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Preface

The United Nations Framework Convention on Climate Change (UNFCCC) and the Kyoto Protocol to
the Convention requires the parties 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 prepared a National Inventory Report (NIR) for the
years 1990-2020. The NIR together with the associated Common Reporting Format tables (CRF) and
the Standard Electronic format (SEF) is Iceland’s contribution to this round of reporting under the
Convention, and under its bilateral agreement with the EU regarding the second commitment period
of the Kyoto Protocol.

The NIR is written by the Environment Agency of Iceland (EA - Umhverfisstofnun), the Soil
Conservation Service of Iceland (SCSI — Landgraedslan) and the Icelandic Forest Service (IFS -
Skograektin). The EA is responsible for all chapters apart from those concerning Land-Use, Land-Use
Change and Forestry (LULUCF and KP-LULUCF), which are written by the Soil Conservation Service
and the Icelandic Forest Service, with major contributions by the Agricultural University of Iceland
(AUI — Landbulnadarhaskdli [slands). Jon Gudmundsson from the Agricultural University is
acknowledged for his extensive contribution to the LULUCF chapters.

This NIR, together with the associated CRF tables and MMR templates, is submitted in accordance
with Art. 7.1 of the Monitoring Mechanism Regulation (MMR, Regulation No 525/2013) and relevant
articles and annexes in the implementing Regulation No 749/2014, as stipulated by the transitional
provisions stated in Art. 58 of Regulation (EU) 2018/1999 on the Governance of the Energy Union
and Climate Action.

Environment Agency of Iceland, Reykjavik, 13.04.2022
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Executive Summary

ES.1 Background

The 1992 United Nations Framework Convention on Climate Change (UNFCCC) and the Kyoto
Protocol requires that the Parties report annually on their greenhouse gas (GHG) emissions by
sources and removals by sinks. In response to these requirements, Iceland has prepared the present
National Inventory Report (NIR). This NIR together with the associated Common Reporting Format
(CRF) tables and Monitoring Mechanism Regulation (MMR) templates is submitted in accordance
with Article 7.1 of the MMR (Regulation No 525/2013) and relevant articles and annexes in the
Implementing Regulation No 749/2014.

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

Iceland is a party to the UNFCCC and acceded to the Kyoto Protocol on 23 May 2002. Earlier that
year, the government adopted a climate change policy that was formulated in close cooperation
between several ministries. The aim of the policy was to curb emissions of GHGs, so they would not
exceed the limits of Iceland’s obligations under the Kyoto Protocol. A second objective was to
increase the level of carbon sequestration through afforestation and revegetation programs. In
February 2007, a new climate change strategy was adopted by the Icelandic government. The
strategy set forth a long-term vision for the reduction of net emissions of GHGs by 50-75% by the
year 2050 compared to 1990 levels. An Action Plan for climate change mitigation was adopted in
2010. The Action Plan built on an expert study on mitigation potential and cost from 2009 and took
account of the 2007 climate change strategy and likely international commitments. In 2012 the first
yearly progress report was published, where the emissions and removals are compared with the
goals put forward in the Action Plan.

In September 2018 the Icelandic government published a new Climate Change Action Plan?,
containing a collection of 34 actions and associated funding of 49 million Euros for the period 2019 to
2023. The action plan focuses on two major parts: firstly, the electrification of the transport sector;
secondly, an increased effort in afforestation, revegetation and wetland restoration. An update of
the 2018 action plan was published in June 20202, with an associated budget of 46 billion Icelandic kr.
(300 million Euros) for the period 2020-2024.

Iceland’s international obligations on climate change are listed here below:

e 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.

e Decision 14/CP.7 on the “Impact of single project on emissions in the commitment period”
allowed Iceland to report certain industrial process carbon dioxide (CO,) emissions separately
and not include them in national totals; to the extent they caused Iceland to exceed its

1Adgerdaaeetlun i loftslagsmalum 2018-2030: Climate Action plan 2018-2030, in Icelandic
2 Adgerdaaeetlun i loftslagsmalum til 2030: Climate Action plan, updated second edition, in Icelandic
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assigned amount. For the first commitment period, from 2008 to 2012, the CO, emissions
falling under decision 14/CP.7 were not to exceed 8,000,000 tonnes.

e The second commitment period of the Kyoto Protocol ran for eight years, from 2013 to 2020.
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 Parties agree to fulfil their
guantified 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 15,327,217 t CO,e for the second commitment period.

e Under the Paris Agreement, Iceland will be part of a collective delivery by European countries
to reach a target of 55% reduction of greenhouse gas emissions by 2030 compared to 1990
levels. Iceland will ensure fulfilment of its fair share of the collective delivery of the 55%
target by: a) continuing participation in the EU Emissions Trading Scheme and b) reducing
emissions falling under the scope of the EU’s Effort Sharing Regulation (Regulation (EU)
2018/842) relative to the 2005 emission level*. The current Effort Sharing target for 2030 is
29% reduction relative to 2005, but at the time of this writing work is in progress to
determine a new target in line with the updates of the EU’s “Fit for 55” legislation package.

ES.2 Summary of National Emission and Removal Related Trends

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

e Carbon dioxide (CO,)

e Methane (CHa4)

e Nitrous oxide (N;0)

e Hydrofluorocarbons (HFCs)
e Perfluorocarbons (PFCs)

e Sulphur hexafluoride (SFe)
e Nitrogen fluoride (NFs)

Iceland reports emissions of CO,, CHa, N2O, HFCs, PFCs and SFs. NF3 is not used in Iceland and has not
been imported as such. In addition, no industry potentially using NFs (e.g. semiconductors, LCD
manufacture, solar panels and chemical lasers) is present in Iceland.

The distribution of reported greenhouse gas emissions over the UNFCCC sectors (excluding LULUCF)
1990 to 2020 is shown in Figure ES. 1. Emissions from the Energy sector and Industrial Processes
contribute approximately with 80% to the national total (excluding LULUCF). The emissions from the
Agriculture and Waste sectors are considerably smaller.

A summary of Iceland’s national emissions for selected years between 1990 and 2020 is presented in
Table ES. 1. LULUCF is the largest sector, with emissions of more than double the combined
emissions from the other sectors across the time series. Total GHG emissions (excluding LULUCF)

3 http://register.consilium.europa.eu/doc/srv?I=EN&f=5T%2010941%202014%20INIT

4 EU Regulation 2018/842 was taken up into the EEA Agreement with the Joint Committee Decision nr. 269/2019
(https://www.efta.int/media/documents/legal-texts/eea/other-legal-documents/adopted-joint-committee-
decisions/2019%20-%20English/269-2019.pdf)
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increased by 23% from 1990 to 2020. LULUCF emissions have remained relatively constant since
1990. The greatest change in the trend over the time series is the increase in the contribution of
Industrial Processes to total emissions. This is primarily due to the increased production of aluminium
in Iceland, which is a highly energy-intensive process.

A more detailed consideration of emissions trends can be found in Chapter 2.
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Figure ES.1 Emissions of GHG by sector, without LULUCF, from 1990 to 2020, [kt COze]

Table ES. 1 Emissions of GHG by sector, without LULUCF, from 1990 to 2020, [kt COze]
Change Change

2010 2015 . i -
'90-"20 19-°20
1 Energy 1,836 2,053 2,181 2,155 2,020 1,848 1,849 1,659 -10% -10%
2 Industrial
958 565 1,010 955 1,917 1,983 2,020 1,986 107% -1.7%

Processes
3 Agriculture 662 618 627 605 631 655 621 618 -6.5% -0.5%
4 Land Use, Land
Use Change and 9,199 9,175 9,194 9,232 9,196 9,107 9,020 9,010 -2.1% -0.1%
Forestry
5 Waste 219 270 302 304 296 261 223 247 12% 10%
Total without

3,674 3,506 4,119 4,019 4,865 4,746 4,713 4,510 23% -4.3%
LULUCF
Total with
LULUCE 12,873 12,681 13,314 13,251 14,061 13,853 13,733 13,519 5.0% -1.6%

The GHG emissions profile for Iceland is unusual in many respects:

XXX



National Inventory Report, Iceland 2022 L

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

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

e Emissions from the Land Use, Land Use Change and Forestry (LULUCF) sector are high in
comparison to other sectors and to other parties. Recent research has indicated that there
are significant emissions of CO, from drained wetlands. These emissions can be attributed to
drainage of wetlands in the latter half of the 20th Century, which had largely ceased by 1990.
These emissions of CO, continue for a long time after drainage.

e Individual sources of industrial process emissions have a significant proportional impact on
emissions at the national level. Expansion in existing production capacity as well as start of
new operations is reflected in the country’s emission profile, as for instance the start of two
new aluminium smelters in 1998 and 2007 respectively. This last aspect of Iceland’s emission
profile made it difficult to set 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. This 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

First commitment period (2008 — 2012)

Under the Kyoto Protocol, Parties set targets which are expressed as Assigned Amount Units (AAUs).
Iceland’s initial AAUs for the first commitment period amounted to 18,523,847 tonnes of CO;
equivalents (COe) for the period or 3,704,769 tonnes per year on average. Added to that are a total
of 1,541,960 removal units (RMUs) from Art. 3.3 and Art. 3.4 activities and total of 33,125 AAUs, CERs
and ERUs from Joint Implementation projects, resulting in an available assigned amount of
20,098,931 AAUSs.

Emissions from Annex A sources during CP1 were 23,356,071 tonnes CO,e. This means that Annex A
emissions were 3,257,140 tonnes CO; in excess of Iceland’s available assigned amount.

Total CO,e emissions falling under Decision 14/CP.7 during CP1 were 5,912,964 tonnes COze.
Therefore, in order to comply with its goal for CP1, Iceland reported 3,257,140 tonnes of the CO,e
emissions falling under decision 14/CP.7 separately and not include them in national totals.

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

Second commitment period (2013 — 2020)

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, and to fulfil the commitments under the second commitment period of the
Kyoto Protocol, jointly. Iceland’s individual assigned amount was established at 15,327,217 AAUs.

As part of its submission to UNFCCC, Iceland submits Standard Electronic Format (SEF) tables for the
Kyoto Protocol units issued in 2021 for the second commitment period (CP2). There were no annual
external transactions made and at the end of the reported year. At the end of the year there were
15,327,217 AAUs in Iceland’s party holding account.

XXXII
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1 Introduction

1.1 Background Information

The 1992 United Nations Framework Convention on Climate Change (UNFCCC) was ratified by
Iceland in 1993 and entered into force in 1994. One of the requirements under the Convention is that
Parties are to report their national anthropogenic emissions by sources and removals by sinks of all
greenhouse gases (GHGs) not controlled by the Montreal Protocol, using methodologies agreed upon
by the Conference of the Parties to the Convention (COP). This National Inventory Report (NIR) is one
of the elements of the annual GHG inventory that is required to be submitted to the UNFCCC. The
NIR, together with the associated Common Reporting Format (CRF) tables and Monitoring
Mechanism Regulation (MMR) templates is submitted in accordance with article 7.1 of the MMR
(Regulation 512/2013) and relevant articles and annexes in the Implementing Regulation 749/2014,
as per Art. 58 of Regulation 2018/1999 on transitional provisions as regards the second commitment
period of the Kyoto Protocol.

In 1995 the Government of Iceland adopted an implementation strategy based on the commitments
of the Framework Convention. The domestic implementation strategy was revised in 2002, based on
the commitments of the Kyoto Protocol and the provisions in the Marrakech Accords. Iceland
acceded to the Kyoto Protocol on 23 May 2002. The Kyoto Protocol commits Annex | Parties to
individual, legally binding targets for their GHG emissions. A brief overview of Iceland’s international
obligations with regards to its GHG emissions can be found here:

1.1.1 First commitment period of the Kyoto Protocol (2008-2012)

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 commitment period were decided in Iceland’s Initial Report under the Kyoto Protocol and
amounted to 18,523,847 tonnes of carbon dioxide equivalents (CO,e). Decision 14/CP.7 on the
“Impact of single project on emissions in the commitment period” allowed Iceland to report certain
industrial process carbon dioxide (CO,) 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 CO, emissions falling under decision 14/CP.7 were not to exceed 8,000,000
tonnes.

1.1.2 Second commitment period of the Kyoto Protocol (Doha amendment — 2013-2020)

In 2015 a Joint Fulfilment Agreement® was concluded between the European Union (EU), its Member
States and Iceland concerning Iceland’s participation in the joint fulfiiment of commitments of the
Union, the Member States and Iceland in the second commitment period of the Kyoto Protocol.
Therein the Parties agree to fulfil jointly their quantified emission limitation and reduction
commitments for the second commitment period inscribed in the third column of Annex B to the
Kyoto Protocol. Iceland’s individual assigned amount was established at 15,327,217 AAUs.

According to Article 4, cf. Annex |, of the Joint Fulfilment Agreement, Regulation (EU) No 525/2013
(“MMR”) and current and future Delegated and Implementing Acts based on Regulation (EU) No

5 http://register.consilium.europa.eu/doc/srv?I=EN&f=5T%2010941%202014%20INIT
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525/2013 shall be binding upon Iceland. This includes for instance Commission Implementing
Regulation (EU) No 749/2014, which further details the content and format required for the various
reporting requirements under Regulation (EU) No 525/2013. The legal acts were rendered applicable
in lceland in 2015 with an amendment to Act No 70/2012, cf. Act No 62/2015.

1.1.3 Paris Agreement period (2021-2030)

Under the Paris Agreement, Iceland will be part of a collective delivery by European countries to
reach a target of 55% reduction of greenhouse gas emissions by 2030 compared to 1990 levels.
Iceland will ensure fulfilment of its fair share of the collective delivery of the 55% target by

a) continuing participation in the EU Emissions Trading Scheme (EU-ETS) according to Directive
2003/87/EC,

b) reducing emissions falling under the scope of the EU’s Effort Sharing Regulation (Regulation (EU)
2018/842 - ESR) relative to the 2005 emission level. The current Effort Sharing target for 2030 is 29%
reduction relative to 2005, but at the time of this writing work is in progress to determine a new
target in line with the updates of the EU’s “Fit for 55” legislation package.

c) implementing the reporting and accounting rules pertaining to emissions and removals from the
land use, land use change and forestry (LULUCF) as prescribed by the LULUCF regulation (Regulation
(EU) 2018/841).

Iceland’s and Norway’s joint fulfiiment with the EU Member States for the Paris Agreement was
agreed upon with the uptake in October 2019 of relevant EU legislation into the European Economic
Area (EEA) Agreement®. This includes the LULUCF Regulation (Regulation (EU) 2018/841), the Effort
Sharing Regulation (Regulation (EU) 2018/842), as well as parts of the Governance of the Energy
Union Regulation (Regulation (EU) 2918/1999) replacing the MMR Regulation (Regulation (EU) No
525/2013).

1.1.4 Climate change strategies

A climate change strategy was adopted by the Icelandic government in 2007. The long-term strategy
was to reduce net GHG emissions in Iceland by 50 — 75% by 2050, compared to 1990 levels. In the
shorter term, Iceland aimed to ensure that emissions of GHGs would not exceed Iceland’s obligations
under the Kyoto Protocol in the first commitment period. In November 2010, the Icelandic
government adopted a Climate Change Action Plan in order to execute the strategy.

In September 2018 the Icelandic government published a Climate Change Action Plan’ for the years
2018-2030; an updated version of the action plan was released in June 20208 and is the plan that is
currently being put in action. The action plan has two main goals: achieving the emission reductions
of the Paris Agreement for 2030 and reaching carbon-neutrality in 2040. To reach these goals the
revised action plan set forth 48 actions which mostly focus on electrification of the transport sector
and increased efforts in afforestation, revegetation and wetland restoration. The revision of the plan
also contained significantly improved analysis to estimate the individual and collective

mitigation gains of the measures presented.

6 Decision of the EEA Joint Committee No 269/2019
7 Adgerdaaeetlun i loftslagsmdalum 2018-2030: Climate Action plan 2018-2030, in Icelandic
8 Adgerdaaaetlun i loftslagsmalum til 2030: Climate Action plan, updated second edition, in Icelandic
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According to the Climate Act the Government shall, in consultation with stakeholders, review and
update the Climate Action Plan every fourth year, based on international commitments and the
Government’s goals. Climate measures shall be developed and put in motion by an inter-ministerial
committee. The committee 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 Environment, Energy and Climate, 2021°) 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 introduced in the 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 billion (approx. 310 million EUR) is expected to be spent on key climate
measures in the period 2020-2024.

1.2 National System for Estimation of Greenhouse 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 with this Act the Environment Agency of Iceland (EA), an agency under the
auspices of the Ministry of the Environment, Energy and Climate, carries the overall responsibility for
the national inventory. EA compiles and maintains the GHG emission inventory, except for the
LULUCEF sector which is compiled by the Soil Conservation Service of Iceland and the Icelandic Forest
Service in collaboration with the Agricultural University of Iceland (AUI). The EA reports to the
Convention and to the EU. The Act specifies that the EA is allowed to request all data needed for the
inventory from relevant authorities, agencies, companies and individuals; the obligations are further
elaborated in Regulation No 520/2017 on data collection and information from institutions related to
Iceland’s inventory (see also Chapter 13). The regulation is currently being recast, amongst other
things to reflected changes in responsibilities of various data providers.

The UNFCCC national focal point is within the Ministry of the Environment, Energy and Climate (Mrs.
Helga Bardadattir) and is responsible for approving the final inventory before its submission to the
UNFCCC.

Figure 1.1 illustrates 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.

92021 Progress report on the Climate Action Plan, published September 2021 (in icelandic)
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Figure 1.1 Information flow and distribution of responsibilities in the Icelandic emission inventory system for
reporting to the UNFCCC.

1.2.2 National legislation

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

e Reducing GHG emissions efficiently and effectively,

e Toincrease carbon sequestration from the atmosphere,

e Promoting mitigation to the consequences of climate change, and

e To create a framework for the government to fulfil its international obligations regarding
climate change.

Act No 70/2012 supersedes Act No 65/2007 on which basis the EA made formal agreements with the
necessary collaborating agencies involved in the preparation of the 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 protocol was based on
these agreements.
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Act No 70/2012 establishes the national system for the estimation of GHG emissions by sources and
removals by sinks, the national registry, emission permits and establishes the legal basis for
installations and aviation operators participating in the EU ETS. The Act specifies that the EA is the
responsible entity for the national accounting as well as for the inventory of emissions and removals
of GHGs according to Iceland's international obligations.

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

1.2.3 Regulation No 520/2017

The Regulation on data collection and information from institutions related to Iceland’s inventory on
GHG emissions and removal of carbon from the atmosphere No 520/2017%° was adopted in June
2017. This regulation establishes formally the data provision modalities, such as content, format and
deadlines for data submission to the EA; furthermore, it implements EU Regulation No (EU) 525/2013
on a mechanism for monitoring and reporting GHG emissions and for reporting other information at
national and Union level relevant to climate change (“MMR”) and delegated Acts. Further details on
the Regulation can be found in Chapter 13 of Iceland’s NIR 2021.

Regulation No 520/2017 has proved difficult to implement fully (see Chapter 13 in Iceland’s NIR
2021) and is being revised now. A final draft of the revised regulation is expected to be accepted
within the next few months and the updated regulation published in 2022. Main changes will be
highlighted in next year’s NIR, as this submission was still done following Regulation No 520/2017.
Main changes include clearer definitions of responsibilities of the various institutions and other data
providers involved, clearer deadlines and clearer provisions on what can be done if data providers fail
to provide the data required as per the regulation.

Furthermore, Commission Implementing Regulation (EU) 2020/1208 establishes stricter rules on the
establishment, operation and functioning of the National inventory system??, reference to which will
be included in the updated regulation.

1.2.4 Planned improvements to the national system

In order to better implement the requirements of Articles 26 to 29 of Commission Implementing
Regulation (EU) 2020/1208, there are plans to set up a steering committee for the inventory, as a
part of the national system. The exact roles and modalities of functioning of such a committee are
yet to be defined; it is thought that such a committee will be coordinated by the EA and be
composed of representatives from the Soil Conservation Service, the Forestry Service, the Ministry of
the Environment, Energy and Climate and possibly other ministries, as well as major data providers
and stakeholders. The aim of such a committee will be, amongst other things, enhanced QA of the
inventory as well as prioritisation of improvements needed. Furthermore, it is planned to establish
separate working groups for various key subsectors of the inventory, to enhance collaboration

10 https://www.reglugerd.is/reglugerdir/eftir-raduneytum/umhverfis--og-audlindaraduneyti/nr/0520-2017
11 Art. 26-29 of Regulation (EU) 2020/1208
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between experts in the inventory team, various ministries as well as experts from other institutions,
companies, universities and research centers.

1.3 Inventory Preparation: Data Collection, Processing and Storage

1.3.1 Data Collection

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

e The EA collects the bulk of data necessary to run the general emission model, i.e. activity
data and emission factors, for all sectors apart from LULUCF. Activity data is collected from
various institutions and companies, as well as by EA directly as listed and illustrated above in
Section 1.2.1.

e 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.

e 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 verified by independent 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 the EA.

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

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

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

The annual inventory cycle (Figure 1.2) describes individual activities performed each year in
preparation for next submission of the emission estimates.
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Figure 1.2 Iceland’s annual inventory cycle.

1.3.2 Processing

A new annual cycle begins with an initial planning of activities for the inventory cycle by the
inventory team and major data providers as needed, taking into account the outcome of the internal
and external review as well as the recommendations from the UNFCCC and EU reviews. The initial
planning is followed by a period assigned for compilation of the national inventory and improvement
of the National System. The estimation methods of all GHGs are harmonized with the IPCC Guidelines
for National Greenhouse Gas Inventories. Methodologies and data sources for each sector are
described in Chapters 3 —7.

