.012 - 1,165.0 0.001 0.019
Grassland Remaining Grassland 259.24 15.418 431.711
Cropland Abandoned for more ;22’:5 5.445 1.40 1,165.0 0.324 9.084
Natural Birch Shrubland (NBSPId 0.256 2.00 217.0 0.002 0.053
NBS RecentlyExpanded into Othe ) g 2.00 217.0 0.002 0.055
Grasslanc
Wetlands Drained for more than 20 Ye: 253.272 1.40 1,165.0 15.090 422.519
Land Converted to Grassland 22.48 35.350
Cropland Converted to Grasslal 2.434 1.40 1,165.0 0.145 4.061
Wetland Converted to Grasslar  20.044 1.40 1,165.0 1.194 33.438
Total 351.45 20.61 577.89
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Table6.34 Area, implied emission factors and estimated; €fdissions of Wetland

. =2z EFLand CH Total
5 NJ A ONEERI yEollsO €

G [khal o™ KicH kcOe]
Wetlands Remaining Wetlands 618.891 112.983 3,163.531
Intact Mires 617.901 182.667 112.870 3,160.358

Mires Converted to Reservoir 0.990 114.440 0.113 3.172

Land Converted to Wetlands 1.195 0.218 6.112

Rewetted Wetland Soil¢ 1.184 182.667 0.216 6.056

Refilled Lakes and Ponc 0.011 182.667 0.002 0.056
Total 620.086 113.20 3,169.64

6.14.3 Uncertainties andlime-series Consistency

The uncertainties and timeseries consistency are as described for the relevant-les® category.
Activity data uncertainties are badeon expert judgement and are estimated to be 20% for the
categoriesCropland Grasslandand Wetlands

Emission factor uncaintiesfor CQ and CHare calculated from the default range given in the IPCC
guidelines by using Equation 3.2 of the 2006 IBGidelines.

Uncertainties forForest Landare 58.336 CQ emissions,175.51%CH, emissions, and 20%.0, as
estimated in Chapteb.7.6above.

Uncertainties foiCroplandare 43.13%for CQ emissions an®1.37%for CH emissions. Uncertainties
for Grastand are 5262%for CQemissions an®5.23%for CH emissionslUncertainties foWetlands
are 37.37% for G@missions and 2583% for Ckhlemissions.

6.14.4 Categoryspecific QA/QC and/erification

No specific QA has been performed for this category. QC proesdug Tierl andinvolve checking
the emission calculation processes and data sources during the inventory preparation.

6.14.5 Categoryspecific Recalculations

A calculation error was found in the estimation @8 emissionin Forest Landand Natural Birch

Woodland. These estimates were recalculated and increased by the factor of expansion from Carbon

(C) to C(44/12).Other changes in values between the 2021 2023 Submissianare related to

new areas emerged from the new map layers through the IGLUD process and new area results from

NFI data sampled in 2022.
6.14.6 Categoryspecific Panned Improvements

There are no specific improvements planned for this category.

6.15 Direct NO Emissions from N Minerahtion and Immobilsation (CRF 4(lll))

6.15.1 CategoryDescription

Direct NO emissions from N mineralisation and immobilisation are reporte€fopland Converted
to GrasslandndForest Land Converted to Settlemems forthe subcategories Grassland

converted to Wetlands, Other Land converted to Wetlands and Grassland converted to Settlements,
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N20 emissions are reported as NE because despite activity data the emissions are not yet estimated
sincethe Party has prioritizethe estimation of emissions from other land uses.

6.15.2 Methodology

Conversion o€roplandon mineral soils t&rasslandandForest Land Converted to Settlemengsult
in loss of SOC. Emissions of associated mineralisation of N are calculated by assuwirigh CTNe
resulting NO emissions are estimated atl10.kt CQe and 0.01 kt C# for these categories,
respectively.

6.15.3 Uncertainties andlime-series Consistency

The uncertainties of this category involve uncertainties of estimated area and changesoick©f
mineral soils already described for relevant lamsk categories. Additional uncertainty for these
emissions is the assumption of a fixed C:N ratio of 15.

Uncertainties for Cropland converted to Grassland are 200.00%thfrN.O emissionfactor.
Uncertainties for Forest Land converted to Settlements are 100.008%&™,0 emissiorfactor.

6.15.4 Categoryspecific QA/QC anWerification

No specific QA has been famed for this categoryQC procedurgare Tierl andinvolve checking
the emission calculation processes and data sources during the inventory preparation.

6.15.5 Categoryspecific Recalculations
No category specific recalculations are performed.
6.15.6 Categoryspecific PannedImprovements

No category specific improvements are planned for this category.

