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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 annt@itge 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 InveiReport (NIR) for thgear

2016 The NIR together with the associated Common Reporting Format tables (CRF) and the Standard

9f SOGUNRBYAO F2NXI G o0{9C0 Aa L Qfylrdef ReConvéndopm NA 6 dzii A 2
the period 199Q; 2014

The NIR is written by thEnvironment Agency of Iceland (EA), with major contributions by the
Agricultural University of Iceland (AUI), Icelandic Forest Research (IFR), and the Soil Conservation
Service of Iceland (SCSI).

EnvironmentAgency of Iceland, Reykjavikdylay 2016
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ExecutiveSummary

National hventory Report, Iceland 2&

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 emissions by sources and
removals by sinks. In response to these requirements, Iceland haarprethe present National
Inventory Report (NIR).

The IPCC Good Practice Guidance, IPCC Good Practice Guidance for LULUCF, the Revised 1996
Guidelines, the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, and national
estimation methods aresed in producing the greenhouse gas emissions inventory. The

responsibility of producing the emissions data lies with the Environment Agency of I¢Ekanhd

which compiles and maintains the greenhouse gas inventory. Emissions and removals from the Land
use, Land use change and forestry (LULUCF) sector are compiled by the Agricultural University of
Iceland. The national inventory and reporting system is continually being developed and improved.

Iceland is a party to the UNFCCC and acceded to the Kyota®&rotoMay 23rd, 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 is to curb emissions of greenhouse gases so they do
not exceed the limitsof OSt I yYRQ&a 26f A3l GA2y & dzy RSNJ G4KS Yez2iz2
increase the level of carbon sequestration through afforestation and revegetation programs. In
February 2007 a new climate change strategy was adopted by the Icelandic governmesitaiduy

sets forth a longerm vision for the reduction of net emissions of greenhouse gases 5p%0by

the year 2050, using 1990 emissions figures as a baseline. An Action plan for climate change
mitigation was adopted in 2010. The Action Plan buildsin expert study on mitigation potential

and cost from 2009 and takes 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 comparedith the goals put forward in the Action plan.

The Kyoto Protocol commits Annex | Parties to individual, legally binding targéteifogreenhouse
gas emissiond. OSf I yYRQa 206f A3l GA2ya | O0O2NRAy3 (2 (GKS Y@z

- For the first commitment period, from 2008 to 2012, the greenhouse gas emissions were not
to increase by more than 10% from the level of emissions in 1990. Iceland AAUSs for the first
O2YYAGYSYy(d LISNA2R 6SNBE RSOARSR Ayochlan8f I yRQa |
amounted to 18,523,847 tonnes of &€yuivalents.

- Decision14/CPZY (KS aLYLI OG0 2F aAay3atsS LINR2SO0 2y S
allowed Iceland to report certaimdustrial process carbon dioxide emissions separately and
not include then in national totals; to the extent they caused Iceland to exceed its assigned

amount. For the first commitment period, from 2008 to 2012, the carbon dioxide emissions
falling under decision 14/CP.7 were not to exceed 8,000,000 tonnes.

- In 2015 an agreemertetween the European Union, its Member States and Iceland
concerning Iceland’s participation in the joint fulfilment of commitments of the Union, the
Member States and Iceland in the second commitment period of the Kyoto Protocol entered
into force. Theren the Parties agree to fulfil their quantified emission limitation and
reduction commitments for the second commitment period inscribed in the third column of
Annex B to the Kyoto Protocol jointly.
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ES.2 Summary of national emission and removal related trends

In 1990, the total emissions of greenhouse gases (excluding LULUCF) in IcelaB@b32keof CQ-
equivalents. In 2014, total emissions weg97 kt CQ-equivalents. This is an increase26f5% over
the time period.

A summary of the Icelandic national emissions for 1990, 2005, 2010, 2013 and 2014 is presented in
Table ESL (without LULUCF).

Table ESL Total GHG emissions by gas 1990, 2005, 2010, 2013 and 2Rt1@@req EexcludingtULUCF).