After compilation of 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.

A series 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 source categories and for those categories where data and
methodological changes have recently occurred.

After an approval by the Ministry of the Environment, Energy and Climate, the GHG inventory is
submitted to the UNFCCC by the EA.

1.3.3 Storage

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

Numerical data, calculations and other related documents are stored on a file server running
Windows Server 2019. EA’s virtual servers are running on IBM BladeCenter.

Premis (formerly known as Fjolnet), a local IT company, hosts EA’s servers. Their hosting is fully ISO-
9001 and I1SO-27001 certified. The server and backup rooms are in two locations, the primary server
room for EA is in Sauddrkrdkur (a town in northern Iceland) and the disaster recovery room storing
off-site backups is in Reykjavik city (located in southwestern Iceland). The rooms are separated by
roughly 200 km straight line.

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

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

1.3.4 Training and capacity-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 within the
inventory team as part of a staff development plan. In addition, more general training has been
received at the institutional level including the improvement to inventory systems and transparency.
This is important in terms of business continuity, for example when key individuals leave the Agency,
or change roles, leaving knowledge gaps that may require filling at short notice. The main recent
activities are outlined below.

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

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

o IPPU: Almost 90% of the IPPU emissions come from 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 gases inventory, 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
the EA in generating new calculations files. QC of the files by the Aether staff
provided further training opportunities, with numerous Skype meetings between
Aether and the EA to discuss the files.

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

o Waste: During an in-country 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 emissions from waste management.

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

e Participation in capacity building activities proposed by the EU, yearly sector-specific
capacity-building webinars, among them:

o LULUCF: LULUCF Virtual Workshop 2021 - Present challenges for LULUCF reporting
and accounting. Organized by Joint Research Centre’s European 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 organized
by Aether for European Commission.

o All sectors: Capacity-building webinars organised by DG Climate action on ESD
review 2021 and LULUCEF trial review

e Participation in a Nordic inventory experts’ workgroup, where inventory compilers from
Norway, Sweden, Finland, Denmark and Iceland meet once a year (separate meetings for
LULUCF and for the other sectors (including general/ QA/QC)) and discuss various aspects of
the inventory compilation, ranging from technical aspects of emission estimates to logistical
issues with submission to EU and/or UNFCCC.

e 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.

e Participation to the annual training session for the COPERT model, organized by the
European Environment Agency and carried out by EMISIA, the developer of the software. The
training includes an overview of the software, information on the latest updates, a Q& A
session with the participants. This one and a half day training is attended by the members of
the inventory team every year.

1.3.5 Capacity and staffing

Additional funding was allocated by the Icelandic government to the Environment Agency in recent
years, in recognition of the fact that the existing staff did not have the capacity to fully adhere to all
reporting obligation, including (but not limited to) the work associated with the new EU regulations
pertaining to the commitment period under the Paris Agreement (2021-2030 - for instance, the
Effort Sharing Regulation (EU) 2018/842, the Governance Regulation (EU) 2018/1999 and the
Commission Implementing Regulation (EU) 2020/1208). A new staff member was hired early 2020 to
work on the inventories early February 2020. Another new position was filled in January 2021. At the
time of this writing, two new positions were filled earlier this year. This brings the capacity of the
inventory team to a total of 7.5 positions for the sectors covered by the EA (all except LULUCF) and
for the overall project management; in addition to this, the inventory team also includes a 50%
lawyer position, and a position specialising in communication. This will ensure more time allocated to
each sector, which is expected to allow for more time for QA/QC activities. It is though worth noting
that the same inventory team is also responsible for producing the data and report on policies,
measures and projections of greenhouse gases as submitted to the EU, as well as on the annual air
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pollutant inventory reported to the Convention on Long-range transport of atmospheric pollutants
(CLRTAP).

Two full-time persons were added to the SCSI LULUCF inventory team in 2021. The LULUCF inventory
team now consists of 13 persons, some working part time on the project but four are full time
members. Two new members were added to the current six members of the summer field campaign
staff. The main source of data used to estimate removals and emission regarding forest land and
forestry are sampled annually in the Icelandic national forest inventory. The NFI/LULUCF team of the
Icelandic Forest Service consist of six fulltime employees and two summer workers yielding 3.5
person years in NFI/LULUCF projects in 2021.

1.4 Key Category Analysis

According to the IPCC definition, a key category is one that is prioritized within the national inventory
system because its estimate has a significant influence on a country’s total inventory of direct GHGs
in terms of the absolute level of emissions, the trend in emissions, or both. Total emissions from the
key categories amount to 95% of the total 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 including LULUCF are shown in Table 1.1, and the key
category analysis excluding LULUCF is shown in Table 1.2 below. More detailed Key Category Analysis
tables can be found in Annex 1, including the percentage contribution of each category to the total
emissions. The Key Category Analysis for the KP-LULUCF emissions/removals can be found in Section
11.7.1.

Iceland’s key categories may highlight a broader scope of activities than many Parties due to the
relatively small anthropogenic emissions from power generation in Iceland. The results highlight the
importance of Iceland’s industrial sectors, as well as domestic navigation, where the fishing sector
plays a strong role in the national economy.

10
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U

IPCC source category

Energy (CRF sector 1)

Table 1.1 Key categories of Iceland's GHG inventory (including LULUCF). v'= Key source category.

Level

1990

Trend

Fuel combustion - Manufacturing Industries and

1A2 Construction €0 v v
1A3b Road Transportation CO, 4 4
1A3e Other Mobile Machinery Co, v v
1A4c Agriculture/Forestry/Fishing CO, 4 v
1B2d Fugitive Emissions from Fuels - Other (Geothermal) CO, v
IPPU (CRF sector 2)

2C2 Ferroalloys Production Co, v v
2C3 Aluminium Production CO, v v
2C3 Aluminium Production PFCs v v
2F1 Refrigeration and Air Conditioning Aﬁ_g;:E::e

Agriculture (CRF sector 3)

3A1 Enteric Fermentation - Cattle CHa v

3A2 Enteric Fermentation - Sheep CHq 4 4
3D1 Direct N,O Emissions from Managed Soils N0 v

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

4A1 Forest Land Remaining Forest Land CO, v
4A2 Land Converted to Forest land CO,; v
4B1 Cropland Remaining Cropland CO, v v
4B2 Land Converted to Cropland Co; v v
4c1 Grassland Remaining Grassland CO, 4 4
4C2 Land Converted to Grassland CO, v v
4D1 Wetlands Remaining Wetlands CO, v 4
) Grassiand S gement of rgonic i minersi ot S ¥

WGy S et o oo s evets o,

A Wetlands e rogement of orgonc anc mneraisots. M ¥ d
A Wetlands S rogement of orgonc anc mneraisols 0¥

Waste (CRF sector 5)

5A1 Managed Waste Disposal Sites CHa v
5A2 Unmanaged Waste Disposal Sites CHq4 v v
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Table 1.2 Key categories of Iceland's GHG inventory (excluding LULUCF)

. v'=Key source category.

Level Level
IPCC source category

1990 2020

Energy (CRF sector 1)

1A2 Fuel combustion - Manufac'turing Industries and o, v v v
Construction

1A3a Domestic Aviation Co, v v

1A3b Road Transportation CO, v 4 4

1A3d Domestic Navigation CO, v v

1A3e Other Mobile Machinery Co, v v

1A4b Residential Combustion Co, v v

1A4c Agriculture/Forestry/Fishing CO, v v 4

1B2d Fugitive Emissions from Fuels - Other (Geothermal) CO, v 4 v

IPPU (CRF sector 2)

2A1 Cement Production CO, v v

2B10 Fertilizer Production N,O 4 v

2C2 Ferroalloys Production CO, v 4 4

2C3 Aluminium Production CO, v v v

2C3 Aluminium Production PFCs v v v

2F1 Refrigeration and Air Conditioning Aﬁ?g:f::e v

Agriculture (CRF sector 3)

3A1 Enteric Fermentation - Cattle CHa4 v v

3A2 Enteric Fermentation - Sheep CHq v 4 4

3A4 Horses Enteric Fermentation - Horses CHa4 v v

3B11 Manure Management - Cattle CHa v v

3D1 Direct N,O Emissions from Managed Soils N,O v 4 v

3D2 Indirect N,O Emissions from Managed Soils N,O v v

Waste (CRF sector 5)

5A1 Managed Waste Disposal Sites CHy v v

5A2 Unmanaged Waste Disposal Sites CHq v 4

5D2 Industrial Wastewater Treatment CHq4 v v

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

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

1.5.1 Background information on Iceland’s QA/QC activities

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

The Hub is focused around three interconnecting elements:

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

The interaction of these elements is outlined in Figure 1.3 below.

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

13
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QA/Qc Plan One to one — items become

- Cross-cutting QC Actions '_J'rmplfmf'”md" in
(tracking in compilation file improvement plan and
QA shests) copied into QASQC Plan if

- Sector-specific QC Actions weakness is in QA/QC Reporting

- QA Activities - —
- Implemented QA/QC related e
improvement actions

QA/QC Plan view for
MIR table

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

Improvement Plan

sectoral)
- Prioritising improvements

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

rogress notes
prog

Reviewer Comments
- Complete list of reviewer
comments

- Tracking back to original
review and implicated
report/submission

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

- Inclusion of MS response
and suggested action(s)

Figure 1.3 Schematic overview of the elements included in the QA/QC hub

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

The live improvements and QA/QC lists can be viewed and recorded at sectoral or cross-cutting level.
Crucially, all activities are designed to be time-bound and signed off as part of the annual inventory
cycle. This enables the inventory team to provide an ongoing record of sector-specific and cross-
cutting activities through its national inventory reporting. Once fully operationalised, the QA/QC Hub
will lead to:

e enhanced transparency of inventory compilation and reporting

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

e improved response to, and engagement with, the international inventory review processes

14
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The QA/QC Hub also acts as a centralized document library for relevant training material (to identify
and track the engagement of key experts and stakeholders with the inventory team); and for the
storage of internal document templates and specific QA/QC guidance for e.g. data collection, review
and analysis.

National Inventory Report, Iceland 2022

1.5.2 Roles and responsibilities overview

The overall responsability over the inventory lies with the inventory team leader at the Environment
Agency of Iceland (EA), who has overall responsibility for the completion of QA/QC activities,
submission, improvements planning and review coordination. Within the inventory team at the EA
there are two sectoral subgroups within the team, one Energy/IPPU group and one
Agriculture/Waste group. Data collection, processing, QC and improvements are conducted within
each group, in collaboration with the team leader. The various roles within the inventory team are
described below:

e Inventory team leader - 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
with the Icelandic government and with data providers, as well as communication with EU
and UNFCCC experts/expert review teams.

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

e Sectoral experts - main knowledge holders on individual inventory sectors. They are
responsible for completion of day-to-day data processing and QC activities. Each sector
comprises 3 to 4 sectoral experts; prior to each submission cycle, it is decided how roles are
divided between the sectoral experts, making sure that QC activities are done by someone
other than the individual who did the calculations. In addition, each NIR chapter is proof-read
by one of the experts not involved in the writing of the chapter.

e Lawyer —rresponsible 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
Iceland’s various air pollutants and greenhouse gases commitments.

e Communications strategist — responsible for coordinating all media-related activities relating
to the inventory work, such as publication of news, website updates, as well as lectures and
seminars.

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

1.5.3 Quality Assurance (QA)

Iceland’s GHG inventory is subjected yearly to reviews by experts mandated by the European
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 inventory and the national system. The inventory
submitted in 2017 was subjected to a UNFCCC in-country review, but no UNFCCC review took place
in 2018. In September 2019, a UNFCCC desk review took place.
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Iceland volunteered for an EU step 2 review (as described in Art. 32 of Regulation (EU) 749/2014),
which took place in April 2019. In 2020, the inventory was submitted to a comprehensive review by
the EU, as specified by Art. 4 of Regulation (EU) 2018/842. This review focussed on emissions falling
within the scope of Regulation 2018/842, which are all emissions outside of the EU-ETS and outside
of LULUCF (so called "Effort-sharing" emissions). Emissions of the years 2005, 2016, 2017 and 2018
were reviewed, as emissions for those years were used in order to determine Iceland's annual
emission allocations (AEAs) pertaining to Art. 4 of Regulation 2018/842. At the end of the review,
Iceland provided the review team with 3 revised estimates (one in the IPPU sector, one in the
Agriculture sector and one in the Waste sector). Details of the changes made following the
Comprehensive Review can be found in Chapter 10.2.

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

Further Quality Assurance is provided by Iceland’s collaboration with consultants at Aether Ltd., who
assist with and review sector-specific methodological choices and 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 sector 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:

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

e Identifying flat trends in the data

e A comparison of implied emission factors with the EU-15

Furthermore, Iceland participates in various international experts’ groups which aim at discussing
and enhancing the overall quality of the inventory. Compilers of Iceland’s inventory participate in
following international collaborative groups:

e Participation in a Nordic inventory experts’ workgroup, where inventory compilers from
Norway, Sweden, Finland, Denmark and Iceland meet once a year (separate meetings for
LULUCF and for the other sectors (including general/ QA/QC)) and discuss various aspects of
the inventory compilation, ranging from technical aspects of emission estimates to logistical
issues with submission to EU and/or UNFCCC.

e 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.

1.5.4 Quality Control (QC)

The team uses standardised notation protocols in the calculation files to document changes, possible
issues and necessary improvements. This is done via an excel tool (“Q Comments”, developed by
Aether), which allows the documentation of changes and flagging of issues by use of comments
starting with hashtags including the initials of the inventory compiler/QC reviewer, the date, and one
or more flags pertaining to the type of issue (such as, for instance, potentially identified issue,
transparency issue, or reason for change). A summary of all comments can be generated for each
calculation file, enabling for instance someone performing QC checks to track and verify changes
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made to the file, as well as check the status of flagged issues. The issues can then either be marked
as resolved, addressed immediately or added to the improvement plan, depending on the type of
issue. This tool is an important source of information if needed QC activities are performed.

QC activities include the following:

e Are appropriate activity data, methods, calculations, units, emission factors and notation
keys used?

e Are all data sources well referenced/documented?

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

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

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

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

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

As the QA/QC procedure is still being implemented, sector- and subsector specific guidelines on
nature and frequency of QC checks are in the process of being developed. An example of a general
checklist all sectors have to complete is given in Table 1.3. As staff changes and general time
restrictions could affect QC procedures, the checklist is divided into three sections: minimum
requirements, which have to be carried out each year and do not necessarily require a deep
knowledge of the sector and then further controls and checks which require a certain experience
within the sector and take also longer time to be performed.

Data and emissions pertaining to EU ETS under Directive 2003/87/EC (“The ETS Directive”), as
calculated in the inventory, are systematically cross-checked against the EU ETS annual emission
reports; such a comparison is used to report on emissions under the EU ETS via the MMR-IR Article
10 Template. The comparison can also be found in Annex 4: ETS vs. non-ETS of this report. 40% of the
emissions reported by Iceland (without LULUCF) are covered by the EU ETS and therefore are of the
highest quality.

Further QC activities include the comparison between the atmospheric pollutants NOx, CO, NMVOC
and SO, reported in this inventory with the data reported under CLRTAP. This comparison is
submitted to the EU via MMR-IR Article 7 template. In general, the data agrees well, except in the
case of aviation where the data reported under CLRTAP comes from the Eurocontrol dataset,
whereas the data reported in the NIR, where the disaggregation between landing and take-off is not
necessary, are based on fuel sales and emission factors from the 2006 IPCC Guidelines.
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Table 1.3 Example of minimum, medium and full QC requirements to be performed within the emission
inventory team according to time constraints and staff capacities.

Check Description

1 - MINIMUM: small degree of sector knowledge necessary

Activity data source Is the appropriate data source being used for activity data?

Correct units Check that the correct units are being used

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

Calculations check All calculations checked by a second person

Double counting Check to ensure no double counting is present

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

2 - MEDIUM: a certain degree of sector knowledge necessary

Method validity Are the methods used valid and appropriate?

Trend check Carry out checks on the trend to identify possible errors. Document any stand out data points.

Emission factor
applicability
Time series
consistency

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

Are activity data and emission factor time series consistent?

Spot checks Complete random spot checks on a data set.

3 - FULL: sector specific knowledge required

Recalculations Check values against previous submission. Give reasons where the two values do not match.

Sub-category
completeness

Documentation Is there sufficient documentation?

Is the reporting of each sub-category complete? If not, this should be highlighted.

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

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

Data source
referencing

Links to source data Where possible, links to the source data must be provided

All source data submitted must be referenced

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

1.5.5 Planned improvements for QA/QC activities

The configuration of roles and responsibilities mentioned in section 1.5.2 above is still being
developed, as well as the QC procedures mentioned above. It is also planned to fully document the
results of QC activities for each sector and providing evidence of such activities by including
screenshots of the Q Comments tool discussed under section 1.5.4.

Furthermore, it is planned to interlink QA/QC activities with the key 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.
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1.6 Uncertainty Analysis

The uncertainty analysis is based on the Approach 1 — error propagation of the IPCC 2006 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 uncertainties of default emission factors are derived
from the values proposed in the 2006 IPCC Guidelines or the 2019 EMEP/EEA Guidebook. The error
propagation is used to estimate the uncertainty for each category, the inventory as a whole and the
latest inventory year compared to the base year.

The complete uncertainty analysis is reported in Annex 2: Assessment of uncertainty, with Table A2.1
reporting the uncertainties including LULUCF and Table A2.2 excluding LULUCF.

The results of the uncertainty estimation are summarised here below:

Table 1.4 Uncertainties 2020

With LULUCF Without LULUCF

Uncertainty 2020 [%] Trend [%] Uncertainty 2020 [%] Trend [%]
CO, 22.0% 15.5% 1.6% 2.3%
CHy4 54.5% 8.5% 3.1% 4.3%
N,O 2.4% 0.8% 7.2% 3.3%
HFCs 1.5% 2.2% 4.6% 7.8%
PFCs 0.11% 0.49% 0.32% 2.09%
SFe 0.010% 0.011% 0.030% 0.039%
Total GHG 58.9% 17.9% 9.2% 10.0%

The total inventory uncertainty is 58.9% and the trend uncertainty estimate for this submission is
17.9%. When excluding LULUCF the trend uncertainty is 10.0% and the total inventory uncertainty is
9.2% as can be seen in Table 1.4.

1.7 General Assessment of Completeness

The emissions reported in this inventory cover all activities within Iceland’s jurisdiction. In the case of
temporal coverage, CRF tables are reported for the whole time series from 1990 to 2020. Regarding
sectoral coverage, all sources considered to be above the threshold of significance!? are reported.

12 As per paragraph 37(b) of annex | (“Guidelines for the preparation of national communications by Parties included in
Annex | to the Convention, Part I: UNFCCC reporting guidelines on annual greenhouse gas inventories “) to Decisions
24/CP.19, an emission is considered insignificant if the likely level of emissions is below 0.05 per cent of the national total
GHG emissions (without LULUCF).
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2 Trends in Greenhouse Gases

This chapter presents the trends in GHG emissions and removals. GHG are compiled under five main
sectors. Emissions which are calculated but are not included in the national totals are included as
‘memo items’. These sectors are defined as:

20

: emissions from fuel combustion dominated by carbon dioxide (CO;) released from
the conversion of carbon in fuel to CO; and generation of heat. The Energy sector also
includes emissions of methane (CH,) and other carbon rich volatile organic compounds
associated with fugitive emissions from fuel production and storage. Typically, this sector is
dominated by the big fossil fuel users including electricity generation and road transport. This
is however different in Iceland due to electricity being produced by hydropower and
geothermal, and so the energy sector is dominated by road transport and fishing industry.

Industrial Processes and Project Use ( ): non-fuel related emissions from industrial
processes and use of products with global warming impacts. This is often dominated by CO;
and sometimes nitrous oxide (N>O) emissions from large industrial process biproducts (such
as converting limestone and dolomite to cement (CO,) or hydrocarbons to base chemicals
(CO,, CH4 and N,0)). Emissions also occur as a result of the consumption of the use of
fluorinated substitutes for Ozone Depleting Substances (ODS), otherwise referred to as "F-
gases", from air conditioning and refrigeration and SFs from electrical equipment.

: non-energy use emissions only from livestock and crop production. This
category can be broadly split into emissions from livestock and emissions from agricultural
soils. The main sources of emissions from livestock are from gases released from animals
(enteric fermentation), a digestive process in herbivores which emits CHs, and from the
management of animal manure which contains and emits CHs and N»O. The methods of
storage and treatment of manure impacts the quantity of CH4 and N,O emitted. The
application or organic manure and synthetic fertiliser to land results in both direct and
indirect N,O from soils. Additional products which can be added to soils include liming and
urea, which react with the soils composition to release CO,. Finally, the process of burning
crop residues left on agricultural soils is typically a small source of CHs and N,O from the
combustion as well as biogenic CO, (which is not counted in national totals).