6.16 Indirect NO Emissions from Managed Soils (CRF 4(1V))

These emissions include emissions related to Atmospheric deposition and Nitrogen leaching-and run
off. The compnent matches completely to 3.D.2 in the Agricultural sector and is reported there
(Chapters.8).

Although moderate scarification is partially practiced when laraffrested or reforested, research
such as ICEWOOD did not show nstdck losses from mineral soil of afforestation with scarification,
but on the contrary, net Gtock gains 11 years after afforestati(Bjarnadéttir, 2009)so indirect NO
emissions from management of forest soils are reported as not occurring.

For further information on this sector, including the methodology, recalculations, and improvements
see the Agriculture chapter.

6.17 Biomass Burning (CRF 4(V))

6.17.1 CategoryDescription

Accounting for biomass burning in all lange categories is addressed commonly in this section. The
IINHhas, in cooperation with regionahtural history institutes, started recently to record incidences
of biomass burning categorised as wildfire. This recording includes mapping the area burned. These
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maps are used to classify the burned area according to IGLUDusgndnap. Based on this
classification, bimass burning is reported for the lanbe categoriest-orest Land Remaining Forest
Land Cropland Remaining Croplar@rassland Remaining Grasslawéetlands Remaining Wetlands

andOther Land

Biomass estimates are based on biomass sampling in the I@idj#ot from the relevant landise
category as identified in landse map. Emissions of £&hd NO are calculated according to Equation
2.27 from AFOLU guidelines (IPCC 2006).

0 0 0 6 O pm

Lire = tons of GHG emitted, A = area burned [hajAvinass of fuel available [tons/ha},<Ccombustion
factor, Gs = emission factor [g GHG/kg DM].

Emissions from woodland wildfires are reported for the second time. One fire was reported in 2021
and burned @ 4 May 2021 in Southwest Iceland. As reported by the specialiBtldfthat mapped

and examined the burned area of Natural Birch Forest of 4 ha and cultivated forest of 40.0 ha and 12.5
ha of a Lupinus nootkatensifeld in an area of land reported undehe land category Grassland
remaining grasslarfd Only some of the trees died and most of the biomass of trees that died was
turned into necromass (litter or deadwood).

Tier 1 methodology using Equation 2.27 from the 2006 AFOLU Guidelines, Volunaptér Qhis
applied. Natural Birch Forest reachings 2n height at maturity has 11.9 Mghan aboveground
biomass on average (Snorrason et. al. 2019) and was used as an estimatefdfuvhed NBF. In the
case of cultivated foresthe average abowvground biomass measured on five surrounding NFI plots
with similar age and species composition was used (24.0 N¥glanission factors given for Extra
tropical forest were chosen together with combustion factor of All boreal forest.

Available biomass is farach landuse category is calculated from the average of IGLUD biomass
samples of each mapping category weighted against the area of the relevant mapping caldgory.
value of the Cf constant is assumed to be 0.5 for all-lass®lcategories as no applidatzonstants are
found in Table 2.6 of AFOLU guidelines. Gef = is as default valBasasfnaand Grasslandn Table

2.5 in AFOLU guidelines. No emissions of &@ reported as biomass is assumed to reach its pre
burning values within a few years of tharning. Available biomass ranges from 18.7 £3.8 t0 29.9 £1.9
tons of organic matter Dw ha the standard error for individual categories fror28%.In Table6.35

a summary of area, GOCH, and NO emissions and their corresponding value ineCO

Biomass burning due wildfires on areas under the land cate@trgr Land remaining Other Lahdve
occured during the eruption of Fagradalsfjall volcano which started®March 2021. The eruption
ended six months later 087 September 2021. ThBNHdetected that the wildfires caused by the
volcano eruption have burned 33.5 ha of landPPMCQ emissions eégarding this eruption event are

not estimated in accordance with the 2006 AFOLU Guidelines, Volume 4, Chapter 9 where is stated
that Other Lands often unmanaged, and in that case changes in carbon stocks ard@emissions

and removals are not estinted.£

Wildfires reported for 2006, 2008, 2009, 2012, 2015, 2@hd 2020 occurred in areas reported as
Other LandRemaining Other Land. However, these wildfires were incorrectly reported in Land
Gonverted to Other Land. The Party has corrected this drrahe 2023 Submissiarin any case, the

31Web link for information on the burned area (in Icelandigjgs://www.ni.is).