1990 2005 2010 2013 2014 Changes | Changes
‘9014 1314
CcQ 2,106 2,797 3,384 3,301 3,271 55% -1%
CH 522 562 584 546 592 13% 8%
N20 510 432 436 426 468 -8% 10%
PFCs 495 31 172 88 99 -80% 12%
HFCs 0 69 146 171 164 NA -4%
Sk 1 3 5 3 2 102% -31%
Total emissions 3,633 3,894 4,726 4,536 4,597 27% 1%

ES.3 Overview of source and sink category emission estimates and trends

The largest contributor of greenhoug@as emissions in Iceland in 204ken excluding LULU@fere
Industrial Processes, followed by the Energy sector, then Agnieuldaste, and Solvent and other
Product UseTable ES). From 1990 to 2014he contribution of IndustriaProcesses increased from
26% to 426, emissions from the Energy sector decreased from 5@&#toduring the same period.

Table EQ2 Total GHG@missions by source 1990, 2005, 2010, 2013 and 2018®-eq.)

1990 2005 2010 2013 2014 | Changes| Changes
‘9014 | 13714

Energy 1,738 2,024 1,825 1,674 1,680 -3% 0%
Industrial Processes 948 953 1,942 1,944 1,915 102% -2%
Agriculture 780 674 713 688 747 -4% 9%
LULUCF 11,495 | 11,652 | 11,857 | 11,872 | 11,868 3% 0%
Waste 168 246 243 229 255 52% 12%
Total emissions w/o LULUC 3,633 3,896 4,723 4,536 4,597 27% 1%

The distribution of total greenhouse gas emissions over the UNFCCC sectors (dissecting the energy
sector into fuel combustion and geothermal energy and excluding LULUZIAMYiis shown inFigure

ES.1. Emissions from the Energy sector accoiant36% (fuel combustiod1% and geothermal
energy5%) of the national total emissions, industrial processes accoud?farand agriculture for

16% and he Waste sector accounts f6%6.
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Figure ES1 Emissions of GHG by sec¢twithout LULUCHK;om 1990 to2014in CQ-eq.

ES.4 Other informationg Kyoto Accounting

LOStFIYRQAa AYAGALFT 111 & F2Ntod&323,8MAtdhAes of QR YYA G YSy i
equivalents for the period or 3,704,769 tonnes per year on average. Added to that are a total of
1,541,960 RMUs from Art. 3.3 and Art. 3.4 activities and total of 33,125 AAUs, CERs and ERUs from
Joint Implementation projects, sellting in an available assigned amount of 20,098,931 AAUSs.

Emissions from Annex A sources during CP1 were 23,356,071 tonreq.d@is means that Annex
A emissions were 3,257,146nnes CQin excess of Iceland’s available assigned amount.

Total CQemissions falling under Decision 14/CP.7 during CP1 were 5,912,964 tormdhé&®fore,
in order to comply with its goal for CP1, Iceland reported 3,257td40es of the C@emissions
falling under decision 14/CP.7 separately and not include themtioma totalsTable ES3 and
Figure ES2 demonstrate this.

TheCRF tables accompanying the 2048R, however, still contain Iceland’s Annex A emissions in
their entirety.
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Table ES3 Summary of Kyoto Accounting for CP1

2009 2010

2008

|
184453

KRLULUCF Art. 3.3

Available assigned amount

IS AR tCOeq. | 1,061,456 799,424 | 634,247

Emissions falling under Decision

14/CP.7 reported under 590,894

tCQeq. 99,406 405,930

national totals

2011

398,639

810,456

396,497

2012

882,373

3,290,264

emissions

CP1

2,789,059

6,000,000

5,000,000

4,000,000

3,000,000

2,000,000

AAUs and emissions (t CO, eq.)

1,000,000

Emissions AAUs
2010

m 14/CP.7 emissions reported
m Art. 3.3 removals

® Annex A emissions w/o 14/CP.7
M |nitial assigned amount

Emissions AAUs

2011

% 14/CP.7 emissions not reported
m Art. 3.4 removals

Figure ES2 Summary of Kyoto Accounting for CP1.