Land use change, land use and forestry ( ): emissions and removals from land use. This
sector focuses on the different carbon pools; living biomass, dead organic matter divided into
litter and deadwood, soil organic matter and harvested wood products. Removals occur
through carbon sequestration driven mostly by revegetation and afforestation activities,
whereas emissions are dominated by land management practices such as the drainage of
mineral and organic soils. Land is categorised into one of six land uses - forest land, cropland,
grassland, wetland, settlements and other land.

non-energy use emissions associated with the management of solid and liquid waste.
Emissions from waste are split into four main categories — solid waste disposal, biological
treatment of solid waste, incineration/open burning, and wastewater. The main gases
emitted are CH4 through the anaerobic (absence of oxygen) decomposition of solid or liquid
waste, N,O from the oxygenation of protein rich compounds (e.g. foods) in the waste
streams and CO; from incineration of fossil-based waste materials (e.g. plastic). CHa is
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emitted in solid waste disposal sites where organic matter decays over a period of many
years, at a declining rate. Anaerobic conditions in wastewater treatment also produce CH,.
The biological treatment of waste, such as composting, also results in CH, emissions (from
anaerobic decomposition) and N,O emissions from oxidation of nitrogen rich materials (e.g.
protein). Incineration and open burning of fossil-based wastes (e.g. increasingly plastics) are
the most important sources of CO; emissions from waste incineration activities.

emissions which are not included in the national totals in accordance with
international reporting agreements, include international navigation, international aviation
and CO; from biomass (bio-CO,).

2.1 Emission Trends Overview

GHGs that, according to Annex A of the Kyoto Protocol as modified by the Doha Amendment?*3, have
to be considered in national GHG inventories, are:

Carbon dioxide (CO>)
Methane (CH,)

Nitrous oxide (N2O)
Hydrofluorocarbons (HFCs)
Perfluorocarbons (PFCs)
Sulphur hexafluoride (SFe)
Nitrogen fluoride (NFs)

Iceland reports emissions of CO,, CHa, N2O, HFCs, PFCs and SFs. No emissions of NF3 occur in Iceland,
there are no imports and no industry potentially using NFs (e.g. semiconductors, LCD manufacture,
solar panels and chemical lasers) is present.

Total amounts of GHGs emitted in Iceland during the period 1990 to the most recent inventory year
are presented in the following figures and tables, expressed in terms of contribution by gas and
sector in kt CO; equivalents (CO,e).

Iceland also reports emissions from indirect GHGs, this includes:

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

sulphur dioxide (SO,) which affects climate by increasing the level of aerosols that have in
turn a cooling effect on the atmosphere.

The emission trends from indirect GHGs are presented separately in Section 2.2.

13 https://unfccc.int/process/the-kyoto-protocol/the-doha-amendment
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In the most recent inventory year, the
Industrial Processes sector was the largest
contributor of GHG emissions in Iceland
(without LULUCF), followed by Energy,
Agriculture, and Waste.

Emissions [kt CO,e]
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By the middle of the 1990’s, economic growth
started to gain momentum in Iceland. The main
driver behind increased emissions since 1990 is
the expansion of the metal production sector:
There was one aluminium plant in 1990
Second aluminium plant was established in
1998
Third aluminium plant opened in 2007
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The contribution of IPPU to total emissions
(without LULUCF) has more than doubled
over the time series, overtaking emissions
from the Energy sector in 2012.

Total GHG emissions (excluding LULUCF)
increased by approximately a third since
1990, mostly due to the expansion of the
metal production industry. Emissions from
the energy sector are dominated by fuel
combustion in road transport and fishing,
whereas the emissions due to electricity
production and district heating are
relatively small and almost exclusively
linked to CO2 emissions from geothermal
power plants.

Figure 2.1 Overview of GHG emissions (without LULUCF), from top to bottom: (1) emission by sector for the
latest year (2) emission by sector over the time series and (3) emissions by gas for the latest year.
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Overall trend

Since 1990, Iceland’s total GHG emissions have increased by almost a quarter This trend in increasing
emission is dominated by:

e the expansion of the metal production sector, in particular the aluminium sector;
e increases in emissions from geothermal energy utilization due to an increase in electricity
production, which increased 18-fold between 1990 and 2019; and
e the road transport sector CO, emissions almost doubling since 1990 due to increases in
population, number of cars per capita, more mileage driven, and an increase in the share of
larger vehicles.
In contrast, annual emissions have seen an overall decline since 1990 from commercial fishing, with
GHG emissions reducing by approximately a quarter over the time series. Emissions from both
domestic flights and navigation have also declined since 1990.

Emissions during 1990 - 1999

By the middle of the 1990’s, 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 2000 - 2007

The overall increasing trend of GHG emissions until 2005 was counteracted to some extent by
decreased emissions of PFCs, caused by improved technology and process control in the aluminium
industry. Increased emissions due to an increase in production capacity of the 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 among OECD 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 (Karahnjukar, building time from 2002 to 2007) led to further increase in emissions
from the sector.

Emissions during 2008 - 2011

In the autumn of 2008, Iceland was hit by an economic crisis when three of the largest banks
collapsed. The blow was particularly hard owing to the large size of the banking sector in relation to
the overall economy as the sector’s worth was about ten times the annual GDP of Iceland. The crisis
resulted in a serious contraction of the economy followed by an increase in unemployment, a
depreciation of the Icelandic kréna (ISK), and a drastic increase in external debt. Private consumption
contracted by 20% between 2007 and 2010. Emissions of GHGs decreased from most sectors
between 2008 and 2011.
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Emissions from fuel combustion in the transport and construction sector decreased each year
between 2008 and 2011, because of the economic crisis. In 2015 the emissions were slightly higher
than in 2011, yet still approximately 20% below the peak in 2007.

Emissions since 2011

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

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

Table 2.1 Emissions of GHG by sector in Iceland for the reported time series [kt COze].

Change Change

Sect 2010 2015

1 Energy 1,83 2,053 2,181 2,155 2,020 1,848 1,849 1,659  -10% -10%
2 Industrial 958 565 1,010 955 1,917 1,983 2,020 1,986  107%  -1.7%
Processes

3 Agriculture 662 618 627 605 631 655 621 618  -6.5%  -0.5%
4 Land Use, Land

UseChangeand 9,199 9,175 9,194 9232 9,196 9,107 9,020 9,010 -21%  -0.1%
Forestry

5 Waste 219 270 302 304 296 261 223 247 12% 10%
Total without 3,674 3506 4,119 4,019 4,865 4,746 4,713 4,510  23% -4.3%
LULUCF

IS"LaL:C‘“;'th 12,873 12,681 13,314 13251 14,061 13,853 13,733 13,519 5.0%  -1.6%
Memo Items 249 241 465 427 380 829 1170 342 37% 1%

As shown in Table 2.2, the largest contributor by far to total GHG emissions without LULUCF is CO,,
followed by CH4, N2O and fluorinated gases (PFCs, HFCs, and SFs). Over the time series, emissions of
CO; have increased the most, and PFCs and N,O emissions have decreased significantly.

Table 2.2 Emissions of GHG gases by gas for the reported time series (without LULUCF) [kt COze].

% Total

Change Change in

2000 2005 2015 2019 2020 ,90_,2‘50 ,19_,2‘50 atoct

year

CO, 2216 2,460 2923 2,968 3,617 3,534 3546 3329  50%  -6.1%  74%
CHa 606 630 659 648 656 631 570 590  -2.8%  3.4% 13%
N0 356 343 342 311 305 312 295 295  -17%  0.1%  6.5%
PFCs 495 69 150 31 172 104 97 9 81%  -14%  2.1%
HFCs 0.3 3.4 44 58 111 163 203 198  57348% 2% 4.4%
SFe 11 1.2 13 2.5 47 16 23 32 188%  39% 0.1%
Total 3,674 3,506 4,119 4,019 4,865 4,746 4,713 4510  23%  -4.3%  100%
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2.1.1 Energy (CRF sector 1)

37% of total emissions (excluding LULUCF)
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The energy sector is dominated by CO2 emissions
from road transport and the fishing industry. CO>
emissions from geothermal energy exploitation
have increased since 1990 with the opening of
new geothermal power plants; projects are
ongoing to capture CO: from geothermal plants
and mineralise it underground for permanent
storage.

Figure 2.2 Overview of emissions from the Energy sector, from top to bottom: (1) emission by subsector for the
latest year, (2) emission by subsector over the time series and (3) emissions by gas for the latest year
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Key export industries such as fisheries and metal production are energy intensive. The metal industry
uses around three-quarters of the total electricity produced in Iceland. Iceland relies heavily on its
geothermal energy sources for space heating (over 90% of all homes) and electricity production (30%
of the electricity) and on hydropower for electricity production (70% of the electricity).

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

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

2) Harnessing the resources for power-intensive 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 1973-1974, efforts were made to use domestic sources of energy to
replace oil, particularly for space heating and fishmeal production. Qil has almost
disappeared as a source of energy for space heating in Iceland, and domestic energy has
replaced oil in industry and in other fields where such replacement is feasible and
economically viable.

The emission trends are discussed in more detail below by subsector. These are categorised into fuel
combustion, which covers all direct emissions from oxidation of fuel for generating heat or
mechanical work to a process, geothermal and fugitive emission, which covers emission from the
extraction, transformation and transportation of primary energy carriers. Emissions from transport
have significantly increased since 1990, whilst emissions from energy industries, fishing and
manufacturing industries and construction have decreased as can be seen in Table 2.3. The causes of
these emission trends are discussed below.

Electricity and heat production

The Energy sector includes emissions from electricity and heat production. Iceland relies heavily on
renewable energy sources for electricity and heat production, thus emissions from this sector are
very low (accounting for >1% of the sector’s total emission for the whole timeseries). The sources of
emissions from electricity and heat production are:

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

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

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

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

Emissions from the energy industries sector have generally decreased since 1990. In 1995 there were
issues in the electricity distribution system (snow avalanches in the west fjords and icing in the
northern part of the country) that resulted in higher emissions that year. Unusual weather conditions
during the winter of 1997/1998 led to unfavourable water conditions for the hydropower plants. This
created a shortage of electricity which was met by burning oil for electricity and heat production. In
2007 a new aluminium plant was established. Due to the delay of the Karahnjukar hydropower
project, the aluminium plant was initially supplied with electricity from the distribution system. This
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led to electricity shortages for the district heating systems and industry depending on curtailable
energy, leading to increased fuel combustion and emissions.

Manufacturing industries and construction

Increased emissions from the manufacturing industries and construction source category over the
period 1990 to 2007 are explained by the increased activity in the construction sector during the
period. The knock-off 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 related to the construction of Iceland’s largest hydropower plant (Karahnjikar, building time
from 2002 to 2007). The construction sector collapsed in fall 2008 due to the economic crisis and the
emissions from the sector decreased by over half between 2007 and 2011. Emissions from fuel
combustion at the cement plant decreased rapidly due to the collapse of the construction sector and
in 2011 the plant closed. The fishmeal industry is the second most important source within
manufacturing industries and construction. Emissions from fishmeal production decreased over the
period due to replacement of oil with electricity as well as a drop in production.

Transport

Emissions from the Transport sector have increased by over half across the time series. The largest
increase in emissions is from road transport, owing to an increase in the number of cars per capita,
more mileage driven and until 2007 an increase in larger vehicles. Since 1990, the vehicle fleet in
Iceland has increased significantly, driven by the growing population, increase in cars per capita and
increased tourism. Emissions from road vehicles peaked in 2018 after a decreasing trend from the
previous 2007 peak which has been followed by a rise in road emissions since 2012. In recent years,
more fuel economic vehicles have, however, been imported — a turn-over of the trend from the years
2002 to 2007 when larger vehicles were imported. New registrations of electric vehicles and plug-in
hybrids have also been increasing rapidly since 2014. Emissions from both domestic flights and
navigation have declined since 1990. This decrease in navigation and aviation has compensated for
rising emissions in the transport sector to some extent.

Fishing

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

Geothermal Energy

Emissions from geothermal energy utilization has accounted for 3-8% of the total annual GHG
emissions (excluding LULUCF) in Iceland since 2015. Iceland relies heavily on geothermal energy for
space heating (over 90% of the homes) and electricity production (approx. 30% of the total electricity
production in recent years). Table 2.3 shows the emissions from geothermal energy from 1990 to
2019. Electricity production using geothermal power increased approximately 20-fold during this
period resulting in an increase in emissions. Emissions from geothermal utilization are site and time-
specific and can vary greatly between areas and the wells within an area as well as by the time of
extraction.
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Distribution of oil products

Emissions from distribution of oil products are a minor source in Iceland (>1 kt CO,e). There are no
other transportation emissions in Iceland and no coal, oil or gas production emissions.

Memo items

Emissions from international aviation and marine bunker fuels are excluded from national totals as is
outlined in the IPCC Guidelines. These emissions are presented separately for information purposes
but are included in Table 2.3. GHG emissions from marine and aviation bunkers have more than
guadrupled since 1990 mostly due to increased tourism in recent years.

CO, emissions from biomass are also reported as memo 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 of biofuels.

Table 2.3 Total GHG emissions from the Energy sector for the reported time series [kt CO:e].

1A1 Energy industries 135 153 66 34 86 42 50 18 -87% -64%
1A2 Manufacturing 238 217 226 185 85 62 54 45 -81% 17%
industries
1A3 Transport 724 784 869 1,056 981 984 1,075 887 23% 17%
1A3a Domestic aviation 34 30 28 26 21 21 28 13 -61% -53%
1A3b Road transport 523 550 608 766 805 819 950 825 58% -13%
1A3d Domestic navigation 33 38 13 23 35 27 53 25 24% -53%
1A4 Other sectors (fishing) 797 952 920 761 737 630 546 545  -32% 0%
1A4a Commercial/ 8 8 7 5 2 2 4 3 -64% -24%
Institutional
1A4b Residential 28 22 21 13 9 6 4 5 -81% 23%
Statlonary
1Adc Fishing 761 922 892 743 727 622 538 537  -29% 0%
1A5 Other 0 2 5 29 14 0 2 0 197% -79%
1B2 Fugitive emissionsfrom
fuels (incl. Geothermal 62 83 155 120 195 168 167 179  189% 7%
energy
1B2d Geothermal 62 82 154 119 194 167 166 179  190% 8%
Total Emissions 1,836 2,053 2,181 2,155 2,020 1,848 1,849 1,659  -10% -10%
::;ee::g;'ona' aviation 221 238 411 425 380 680 965 264 19% 73%
:’;;Z:Z;'ma' navigation 28 3 54 2 0 149 206 78  178%  -62%
CO, from biomass (memo) NO 4 5 6 7 43 58 53 - -9%
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2.1.2 Industrial Processes and Product Use (CRF sector 2)

44 % of total emissions
(excluding LULUCF)
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Large part of the GHG emissions is in the form of
CO:2 as a result of the oxidation of carbon-based
reductants (coal, coke) used in metal production. F-
gases in the form of PFCs are also formed during
aluminium production, explaining part of the total F-
gas emissions, while the rest can be assigned to
Refrigeration and Air conditioning, Electrical
equipment and Metered Dose Inhalers.

Figure 2.3 Overview of emissions from the IPPU sector, from top to bottom: (1) emission by subsector for the
latest year, (2) emission by subsector over the time series and (3) emissions by gas for the latest year.
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The Industrial Processes and Product Use (IPPU) sector is the sector largest contributor to national
GHG emissions after LULUCF (when removals are included). The emissions from this sector are
dominated by CO,, hydrofluorocarbons (HFCs) and perfluorocarbon (PFC). HFCs are used as
substitutes for ozone depleting substances (ODS) in refrigeration systems. Perfluorocarbon emissions
in Iceland come mostly from the aluminium industry (tetrafluoromethane, CF4 and hexafluoroethane,
C,F¢), and to a small extent from refrigeration equipment (hexafluoroethane (C;Fs) commercially
known as PFC116, and octafluoropropane (CsFs), commercially known as PFC-218.

Emissions from IPPU have increased over the time series primarily due to the expansion of energy-
intensive industry, primarily from metal production (aluminium smelting and ferroalloy production),
see Table 2.4.

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 electricity, and industrial process CO; 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 establishment 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% decrease in the 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 improved 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 2009 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 PFC emissions for all three
aluminium smelters is around 0.1 t CO,e/t Al produced.

The accounts for approximately a fifth of Industrial Processes emissions.
CO, is emitted due to the use of coal and coke as reducing agents and from the consumption of
electrodes and other carbon-containing 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, however, the plant was expanded (addition of the
third furnace) and emissions have therefore increased considerably since 1990. In late 2016, a silicon
metal plant opened, which contributed slightly to the increase in emissions from this subsector for
the year 2017. The new plant ceased operations in mid-2017, but another silicon plant started its
operations in May 2018.

Emissions from the has significantly decreased since 1990. Cement
production was the dominant contributor until 2011 when the sole cement plant shut down. CO,
derived from carbon in the shellsand used as raw material is the source of CO, emissions from
cement production. Emissions from the cement industry reached a peak in 2000 but declined until
2003, partly because of cement imports. In 2004 to 2007 emissions increased again because of
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increased activity related to the construction of the Karahnjukar hydropower plant (built 2002 to
2007) although most of the cement used for the project was imported.

Emissions from the ceased in 2005. The production of fertilizers, which used to be
the main contributor to process emissions from the chemical industry was closed in 2001. No
chemical industry has been in operation in Iceland after the closure of a diatomite (silica) production
facility in 2004.

Imports of HFCs ( ) started in 1993 and have increased steadily until 2018. In 2019 a tax
scheme was established, putting a tax on the import of F-gases according to their global warming
potential. Since 2019 the import has been decreasing. No HFC/PFCs were routinely used for
refrigeration before 1993 and the only HFCs reported before then is HFC-134 in Metered Dose
Inhalers, therefore the increase since 1990 is very large.

HFCs are used as substitutes for ozone depleting substances (ODS) that are being phased out in
accordance with the Montreal Protocol. Refrigeration and air conditioning are the main uses of HFCs
in Iceland, and the fishing industry plays a preeminent role. HFCs stored in refrigeration units
constitute banks of refrigerants which emit HFCs during use due to leakage. Very minor amounts of
PFCs are used in certain refrigerant blends, and the PFC emissions from refrigeration and air
conditioning is on the order of a few tens of tons of COze.

The sole source of SFs emissions is leakage from electrical equipment such as gas insulated
switchgear. Emissions have been increasing since 1990 due to the expansion of the Icelandic
electricity distribution (Table 2.5). The peak in leakage in 2010 was caused by two unrelated
accidents during which the SFs contained in equipment leaked into the atmosphere. The peak in
2018 was due to equipment breakdown that caused leakage.

The use of and products containing solvents (CRF sector 2D3) leads to emissions of non-
methane volatile organic compounds (NMVOC), which are regarded as indirect GHGs as the NMVOC
compounds are oxidized to CO; in the atmosphere over time. These CO, emissions are also included
in this inventory.

Also included in the IPPU sector are emissions of N,O from medical and other uses and emissions of
CO; from lubricants and paraffin wax use. of emissions included in the Icelandic
inventory are CHs and N,O emissions from tobacco, as well as GHG and precursor emissions from
firework use. Historically, Industrial Processes has been an important source of N,O, but emissions
have been significantly reduced since the shutdown of the fertilizer plant in 2001.
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Table 2.4 GHG emissions from Industrial Processes and Product Use for the reported time series [kt COze].

Industry Sector 1990 1995 2000 2005 2010 2015 2019

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

products from fuels 7.1 7.8 7.7 7.3 5.6 6.1 6.0 6.2 -13% 3%

and solvent use

2F Product uses as

substitutes for ozone 0.3 3.4 a4 58 111 163 203 198 57367% -2%
depleting substances
2G Other product
manufacture and use

7.2 5.8 6.3 6.5 8.6 4.9 5.1 6.0 -17% 18%

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

Table 2.5 Total HFC, PFC and SFs emissions from F-gas consumption [kt COze].

Change
1990 1995 2000 2005 2010 2015 2019 2020
‘90- 20
HFCs 0.34 3.4 44 58 111 163 203 198 57348% -2%
PFCs 495 69 150 31 172 104 97 96 -81% -1%
SFe 1.1 1.2 13 2.5 4.7 1.6 2.3 3.2 188% 39%
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2.1.3 Agriculture (CRF sector 3)

14% of total emissions (excluding LULUCF)
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Figure 2.4 Overview of emissions from the agriculture sector, from top to bottom: (1) emission by subsector for
the latest year, (2) emission by subsector over the time series and (3) emissions by gas for the latest year.
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Iceland is self-sufficient in all major livestock products, such as meat, milk, and eggs. Traditional
livestock production is grassland based and most farm animals are native breeds, i.e. dairy cattle,
sheep, horses, and goats, which are all of an ancient Nordic origin, one breed for each species. These
animals are generally smaller than the breeds common elsewhere in Europe. Beef production,
however, is partly through imported breeds, as is most poultry and all pork production. There is not
much arable crop production in Iceland, due to a cold climate and short growing season. Cropland in
Iceland consists mainly of cultivated hayfields, but potatoes, barley, beets, and carrots are grown on
limited acreage. Emissions from agriculture are closely coupled with livestock population sizes,
especially cattle and sheep. Another factor that has a considerable impact on emission estimates is
the amount of nitrogen in fertilizer applied annually to agricultural soils. A decrease in livestock
population size of sheep between 1990 and 2005 was partly counteracted by increases of livestock
population sizes of horses, swine, and poultry, but led to overall emission decreases and resulted in a
decrease of total agriculture emissions during the same period (Figure 2.4 and Table 2.6).

Since 2005, emissions from agriculture have increased due to an increase in livestock population size
but still remain close to 1990 levels. This general trend is modified by the amount of synthetic
nitrogen applied annually to agricultural soils.

N,O emissions from the agriculture sector have decreased since 1990. This is mainly due to a
decrease in livestock population accompanied by a decrease in manure production.

Table 2.6 GHG emissions from agriculture sector for the reported time series [kt COze].