256


https://www.ni.is/is/rannsoknir/voktun-og-rannsoknir/grodureldar/grodureldar-i-heidmork

National Inventory Report, Icelar&D23 L

emissions will not be reported in Other Land remaining Other Land in accordance with the 2006 AFOLU
Guidelines, Volume 4, Chapter 9.

Table6.35Biomass burning due twildfires. Area, CCH, and NO emissions and their corresponding valine
CQe.

Land 16 /bt 16 1 L8 Ty oy BRI iz

[kha] . . Emissions . Emissions  Emissions
Category Bmissions  Emissions e Emissions a a

wilda [/ wld / wld /

Forest Land 0.0440 0.4357 0.0013 0.0365 0.0001 0.0191 0.3334

Cropland 0.0000 NA 0.0000 0.0000 0.0000 0.0000 0.0000

Grassland 0.0125 NA 0.0004 0.0103 0.0000 0.0089 0.0193

Wetlands 0.0000 NA 0.0000 0.0000 0.0000 0.0000 0.0000

Other Land 0.0000 NA 0.0000 0.0000 0.0000 0.0000 0.0000

Total 0.3527

Controlled burning oforest Lands not occurring. Controlled burning on grazing land near the farm
was common practice in sheep farming in the past. This management regirGgas$landand
Wetlandsis becoming less common and is now subjected to official licensing. The recording of the
activity is minimal, although formal approval of the local police authority is needed for safety and for
birdlife protection purposes. Controlled burning®fasslandndWetlandsis reported as NE because
there is not enough data to report biomass burnaggNO. For atither land-use categories, controlled
burning is reported as NO.

6.17.2 Uncertainties

Uncertainties related to biomass combustion from wildfires for Grassland are 41.51#tef@H,
emissionfactorand 33.06% fothe N.O emissiorfactor. Uncertairties related to biomass combustion
from wildfires for Forest Land are 33.96% foe CQ emissionfactor, 42.99% fothe CH emission
factorand 38.00% fothe N.O emissiorfactor.

6.17.3 Plannedimprovements onBiomassBurning

Recording of the area where conti@ll biomass burning is licensed is still not practiced. General
awareness on the risk of controlled burning getting out of hand is presently rising and concerns are
frequently expressed by municipal fire departments regarding this matter. Prohibitionriotest
licenses on controlled burning can be expected in near future. This development might involve better
recordkeeping on biomass burning.

Planned special sample plot measurements of forest fire areas is considered in the future.
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7 Waste (CRsector 5)

7.1 Overview

This sector includes emissions from Sdlidste Disposal (5A), Biologicdreatment of Solid Waste
(5B),Incineration andOpen Burning of Waste (5C), and Wastewatdreatment andDischarge (5D).
The category OthebE) is currently reported as NO.

Table7.1 shows an overview of the emissions from the waste sed&oym 1990, emissions from the
waste sector increased by 10%he main contributor to the waste sector is £&thissions frontolid
WasteDisposal(5A) contributing 69% (1990) and 77% (2021) to the total emissions from this sector.
From 1990, emissiorferom Solid Waste Disposaticreased by 24%.

Composting(5B1)started in Iceland in 1998nd wasthe only category reported undeBiological
Treatment of Solid Wasteuntil the first anaerobic gas and composting plant was opened in ZI0&9.
emissions from the biogas production at the mti@re reported under Anaerobic Digestion at Biogas
Facilities (5B2). The plant is currently only running at a fraction of its operating capacity, but the future
aim is for the plant to greatly reduce the amount of biodegradable waste going to lantlid gapital
area.The Chland NO emissions generated [Biological Treatment of Solid WageB)contributed
0.12% to total emissions from the waste sector in 1995 and 21 % in 2021and have increased

by 1473% in that time period

Incineration andOpen Burning of Waste (5C) contributed 6.4% to the total emissions in 1990,
decreasing to 2.6% in 2020nderWaste IncinerationgC1J the only active incineratoin the country,

active since 2004is reported. Open Burning of Waste (5C2)includes combustion in nature, on
dumpsites and in open containers as well as in uncontrolled incinerators which were installed in
Iceland during the period 1992010. Once the main pathway in the subcategoryri@®@adays only
bSé . SIFNR& 9 &btbdnfife’ are répdried witkithebOpen Burning of Waste category

In 2020 and 2021there were only a handful of bonfires due the COVIEL9 pandemic and
consequently5C2emissions arsignificantiylower than in previous years.

The categonWastewater Handling andDischarge(5D) contributed 25%to total waste emissions
1990 and 18%n 2021 andhas decreased b§9%in that time period Overall, the emission from the
waste sector increased by 10% between 1990 and 2021 an®8%y detween 2020 and 2Q.