As part of its submission to UNFCE€land submits SEF tables for the t§y®rotocol units issued in
2015 for the second commitment period (CPR)ere were no anual external transactions made
and at the end of the reported year there veeno units in the party holding account
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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 199&nd entered into force in 1994. One of the requirements under the Conwemdithat
Parties are to report their national anthropogenic emissions by sources and removals by sinks of all
greenhouse gases (GHG) not controlled by the Montreal Protocol, using methodologies agreed upon
by the Conference of the Parties to the Convent{(COP).

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 theopisiors in the Marrakech Accords. Iceland

acceded to the Kyoto Protocol on May®23002.The Kyoto Protocol commits Annex | Parties to
AYRAGARIzZ £ €tS3rftfte o0AYRAYy3I GFNBSGa F2NJ GKSANI IN
to the Kyoto Protocohave been and are as follows:

- For the first commitment period, from 2008 to 2012, the greenhouse gas emissions shall
were not to increase by more than 10% from the level of emissions in 1990. Iceland AAUs for
the first commitment period were decided infces Y RQa LYy AGALFf wSLR2 NI dzyR
Protocol and amounted to 18,523,847 tonnes ob@€Quivalents.

- Decision14/CPZY (G KS aLYLI OG 2F &aiay3atsS LINR2SOG 2y $§°
allowed Iceland to report certaimdustrial process carbon dioxdemissions 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 carbon dioxide emissions
falling under decision 14/CP.7 were not to ead 8,000,000 tonnes.

- In 2015 an agreementas concludedetween the European Union, its Member States and
Iceland concerning Iceland’s participation in the joint fulfilment of commitments of the
Union, the Member States and Iceland in the second commitrperiod of the Koto
Protocol Therein the Parties agree to fulfil their quantified emission limitation and reduction
commitments for the second commitment period inscribed in the third column of Annex B to
the Kyoto Protocol jointly.

A new climate chargystrategy was adopted by the Icelandic government in February 2007. The

Ministry for the Environment formulated the strategy in close collaboration with the ministries of

Transport and Communications, Fisheries, Finance, Agriculture, Industry and Conriroeeign

P'FTFEFEANRB YR GKS t NR YiBrm atratggl i o @dERDet réefhbuSeSgds ¢ KS f 2y
emissions in Iceland by 5075% by 2050, compared to 1990 levels. In the shorter term, Iceland aims

to ensure that emissions of greenhouse gasesyv#l i SEOSSR LOSf I yRQa 26f A3 i
Protocol in the first commitment periodn November 2010, the Icelandic government adopted a

Climate Change Action Plan in order to execute the stratilyistry for Environment, @10). The

action plan proposes 10 major tagkscurb and reduce GHG emissions in six sectors, as well as

provisions to increase carbon sequestration resulting from afforestation and revegetation programs.

The main tasks are:
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a) Implementing the EU Ensi®n Trading Scheme (ETS)

b) Implementing carbon emission charge on fuel for domestic use

¢) Changing of tax systems and fees on cars and fuel

d) Enhance the use of environmentaflyendly vehicles at governmental and municipality
bodies

e) Promote alternative transprt methods like walking, cycling, and public transport

f) Use of biofuel in the fishing fleet

g) Using electricity as an energy resource in the fishmeal industry

h) Increase afforestation and revegetation

i) Restoring wetlands

i) Increase research and innovatioggardingclimate issues

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.