Agriculture Change
1995 2000 2005 2010 2015 2019 2020

sector ‘90- ‘20
3A Enteric
. 326 303 298 289 303 314 297 291 -11% 2%
fermentation
3B Manure
86 76 77 74 76 79 76 74 -14% -2%
managment
3D Agricultural
soils 248 239 252 238 250 258 243 248 0% 2%
i
3G Liming 0.5 0.0001 0.04 1.8 0.3 2.1 3.7 3.9 735% 4%
3H Urea
L 0.06 0.06 0.07 0.07 0.13 0.17 0.22 0.19 252% -12%
application
31 Other C-
containing NE NE NE 2.3 1.7 1.2 1.9 1.4 NA -26%
fertilizers
Total Emissions 662 618 627 605 631 655 621 618 -6.5% -0.5%
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2.1.4 Land Use, Land-Use Change and Forestry (LULUCF, CRF sector 4)
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Figure 2.5 Overview of emissions and removals from the LULUCF sector, from top to bottom: (1) absolute
emission and removals by subsector for the latest year, (2) emission and removals by subsector over the time
series and (3) absolute emissions and removals by gas for the latest year.
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Net emissions (emissions — removals) 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 the category 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 forest growth with stand age. Decreased emissions from Cropland are
explained by changes in the agricultural sector, leading to less cropland area.

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

Table 2.7 GHG emissions and removals from the LULUCF sector for the reported time series [kt COze].
Change  Change

LULUCF Sector 1990 1995 2000 2005 5020 ‘1. ‘20
4AForestland 30 -53 -89  -140 295  -400  -490 510  1604% 4%
4BCropland 1979 1977 1974 1972 1970 1969 1967 1967 1% 0%
4CGrassland 5375 5372 5446 5557 5718 5744 5756 5766 7% 0%
4D Wetlands 1852 1858 1844 1825 1799 1791 1784 1783 4% 0%
AF Settlements 22 22 18 18 2 4 4 4 8% 3%
4FOtherland  NANE NANE NANE NANE NANE 00028 NANE 0001  NA NA
4.GHarvested o NA NONA 00004 00002 003 -012 -008 -004  NA -47%
Wood products

TotalEmissions 9199 9,175 9,194 9,232 9,19 9,107 9020 9,010 -2.1%  -0.1%
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2.1.5 Waste (CRF sector 5)

5% of total emissions (excluding LULUCF)
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Figure 2.6 Overview of emissions from the waste sector, from top to bottom: (1) emission by subsector for the
latest year, (2) emission by subsector over the time series and (3) emissions by gas for the latest year.
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The majority of emissions from the waste sector are CHs emissions from solid waste disposal on land.
The remaining emissions arose from wastewater treatment, waste incineration and the biological
treatment of waste, i.e. composting. The trend in waste emissions is dominated by:

An increase in Solid Waste Disposal (SWD) emissions between 1990 and 2006 was caused by the
accumulation of degradable organic carbon in recently established managed, anaerobic solid waste
disposal sites which are characterised by higher methane production potential than the unmanaged
SWDS they succeeded. The decrease in emissions from the waste sector since 2006 is caused by a
decrease in SWD emissions which is due to a rapidly decreasing share of waste landfilled since 2004
and by an increase in methane recovery at SWDS. The total increase of SWD emissions between 1990
and 2019 amounted to 9%.

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

The significant decrease in emissions from incineration and open burning from 1990 is due to a
decrease in the amount of waste incinerated and a change in waste incineration technology. During
the early 1990s waste was either burned in open pits or in waste incinerators at low or varying
temperatures. Since the mid-1990s 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 handling emissions have decreased slightly since 1990. Emissions from domestic
wastewater have increased due to an increase in population. Industrial wastewater emissions are
based on amount of fish processed in Iceland, and there are some annual fluctuations which cause
changes in emissions.

Table 2.8 GHG emissions from the waste sector for the reported time series [kt COze].

Change  Change
‘90- ‘20 ‘19- ‘20
5A Solid Waste Disposal 150 201 227 234 243 200 162 187 25% 16%

Waste Sector 1990 1995 2000 2005 2010 2015 2019 2020

5B Biological Treatment

. NO 0.3 0.3 0.9 2.6 3.7 4.1 5.4 NA 33%
of Solid Waste
5C Incineration and Open

. 15 10 6.0 5.5 6.5 7.1 9.4 6.0 -60% -36%
Burning of Waste
5D Wastewater

. 55 59 68 64 45 50 48 48 -12% 0%

Treatment and Discharge
Total 219 270 302 304 296 261 223 247 12.4% 10.5%
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2.2 Emission Trends for Indirect Greenhouse Gases and SO

Nitrogen oxides (NOx), non-methane volatile organic compounds (NMVOC) and carbon monoxide
(CO) have an indirect effect on climate through their influence on GHGs, especially ozone. Sulphur
dioxide (SO,) affects climate by increasing the level of aerosols that have in turn a cooling effect on
the atmosphere. Data presented here, and submitted to the UNFCCC, is in accordance with
guidelines for reporting air pollutants under the CLRTAP4. 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 Oxides (NOx)

The main source of NOx in Iceland is the Energy sector, as can be seen in Figure 2.7. The main
contributors to this sector are commercial fishing and transport, followed by manufacturing
industries and construction. In industrial processes, the main NOy source is ferroalloys production.
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Figure 2.7 Emissions of NOx by sector for the reported time series [kt].
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2.2.2 Non-Methane Volatile Organic Compounds (NMVOC)

The main sources of NMVOCs are the Industrial processes, followed by Agriculture and the Energy
sector, as can be seen in Figure 2.8. 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 various solvent
uses, as well as in food and beverage production. In the Agriculture sector, manure management is
the greatest source of NMVOC. The total emissions have been showing a general downward trend
since 1990.

14 Convention on Long-Range Transboundary Air Pollution, find out more at: https://www.ceip.at/
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Figure 2.8 Emissions of NMVOC by sector for the reported time series [kt].

2.2.3 Carbon Monoxide (CO)

Industrial Processes are the most prominent contributors to CO emissions in Iceland, as can be seen
in Figure 2.9. 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 converters in all new vehicles became obligatory in 1995. Total CO emissions have
more than doubled since 1990.
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Figure 2.9 Emissions of CO by sector for the reported time series [kt].
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2.2.4 Sulphur Dioxide (SO3)

Geothermal energy exploitation is by far the largest source of SO, emissions in Iceland. Sulphur
emitted from geothermal power plants is in the form of hydrogen sulphide and is reported here in kt
S0O,-equivalents. Emissions have doubled since 1990 due to an increase in electricity production at
geothermal power plants. Other significant sources of SO, in Iceland are industrial processes, as can
be seen in Figure 2.10.

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 in SO, emissions. The fishmeal industry is the main contributor to SO,
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 fuel has been
replaced with electricity and production has decreased.

SO, 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 emissions as the
sulphur content of residual fuel oil is significantly higher than in gas oil. The rising fuel prices since
2008 have led to higher SO, emissions from the commercial fishing fleet in recent years. As a result
of this, emissions have decreased at a lower rate compared to fuel consumption.

Across the time series, annual SO, emissions in Iceland have more than doubled.
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Figure 2.10 Emissions of SOz by sector for the reported time series [kt SO2].

In 2010, the volcano Eyjafjallajokull erupted. The eruption lasted from 14 April until 23 May. During
that time, 127 kt of SO, were emitted which is 71% more than total anthropogenic emissions in 2010.
In 2011, the volcano Grimsvotn started erupting. The eruption lasted from 21 until 28 May. During
that time around 1000 kt of SO, were emitted, or 12 times more than total anthropogenic emissions
in 2011.
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A large effusive eruption started in Holuhraun on 29 August 2014 and ended on 27 February 2015. It
was the biggest eruption in Iceland since the Laki eruption 1783. Total SO, emission from this
eruption was estimated 12,006 kt. Divided on calendar years 10,880 kt of SO, was emitted in the year
2014 and 1,126 kt of SO; in the year 2015. To put these numbers in perspective it can be said that the
total SO, emission from all the European Union countries for the year 2012 was 4,576 kt. So, the
emission from the eruption in the year 2014 i.e. from 29 August 2014 to 31 December 2014 was
more than twice the total SO, emission from all the European Union countries for the whole year. For
September alone, during the most intensive period of the eruption, the SO, emission from the
eruption was similar to the annual emission of the European Union.

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

3.1 Overview

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

The energy sector is reported under four main chapters:

e Stationary Combustion (CRF 1A1, 1A2, 1A4 and 1A5)

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

e Fugitive emissions including geothermal energy production (CRF 1B)

e Reference approach, feedstocks, and non-energy 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 pollutant specific emission factors. In all calculations, the oxidation factor was set to the
default value of 1. Emissions from Road Transport are estimated using COPERT 5.5.1. which uses a
tier 3 methodology to estimate N,O and CH, emissions, and a tier 2 methodology to estimate CO,
emissions. A more detailed description can be found in chapter 3.3.3 Road Transport (CRF 1A3b).

3.1.2 Key category analysis

The key categories for 1990, 2020 and 1990-2020 trend in the Energy sector are shown in Table 3.1
(compared to total emissions without LULUCF):

Table 3.1 Key category analysis for the Energy sector

IPCC source category Gas Ii:‘g’;; ;;‘:)I Trend
Energy (CRF sector 1)

1A2 Fuel combustion - Manufacturing Industries and Construction CcO; v v

1A3a Domestic Aviation Co; v v
1A3b Road Transportation COo, v 4 4
1A3d Domestic Navigation COo, v v

1A3e Other Mobile machinery CO, v v
1A4b Residential Combustion Co, v v
1A4c Agriculture/Forestry/Fishing COo, v 4 4
1B2d Fugitive Emissions from Fuels - Other (Geothermal) CO, v v v

3.1.3 Completeness

Table 3.2 gives an overview of the IPCC source categories included in this chapter and presents the
status of emission estimates from all sub-sources in the Energy sector.
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Table 3.2 Energy — completeness (E: estimated, NA: not applicable, NO: not occurring)

Sources CO, CH; N;O Methodology

1A Fuel Combustion Activities

1. Energy Industries

a. Public electricity and heat production E E E T1, T2

b. Petroleum Refining NO NO NO -

c. Manufacture of Solid Fuels and Other Energy Industries NO NO  NO -

2. Manufacturing Industries and Construction

a. Iron and Steel E E E T1

b. Non-Ferrous Metals E E E T1

c. Chemicals E E E T1 NO since 2004

d. Pulp, Paper and Print NO NO NO -

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

f. Non-Metallic Minerals E E E T1
IE for 1990-2018,

g. Transport Equipment E E E Tl f,i’;:gi%tgi?;;ﬁ:ﬁg
other machinery”

3. Transport

a. Domestic Aviation E E E T1

b.i. Cars E E E T2,T3

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

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

b.iv. Motorcycles E E E T2, T3

b.v. Other NO NO NO -

c. Railways NO NO NO -

d. Water-borne Navigation E E E T2,T1

e. Other Transportation E E E T1

4. Other sectors

a. Commercial/Institutional E E E T1

b. Residential E E E T1

ci. Agriculture/Forestry/Fishing - Stationary E E E T1
IE for 1990-2018,

cii. Agriculture/Forestry/Fishing - Off-road vehicles E E E T1 f,irf):gzti ligf:;;f::;
other machinery”

ci. Agriculture/Forestry/Fishing - Fishing E E E T2,T1

5. Non-specified elsewhere

a. Stationary E E E T1

b. Mobile NO NO NO -

1. Solid Fuels

a. Coal Mining and Handling NO NO NO -

b. Solid Fuels Transformation NO NO NO -

c. Other NO NO NO -
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Sources CO, CH; N;O Methodology Notes
2. Oil and Natural Gas and Other Emissions from Energy Production
a5 Oil - Distribution of Oil Products E E NA T1 All other subsectors of
1B2a are NO
b. Natural Gas NO NO NO -
c. Venting and Flaring NO NO NO -
d. Other — Geothermal Energy E E NO T2
1. Transport of CO2 NO NO NO -
2. Injections and Storage NO NO NO -
3. Other NO NO NO -
1. International Bunkers E E E T1
a. International Aviation E E E T1
b. International Navigation E E E T2, T1
2. Multilateral Operations NO NO NO -
3. CO, Emissions from Biomass E E E T1
4. CO, Captured NO NO NO -

3.1.4 Source Specific QA/QC Procedures

General QA/QC activities performed for the Energy sector are listed in Chapter 1.5. Further sector-
specific activities include:

e |dentify and document discrepancies between the sectoral approach and the reference
approach.

e All emissions calculations are quality checked by a second sectoral expert, which did not
compile the inventory.

e Cross-checks with data from the NEA with total input data in calculations files to ensure that
all fuels are accounted for.

e Review of the Energy chapter in this NIR by external stakeholders (planned improvement).

e 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 are checked
and the attribution between IPCC subsectors are discussed.

3.1.5 Planned Improvements
Several improvements are planned for the next submission:

e Increased collaboration with the Icelandic Transport Authority to streamline data transfer to
the EA.

e Itis planned to 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.

e The use of charcoal for grilling is being investigated. This issue was brought up in the 2017
UNFCCC in-country review and Iceland is planning on working with buf to obtain this data.

e |tis planned to send the Energy chapter for review by national stakeholders.
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3.1.6 Activity Data

Activity data is provided by the National Energy Authority (NEA), which collects data from the oil
companies on fuel sales by sector. For the 2020 submission a comprehensive review was performed
on how the fuels sales data from the NEA is attributed to IPCC sectors. For that submission the
review only included the years 2003-2018 because the methodology used to collect the data by the
NEA changed between 2002 and 2003. In the 2021 submission the same attribution of fuels to IPCC
categories for 1990-2002 was performed with 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 NEA was 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:

e 1Al Energy Industries — sales statistics are used directly and no adjustments are needed

e 1A2 Manufacturing Industries — adjustments are needed to transform sales statistics into
IPCC categories (detailed description below)

e 1A4a and b Commercial/Residential combustion - sales statistics are used directly and no
adjustments are needed

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

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

e Itis assumed that Green Accounting reports (Regulation 851/2002) and EU ETS Annual
Emission Reports from 2013 are correct for each company and that data is used for 1A2a,
1A2b, 1A2c and 1A2f — this is the known usage.

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

e The difference between known usage and sales statistics is attributed to the category
1A2guviii Other Industry.

These adjustments are described in Figure 3.1. For some fuel types and years, the subtraction of
known use from sales statistics does result in a negative number indicating that usage was more than
what was sold. It is considered more likely that some data is missing from sales statistics and
therefore these values will be input as zero. This will cause more fuel used than what is in the sales
statistics, and a possible overestimate of emissions. This is however a very low amount compared to
the total energy emissions.
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Figure 3.1 Description of adjustments in input data for IPCC category 1A2
In the sales statistics received from the NEA there are unspecified categories for all fuels, labelled as

“Other”. These fuels are accounted for in CRF category 1A5. For future submissions the EA will work
with the NEA to aim to attribute these fuels to specific categories.

3.1.7 Emissions factors

For most categories in the energy sector, default emission factors from the 2006 IPCC guidelines are
used for emission calculations. These emission factors for stationary combustion can be seen in Table

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

vary.

Table 3.3 Emission factors used for calculations emissions from stationary combustion

Fuel / Factor Value Unit Reference
Gas/Diesel Oil
NCV 428 Ti/kt Country Specific from 2017, based on annual
measurements
C-content 20.2 t/T) Table 1.3 2006 IPCC Guidelines, V2, Ch1l
CH, emission factor 3.0 kg/T) Table 2.2 2006 IPCC Guidelines, V2, Ch2
N,O emission factor 0.60 kg/T) Table 2.2 2006 IPCC Guidelines, V2, Ch2
Residual Fuel Oil
NCV 40.4 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Ch1l
C-content 21.1 t/T) Table 1.3 2006 IPCC Guidelines, V2, Ch1
CH, emission factor 3.0 kg/T) Table 2.2 2006 IPCC Guidelines, V2, Ch2
N,0O emission factor 0.60 kg/T) Table 2.2 2006 IPCC Guidelines, V2, Ch2
Biomethane
NCV 50.4 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Chl
C-content 14.9 t/T) Table 1.3 2006 IPCC Guidelines, V2, Ch1
CH4 emission factor 1.0 kg/T) Table 2.2 2006 IPCC Guidelines, V2, Ch2
N,0O emission factor 0.10 kg/T) Table 2.2 2006 IPCC Guidelines, V2, Ch2
Biodiesel
NCV 27.0 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Chl
C-content 19.3 t/T) Table 1.3 2006 IPCC Guidelines, V2, Ch1l
CH4 emission factor 3.0 kg/T) Table 2.2 2006 IPCC Guidelines, V2, Ch2
N,O emission factor 0.60 kg/T) Table 2.2 2006 IPCC Guidelines, V2, Ch2
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Fuel / Factor Value Unit Reference
Waste
NCV 10.0 Ti/kt Table 1.2 2006 IPCC Guid'elines, V2, ;hl (Municipal
Wastes (non-biomass fraction))
Annual fluctuations between years based on
C-content - - L
composition of waste
CHa emission factor 237.0 kg/kt Table 5.3 p.5.20, Chapter 5 in.Vqume 5 of the 2006 IPCC
MSW Guidelines
N,O emission factor 60.0 g/t MSW  Table 5.6 p.5.22, Chapter 5 in.Vqume 5 of the 2006 IPCC
waste Guidelines
LPG
NCV 47.3 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Chl
C-content 17.2 t/T) Table 1.3 2006 IPCC Guidelines, V2, Chl
CH, emission factor 1.0 kg/T) Table 2.3 2006 IPCC Guidelines, V2, Ch2
N,O emission factor 0.10 kg/T) Table 2.3 2006 IPCC Guidelines, V2, Ch2
Waste Oil
NCV 40.2 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Chl
C-content 20.0 t/T) Table 1.3 2006 IPCC Guidelines, V2, Chl
CH, emission factor 30.0 kg/T) Table 2.3 2006 IPCC Guidelines, V2, Ch2
N,O emission factor 4.0 kg/T) Table 2.3 2006 IPCC Guidelines, V2, Ch2
Petroleum Coke
NCV 32.5 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Chl
C-content 26.6 t/T) Table 1.3 2006 IPCC Guidelines, V2, Ch1l
CH4 emission factor 3.0 kg/T) Table 2.2 2006 IPCC Guidelines, V2, Ch2
N,0O emission factor 0.60 kg/T) Table 2.2 2006 IPCC Guidelines, V2, Ch2
Other Bituminous Coal
NCV 25.8 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Chl
C-content 25.8 t/T) Table 1.3 2006 IPCC Guidelines, V2, Ch1l
CH4 emission factor 10.0 kg/T) Table 2.3 2006 IPCC Guidelines, V2, Ch2
N,O emission factor 1.5 kg/T) Table 2.3 2006 IPCC Guidelines, V2, Ch2

3.2 Stationary Combustion (CRF 1A1, 1A2, 1A4 and 1A5)

3.2.1 Energy Industries (CRF 1Alai and 1A1aiii)

Iceland has used renewable energy sources extensively for electricity and heat production in the past
few decades, and the emissions from energy industries are therefore lower than in most other
countries, which utilize a higher share of fossil fuels. It should be 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.

1Alai: Electricity Generation: Electricity is produced from hydropower, geothermal energy, fuel
combustion and wind power in Iceland (Table 3.4), with hydropower as the main source of electricity
(Orkustofnun, 2019). Electricity was produced with fuel combustion at two places that are located far
from the distribution network (two islands, Grimsey and Flatey). Some public electricity facilities
have emergency backup fuel combustion power plants which they can use when problems occur in
the distribution system. Those plants are however very seldom used, apart from testing and during
maintenance. In 2013 the first wind turbines were connected and used for public electricity
production.
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Table 3.4 Electricity production in Iceland [GWh]

1990 1995 2000 2005 2010 2015 2019 2020
Hydropower 4,159 4,677 6,350 7,015 12,592 13,781 13,462 13,157
Geothermal 283 290 1,323 1,658 4,465 5,003 6,018 5,961
Fuel combustion 4.6 8.4 4.4 7.8 1.7 3.9 2.7 31
Wind power - - - - - 109 6.6 6.7
Total 4,446 4,976 7,678 8,681 17,059 18,799 19,489 19,127

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

1Alaiii: Heat Plants: Geothermal 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. They depend on curtailable energy. These heat plants have back-up
fuel 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 local distribution
system. They stopped production in 2012. Emissions from these waste incineration plants are
reported here.

3.2.1.1 Activity data

1Alai: Electricity Generation: Activity data for whole timeseries is sales numbers for fuel sold for
electricity production from the NEA. In the past decade 0.01% - 0.02% of the annual electricity
production in Iceland was with fuel combustion. Activity data for fuel combustion are given in Table
3.5. During 2003-2007 biomethane was used for electricity production and 2017-2018 biodiesel was
used. These fuels are both reported as biomass in CRF.

Table 3.5 Fuel use [kt] from electricity production.

1990 1995 2000 2005 2010 2015 2019 2020
Gas/Diesel oil 1.30 1.09 1.07 0.02 1.01 1.19 1.24 0.56
Residual fuel oil NO NO NO NO NO NO NO NO
Biomethane NO NO NO 0.29 NO NO NO NO
Biodiesel NO NO NO NO NO NO NO NO

1Alaiii: Heat Plants: Activity data for heat production with fuel combustion and waste incineration
are given in Table 3.6. According to Annex Il in the waste framework Directive 2008/98/EC
incineration facilities dedicated to the processing of municipal solid waste need to have their energy
efficiency equal or above 60%-65% in order to qualify as recovery operations. Since 2013 there has
been only one incineration facility, Kalka, in Iceland and it does not qualify as a recovery operation.
From 2013, no solid waste was used for the production of heat.