Table7.1 Emissions from the waste sector [kt€]Qcalculated using GWP from AR5
5A  Solid Waste Disposal CH 167.7 2252 2544 2625 271.8 2242 2075 207.2
Biologicallreatment of CH NO 0.2 0.2 0.6 1.7 2.4 3.6 3.7
Solid Waste N0 NO 0.1 0.1 0.3 1.0 1.4 2.0 1.8
CH 6.8 4.7 2.9 0.5 0.4 0.4 0.1 0.1
N.O 15 1.0 0.6 0.3 0.2 0.3 0.2 0.2

5B

5C Incineration andOpen

Burning
CcQ 7.3 4.9 2.7 4.8 6.1 6.9 6.6 6.6
5D Wastewater Treatment CH 56 60.3 70.5 66.4 48.5 49.1 40.1 43.3
and Discharge N0 43 45 4.7 4.4 4.8 4.9 5.5 5.5
5E NO NO NO NO NO NO NO NO
5 Waste Total 243.6 301.0 336.3 339.8 3345 2895 265.7 268.5
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7.1.1 WasteManagement inlceland

The following paragraphs describe the evolution of waste management in Iceland. Characteristic and
NEf SOFyid F2NI LOStFyRQa SIENIe gladsS YlLylFr3asSySyi
North Atlantic Ocean, the low population densftanging from 2Dto 3.6 people per squarndlometres

in 1970 and 2020 respectivel§;)and the rather difficult road transportation network, especially during

the first half of the 26 century. Further information can be found in the National Plan on Waste
Treatment 20042016 (2004%, the National Plan on Waste Treatment 262824 (2013¥ and
Towards adrcular Economy (20215%5, all in IcelandicFigure 7.1 shows a summary of the most
important developments from 197Q021.

From 1970 to 199(ittle or no waste management practices were common in Iceland. The waste was
disposed in lanfills, which did not have to meet specific requirements regarding location,
managementand aftercare before 1990 and were often just holes in the ground. Another practice
involved the open burning of waste which mostly occurred at the same sites asnififl$a in the
vicinity of settlements. Transport ways were shahd the waste was disposed of where it was
produced. To prevent that the waste was blown away by the Icelandic weather, open concrete
containers were used to burn the waste at relativaw ltemperature and in an uncontrolled way. In
Reykjavik, the capital of Iceland and the area with the highest population, a landfill site, Gufunes, was
opened in 1967 and stayed operative until 1990. Akureyri and Selfoss, two of the biggest municipalities
outside the capital area, opened municigalid waste disposal siteSY\WD%in the 1970s and 1980s.

Figure7.1 Timeline of the most important developments in waste management in Iceland from 1970

From 1990 onwards, the number of landfillsthe countryincreased, the practise of open burning
decreased and incinerators were built which, however, did not comply with modern air quality
regulations. In 1991 a new SWDS site, Alfsnes, was openeddagital area, which is still in use today.
From 1993 onwards, a number of municipalities established regional associations for waste treatment

32The Worldbank, population dsity, accessed 04/11/2021
https://data.worldbank.org/indicator/EN.POP.DNST?end=2020&locations=IS&start=1970

33The National Plan on Waste Treatment 2@W16, available at
https://ust.is/library/Skrar/Atvinnulif/urgangur/Landsaatlun_20@016_VEF.pdf

34The National Plan on Waste Treatment 2214, available atttps://www.stjornarradid.is/media/umhverfisradunei
media/media/PDF_skrar/Landsaaeti20132024(utgafa).pdf

35Towards a Circular Economy, avdiedt https://www.stjornarradid.is/library/02Rit--skyrslurog-
skrar/UAR_stefnal_att_ad_hringrasarhagkerfi.pdf
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https://ust.is/library/Skrar/Atvinnulif/urgangur/Landsaatlun_2004-2016_VEF.pdf
https://www.stjornarradid.is/media/umhverfisraduneyti-media/media/PDF_skrar/Landsaaetlun-2013-2024-(utgafa).pdf
https://www.stjornarradid.is/media/umhverfisraduneyti-media/media/PDF_skrar/Landsaaetlun-2013-2024-(utgafa).pdf
https://www.stjornarradid.is/library/02-Rit--skyrslur-og-skrar/UAR_stefnaI_att_ad_hringrasarhagkerfi.pdf
https://www.stjornarradid.is/library/02-Rit--skyrslur-og-skrar/UAR_stefnaI_att_ad_hringrasarhagkerfi.pdf



















































































































































































































































































































































































































































































