The greenhouse gas emissions profile for Iceland is unusual in many respettentigsions from
generation of electricity and from space heating are very low owing to the use of renewable energy
sources (geothermal and hydropower). Second, almost 80% of emissions from the Energy sector
stem from mobile sources (transport, mobileachinery and commercial fishing vessels). Third,
emissions from the LULUCF sector are relatively high. Recent research has indicated that there are
significant emissions of carbon dioxide from drained wetlands. These emissions can be attributed to
drainageof wetlands in the latter half of the 20Century, which had largely ceased by 1990. These
emissions of C{xontinue for a long time after drainage. The fourth distinctive feature is that
individual sources of industrial process emissions have a sagificoportional impact on emissions

at the national level. Most noticeable are increased emissions from aluminium production associated
gAGK GKS SELI YRSR LINRRdAzOGAZ2Yy OF LI OAlGe 2F (KAA
made it difficut 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 complétddegision

14/CP.7 on the Impact of single projects on emissions in the commitment period.

The fundamental issue associated with the significant proportional impact of single projects on
emissions is the question of scale. In small economies such asdcelsingle project can dominate

the changes in emissions from year to year. When the impact of such projects becomes several times
larger than the combined effects of available greenhouse gas abatement measures, it becomes very
difficult for the party ivolved to adopt quantified emissions limitations. It does not take a large

source to strongly influence the total emissions from Iceland. A single aluminium plant can add more

GKFY mMp2 2 GKS O2dzyiNBQa G2aGlt INBdIgkagedzaS 3 a

negligible effect on emissions in most industrialized countries. Decision 14/CP.7 sets a threshold for
significant proportional impact of single projects at 5% of total carbon dioxide emissions of a party in
1990. Projects exceeding this tisteold shall be reported separately and carbon dioxide emissions

from them shall not be included in national totals to the extent that they would cause the party to
exceed its assigned amount. The total amount that can be reported separately under tisionléi

set at 8 million tonnes of carbon dioxide. The scope of Decision 14/CP.7 is explicitly limited to small
economies, defined as economies emitting less than 0.05% of total Annex | carbon dioxide emissions
in 1990. In addition to the criteria abovehigh relate to the fundamental problem of scale,

additional criteria are included that relate to the nature of the project and the emission savings

Ay

S
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resulting from it. Only projects where renewable energy is used and where this use of renewable
energy resuk in a reduction in greenhouse gas emissions per unit of production will be eligible. The
use of best environmental practice (BEP) and best available technology (BAT) is also required. It
should be underlined that the decision only applies to carbon degimissions from industrial

processes. Other emissions, such as energy emissions or process emissions of other gases, such as
PFCs, will not be affected.

The industrial process carbon dioxide emissions falling under Decision 14/CP.7 cannot be transferred
by Iceland or acquired by another Party under Articles 6 and 17 of the Kyoto Protocol. If carbon
dioxide emissions are reported separately according to the Decision that will imply that Iceland
cannot transfer assigned amount units to other Parties thromggrnational emissions trading.

The Government of Iceland notified the Conference of the Parties with a letter, dated October 17th
2002, of its intention to avail itself of the provisions of Decision 14/CP.7. Emissions that fall under
Decision 14/CP.7 amot excluded from national totals in this reporg kceland undertookhe
accounting with respect to the Decision at the end of the commitment period. The projects, from
which emissions fulfil the provisions of Decision 14/CP.7, are described in Chapaerd Fact

sheets for the project can be found in Annex IV.

The present report together with the associated Common Reporting Format tables (CRF) is Iceland's
contribution to this round of reporting under the Convention, and covers emissions and resnoval

the period 19962014. The methodologies used in calculating the emissions is according to the
revised 1996 and 2006 IPCC Guidelines for National Greenhouse Gas Inventories as set out by the
IPCC Good Practice Guidance and Good Practice Guidanceddydeg LandUse Change and

Forestry.

As part of its submission to UNFCCC Iceland submits SEF tables for the Kyoto Protocol units issued in
2014 Annual external transactions consisted of additional 182 AAUs from SE and 5087 ERUs from
EU, no subtractionwere made. The total quantities of Kyoto Protocol units in Party holding accounts

at the end of reported year were 18,524,029 AAUs and 5,087 ERUs.

The greenhouse gases included in the national inventory are the following: carbon dioxijle (CO
methane (Ch), nitrous oxide (BD), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulphur
hexafluoride (S§}. Emissions of the precursors NOIMVOC and CO as well as &®@ also included,

in compliance with the reporting guidelines.