Table 3.6 Fuel use [kt] from heat production

1990 1995 2000 2005 2010 2015 2019 2020 ‘
Gas/Diesel Oil NO NO NO NO NO NO 0.33 NO
Residual Fuel Oil 2.99 3.08 0.12 0.20 NO 0.14 NO NO
Biodiesel NO NO NO NO NO NO 0.02 NO
Waste - fossil NO 1.49 1.94 191 3.42 NO NO NO
Waste - biogenic NO 3.16 4.11 4.04 4.69 NO NO NO

3.2.1.2 Emission factors
All emission factors for this sector can be seen in Table 3.3. The IEF for energy industries is affected
by the different consumption of waste and fossil fuels, as waste, gas/diesel oil and residual fuel oil
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have different EFs. In years where more waste oil is used the IEF is considerably higher than for other
years.
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CO; emission factors reflect the average carbon content of fossil fuels and are taken from 2006 IPCC
Guidelines for National GHG Inventories. For diesel country specific NCV values are used for 2017 and
onwards which are reflected in the t CO,/t fuel emission factors. For other fuels and other years in
the timeline, default IPCC values are used.

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

3.2.1.3 Emissions

Emissions from 1A1lai and 1A1laii have generally been decreasing over the timeline, due to less
dependence on fossil fuels for energy production in Iceland. In 2007 there was an unusually high
emissions from electricity production. That year a new aluminium plant was established in Iceland.
Because the Karahnjukar hydropower project (hydropower plant built for this aluminium plant) was
delayed, the aluminium plant was supplied with electricity for a while from the distribution system.
This led to electricity shortages for the district heating system and industry depending on curtailable
energy leading to increased fuel combustion.
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Figure 3.2 Emissions from 1A1 Energy industries.
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Table 3.7 Emissions [kt COze] from 1A1 Energy industries

1990 1995 2000 2005 2010 2015 2019 2020

1A1lai Electricity generation 4.15 3.49 3.40 0.07 3.23 3.79 3.96 1.78
1A1aii Heat plants 9.37 11.8 3.15 3.34 5.35 0.43 1.04 NO
Total Emissions [kt CO.e] 13.5 15.3 6.56 3.40 8.58 4.22 5.01 1.78

3.2.1.4 Recalculations

1Al1ai: Electricity Generation

A minor recalculation was done for biodiesel emissions from electricity generation 1Alai. This was
due to an error in the NCV for biodiesel which has been corrected according to IPCC guidebook and
now utilizes the default NCV for biodiesel. This has affected emissions of bio-CO,, CH4 and N0 for
the years 2017 and 2018.

Table 3.8 Recalculations of CHs and N20 in 1Alai

Electricity Generation 2017 2018 ‘
2021 v1 submission [CO,e kt] 2.2266 2.3825
2022 submission [COe kt] 2.2265 2.3824
Change relative to 2021 submission -0.006% -0.003%

1A1diii: Heat Plants

Recalculations were made for heat plants. Recalculations apply only to CO, and from 1993-2013.
Recalculations were made on the basis that a significant part of the waste used for heat plants was of
biomass origin. Therefore, the biomass CO, emissions are subtracted from other fossil fuels and
reported as biomass instead of fossil. Consequently, CO, emissions, of fossil origin from heat plants
are reduced by 0.5-9.6 kt CO; or by 20-63% during the years 1993-2013 (see Table 3.9) and these
emissions are not reported as biomass. Moreover, emissions in 2019 are affected to a small degree
due to a correction in the NCV for biodiesel.

Table 3.9 Recalculations, fossil, in 1A1adiii due to waste and biodiesel

Heat Plants - Fossil emissions 1993 1995 2000 2005 2010 2013 2019 ‘
2021 v1 submission [CO; kt] 14.0 15.2 7.6 7.7 10.6 11 1.044
2022 submission [CO; kt] 11.3 11.6 3.0 3.2 5.2 0.5 1.041
Change relative to 2021 submission -20% -23% -61% -59% -51% -50% -0.4%

3.2.1.5 Planned Improvements
No improvements are planned for this sector.

3.2.1.6 Uncertainties

Uncertainty for the activity data (fuel sales) is estimated by the data provider (NEA) to be 5%.
Emission factor uncertainties are 5% for CO, (2006 IPCC Guidelines default), 100% for CH4 (central
value for the default range given in the 2006 IPCC Guidelines) and 100% for N,O (expert judgement,
Aether Ltd, based on a comparison with other countries’ NIR (for instance UK NIR)). When combining
the AD and EF uncertainties, the total uncertainty is 7% for CO,, 100.1% for CH,4 and 100.1% for NO.
The complete uncertainty analysis is shown in Annex 2.

51



L National Inventory Report, Iceland 2022

3.2.2 Manufacturing Industries and Construction (CRF 1A2, excluding mobile sources)

Table 3.10 shows the structure of the stationary combustion part of CRF sector 1A2, and the
industries included under each subcategory. The mobile sources under CRF 1A2 can be seen in
section 3.3.1.

Table 3.10 Overview of stationary manufacturing industries reported in sector 1A2

CRF code IPCC name Included

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

1A2c Chemicals Fertilizer production (1990-2001), Diatomite production (1990-2004)

1A2d Pulp, Paper and Print NO

1A2e Food Processing Fishmeal production and other food processing.

1A2f Non-metallic Minerals Cement (1990-2011), Mineral wool

1A2gviii Other industries All production that is not attributed to any of the other 1A2 subcategories.

3.2.2.1 Activity data

The total amount of fuel sold to the manufacturing industries for stationary combustion was
obtained from the National Energy Authority (NEA). The sales statistics do not fully specify by which
type of industry the fuel is being purchased. This division is made by the Environment Agency (EA) on
the basis of the reported fuel use by all major industrial plants falling under Act 70/2012 and the EU
ETS Directive 2003/87/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 along with other relevant information for
industrial processes. The difference between the given total for the sector and the sum of the fuel
use as reported by industrial facilities is categorized as 1A2gviii other non-specified industry (see
Figure 3.1).

Table 3.11 shows the fuel sales statistics for the various fuel types used for stationary combustion in
CRF sector 1A2:

Table 3.11 Fuel use [kt] from stationary combustion from subsectors in the manufacturing industry (1A2)

1990 1995 2000 2005 2010 2015 2019 2020 \
1A2a - Iron and steel
Gas/Diesel Oil 0.11 0.22 0.56 0.46 0.46 0.29 0.20 0.21
LPG NO NO NO NO NO 0.10 0.37 0.20
1A2b - Non-ferrous metals
Gas/Diesel Oil NO NO 0.55 5.37 1.35 0.05 0.62 1.72
Residual Fuel Oil 3.93 5.16 7.51 NO 3.31 1.40 1.80 NO
LPG 0.41 0.31 0.67 0.66 0.61 0.39 0.25 0.23
1A2c - Chemicals
Residual Fuel Oil 2.38 2.31 2.27 NO NO NO NO NO
1A2e - Food processing, beverages and tobacco (Fishmeal production)
Gas/Diesel Oil NO NO NO NO 2.16 NO NO NO
Residual Fuel QOil 41.03 48.54 36.37 5.37 9.61 8.41 0.88 1.22
Waste Oil NO NO NO NO 1.36 1.59 0.70 0.37
Biodiesel NO NO NO NO NO NO NO NO
1A2e - Food processing, beverages and tobacco (Other)
Gas/Diesel Oil NO NO NO NO 2.71 3.75 3.26 3.37
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1990 1995 2000 2005 2010 2015 2019 2020
Residual Fuel Oil NO NO NO NO 1.71 0.33 NO NO
1A2f - Non-metallic minerals (cement)
Gas/Diesel Oil NO NO 0.01 0.02 0.01 NO NO NO
Residual Fuel oil 0.06 NO NO NO NO NO NO NO
Petroleum Coke NO NO NO 8.13 NO NO NO NO
Waste Oil NO 4.99 6.04 1.82 NO NO NO NO
Other Bituminous Coal 18.60 8.65 13.26 9.91 3.65 NO NO NO
1A2f - Non-metallic minerals (mineral wool)
Gas/Diesel Oil NO 0.15 0.17 0.16 0.07 0.11 0.13 0.13
Residual Fuel Oil 0.59 NO NO NO NO NO NO NO
Petroleum Coke NO NO NO NO NO NO NO NO
1A2gviii - Other industry
Gas/Diesel Oil 4.96 0.76 7.64 9.19 NO 2.92 NO 2.13
Residual Fuel oil 7.91 0.16 0.00 19.64 0.30 0.05 NO NO
LPG NO NO 0.19 0.27 0.44 0.32 0.94 0.57
Other bituminous coal NO NO NO NO NO NO NO NO

3.2.2.2 Emission factors
All emission factors used for stationary combustion from CRF 1A2 can be seen in Table 3.3.

3.2.2.3 Emissions

Emissions from stationary combustion from CRF 1A2 have historically been dominated by emissions
from fishmeal production (CRF 1A2e). Over the past years more fishmeal factories have been using
electricity instead of fossil fuels and therefore the emissions have decreased.
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Figure 3.3 Emissions from stationary combustion of subcategories of CRF 1A2.
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Table 3.12 Emissions [kt COze] from stationary combustion of subcategories of CRF 1A2

1990 1995 2000 2005 2010 2015 2019 2020
1A2a - Iron and steel 0.36 0.72 1.78 1.45 1.46 1.22 1.77 1.28
1A2b - Non-ferrous metals 13.5 17.1 27.3 19.1 16.5 5.69 8.40 6.15
1A2c - Chemicals 7.45 7.26 7.11 NO NO NO NO NO
1A2e - Food processing, 1287 1522 1141 16.8 55.1 44.2 15.3 15.7
beverages and tobacco
1A2f - Non-metallic minerals 47.8 36.5 51.0 56.2 9.22 0.34 0.42 0.41
1A2gviii - Other industry 40.7 2.93 25.0 91.8 2.24 10.44 2.79 8.45
Total Emissions [kt COze] 238.4 216.7 226.2 185.3 84.5 61.9 28.7 32.0

3.2.2.4 Recalculations
1A2a, 1A2b, 1A2c, 1A2f, 1A2gviii

For these categories not recalculations have been performed for the current submission.

1A2f: Non-metallic minerals

Recalculations were made in 1A2f due to an issue with double counting petroleum coke. Total
emissions in the sub-sector were reduced by 0.07 — 0.13 kt COze in the time period 2013 — 2019, see
Table 3.13. Petroleum coke was reported under 1A2f because it was reported as energy use in the
AER. However, after review with ETS experts it was removed from the energy sector and is now only

reported under the IPPU sector.

Table 3.13 Recalculations in 1A2f due to double counting of petroleum coke

Non-metallic minerals 2013 2014 2015 2016 2017 2018 2019
2021 v1 submission [COe kt] 0.35 0.32 0.43 0.44 0.51 0.50 0.54
2022 submission [COe kt] 0.28 0.24 0.34 0.33 0.39 0.38 0.42
Change relative to 2021 submission [CO5e kt] -0.07 -0.08 -0.09 -0.11 -0.11 -0.12 -0.13

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

1. Arecalculation was made for CHs and N,O emissions from waste oil utilization in food
processing due to the application of IPCC default EF for waste oil. In previous years the
emission factor for diesel had been applied which is substantially lower. This caused and
nine-fold and almost six-fold increase in CH, and N,O emissions, respectively, in the time
period 2007-2019 (see Table 3.14 and Table 3.15). Consequently, total emissions increased
by 0.05 —0.16 kt COze in the time period 2007 — 2019.

Table 3.14 Recalculations in 1A2e due to waste oil CH4

Food processing, beverages and tobacco — Waste Oil 2007 2010 2015 2018 2019
2021 v1 submission [CH4 kt] 0.000272 0.000164 0.000192 0.000151 0.000085
2022 submission [CHy kt] 0.00272 0.00164 0.00192 0.00151 0.00085
Change relative to 2021 submission 900% 900% 900% 900% 900%
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Table 3.15 Recalculations in 1A2e due to waste oil N20
Food processing, beverages and tobacco — Waste Oil 2007 2010 2015 2018 2019 ‘

2021 v1 submission [N,O kt] 0.00005 0.00003 0.00004 0.00003 0.00002
2022 submission [N,O kt] 0.00036 0.00022 0.00026 0.00020 0.00011
Change relative to 2021 submission 567% 567% 567% 567% 567%

2. Arecalculation was made for 1A2e in 2019 due to reallocation of gas/diesel oil, by the NEA,
between sub-categories within 1A2e. The previously mentioned factors combined caused a
recalculation of 0.047 kt CO.e, where emissions increased by 0.3% in 2019.

3. During a review of the activity data for fishmeal factories, significant outliers were noted in
the years 2003-2006. This was investigated with the Association for fishmeal factories as well
as the data provider, NEA. The data set for stationary energy fuel use showed that
unallocated fuel for non-specified industry in the same years, increased significantly. By
allocating non-specified fuel to the 1A2e category, the dataset became aligned with the
dataset from the Association for fishmeal factories. This was further analysed with respect to
fish processed and electricity utilised. The reallocation of fuels was therefore executed by the
NEA. This does not change total emissions from energy, only the allocation between
subcategories.

Table 3.16 Recalculation 1A2e due to reallocation of fuels

Food processing, beverages and tobacco 2003 2004 2005 2006
2021 v1 submission CO5e [kt] 30.9 4.5 5.4 12.8
2022 submission COze [kt] 39.9 30.7 21.4 20.0
Change relative to 2021 submission COze [kt] 9.0 26.2 16.1 7.2

3.2.2.5 Planned Improvements

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

3.2.2.6 Uncertainties

For subsectors 1A2a and 1A2b (Iron and Steel, and non-ferrous metals respectively), the activity data
uncertainty is small, or 1.5%, due to the uncertainty constraints imposed on companies participating
in the EU ETS trading scheme. The combined uncertainty for those two 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% for CH4 emissions (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,O emissions (with an activity data uncertainty of 1.5% and emission factor uncertainty of 100%
(expert judgement, Aether Itd, based on the comparison with other countries NIR (for instance UK
NIR)).

The uncertainty of CO, 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 CH4 emissions (with an activity data uncertainty of 5% and emission factor
uncertainty of 100% (central value of default range, 2006 IPCC Guidelines)), and 100.1% for N,O
emissions (with an activity data uncertainty of 5% and emission factor uncertainty of 100% (expert
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judgement, Aether ltd, based on the comparison with other countries NIR (for instance UK NIR)). This
can be seen in the quantitative uncertainty table in Annex 2.

3.2.3 Commercial / Institutional, Residential and Agricultural Stationary Fuel Combustion
(CRF 1A4ai, 1A4bi and 1A4ci)

Since Iceland relies largely on its renewable energy sources, fuel use for residential, commercial, and
institutional heating is low and GHG emissions from stationary subsectors of 1A4a and 1A4b are very
low. Residential heating with electricity is subsidized and occurs in areas far from public heat plants.
Commercial fuel combustion includes the heating of swimming pools, but only a few swimming pools
in the country are heated with oil. Mobile combustion under CRF 1A4 is reported in sections 3.3.1
and 3.3.4.

3.2.3.1 Activity data

The National Energy Authority (NEA) collects data on fuel sales by sector. Activity data for fuel
combustion from the Commercial/Institutional sector and in the Residential sector are given in Table
3.17.

Table 3.17 Fuel use [in kt] from stationary combustion from subsectors of CRF 1A4

1990 1995 2000 2005 2010 2015 2019 2020 ‘
1A4ai - Commercial/Institutional
Gas/Diesel Oil 1.80 1.60 1.60 1.00 0.30 0.30 0.65 0.53
LPG 0.78 0.83 0.46 0.50 0.17 0.37 0.59 0.41
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
1A4bi - Residential
Gas/Diesel Oil 8.82 6.94 6.03 3.24 1.34 0.99 0.30 0.66
Biodiesel NO NO NO NO NO NO NO NO
LPG NO NO 0.72 0.93 1.42 0.93 1.14 1.10
1A4ci - Agriculture
LPG NO NO NO NO NO 0.004 0.006 0.008

3.2.3.2 Emission factors
All emission factors for this subsector can be seen in Table 3.3.

The IEF for the 1A4ai Commercial/Institutional shows fluctuations over the time series. From 1993 to
2012, waste was incinerated to produce heat at two locations (swimming pools, school building). The
IEF for waste is considerably higher than for liquid fuel, and therefore this influences the IEF for this
sector.

3.2.3.3 Emissions
Emissions from stationary combustion under CRF 1A4 have generally been decreasing over the past
years, with some annual fluctuations. These emissions can be seen in Figure 3.4 and Table 3.18.

Table 3.18 Emissions from stationary combustion of subsectors under CRF 1A4
1990 1995 2000 2005 2010 2015 2019 2020 \

1A4ai - Commercial/Institutional 8.09 7.83 6.77 4.95 1.71 2.07 3.83 2.92
1A4bi - Residential 28.3 22.2 21.4 13.2 8.52 5.96 4.37 5.39
1A4ci - Agriculture NO NO NO NO NO 0.012 0.018 0.024
Total Emissions [kt CO,e] 36.4 30.0 28.2 18.1 10.2 8.04 8.22 8.33
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Figure 3.4 Emissions from stationary combustion of subsectors under CRF 1A4

3.2.3.4 Recalculations

1A4ai Commercial/Institutional

Recalculations in 1A4ai are due to three separate issues. Firstly, the CHs and N,O emissions in
previous submission of the NIR had been interchanged for waste burning. Therefore, the figure for
CHs was reported as N,O and N»O as CHs. Waste was used in the time period 1993 —2012.
Recalculations due to this amounted to between 0.01 — 0.03 kt CO,e in the previously mentioned.
Consequently, total emissions were reduced by approximately 0.26 — 0.97% (see Table 3.19).

Table 3.19 Recalculations in 1A4ai due to error in EF

Commercial/Institutional 1993 1995 2000 2005 2010 2012 ‘
2021 v1 submission [COe kt] 8.45 7.85 6.79 4.98 1.73 2.51
2022 submission [COe kt] 8.43 7.83 6.77 4.95 1.71 2.50
Change relative to 2021 submission -0.26% -0.28% -0.41% -0.56% -0.97% -0.35%

Secondly, recalculations in 1A4ai are due to a change in the NEA data on fuel allocation. Gas/Diesel
oil was increased between submissions by 123% in the year 2019 and LPG was increased 333, 556
and 517% in the years 2017-2019, respectively. This increased emissions from 1A4ai by 1.17-2.61 kt
CO2e in the respective years, see Table 3.20.

Table 3.20 Recalculations in 1A4ai due to reallocation of fuels

Commercial/Institutional 2017 2018 2019 ‘
2021 v1 submission [COze kt] 0.83 0.72 1.22
2022 submission [COze kt] 2.00 2.07 3.83
Change relative to 2021 submission [COze 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 occur between 1993-2012, see Table 3.21.
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Table 3.21 Recalculations in 1A4ai due to biomass in waste
Commercial/Institutional 1993 1995 2000 2005 2010 2012
2021 v1 submission Biomass [CO; kt] NO NO NO NO NO NO

2022 submission Biomass [CO; kt] 0.34 0.34 0.44 0.44 0.23 0.12

1A4bi Residential Stationary

Recalculations in 1A4bi occurred in the years 2017-2019 due to reallocation of fuels by the NEA. This
caused gas/diesel oil to become reduced in 2019 and LPG reduced in 2017-2019. This reduced total
emissions from 1A4bi by 1.38, 1.47 and 2.74 kt CO,e in the years 2017-2019, respectively, see Table
3.22.

Table 3.22 Recalculations in 1A4bi due to fuel reallocation

Residential Stationary 2017 2018 2019
2021 v1 submission [CO,e kt] 10.91 7.47 7.11
2022 submission [COe kt] 9.53 6.00 4.37
Change relative to 2021 submission [COxe kt] -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 CO, (2006 IPCC Guidelines default), 100% for CH4 (central
value for the default range given in the 2006 IPCC Guidelines), and 100% for N,O (expert judgement,
Aether Itd, based on comparison with other countries NIR (for instance UK NIR)). When combining
the AD and EF uncertainties, total uncertainty is 7% for CO,, 100% for CHs and 100% for N,O. The
complete uncertainty analysis is shown in Annex 2.

3.2.4 Other (CRF 1A5)

For the 2020 submission sector 1A5 was reported for the first time for the timeseries 2003-2018 as
part of the review of the energy input data. For the 2021 submission a review for the timeseries
1990-2002 was performed. For previous submissions these emissions were reported under CRF
category 1A2gvii but after a review of the sales statistics no justification was found for that
attribution. Therefore, all fuels categorized as “Other” in sales statistics without any explanation of
type of use, are now allocated to CRF category 1A5. For future submissions the EA will work with the
NEA to try to investigate where these fuels were used so they can be attributed to the correct
categories.

3.2.4.1 Activity data
Table 3.23 Fuel use [in kt] from sector 1A5 Other

1990 1995 2000 2005 2010 2015 2019 2020 ‘

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

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

Biodiesel NO NO NO NO NO NO 0.022 0.044
Biomethane NO NO NO NO NO NO 0.091 0.111
Biogasoline NO NO NO NO NO NO NO 0.001
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3.2.4.2 Emission factors
All emission factors for this sector can be seen in Table 3.3.