1.2 National System for fiimation of Greenhouse Gases

1.2.1 Institutional Arrangement

The Environment Agency of Iceland (EA), an agency under the auspices of the Ministry for the
Environment and Natural Resources, carries the overall responsibility for the national inventory. EA
compiles and maintains the greenhouse gas emission inventory, except for LULUCF which is compiled
by the Agricultural University of Iceland (AUI). EA reports to the Convekiigure 1.1 illustrates the

flow of information and allocation of responsibilities.
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UNFCCC

Importers of cooling agents: report to EA.

. Industry: return questionnaires to EA (Activity
Environment Agency (EA) data, process specific data, and imports). Green
accounting and EU ETS.

Compiles relevant activity data and

emission factors National Energy Authority: estimates fuel use by
sector and emissions from geothermal areas. Fuel
data reported under EU ETS.

Runs emission models

Icelandic food and veterinary authority: compiles
livestock statistics. Data from Statistics Iceland

Works with CRF Reporter
Reports to the UNFCCC

Statistics Iceland: information on use of fertilizers
and import of products, fuels, and solvents.

Agricultural University of Iceland Soil Conservation Service of Iceland: collect

(AU| ) information on revegetated and devegetated
areas.

Calculates emissions and removals for
the LULUCF sector Icelandic Forest Sewice: information on forests,
afforestation and deforestation.

Gives advice on Agriculture sector

Figure 1.1 Information flow and distribution of responsibilities in the Icelandic emission inventory system for reporting to
the UNFCCC.

A Coordinating Team was established in 2008 as a part of the national system and operated until
2012. The teanhad representative from the Ministry for the Environment, the EA and the AUI not
directly involved in preparing the inventory. Its official roles was to review the emissions inventory
before submission to UNFCCC, plan the inventory cycle and formulate proposals on further
development and improvement of the national inventory system. During each inventory cycle in the
period 2008 to 2012 the Coordinating Team held several meetings, of which some meetings were
2yfte gA0K GKS /22NRAYFGAY 3 ¢ SHell@th thetéaMi mé&mbdrs | Yy R 2
as well as major data providers. The work of the team leidfmrovement in cooperation between

the different institutions involved with the inventory compilation, especially with regards to the
LULUCF and Agriculture sectoranSamprovements proposed by the team were also incorporated
into the inventory. The Coordinating Team ceased to operate in 2012 when a new Act no. 70/2012
on climate change was passed by thelandic legislature Althingi.
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1.2.2 The Climate Change Act No 70/2012
In June 2012 the Icelandic Parliament passed a new law on climate change (Act No 70/2012). The
Climate Change Act was passed in 2012 and tijectives of the Act are the following:

National hventory Report, Iceland 2&

- Reducing greenhouse gas emissions efficiently and effectively,

- Toincrease carbon sequestration from the atmosphere,

- Promoting mitigation to the consequences of climate change, and

- To create conditions for the government to fulfil its international obligations regarding
climate change.

Act No 70/2012 supersedes Act N@'B007 on which basis the Environment Agency 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. Articles 7 to 15 of Act No 65/2007 regarding the allocation of allowances
in the period 2008 to 2012 were in effect until the contjme of reporting obligations for the period.
Regulation No 244/2009, put forward on basis of Act No 65/2007 further elaborated on the reporting
of information from the industrial plants falling under that part of Act No 65/2007. Based on Act No
65/2007a threemember Emission8llowanceAllocation Committee, appointed by the Minister for

the Environment with representatives of the Ministry of Industry, Ministry for the Environment and
the Ministry of Finance, allocated emissiaiwancefor operators &lling within the scope of the

Act during the period 1 January 2008 to 31 December 2012.

Act No 70/2012 establishes the national system for the estimation of greenhouse gas emissions by
sources and removals by sinks, a national registry, emission pemditsséablishes the legal basis

for installations and aviation operators participating in the EU ETS. The Act specifies that the EA is the
responsible authority for the national accounting as well as the inventory of emissions and removals
of greenhouse gas according to Iceland's international obligations.

Article 6 of Act No 70/2012 addresses Iceland’s greenhouse gas inventory. It states that the
Environment Agency (EA) compiles Iceland’s GHG inventory in accordance with Iceland’s
international obligatims. Act No 70/2012 changes the form of relations between the EA and other
bodies concerning data handling. The Act states that the following institutions are obligated to
collect data necessary for the GHG inventory and report it to the EA, further tlaberated in
regulations set by the Minister for the Environment and Natural Resources:

- Iceland Forest Service (IFS)

- National Energy Authority (NEA)

- Agricultural University of Iceland (AUI)
- Iceland Food and Veterinary Authority
- Statistics Iceland

- The Roadraffic Directorate

- The Icelandic Recycling Fund

- Directorate of Customs

Therelevant regulation regarding manner and deadlines of the said data has been drafted by the EA
and sent to the Ministry for Environment and Natural Resources. From 2016 onwavasydr)
Iceland will submit its GHG inventory to the European Union before submitting it to the UNFCCC. The
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deadline for submission of GHG data and a NIR draft to the EU is JaniafhisSmakes it necessary

to change dates proposed in the regulation filrdhis will be done in unison with the main data
providers later this year. Therefore the regulation has not been published, yet. It is foreseen that the
new regulation will facilitate the responsibilities, the data ecotion process and the timelise

As the prospective regulation on data collection, based on Act No 70/2012, formalizes the
cooperation and data collection process between the EA and all responsible institutions, it takes over
the role of the Coordinating Team regarding the cooperatiotwieen different institutions. The

other role of the Coordinating Team, i.e. reviewing the GHG inventory and facilitating improvements,
has been taken over on a more informal basis by other employees of the EA not directly involved in
the inventory prepartion process. The scheduled cooperation with the EU regarding the GHG
inventory entails elaborated QA/QC procedures by the EU and will lighten the need for domestic
QA/QC procedures to some extent.

1.2.3 Joint Fulfiiment Agreement

According to Article 4, cAnnex |, of the 2015 Joint Fulfilment Agreement on Iceland’s participation

in the joint fulfilment of the commitments of the European Union, its Member States and Iceland in
the second commitment period of the Kyoto Protocol, Regulation (EU) No 525/a6d 8urrent and
future Delegated and Implementing Acts based on Regulation (EU) No 525/2013 shall be binding
upon Iceland. The legal acts were rendered applicable in Iceland in 2015 with an amendment to Act
No 70/2012.

1.2.4 Green Accounting

According to Icelattic 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, includingtgrase gas
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 avadaihe website of the EA.

1.3 Process of Inventory Preparation

The EA collects the bulk of data necessary to run the general emission model, i.e. activity data and
emission factors. Activity data is collected from various institutions and companies, as \wglE&
directly. The National Energy Authority (NEA) collects annual information on fuel sales from the oil
companies. This information was until 2008 provided on an informal basis. From 2008 and onwards,
Act No. 48/2007 enables the NEA to obtain salatistics from the oil companies. Until 2011 the
Farmers Association of Iceland (FAI), on behalf of the Ministry of Agriculture, was responsible for
assessing the size of the animal population each year, when the Food and Veterinary Authority took
over thatresponsibility. On request from the EA, the FAI assisted to come up with a method to

1 Regulation (EU) No 525/2008the European Parliament and of the Council of 21 May 2013 on a mechanism for monitoring
and reporting greenhouse gas emissions and for reporting other information at national and Union level relevant to climate
change andepealing Decision No 280/2004/EC, OJ 2013 L165/13, as amended by Regulation (EU) No 662/2014, OJ 2014
L189/155.
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account for young animals that are mostly excluded from national statistics on animal population.
Animal statistics have been further developed to better account forasgrhent animals in

accordance with recommendations from the ERT that came to Iceland forcumry review in