3.2.4.3 Emissions

Emissions from unallocated fuels from CRF 1A5 have been decreasing over the past years. There was
a sharp increase in emissions in 2004-2006 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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Figure 3.5 Emissions from stationary combustion from CRF 1A5
Table 3.24 Emissions from stationary combustion from CRF 1A5

1996
1997
1998
1999
2000

1995
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

1990 1995 2000 2005 2010
1A5 - Total emissions [kt COze] 0.122 1.63 4.64 29.0 14.0 0.19 1.69 0.363

3.2.4.4 Recalculations

Recalculations in 1A5 are twofold. Firstly, recalculations are due to a correction in the applied NCV
for bio-gasoline. In previous submissions the wrong NCV was applied to bio gasoline which caused an
overestimation of emissions. Biomass CO, emissions from bio gasoline have been reduced by
between 0.03-0.34 kt CO; in the time periods 2012-2013 and 2016-2019, see Table 3.25.

Table 3.25 Recalculations in 1A5 due to bio gasoline NCV

Other - Liquid bio fuel 2016 2017

2021 v1 submission [bio-CO; kt] 0.26 0.93 0.09 0.18 0.14 0.07
2022 submission [bio-CO; kt] 0.16 0.59 0.06 0.11 0.08 0.04
Change relative to 2021 submission [CO3 kt] -0.10 -0.34 -0.03 -0.07 -0.05 -0.03

Secondly, bio methane has now been allocated to the year 2019 in the current submission of activity
data from the NEA. This had been reported as NO in the previous submission. Therefore, bio
methane emissions in 2019 have been increased by 0.25 kt CO,, see Table 3.26.
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Table 3.26 Recalculation in 1A5 due to change in activity data of bio methane

Other - Bio methane 2019

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

3.2.45 Uncertainties

The uncertainty of CO, emissions from 1A5 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 CH4 emissions (with an
activity data uncertainty of 5% and emission factor uncertainty of 100% (central value of default
range, 2006 IPCC Guidelines)), and 100.1% for N,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 be seen in the quantitative uncertainty table
in Annex 2.

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

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

3.3.1 Mobile machinery (CRF 1A2gyvii, 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 seen in Table 3.27.

Table 3.27 Information on subsectors reported as Mobile Machinery
CRF code IPCC name Included ‘

1A2gvii Off-road vehicles and other IE (1990-2018, included in 1A3eii Off-road vehicles and other
machinery in Construction machinery), Construction from 2019

1A3eii Off-road vehicles and other All off-road machinery for 1990-2018 (including from construction
machinery and agriculture/forestry subsectors), other machinery after 2019

LAdci Agriculture/forestry/fishing: Off- IE (1990-2018, included in 1A3eii Off-road vehicles and other
road vehicles and other machinery machinery), Mobile machinery used in agriculture from 2019

3.3.1.1 Activity data

Activity data for mobile combustion in these sectors is provided by the NEA. The fuel used can be
seen in Table 3.28.

1A3eii: Other Off-road vehicles and machinery: Activity data and information available from the NEA
for 1990-2018 do not allow the distinction between fuels sold to machinery in construction,
agriculture or other uses, but provides data on fuel sold from fuel delivery trucks (as opposed to fuel
sold at petrol stations). However, improvements were made in the data gathering by the NEA and it
was possible to distinguish between off-road vehicles in agriculture and construction from the
inventory years 2019 and onwards.

For this submission, category 1A3eii Other off-road vehicles and machinery includes all emissions
derived from fuels sold to off-road machinery for 1990-2018, including Mobile machinery in
Construction (1A2gvii), Agriculture/Forestry/Fishing: Off-road vehicles and other machinery
(1A4cii) as well as transport activities not reported under road transport such as ground activities in
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airports and harbours (1A3eii). Categories 1A2gvii and 1A4cii are marked as “IE” in the CRF reporter
for 1990-2018 and are all included under 1A3eii. For 2019 and onwards Mobile machinery in
construction (1A2gvii) and Agriculture/Forestry/Fishing: Off-road vehicles and other machinery
(1A4cii) are reported separately but other transport activities not reported under road transport such
as ground activities in airports and harbours are still reported under 1A3eii.
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Table 3.28 Fuel use (in kt) from mobile combustion in the construction industry (1A2gv), Agriculture (1A4cii) and
other (1A2gvii).

1990 1995 2000 2005 2010 2015 2019 2020
1A2gvii - Mobile machinery in Construction
Gas/Diesel Qil IE IE IE IE IE IE 7.1 3.7
Biodiesel IE IE IE IE IE IE NO NO
1A3eii - Other mobile machinery
Gas/Diesel Qil 38.0 46.7 61.9 67.8 32.2 331 12.3 6.4
Other kerosene NO NO NO 0.02 1.17 0.16 0.03 0.33
Biodiesel NO NO NO NO NO NO NO NO
1A4cii - Mobile machinery in Agriculture
Gas/Diesel Oil IE IE IE IE IE IE 5.4 7.6
Biodiesel IE IE IE IE IE IE 0.028 NO

3.3.1.2 Emission factors
All emission factors used to calculate emissions from fuel combustion from mobile machinery can be
seen in Table 3.29. All factors, except NCV for diesel, are from 2006 IPCC guidelines.

Table 3.29 Emission factors for CO2, CHs and N20 from mobile combustion reported under 1A2gvii, 1A3eii and

1A4cii

Fuel / Factor Value Unit Reference ‘
Diesel Oil
NCV 42.8 TJ/kt Country Specific from 2017, based on annual measurements
C-content 20.2 t/T) Table 1.3 2006 IPCC Guidelines, V2, Ch1
CH4 emission factor 4.2 kg/T) Table 3.3.1 2006 IPCC Guidelines, "Industry" defaults
N,O emission factor 28.6 kg/T) Table 3.3.1 2006 IPCC Guidelines, "Industry" defaults
Other kerosene
NCV 40.4 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Chl
C-content 21.1 t/T) Table 1.3 2006 IPCC Guidelines, V2, Chl
CH4 emission factor 4.2 kg/T) Table 3.3.1 2006 IPCC Guidelines, "Industry" defaults
N,O emission factor 28.6 kg/T) Table 3.3.1 2006 IPCC Guidelines, "Industry" defaults
Biodiesel
NCV 27.0 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Chl
C-content 19.3 t/T) Table 1.3 2006 IPCC Guidelines, V2, Chl
CH4 emission factor 3.0 kg/T) Table 2.2 2006 IPCC Guidelines, V2, Ch2
N,0O emission factor 0.6 kg/T) Table 2.2 2006 IPCC Guidelines, V2, Ch2

3.3.1.3 Emissions

As can be seen in Figure 3.6 and Table 3.30, emissions from mobile machinery increased in the
beginning of the timeseries but they have generally been decreasing from 2008, with some

fluctuations.

61



LU

National Inventory Report, Iceland 2022

Table 3.30 Emissions [kt COze] from mobile machinery (1A2gvii, 1A3eii and 1A4cii). For 1990-2018 1A2gvii and
1A4cii are included in 1A3eii.

1A2gvii - Mobile machinery in Construction IE IE IE IE IE IE 25.4 13.2
1A3eii - Other mobile machinery 135.1 166.2 220.1 241.1 118.7 118.2 44.0 23.8
1A4cii - Mobile machinery in Agriculture IE IE IE IE IE IE 19.3 26.8
Total 135.1 166.2 220.1 241.1 118.7 118.2 88.6 63.8
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Figure 3.6 Combined emissions from mobile machinery (1A2gvii, 1A3eii and 1A4cii)

3.3.1.4 Recalculations

During the 2021 UNFCCC review it was pointed out that Iceland should be allocating fuels used for
mobile machinery differently that it was. Therefore, allocations of fuels for the whole timeseries for
two subsectors was changed (see Table 3.31). This did not affect total emissions from the energy
sectors, but it did affect emissions from subcategories 1A2 and 1A3e.

Table 3.31 Changes in allocation of fuels to CRF categories from this submission

2021 submission 2022 submission ‘
1A2gv — Construction - 1A2gvii - Mobile machinery in Construction
1A2gvii — Mobile Machinery - 1A3eii - Other mobile machinery

Category 1A3eii (previously reported under the category 1A2gvii) has recalculations due to two
aspects. Firstly, the NEA has reallocated gas/diesel oil in the category’s activity data for the years
2014 and 2019, by -7kt and 5.2 kt, respectively. This caused a recalculation of -24.9 kt CO,e in 2014
and 18.5 kt CO,e in 2019, see Table 3.32.

Secondly, changes in years where biodiesel is in the activity data affect total emissions due to
changes in the NCV for biodiesel and are visible in the table below in the years 2013, 2016 and 2017.
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Table 3.32 Recalculations in 1A3eii due to activity data change in 2014 and 2019 and due to biodiesel NCV
Other mobile machinery 2013 2014 2016 2017 2018 2019

2021 v1 submission [CO,e kt] 100.59 144.33 137.27 140.76 112.34 25.49
2022 submission [CO»e kt] 100.60 119.45 137.28 140.79 112.40 43,98
Change relative to 2021 submission [COxe kt] 0.01% -17.24% 0.01% 0.03% 0.05% 72.53%

Mobile machinery in construction, 1A2gyv, 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
the year 2019 by 3 kt of gas/diesel oil.

Table 3.33 Recalculations in 1A2gv due to activity data change

Mobile machinery in construction 2019
2021 v1 submission [COze kt] 36.68
2022 submission [CO,e kt] 25.39
Change relative to 2021 submission [CO2e kt] -30.78%

Agricultural machinery, 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 for the year
2019 by 2 kt of gas/diesel oil.

Table 3.34 Recalculations in 1A4cii due to activity data change

Agricultural machinery 2019 ‘
2021 v1 submission [CO,e kt] 26.43

2022 submission [CO,e kt] 19.26

Change relative to 2021 submission [COze kt] -27.12%

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

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

3.3.1.6 Uncertainties

The uncertainty of CO, 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 CH4 emissions (with an activity data uncertainty of 5% and emission factor
uncertainty of 100% (central value of default range, 2006 IPCC Guidelines)), and 100.1% for N,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 be seen in the quantitative uncertainty table in Annex 2.



L National Inventory Report, Iceland 2022

3.3.2 Domestic aviation (CRF 1A3a)

3.3.2.1 Activity data

Domestic aviation (1A3a) includes flights departing from and subsequently landing in Iceland. Flights,
that would be accounted under military operations in 1A5b are not occurring in Iceland as there is no
Icelandic military.

Total use of jet kerosene and aviation gasoline is based on the NEA's annual sales statistics for fossil
fuels sold for flights in all airports that service domestic flights. These are all airports in Iceland
except one, which services international flights. Activity data for fuel sales are given inTable 3.35.

Table 3.35 Fuel use [kt] for domestic aviation.

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

3.3.2.2 Emission factors

The emission factors for greenhouse gases are taken from the 2006 IPCC Guidelines and are
presented in Table 3.36. Emission factors for NOx, NMVOC and CO are taken from EMEP/EEA 2019
guidebook, Table 3.3.

Table 3.36 Emission factors for greenhouse gases for aviation
Fuel / Factor Value Unit Reference

Aviation Gasoline
NCV 44.3 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Chl
C-content 19.1 t/T) Table 1.3 2006 IPCC Guidelines, V2, Ch1l
CH4 emission factor 0.5 kg/T) Table 3.6.5 2006 IPCC Guidelines, V2, Ch3
N,O emssions Factor 2.0 kg/T) Table 3.6.5 2006 IPCC Guidelines, V2, Ch4
Jet kerosene
NCV 44.1 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Chl
C-content 19.5 t/T) Table 1.3 2006 IPCC Guidelines, V2, Ch1
CH4 emission factor 0.5 kg/T) Table 3.6.5 2006 IPCC Guidelines, V2, Ch3
N,O emssions Factor 2.0 kg/T) Table 3.6.5 2006 IPCC Guidelines, V2, Ch4

3.3.2.3 Emissions

Emissions from 1A3a Domestic aviation had generally been decreasing over the time period, but they
increased during 2015-2019, most likely due to increase in tourism in Iceland. There was a drop in
emissions in 2020 due to the COVID pandemic. These emissions can be seen in Table 3.37.

Table 3.37 Emissions [kt COze] from 1A3a Domestic aviation

1990 1995 2000 2005 2010 2015 2019 2020

Total emissions [kt COze] 33.6 30.3 28.5 26.2 213 20.6 28.0 133

3.3.2.4 Recalculations

Recalculations for domestic aviation only occur in 2014 where the activity data for jet kerosene was
changed by the NEA. The fuel is reduced by approximately 7 kt which affected emissions by 52% in
the year 2014, see Table 3.38. During the 2021 UNFCCC review the ERT asked about an outlier in
2014 for domestic aviation. This was brought up with the NEA which inquired the data provider
about this specific sub-sector. The NEA and the data provider reached a conclusion that an over
allocation of fuel was done for domestic aviation in 2014 and an under allocation in international
64



National Inventory Report, Iceland 2022 L

aviation. Therefore, the amount of jet kerosene in 2014 was reduced for domestic aviation and
added the same amount to international aviation.

Table 3.38 Recalculations in 1A3a due to activity data change

Domestic aviation 2014
2021 v1 submission [COze kt] 40.68
2022 submission [CO,e kt] 19.37
Change relative to 2021 submission [COxe 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
CO, emissions from domestic aviation is 7% (with an activity data uncertainty of 5% and emission
factor uncertainty of 5% (2006 IPCC Guidelines)), whilst the CH4 emissions 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 the N,O emissions uncertainty is 200% (with an activity data
uncertainty of 5% and emission factor uncertainty of 200%). The complete uncertainty analysis is
shown in Annex 2.

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

e 1A3bi Cars

e 1A3bii Light duty trucks

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

Emissions from Road Transport are estimated using COPERT 5.5.1. which uses a tier 3 methodology
to estimate N,O and CH,4 emissions, and a tier 2 methodology to estimate CO, emissions. All emission
factors in COPERT are from the 2006 IPCC guidelines and 2019 EMEP/EEA guidebook. These factors
are default in COPERT if country-specific data is not available.

3.3.3.1 Activity data
Total use of diesel oil, gasoline and biofuels in road transport are based on the NEA's annual sales
statistics and can be found in Table 3.39.

Table 3.39 Fuel use [kt] in road transport

1990 1995 2000 2005 2010 2015 2019 2020 ‘
Gasoline 67.1 117.6 142.6 156.7 148.2 1325 118.7 91.6
Gasoline, leaded 60.7 18.0 NO NO NO NO NO NO
Gas/Diesel Oil 36.6 36.9 47.5 83.5 106.4 126.4 180.9 167.9
Biomethane NO NO 0.006 0.039 0.595 2.18 1.49 1.44
Biodiesel NO NO NO NO NO 11.9 14.9 13.0
Biogasoline NO NO NO NO NO 1.93 6.24 11.04
Hydrogen NO NO NO 0.00001 0.002 NO 0.001 0.0004
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All of the biogasoline in Iceland is bioethanol and does therefore not include any fossil carbon. The
team for chemicals at the EA, which is responsible for monitoring reporting under the Fuel Quality
Directive (Directive 2009/30/EC of the European Parliament and of the Council), has confirmed that
no FAME biodiesel has been imported to Iceland, only HVO. Therefore, there is no carbon of fossil
origin in biodiesel for which CO; emissions would need to be accounted for in this inventory.

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

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

e Vehicle stock numbers for 2017-2020 were obtained from the Icelandic Transport Authority.

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

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

e Measurements of carbon content (%C/%H/%0) in gasoline and diesel oil used in road
transport were done from fuel samples from 2019. These values were applied for 1990-2019.
New measurements were done for 2020.

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

3.3.3.2 Emission factors

Emissions from Road Transportation are estimated using COPERT 5.5.1. which uses a tier 3
methodology to estimate N,O and CH. emissions, and a tier 2 methodology to estimate CO,
emissions. Energy balance feature in COPERT was preformed to ensure that emissions from all fuel
sold is accounted for. The emission factors can be seen in Table 3.40.

Table 3.40 Emission factors used for calculations emissions from road transport

Fuel / Factor 1990-2016 2017 2018 2019 2020 Note/Reference
Gasoline
Table 1.2 2006 IPCC Guidelines, V2, Ch1 for
NCV [TJ/kt] 43.90 44.00 43.70 43.90 43.90 1990-2016, country specific measurements
from 2017

Country specific measurement of carbon
content peformed in 2019 was applied to

C-content [t/TJ] 19.38 19.28 19.41 19.32 19.38 the whole timeseries. New measurement
for 2020.
Diesel
Table 1.2 2006 IPCC Guidelines, V2, Ch1 for
NCV [TJ/kt] 42.80 43.10 43.20 43.10 42.80 1990-2016, country specific measurements
from 2017
Country specific measurement of carbon
C-content [t/T)]  20.20 2001 1997 2001 2020  contentpeformedin 2019 was applied to

the whole timeseries. New measurement
for 2020.

3.3.3.3 Emissions
Emissions from road transport were steadily increasing from 1990-2007. In 2008 emissions started
decreasing due to the financial crisis and they remained steady until 2015. Due to increased tourism
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emissions started increasing again in 2016 but a drop in emissions were observed in 2020 due to the
COVID pandemic. The emissions can be seen in Table 3.41 and Figure 3.7.

Only CH4 and N,0 emissions from biofuels are included in the national totals, whereas CO; emissions
are reported as a memo item under CRF category 1D3.

Table 3.41 Emissions from subcategories and total emissions [kt CO2ze] from 1A3b Road transport

Sector 1990 1995 2000 2005 2010 2015 2019 2020 ‘
1A3bi - Passenger cars 407.1 439.0 485.2 571.9 553.0 560.7 590.0 515.9
1A3Dbii - Light duty trucks 27.0 28.0 31.9 49.0 78.5 86.0 142.9 128.0
1A3bii - Heavy duty trucks and buses 86.0 80.3 87.4 141.8 164.3 161.7 213.1 178.5
1A3biv - Motorcycles 2.53 2.68 3.21 3.44 9.43 10.44 3.66 2.77
Total [kt COze] 522.6 550.0 607.7 766.2 805.3 818.9 949.8 825.2
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Figure 3.7 Emissions from subcategories and total emissions [kt CO2e] from 1A3b Road transport

3.3.3.4 Recalculations

The most extensive recalculation in road transport between the 2021 submission and 2022
submission is due to a reallocation of diesel oil in road transport in 2014. Review by the NEA of
allocation of diesel between sub-sectors of mobile combustion revealed outliers which the NEA
corrected for this submission. Diesel oil utilized in mobile machinery was re-allocated to road
transport for 2014 which caused an increase of 301 TJ which increased total emissions by 2.7% or 21
kt COze.

Emissions of N,O from heavy duty trucks and buses due to diesel consumption has decreased total
emissions by 0.0015 — 0.006 kt N>O or 0.5 — 2.2 kt CO,e over the timeline (see Table 3.42). The reason
for this is a change of emission factors for N,O in COPERT for diesel in heavy duty trucks and buses.

67



L National Inventory Report, Iceland 2022

According to patch notes released by Emisia for version 5.4.52, in May 2021, there was a correction
of N,O calculations for urban buses CNG.

Calculations of TJ of biomass were altered substantially due to an error found in the NCV for
biodiesel in previous submissions. NCV has now been corrected and is aligned with the IPCC default
value. This decreased the energy use of biomass by 1 — 84 TJ over the timeline.

Table 3.42 Summary of road transport recalculations done for this submission
Road Transport 1990 1995 2000 2005 2010 2014 2015 2018 2019 ‘

CO; [kt CO2e]

2021 v1 submission 512 537 593 751 797 767 811 961 940
2022 submission 512 537 593 751 797 789 811 961 940
Change - - - - - 22.14 0.00 0.00 -0.03
CH,4 [kt COze]

2021 v1 submission 5.58 5.04 3.77 2.97 2.14 1.65 1.68 1.54 1.27
2022 submission 5.58 5.04 3.77 2.97 2.14 1.66 1.68 1.54 1.26
Change - - - - - 0.01 0.00 0.00 0.00
N,O [kt COze]

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 CO,e]

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 CO,e] -0.52 -0.47 -0.55 -0.93 -1.22 21.15 -1.50 -1.25 -2.24
Total change (%) -0.10% -0.09% -0.09% -0.12% -0.15% 2.73% -0.18% -0.13% -0.24%

Recalculations in the 2021 submission:

For the 2021 submission a measurement of country specific carbon content in fuels was applied to
the whole time series, replacing the default carbon content, which caused recalculation for CO,. For
the 2021 submission an updated version of COPERT was implemented (COPERT 5.4.36) for
calculations of emissions for the whole timeseries, which caused recalculations for CH4 and N,O.

Emissions of CO; have decreased for the whole timeseries by 8-10 kt CO,. This is due to a
measurement of country specific carbon content in fuels which was applied to the whole time series,
replacing the default carbon content. There is a small increase in CH, emissions, i.e. 0.03-0.1 kt CO.e
over the timeseries and emissions of N,O have increased by between 0.6-1.5 kt CO,e over the
timeseries. These recalculations are due to updated parameters in version 5.4.36. of COPERT.

3.3.3.5 Planned Improvements

For future submissions further collaboration with the Icelandic Transport Authority will be needed to
obtain information on vehicle stock numbers split by Euro standards and driven kilometres for each
vehicle category.

Carbon content in gasoline and diesel will be measured again using samples from 2021 to get a
comparative value.
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3.3.3.6 Uncertainties

Fuel sales uncertainties are reported by the data provider (NEA) to be within 5%. The CO, emission
factor uncertainty is 2.8% which is based in the uncertainty of the carbon content measurements
performed in 2020 on fuels used in road transport in Iceland. The emission factor uncertainties for
CH4 and N,0 are estimated to be 219% and 188%, respectively. The emission factor uncertainties for
CH4 and N,0 are found using Combined Uncertainty (for diesel, gasoline and biomass) as per EQ. 3.2
from 2006 IPCC GL, Vol 3 Chap 5 using uncertainty ranges in IPCC Volume 2 Chapter 3 Table 3.2.2.

The combined uncertainty of CO, emissions from road vehicles is 5.7%, CH4 emissions it is 219% and
for N,O emissions from road vehicles is 188%. The complete uncertainty analysis is shown in Annex 2.

3.3.4 Domestic Navigation and Fishing (CRF 1A3d and 1AA4ciii)

The Domestic navigation sector (CRF 1A3d) includes all vessels of all flags which purchase fuel in
Iceland and sail between two Icelandic harbours. The Fishing ship sector (1A4ciii) includes all fishing
ships of all flags which purchase fuel in Iceland.

3.3.4.1 Activity data
1A3d Domestic navigation: Total use of fuel for national navigation is based on NEA's annual sales
statistics. Activity data for fuel combustion in domestic navigation are given in Table 3.43.

Table 3.43 Fuel use [in kt] in 1A3d domestic navigation

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

1A4ciii: Fishing: Total use of fuel for fishing is based on the NEA’s annual sales statistics to fishing
vessels of all flags and all destinations (domestic and international). Activity data for fuel combustion
in the Fishing sector are given in Table 3.44.

Table 3.44 Fuel use [in kt] in 1A4ciii fishing

1990 1995 2000 2005 2010 2015 2019 2020 ‘
Residual Fuel Oil 35.64 57.15 22.27 32.61 69.89 52.45 25.84 NO
Gas/Diesel Oil 202.6 231.8 256.9 199.9 158.3 142.5 136.6 158.7
Biodiesel NO NO NO NO NO 0.094 0.034 0.075

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

3.3.4.2 Emission factors
Default C contents and oxidation factor are used, as well as default emission factors for CH; and N,O
(taken from the 2006 IPCC guidelines, Table 3.5.3 Volume 2 Chapter 3 for ocean-going ships). A
country specific NCV for gas/diesel oil is used from 2017 and onwards based on annual
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measurements, for other fuels and years a default NCV is used. These factors are presented in Table
3.45.

Table 3.45 Emission factors for CO2, CHsand N:0O for ocean-going ships.
Fuel / Factor Value Unit Reference

Marine Diesel Oil
NCV 42.8 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Ch1, country-specific from 2017
C-content 20.26* t/T) Table 1.3 2006 IPCC Guidelines, V2, Ch1l
CH4 emission factor 7.0 kg/T) Table 3.5.3 2006 IPCC Guidelines, V2, Ch3
N,O emssions Factor 2.0 kg/T) Table 3.5.3 2006 IPCC Guidelines, V2, Ch3
Residual Fuel Oil
NCV 40.4 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Ch1l
C-content 21.1 t/T) Table 1.3 2006 IPCC Guidelines, V2, Chl
CH, emission factor 7.0 kg/T) Table 3.5.3 2006 IPCC Guidelines, V2, Ch3
N,O emssions Factor 2.0 kg/T) Table 3.5.3 2006 IPCC Guidelines, V2, Ch3
Biodiesel
NCV 27.0 TJ/kt Table 1.2 2006 IPCC Guidelines, V2, Ch1l
C-content 19.3 t/T) Table 1.3 2006 IPCC Guidelines, V2, Chl
CH4 emission factor 10.0 kg/T) Table 2.5 2006 IPCC Guidelines, V2, Ch2
N,O emssions Factor 0.6 kg/T) Table 2.5 2006 IPCC Guidelines, V2, Ch2

*A country specific value for 2020

3.3.4.3 Emissions

Emissions from ocean-going 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 in Table 3.46:

Table 3.46 Emissions [kt COze] from ocean-going ships

1990 1995 2000 2019 pLop 1]
1A3d - Domestic navigation 33.0 37.7 12.7 22.7 355 26.8 53.5 251
1A4ciii - Fishing 764.6 926.4 896.9 746.4 729.9 624.2 522.2 508.3
Total 797.6 964.0 909.6 769.1 765.4 651.0 575.7 533.3
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Figure 3.8 Emissions 1990-2020 from ocean-going ships

3.3.4.4 Recalculations

1A3d Domestic navigation

Recalculations for domestic navigation are linked to recalculations in 1A4ciii Fishing and 1D1b
International Navigation (memo). During review of the activity data and allocation of fuels in the
years 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 27-32 kt CO,e were withdrawn, by the NEA, from
domestic navigation and allocated to fishing (15-25 kt CO»e) and international navigation (7-16 kt
COze), through reallocation of gas/diesel oil and residual fuel oil, see Table 3.47. Moreover, emissions
from domestic navigation were reduced by 0.000007 kt CO,e in 2017 and 2019 due to an error
correction of the NCV of biodiesel, and by 0.06 — 0.30 kt COe throughout the timeline due to country
specific measurements of carbon content in marine gasoil, see Table 3.48.

Table 3.47 Recalculations for domestic navigation due to reallocation of fuels

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

Table 3.48 Recalculations for domestic navigation due to country-specific carbon content in marine gasoil
Domestic navigation 1995 2000 2005 2010 2015 2019 ‘

2021 v1 submission [CO,e kt] 37.67 12.73 22.73 35.48 26.80 53.54
2022 submission [CO,e kt] 37.55 12.67 22.62 35.33 26.65 53.23
Change relative to 2021 submission [%] -0.3% -0.5% -0.5% -0.4% -0.5% -0.6%
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1Ad4ciii: Fishing

Recalculations for fishing are linked to recalculations in 1A3d Domestic navigation and 1D1b
International Navigation (memo). During review of the activity data and allocation of fuels in the
years 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 11-22 kt CO,e were added to fishing, see Table
3.49. Moreover, emissions from fishing were reduced by 0.0002 — 0.0006 kt CO.e in 2013-2017 and
2019 due to an error correction of the NCV of biodiesel, and by 2 — 5 kt COe throughout the timeline
due to country specific measurements of carbon content in marine gasoil, see Table 3.50.

Table 3.49 Recalculations for fishing due to reallocation of fuels

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

Table 3.50 Recalculations for fishing due to new biodiesel NCV and country specific carbon content of marine
gasoil

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

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

3.3.4.6 Uncertainties

Fuel sales uncertainties are reported by the data provider (NEA) to be within 5%. The uncertainty of
CO; emissions from domestic navigation is 7% (with an activity data uncertainty of 5% and emission
factor uncertainty of 5%), whilst the CHs emissions uncertainty is 100% (with an activity data
uncertainty of 5% and emission factor uncertainty of 100%) and the N,O emissions uncertainty is
200% (with an activity data uncertainty of 5% and emission factor uncertainty of 200%). The
complete uncertainty analysis is shown in Annex 2.

3.3.5 International bunkers (CRF 1D1a and 1D1b)

1D1a International Aviation (memo): This sector includes all flights to or from destinations other
than Iceland which purchase fuel in Iceland.

1D1b International Navigation (memo): This sector includes all vessels of all flags which purchase
fuel in Iceland and sail internationally from an Icelandic harbour.

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, Keflavik Airport. Under normal circumstances almost all
international flights depart and arrive from Keflavik Airport, except for flights to Greenland, the Faroe
Islands, and some flights by private airplanes which depart/arrive from Reykjavik airport. Domestic
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flights sometimes depart from Keflavik airport in case of special weather conditions. Oil products sold
to Keflavik airport are reported as international usage. The deviations between national and
international usage are believed to level out. Fuel use attributed to international aviation, and
associated GHG emissions, are shown inTable 3.51.

Table 3.51 Fuel use [in kt] and resulting emissions [GHG, in kt COze] from international aviation

1990 1995 2000 2005 2010 2015 2019 2020
Jet kerosene 69.4 74.6 129.2 133.2 119.5 213.7 303.3 82.9
Gasoline 0.20 0.18 0.03 0.40 0.01 0.01 NO NO
Emissions [kt COze] 221.3 237.9 410.8 424.8 380.1 679.7 964.5 263.6

1D1b: International Navigation: The reported fuel use numbers are based on fuel sales data from
the retail suppliers. Fuel data and associated emissions are shown in Table 3.52. 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 the years 1990 to 1994 fuel sales
statistics were recorded differently and fuel sold for international use was recorded without
information on whether it was used for a fishing vessel or another type of ship. Therefore, the share
of fuel use by fishing vessels had to be approximated for the years 1990-1994. This was done by
averaging the percentage of fuel sold to fishing vessels relative to total fuel sales over the years 1995
to 1999, for diesel oil and fuel oil; this percentage was then applied to the fuel sales for the years
1990 to 1994.

Table 3.52 Fuel use [in kt] and resulting emissions [GHG, in kt COze] from international navigation

1990 1995 2000 2005 2010 2015 2019 2020
Residual Fuel Oil 0.25 NO 2.00 0.44 0.08 13.25 19.33 NO
Gas/Diesel Oil 8.53 1.05 15.04 0.12 NO 33.55 45.19 24.28
Emissions [kt CO2e] 28.25 3.39 54.70 1.76 0.25 149.8 206.8 77.8

3.3.5.2 Emission factors
Emission factors for international aviation are reported in Table 3.36 and the ones for international
navigation can be found in Table 3.45.

3.3.5.3 Recalculations

1D1a International 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.

Table 3.53 Recalculations for 1D1a International Aviation

International aviation 2014

2021 v1 submission [COze kt] 564.3
2022 submission [CO5e kt] 585.7
Change relative to 2021 submission [%] 3.8%

73



L National Inventory Report, Iceland 2022

1D1b: International Navigation

Recalculations for fishing are linked to recalculations in 1A3d Domestic navigation and 1Ad4ciii Fishing.
During review of the activity data and allocation of fuels in the years 1990-1994 for the above-
mentioned 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 7-16 kt CO,e were added to international navigation, see Table 3.54.
Moreover, emissions from international navigation were reduced by 0.02 — 1.2 kt COe throughout
the timeline due to country specific measurements of carbon content in marine gasoil which is now
applied instead of the IPCC default value, see Table 3.55.

Table 3.54 Recalculations for 1D1b International Navigation due to reallocation of fuels

International navigation 1990 1991 1992 1993 1994
2021 v1 submission [CO.e kt] 19.0 7.2 115 18.7 17.9
2022 submission [COze kt] 28.1 14.0 20.5 29.9 34.0
Change relative to 2021 submission [%] 48% 93% 78% 60% 90%

Table 3.55 Recalculation for International Navigation due country-specific carbon content in marine gasoil

International navigation 1995 2000 2005 2015 2019
2021 v1 submission [COe kt] 34 54.7 1.8 149.8 206.8
2022 submission [COze kt] 3.4 54.4 1.8 149.2 205.6
Change relative to 2021 submission [%] -1.9% -27% -0.2% -61% -116%

3.3.5.4 Planned Improvements
No improvements are planned for these sectors.

3.3.5.5 Uncertainties

Fuel sales uncertainties are reported by the data provider (NEA) to be within 5%. The uncertainty of
CO; emissions from domestic aviation is 7% (with an activity data uncertainty of 5% and emission
factor uncertainty of 5% (2006 IPCC Guidelines)), whilst the CH, emissions 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 the N.O emissions uncertainty is 200% (with an activity data
uncertainty of 5% and emission factor uncertainty of 200%). The complete uncertainty analysis is
shown in Annex 2.
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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 in Table 3.56.

Table 3.56 Emission factors for 1B2a5 Fugitive Emissions from Fuels

Fuel / Factor Value Unit Reference
Liquid Fuels
. Gg per 1000 m3 total Table 4.2.4 2006 IPCC Guidelines Tanker
f 2.3.E-
€O; emission factor 3.6:06 oil transported Trucks and Rail Cards
3 A
CHa emission factor 25 E-05 Gg p.er 1000 m3 total Table 4.2.4 2006 IPCC Qundelmes Tanker
oil transported Trucks and Rail Cards
3 —
N,O emission factor NA Gg p.er 1000 m3 total Table 4.2.4 2006 IPCC Gyndellnes Tanker
oil transported Trucks and Rail Cards
LPG
3 — - -
€O, emission factor 4.3.6-04 Gg per 1000 m?3 total Table 4.2.4 2006 IPCC Guidelines Liquefied
LPG Pertoleum Gas
3 — - -
CHa emission factor NA Gg per 1000 m?3 total Table 4.2.4 2006 IPCC Guidelines Liquefied
LPG Pertoleum Gas
3 — - -
N,O emission factor 29 E-09 Gg per 1000 m3 total Table 4.2.4 2006 IPCC Guidelines Liquefied
LPG Pertoleum Gas

3.4.1.2 Activity data and Emissions
Emissions from distribution of oil products are estimated by multiplying the total imported fuel with
emission factors. Activity data and resulting emissions are provided in Table 3.57.

Table 3.57 Fuel use [in kt] and resulting GHG emissions [in kt COze] from distribution of oil products

1990 1995 2000 2005 2010 2015 2019 2020 ‘
Gasoline 129.4 132.2 153.4 164.2 1445 139.6 122.8 101.5
Jet Kerosene 78.7 72.3 146.5 139.4 120.4 218.3 277.5 96.0
Gas/Diesel oil 335.8 309.3 427.9 418.2 292.3 342.1 392.9 387.3
Residual Fuel Oil 106.0 151.9 64.1 62.9 93.1 105.3 57.2 0.1
LPG 1.29 1.32 1.68 2.46 2.62 2.56 2.99 2.61
Emissions [kt CO2e] 0.49 0.50 0.60 0.60 0.49 0.61 0.65 0.45

3.4.1.3 Recalculations
No recalculations were performed for this sector.

3.4.1.4 Uncertainties
Uncertainty for the activity data (fuel sales) is estimated by the data provider (NEA) to be 5%.
Emission factor uncertainties are 5% for CO, (2006 IPCC Guidelines default) and 100% for CH4 (central
value for the default range given in the 2006 IPCC Guidelines). When combining the AD and EF
uncertainties, total uncertainty is 7% for CO; and 100.1% for CH,. The 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 plants in Iceland, including (as of 2020)
two power plants, one heat plant and 5 combined heat and power plants (CHP plants). Currently
there is no disaggregation between emissions associated with district heating and those associated
with electricity production. All reported emissions are from geothermal systems classified as high-
temperature. Emissions from direct hot water use, from low-temperature geothermal resources, are
not thought to result in significant GHG emissions (Fridriksson Th, 2016) 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 (H,S) are emitted from
geothermal power plants.

3.4.2.1 Activity data

The National Energy Authority of Iceland (NEA — Orkustofnun), is the agency responsible for
gathering information from power companies regarding emissions of CO, from power plants. This
information is published annually in the data repository on the NEA’s website. The values for 1969-
2020 were published on 07.05.2021% and include data for CO,, CH; and H,S emissions from CHP
plants, electric power plants, one power plant that is under construction and one heat plant.

Table 3.58 shows the electricity production with geothermal energy and the total CO,, CH4 (in COze)
and H,S emissions (in SOze).

Table 3.58 Electricity production and emissions from geothermal energy in Iceland.
1990 1995 2000 2005 2010 2015 2019 2020 ‘

Electricity Productions [GWh] 283 288 1,323 1,655 4,465 5,003 6,018 5,961
CO; emissions [kt] 61.4 82.2 153.1 118.2 189.6 163.1 163.1 174.9
CH4 emissions [kt CO5e] 0.20 0.20 0.91 1.14 4.58 3.95 3.14 3.86
H,S emissions [kt SOze] 133 11.0 26.0 30.3 58.7 42.4 41.9 393

3.4.2.2 Method approach

Degassing of mantle-derived magma is the sole source of CO; in geothermal systems in Iceland. CO;
sinks include calcite precipitation, CO, discharge to the atmosphere and release of CO, to enveloping
groundwater systems. The CO, concentration in the geothermal steam is site and time-specific and
can 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 by
(Baldvinsson, Périsdéttir, & Ketilsson, 2011) in the report “Gaslosun jardvarmavirkjana 4 islandi 1970-
2009” (e. Gas emissions of geothermal power plants in Iceland 1970-2009). The report describes the
methodologies the power companies, Orkuveita Reykjavikur, HS Orka and Landsvirkjun, that run the
individual power plants, use when estimating the gas emissions. The power companies use similar
methodologies, i.e., calculations based on measurements of the flow of steam through the plants
and analyses of the steam. All gas is assumed to go into the gas-phase upon separation of steam and

15 https://orkustofnun.is/orkustofnun/gagnasofn/talnaefni/
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liquid by the well-head and that all the gas is released into the atmosphere. HS Orka and Landsvirkjun
collect samples at the well-head and at the separator-station, whereas Orkuveita Reykjavikur gathers
samples in the power plant. In the case of power plants that are under construction, prior to
generation of electricity, the estimated emissions are based on gas release from the individual holes
that are allowed to blow steam into the atmosphere prior to their harnessing into the turbines of the
prospective power plant.

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

Emissions of CH4 and H,S are also calculated in a similar way that CO; is calculated, i.e., based on
direct measurements. H,S has been measured for the whole time series. Methane has been
measured consistently from 2008. Based on the measurements from 2008-2016 an average methane
emission factor was calculated and used for the years where no information has been provided. The
emission factors used for 1990-2007 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 the steam cap, whereas concentrations are
lower in the deeper part of the reservoir; furthermore, reinjection of fluids after heat extraction
(fluids now poorer in dissolved gases) can lead to generally gas-poorer systems (see also Chapter 2.1.
of Fridriksson et al., 2016: Greenhouse gases from geothermal power production, Technical Report
009/16 of the Energy Sector Management Assistance Program (The World Bank).)

In Figure 3.9 emissions from 1B2d Geothermal power can be seen for the whole timeline. The sharp
increases in emissions in 1998 and 2006 are due to new power plants. In 1998 Nesjavellir started
operation and in 2006 two power plants started operations, Hellisheidi and Reykjanes.

Two power plants, Hellisheidi and Svartsengi, have capturing mechanisms attached to their outgoing
gas streams. The CarbFix project, located at the Hellisheidi Power Plant, has been pioneering CO,
capture and reinjection on site into the basaltic subsurface, and has proven rapid and complete
reaction to calcium carbonate precipitate (Matter, et al., 2016). Reported emissions from the
Hellisheidi Power Plant have been adjusted to reflect the amount of injected CO,. The CO, captured
and injected can be seen in Table 3.59.

A sister project, SulFix, consists of separating H,S from the stream and also reinjecting the gas into
the subsurface and mineralizing on contact with the basalt host rock.

Table 3.59 Amount of CO: captured and injected using the Carbfix method

2012 2014 2015 2016 2017 2018 2019 2020

CarbFix — Mineralized [kt CO,] 0.06 2.38 3.91 6.64 10.17 12.20 9.70 11.70
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Figure 3.9 Emissions from 1B2d Geothermal Power

At the George Olah Renewable Methanol Plant in Svartsengi, on the Reykjanes peninsula in South-
west Iceland, Carbon Recycling International recycles part of the CO, emitted by the Svartsengi
power plant and converts it to methanol, which is mostly exported (Carbon Recycling International,
2018). Emissions utilized at the George Olah Plant are not subtracted from the total emissions of the
geothermal power plant in Svartsengi.

3.4.2.4 Recalculations

Recalculations were performed for CHs emissions from geothermal power plants in 2017. This is due
to a minor error in the amount of numbers after decimal for CH.. This caused a decrease in total
COe emissions by 0.02 kt in 2017, see Table 3.60.

Table 3.60 Recalculations from geothermal due to a decimal issue

Geothermal 2017 ‘
2021 v1 submission [CO,e kt] 149.10
2022 submission [COe kt] 149.08
Change relative to 2021 submission [%] -0.01%

3.4.2.5 Uncertainties
CO; and CH,4 emissions figures are provided by the NEA, who reports an uncertainty of 10% for the
CO; values, and of 25% for the CH4 values. The complete uncertainty analysis is shown in Annex 2.

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

3.5.1 Reference Approach

The sectoral approach calculations are based on activity data per sector as provided by the NEA and
reallocated by the EA where necessary (see chapter 3.1.1 for details). The reference approach is
calculated based on the national energy statistics files submitted to Eurostat by the NEA, which
include information on imports, stock changes, international navigation and international aviation.

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

3.5.2 Feedstock and 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, other-bituminous coal, coke-oven coke, petroleum coke, lubricants and
electrodes.
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4 Industrial Processes and Product Use (CRF sector 2)

4.1 Overview

The production of raw materials is the main source of GHG emissions related to Industrial Processes.
Another significant source of greenhouse gas emission is the use of HFCs as substitutes for ozone
depleting substances in refrigeration and air-conditioning. The dominant category within the
Industrial Process sector is metal production. Almost all of the emissions from the metal production
sector are reported under the EU ETS (Directive 2003/87/EC).

4.1.1 General methodology

GHG emissions from industrial processes are calculated according to methodologies described in the
2006 IPCC Guidelines, using the highest possible tier. For the activities reported under the EU ETS,
activity data and emission factors are taken from verified EU ETS annual emissions reports. For other
activities, activity data is taken from Green Accounting (according to Icelandic regulation No
851/2002) reports, sales statistics 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 from the burning of fuel as a source of
energy are included in the Energy sector (CRF sector 1A2).

NFs is reported in the Icelandic Inventory as “NO” or “NA”. The Chemical Team of the Environment
Agency has confirmed that NFs is not used in Iceland and has not been imported as such (the
Directorate of Customs registers all imported goods to Iceland). In addition, no industry potentially
using NFs (e.g. semiconductors, LCD manufacture, solar panels and chemical lasers) is present in
Iceland.