2011. Statistics Iceland provides information on population, GDP, production of asphalt, food and
beverages, imports of solvents and other puats, the import of fertilizers and on the import and

export of fuels. The EA collects various additional data directly. Annually an electronic questionnaire
on imports, use ofeedstock, and production and process specific information is sent out to

indudrial producers, in accordance with Regulation no. 244/2009. Green Accounts submitted under
Regulation no. 851/2002 from the industry are also used. For this submission the data contained in
applications for free allowances under the EU ETS is also ogmuitérs of HFCs submit reports on

their annual imports by type of HFCs to the EA. The Icelandic Directorate of Customs supplies the EA
with information on the identity of importers of open and closeell foam. The EA also estimates
activity data with regrd to waste. Emission factors are taken mainly from the revised 1996 IPCC
Guidelines for National Greenhouse Gas Inventories, IPCC Good Practice Guidance, IPCCC Good
Practice Guidance for LULUCF, and the 2006 IPCC Guidelines for National Greenhouse Gas
Inventories, since limited information is available from measurements of emissions in Iceland.
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The AUI receives information on revegetated areas from the Soil Conservation Service of Iceland and
information on forests and afforestation from the Icelandicd3h Service. The AUI assesses other

land use categories on the basis of its own geographical database and other available supplementary
land use information. The AUI then calculates emissions and removals for the LULUCF sector and
reports to the EA.

The aanual inventory cyé (Figure 1.2) describes individual activities performed each year in
preparation for next submission of the emission estimates.



@

National hventory Report, Iceland 2&

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

Uncertainty assessment

Key source analysis
Recaiculations
Documentation and archiving

4 PREPARING FOR SUBMISSION 3 INVENTORY EVALUATION
Completing the CRF tables Processing findings from ERT
NIR Possible recalculations
Conclusions for future actions Verification

Figure 1.2 The annualriventory cycle.

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 (NEA, AUI, IFS and SCSI), taking into account the
outcome of the internal and external revieag well as the recommendations from the UNFCCC

review. The initial planning is followed by a period assigned for compilation of the national inventory
and improvement of the National System.

After compilation of activity data, emission estimates and uitaigties are calculated and quality
checks performed to validate results. Emission data is received from the sectoral expert for LULUCF.
All emission estimates are imported into the CRF Reporter software.

A series of internal review activities are cadrigut 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 Decision 14/CP.7, other key source categories and for those categories where data and
methodological changes have recently occurred.

After an approval by the director and the inventory team at the EA, the greenhouse gas inventory is
submitted to the UNFCCC by the EA.

1.4 Methodologies Data Sources

The estimation methods of all greenhouse gaaee harmonized with the IPCC Guidelines for
blFGA2ylf DNBESYyK2dzaS DlIa LY@SyG2NASa FyR INB Ay |
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The general emission model is based on the equation:
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\ Emission (E) = Activity level (A) - Emission Factor (EF) |

Themodel includes the greenhouse gases and in addition the precursors and indirect greenhouse
gases NQ SQ, NMVOC and CO, as well as some other pollutants (POPSs).

Methodologies and data sources for LULUCF are described in Chapter

1.5 Archiving

Gopro.net, a document management system running on .NET, is used to store email communications
concerning the GHG inventory. Paper documents, e.g. written letters, are scandedso stored in
Gopro.net. The system runs on its own virtual server and uses a MS SQL server 2012 running on a
separate server. Both servers are running Windows Server 2012 R2.

Each staff member at EA has online Office 365 subscription and ares esenatiland received using
Microsoft Office 365 servers hosted in Ireland.

Numerical data, calculations and other related documents are stored on a fileserver running
Windows Server 2012 R2. EA’s virtual servers are using VMWare software running cadBell Bl
Servers.

Advania, a local IT company, hosts EA’s servers. Their hosting is #80ISand 1ISQ@7001

certified. Their hosting rooms are in two locations in Hafnarfjordur, a town very close to Reykjavik.
One room is the primary server room while thiher is a secondary backup room storingsite
backups, the rooms are separated by roughly 5 km.