4.1.2 Key Category Analysis

The key categories for 1990, 2020 and 1990-2020 trend in the Industrial processes sector are as
follows (compared to total emissions without LULUCF) (Table 4.1).

Table 4.1 Key category analysis for Industrial Processes, 1990, 2020 and trend (excluding LULUCF).

IPCC source category Gas Level 1990 Level 2020 Trend
IPPU (CRF sector 2)

2A1 Cement Production Co, 4 4
2B10 Fertilizer Production N,O v v
2C2 Ferroalloys Production Cco; v v 4
2C3 Aluminium Production CO, v 4 v
2C3 Aluminium Production PFCs v v v
2F1 Refrigeration and Air Conditioning Aggregate F-gases v
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4.1.3 Completeness

Table 4.2 gives an overview of the 2006 IPCC source categories included in this chapter and presents
the status of emission estimates from all subcategories in the Industrial Process and Product Use
sector. The emissions marked “Not Estimated” are possibly occurring, but no default methodology is
available to calculated them.

Table 4.2 Industrial Processes - Completeness (E: estimated, NE: not estimated, NA: not applicable, IE: included
elsewhere).

Greenhouse gases Indirect greenhouse gases
CH, N,O HFC PFC SFs NOx co NMV SO,
ocC

2A Mineral Industry
2A1 Cement Production (until E NA NA NA NA NA NA NA NA IES
2011)
2A2 Lime Production NOT OCCURRING
2A3 Glass Production NOT OCCURRING
2A4b Other Uses of Soda Ash IET NA NA NA NA NA IE NA NA NA
2A4d Mineral Wool, E, IE2 NA NA NA NA NA NA E NA E
Ferrosilicon production
2B Chemical Industry
2B1 Ammonia Production NA NA IE3 NA NA NA IE3 NA NA NA
(until 2001)
2B2 Nitric Acid Production NOT OCCURRING
2B3 Adipic Acid Production NOT OCCURRING
2B4 Caprolactam, Glyoxal and NOT OCCURRING
Glyoxylic Acid Production
2B5 Carbide Production NOT OCCURRING
2B6 Titanium Dioxide NOT OCCURRING
Production
2B7 Soda Ash Production NOT OCCURRING
2B8a Methanol production NA#* NA4 NA NA NA NA NA NA NA NA
(from 2012)
2B9 Fluorochemical NOT OCCURRING
Production
2B10 Other: Diatomite E NA NA NA NA NA E NA NA NA
Production (until 2004)
2B10 Other: Fertilizer NA NA E NA NA NA E NA NA NA
Production (until 2001)
2C Metal Industry
2C1 Iron and Steel Production E NA NA NA NA NA E E E E
(2014-2016)
2C2 Ferroalloys Production E E NA NA NA NA E E E E
2C3 Aluminium Production E NA NA NA E NA E E NA E
2C4 Magnesium Production NOT OCCURRING
2C5 Lead Production NOT OCCURRING
2C6 Zinc Production NOT OCCURRING
2C7 Other NOT OCCURRING
2D 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
2D3a Domestic solvent use E NA NA NA NA NA NA NA NA
2D3b Road paving w. asphalt E NA NA NA NA NA NA NA NA
2D3d Coating applications E NA NA NA NA NA NA NA NA
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Greenhouse gases Indirect greenhouse gases

Sector \'P10) HFC \'[0)% co

NMV SO,
o] @

2D3e Degreasing E NA NA NA NA NA NA NA E NA
2D3f Dry cleaning E NA NA NA NA NA NA NA E NA
2D3g Paint manufacturing E NA NA NA NA NA NA NA E NA
2D3h Printing E NA NA NA NA NA NA NA E NA
2D3i Other: Creosote E NA NA NA NA NA NA NA E NA
2D3i Other: Organic E NA NA NA NA NA NA NA E NA
preservatives

2E Electronics Industry NOT OCCURRING

2F Product Uses as Substitutes for Ozone Depleting Substances

2Fla Commercial NA NA NA E E NA NA NA NA NA
Refrigeration

2F1b Domestic refrigeration NA NA NA E NA NA NA NA NA NA
2F1c Industrial Refrigeration NA NA NA E E NA NA NA NA NA
2F1d Transport Refrigeration NA NA NA E E NA NA NA NA NA
2F1le Mobile Air-Conditioning NA NA NA E NA NA NA NA NA NA
2F1f Stationary Air- NA NA NA E NA NA NA NA NA NA
Conditioning

2F2 Foam Blowing Agents NOT OCCURING

2F3 Fire Protection NOT OCCURING

2F4 Aerosols NA NA NA E NA NA NA NA NA NA
2F5 Solvents 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

2G2 SFg and PFCs from Other NOT OCCURING

Product Uses

2G3 N,0 from Product Use NA NA E NA NA NA NA NA NA NA
2G4 Other: Tobacco NA E E NA NA NA E E E NA
consumption

2G4 Other: Fireworks use E E E NA NA NA E E NA E
2H Other

2H1 Pulp and Paper Industry NOT OCCURING

2H2 Food and Beverage NA NA NA NA NA NA NA NA E NA
Industry

2H3 Other NOT OCCURING

1 CO; emissions linked to process use of soda ash are included in 2B10 Silica production (Silica production stopped in 2004)
2 CO, emissions from other process use of carbonates occur both from Mineral wool production and from carbonates used
in the ferroalloy industry. Mineral wool emissions are reported under 2A4d, whereas CO; emissions from limestone in
ferroalloy production are included in 2C2 Ferroalloy production.

3 Ammonia was produced at the fertilizer production plant that closed down in 2001. Resulting emissions of N,O and NOx
are reported under 2B10 Fertilizer production.

4 Methanol production uses geothermal fluids from a near-by geothermal power plants, therefore emissions linked to this
activity are reported under 1B2 Geothermal Energy.

550, emissions were reported by the plant and included both process-related and combustion-related SO, emissions, and
these emissions are all reported under 1A2.
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4.1.4 Source Specific QA/QC Procedures

General QA/QC activities, as listed in Chapter 1.5, are performed for the IPPU sector. Further sector-
specific activities include the following:

e Calculations of CO; and PFC emissions from activities falling under the EU ETS Directive
(2003/87/EC) are cross-checked with the annual emission reports verified by accredited EU
ETS verifiers (according to Article 67 of Directive 2003/87/EC) since 2013. This applies to
activities within CRF categories 2.A.4.d, 2.C.2 and 2.C.3.

e All emissions calculations are quality checked by a second sectoral expert, which did not
compile the inventory.

e 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.

4.2 Mineral Products (CRF 2A)

4.2.1 Cement Production (CRF 2A1)

4.2.1.1 Category description

The single operating cement plant in Iceland was closed down in 2011. The plant produced cement
from shell sand and rhyolite in a rotary kiln using a wet process. Emissions of CO; originate from the
calcination of the raw material, calcium carbonate, which comes from shell sand in the production
process. The resulting calcium oxide is heated to form clinker and then crushed to form cement.

4,2,1.2 Methodology

Emissions are calculated according to the Tier 2 method of the 2006 IPCC Guideline (Equation 2.2),
based on clinker production data and data on the CaO content of the clinker. Cement Kiln Dust (CKD)
is non-calcined to fully calcined dust produced in the kiln. CKD may be partly or completely recycled
in the kiln. Any CKD that is not recycled can be considered lost to the system in terms of CO,
emissions. Emissions are thus corrected with plant specific cement kiln dust correction factor.

Equation 2.2
CO,Emissions = M, x EF,; * CFpq
Where:
CO2 Emissions = emissions of CO2 from cement production, tonnes
M = weight (mass) of clinker production, tonnes
EFa = clinker emission factor, tonnes CO2/tonnes clinker; EFq = 0.785 x CaO content
CFcd = emissions correction factor for non-recycled cement kiln dust, dimensionless

Process-specific data on clinker production, the CaO content of the clinker and the amount of non-
recycled CKD are collected by the EA directly from the cement production plant. Data on clinker
production is only available from 2003 onwards. Historical clinker production data has been
calculated as 85% of cement production, which was the average proportion for the years 2003 and
2004.
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The production at the cement plant decreased slowly between 2000 and 2004. The construction of
the Karahnjukar hydropower plant (building time from 2002 to 2007) along with increased activity in
the construction sector (from 2003 to 2007) increased demand for cement, and the production at the
cement plant increased again between 2004 and 2007, although most of the cement used in the
country was imported. In 2011, clinker production at the plant was significantly less than in 2007,
due to the collapse of the construction sector. Late 2011 the plant ceased operation.

Table 4.3 Clinker production and CO2 emissions from cement production from 1990-2011. The cement factory
closed down in 2011.

Year Cem(.ent CIinlfer Cao c?ntent em:;(:izons
production [t] production [t] of clinker [kt]
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 in Table 4.3. The cement factory was undergoing rough operating
conditions, leading to the closing of the factory in 2011. The cement kiln was only running for 8
weeks in 2010, while the cement grinder was active longer. This is the reason for the significant inter-
annual change in the CO; IEF between 2010 and 2011.

4.2.1.3 Category-specific recalculations
No category-specific recalculations were done for this submission.

4.2.1.4 Category-specific planned improvements
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 planet
reported production data (Table 2.3, Volume 3, Chapter 2, IPCC Guidelines). The 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 Production (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)

4.2.4.1 Ceramics (CRF 2A4a)
This activity does not occur in Iceland.

4.2.4.2 Other Uses of Soda Ash (CRF 2A4b)

Other use of soda ash was in diatomite production for the period 1990-2004. The emissions
associated with the use of soda ash are marked as Included Elsewhere under 2A4b Other uses of
soda ash and are included in the emissions reported under 2B10 Diatomite Production.
Methodological description of calculations of emissions related to soda ash use can be found under
4.3.10.1 Diatomite Production (CRF 2B10a).

4.2.4.3 Non-Metallurgical Magnesium Production (CRF 2A4c)
This activity does not occur in Iceland.

4.2.4.4 Other (CRF 2A4d) Mineral Wool Production, Limestone Use in Ferrosilicon Production

Category description

Two emission sources fall under this category, on one hand a mineral 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 under 2C2 Ferroalloys Production, as noted as “node comment” in CRF
reporter. Methodology for mineral wool production is described here, whereas the methodology
used for determining GHG emissions from limestone use in ferroalloy production are described
under Ferroalloys Production (CRF 2C2).

All imported goods are registered by the Directorate of Customs and subsequently by Statistics
Iceland, which indicates that there is no other recorded use of carbonates. If carbonates are
imported for manufacturing artistic 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 (EU ETS - described in Directive 2003/87/EC (“The ETS Directive”)).
However, due to the fact that its annual GHG emissions are low (typically <1 kt CO,e/year), the plant
is excluded from the EU scheme as per Article 27 of the ETS Directive (which applies to operations
producing less than 25 kt CO,e/year). According to Article 27 of the ETS Directive and Article 14a of
the Icelandic climate law (Log um loftslagsmal No 70/2012), the plant is obligated to report annual
emissions to the Environment Agency in a format similar to the EU ETS operators and pays annual
emission fee to the Icelandic State.

Activity data are provided by the plant (application for free allowances under the EU ETS for the
years 2005 to 2010 and reporting under the EU ETS, or exemption thereof, after that). In particular,
the plant provides data on electrode consumption, EF and NCV, as well as C content of shell sand.
Emissions of CO; are calculated from the carbon content and the amount of shell sand and
electrodes used in the production process. Emissions of SO, are calculated from the S-content of
electrodes and amount (in unit of mass) of electrodes used. Emissions of CO are based on
measurements performed at the plant in the year 2009 and mineral wool production.

Emissions from the mineral wool plant were 0.90 kt COe in 2020. Fluctuations in GHG emissions
reflect fluctuations in annual production.
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Category-specific recalculations
No category-specific recalculations were done for this submission.

Category-specific planned improvements
No improvements are currently planned for this category.

Uncertainties

The uncertainty on activity 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 reports. CO, emission factor
uncertainty was estimated to be 1.5% according to Chapter 2, subchapter 2.5.2.1, in 2006 IPCC
guidelines. The combined uncertainty is 2.7%. The complete uncertainty analysis is shown in Annex 2.

4.3 Chemical Industry (CRF 2B)

The Chemical Industry Sector is insignificant in the Icelandic inventory, with no GHG emissions
reported under this sector since 2005. In the past, there were two large contributors to this sector, a
fertilizer production plant, which stopped production in 2001, and a diatomite production plant,
which stopped production in 2004.

4.3.1 Ammonia Production (CRF 2B1)

Ammonia was produced amongst other fertilizers during the period 1990-2001. The associated
emissions are marked as Included Elsewhere under 2B1 Ammonia Production and are included in the
emissions reported under 2B10 Fertilizer Production. The methodology associated with ammonia
Production is also described under Fertilizer Production (CRF 2B10b).

4.3.2 Nitric Acid Production (CRF 2B2)

This activity does not occur in Iceland.

4.3.3 Adipic Acid Production (CRF 2B3)

This activity does not occur in Iceland.

4.3.4 Caprolactam, Glyoxal and Glyoxalic Acid Production (CRF 2B4)
This activity does not occur in Iceland.

4.3.5 Carbide Production (CRF 2B5)

This activity does not occur in Iceland.

4.3.6 Titanium Dioxide Production (CRF 2B6)
This activity does not occur in Iceland.

4.3.7 Soda Ash Production (CRF 2B7)

This activity does not occur in Iceland.
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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 production in this case does not produce any GHG, since the
plant is recycling CO, emitted 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
energy. The plant uses electricity to make hydrogen which is converted to methanol in a catalytic
reaction with CO,. The CO; is captured from gas released by a geothermal power plant located next
to the facility (Carbon Recycling International, 2018); see also section 3.4.2 Geothermal Energy (CRF
1B2d).

4.3.9 Fluorochemical Production (CRF 2B9)
This activity does not occur in Iceland.
4.3.10 Other (CRF 2B10)

4.3.10.1 Diatomite Production

Category description

One company was producing diatomite (diatomaceous earth) by dredging diatom sand from the
bottom of Lake Myvatn in the north of Iceland. The silica-rich sludge was burned to remove organic
material, and soda ash was used as a fluxing agent. Production ceased in 2004.

Methodology

Emissions of CO, and NOx were estimated on the basis of the C-content and N-content of the sludge,
and of the stoichiometric carbonate content of the soda ash. All activity data was obtained from the
plant directly. CO, emissions from the silicic sludge derive from organic carbon and therefore are not
included in the totals. CO; emissions that occurred from the use of soda ash in the production
process are reported here (in the CRF tables we use the notation key Included Elsewhere (IE) under
sector 2A4b Other use of soda ash). The annual CO, emissions ranged from 0.24 to 0.49 kt CO,, and
the annual NOx emissions ranged from 0.31 to 0.48 kt NOx.

Category-specific recalculations
No category-specific recalculations were done for this submission.

Category-specific planned improvements
No improvements are currently planned for this category.

Uncertainties

The uncertainty on activity data was estimated to be 5% (higher end of the range suggested as
general default AD uncertainty values suggested in vol. 3 chap 3 of the IPCC guidelines), and the CO,
emission factor uncertainty was estimated to be 10%, leading to a combined uncertainty of 11%. The
complete uncertainty analysis is shown in Annex 2.

4.3.10.2 Fertilizer Production

Category description

A fertilizer production plant was operational until 2001 when there was an explosion at the plant. In

the early days of the factory, only one type of fertilizer was produced (a nitrogen fertilizer), whereas

at the end of its production phase it was producing over 20 different types of fertilizers. CO, and CH,4
emissions are considered insignificant, as the fertilizer plant used H, produced on-site by electrolysis.
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Methodology
NOx and N;O emissions were reported directly by the factory to the EA.

Category-specific recalculations
No category-specific recalculations were done for this submission.

Category-specific planned improvements
No improvements are currently planned for this category.

Uncertainties

The uncertainty on activity data was estimated to be 5% (higher end of the range suggested as
general default AD uncertainty values suggested in vol. 3 chap 3 of the IPCC guidelines), and the N,O
emission factor uncertainty was estimated to be 40%, leading to a combined uncertainty of 40.3%
The complete uncertainty analysis is shown in Annex 2.

4.4 Metal Production (CRF 2C)

4.4.1 Iron and Steel Production (CRF 2C1)
The only activity under Iron and Steel Production occurring in Iceland was Steel production (2C1a).

4.4.1.1 Steel (CRF 2C1a)

Category description

A secondary steelmaking facility was operating in the industrial area in Grundartangi, West-Iceland
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 aluminium smelters, using an electric arc furnace. Carbonates and
slags were added during the smelting process. The CO; emissions amounted between 0.34 and 0.83
kt CO; during the years of operation (2014-2016).

Methodology

CO, emissions are calculated using production data provided by the plant in their annual Green
Accounting reports, and the default Tier 1 emission factor for steel production in electric arc furnaces
(Table 4.1, Chapter 4 of the 2006 IPCC Guidelines). Pollutants are calculated using the Tiers 2 EFs for
Electric Arc Furnaces in the 2019 EMEP/EEA Guidebook (EEA, 2019).

Category-specific recalculations
No category-specific recalculations were done for this submission.

Category-specific planned improvements
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 IPCC Guidelines), 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. One company
has been producing FeSi75 since 1979 and another one started production of 298.5% pure silicon
metal in 2018. A third company was operating between 2016-2017 producing silicon metal but has
stopped production in 2017. Both active operators are under the EU Emission 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 electrical arc furnace with self-baking Soderberg
electrodes. The furnaces are semi-covered. The other is using submerged arc furnaces using pre-
baked graphite electrodes.

Methodology

CO, emissions are calculated according to the Tier 3 method from the 2006 IPCC Guidelines
(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 agents 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
Guidelines, and are included in this sector (marked as “included elsewhere” under CRF sector 2A4d:
Other process use of carbonate). The emission factor is 440 kg CO, per tonne limestone, assuming
the fractional purity of the limestone is 1.

CH,4 emissions are calculated using the Tiers 2 defaults from the 2006 IPCC guidelines (Vol. 3, Chapter
4, Table 4.8) using the appropriate emission factor for the different technologies used by the
operators (batch-charging, sprinkle charging).

Activity data for raw materials, products and the resulting emissions are given in Table 4.4.

Table 4.4 Raw materials [kt], production [kt] and resulting GHG emissions [kt COze] from the production of
ferroalloys

1990 1995 2000 2005 2010 2015 2019 2020

Electrodes, casings and paste 3.8 3.9 5.7 6.0 4.8 4.9 4.6 4.8
Carbon blocks

Anthracite/coking coal 45.1 52.4 73.2 86.9 96.1 115 142 129
Coke oven coke 24.9 30.1 46.6 42.6 30.3 30.9 21.2 23.5
Charcoal

Wood 16.7 7.7 16.2 15.6 11.3 27.2 78.1 59.9
Limestone 0.00 0.00 0.47 1.62 0.50 2.19 1.83 0.95
FeSi, silicon metal production 62.8 71.4 109 111 102 118 119 116
Emissions [kt CO.e] 210 246 365 380 372 404 432 418

Plant and year specific emission factors for CO, are based on the carbon content of the reducing
agents, the electrodes. For the FeSi75 plant, this information was taken from the company’s
application for free allowances under the EU ETS for the years 2005 to 2010. Upon request by the EA,
the company provided this information for the years 2000 to 2004 and 2011. Since 2013 these data
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have been obtained from the electronic reports submitted under the EU ETS and Green Accounting
for both factories.

Carbon content of electrode paste, graphite electrodes, coal, coke, charcoal, limestone and wood
have been obtained from the reports submitted under the EU ETS. Earlier in the timeline carbon
content of coal (anthracite), coke-oven coke and charcoal are based on routine measurements of
each lot at the FeSi75 plant. These measurements are available for the years 2000 to 2013. For the
years 1990 to 1999 the average values for the years 2005 to 2010 were used. Carbon content of
wood is taken from a Norwegian report (SINTEF. Data og informasjon om skogbruk og virke, Report
OR 54.88). The carbon content of the electrodes is measured by the producer of the electrodes.

The emission factors for the major source streams coal and coke are plant and year specific. The
implied emission factor differs from year to year based on different carbon content of inputs and
outputs as well as different composition of the reducing agents used, from 3.2 tonne CO; per tonne
Ferrosilicon in 1998, to 3.7 tonne CO, per tonne Ferrosilicon in 2018. The CH4 emission factor is the
default value for FeSi75 production in furnaces operating in sprinkle-charging mode (1 kg CHa/t
product - Table 4.8, Volume 3 Chapter 4 of the IPCC Guidelines) and for the silicon metal plant the
default value for Si-metal production in furnaces operating in Batch-charging mode (1.5 kg CH4/t
product - Table 4.8, Volume 3 Chapter 4 of the IPCC Guidelines).

Figure 4.1 shows the evolution of total GHG emissions from Ferroalloy production since 1990. Since
2000 the production and associated emissions have been on somewhat steady level, with a clear dip
in 2008 which is due to the major financial collapse Iceland experienced that year.

The main contributor to GHG emissions is CO,, with CH4 only contributing to less than 1% of the
emissions from ferroalloy production.

The IEF fluctuates over the time series depending on the consumption of different reducing agents
and electrodes (3.2 — 3.7 t CO,/t FeSi), as well as expansions and changes in production capacity in
existing facilities (1996-1999) and establishments of new facilities (2017, 2018).

Category-specific QA/QC and verification
CO, emissions reported in this inventory are cross-checked with the annual emission reports ver