Backups are taken daily and stored for 30 days. Every 3 months a full backup is taken and stored for
18 months. Backups are done with solutions from Vedsackup & Replication using reverse
incremental backup.

Hard copies of all references listed in the NIR are stored in the EA. The archiving process has
improved over the last years, i.e. the origin of data dating years back cannot always be found out.
Theland use database IGLUD is stored on a server of the Agricultural University of Iceland (AUI). All
other data used in LULUCF as well as spread sheets containing calculations are stored there as well.
This excludes data regarding Forestry and Revegetatinch is stored on servers of the Icelandic
Forestry Service and Soil Conservation Service of Iceland, respectively.

1.6 Key Source Categories

According to IPCC definition, a key source category is one that is prioritized within the national
inventory systemd SOl dza S AdGa SadAYFGS KFra | AA3IYATAOL Yy
direct greenhouse gases in terms of the absolute level of emissions, the trend in emissions, or both.
In the Icelandic Emission Inventory key source categories are iddrifimeans of the Tier 1

method. The results of the key source analysis prepared for th&s20bmission are shown ifable

1.1 .Tables showing the key source analysmsnd and level assessment) can be found in Annex |. The
key source analysis includes LULUCF greenhouse gas sources and sinks.

Ay
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Tablel.1 Key source categories of Iceland's 2016 GHG invebtoitgey sourceategory

Level | Level

IPCC source category 1990 | 2014 Trend
Energy (CRF sector 1)
1.A.2 Fuel combustion Manufacturing Industries and CcO \V vV
1.A2 Fuel combustion Manufacturing Industries and CQ vV vV
1.A3.b Road Transportation CcOo V V V
1.A.3.d Domestic NavigationLiquid Fuels (o]} Vv
1.A4 Other Sectors Liquid Fuels Cca Y V V
1.B.2d Fugitive Emissions from Fuel®ther Cca \Y \Y, Y,
IPPU (CRF sector 2)
2.A.1 Cement Production ca Y
2.C.2 Ferroalloys Production CQ Vv \% \%
2.C3 Aluminium Production CQo V V \Y
2.C3 Aluminium Production PFCs V \% \%
2.F1 Refrigeration and Aiconditioning AUIEEE \% \%
Fgases
Agriculture (CRF sector 3)
3.A Enteric Fermentation CH V V \Y
3.B Manure Management ChH \
3.B Manure Management N20 V \% \Y
3.D.1 Direct N20O Emissions From Managed Soils N20O Y Vv V
3.D.2 Indirect N20O Emissiordom Managed Soils N20 V \%
Land use, Land use change and Forestry (CRF sector 4)
4.A.2 Land Converted to Forest Land CQ \% Vv
4B.1 Cropland Remaining Cropland ca \Y \Y, Vv
4.B.2 Land Converted to Cropland CCo V \%
4.C.1 Grassland Remaining Grassland Co V \% \
4.C.2 Land Converted to Grassland CQ V \% Vv
4.D.1.3 Other Wetlands Remaining Other Wetlands Co
A1), Emissions and removals from drginage a_nd rewet_ti co
and other management of organic and mineral soil:
4(11). Emissions and removéi®m drainage and rewetting| CH \Y \Y; \Y;

Direct N20O emissions from N
<), mineralization/immobilization N2O A/ 4 4

Waste (CRF sector 5)
5A Solid Waste Disposal CH V V \%

1.7 Quality Assurance &u@lity Gontrol (QA/AC)

The objective of QA/QC activities in national greenhouse gas inventories is to improyetents/,

consistency, comparability, completeness, accuracy, confidence and timekn€¥/QC plan for the

annual greenhouse gas inventory of ol hasbeen prepared and canbefoRn 2y (G KS 9! Qa 6 ¢
(ust.is/library/Skrar/Atvinnulif/Loftslagsbreytingar/iceland QAQC _plar).pitie document

describes the quality assuranaad quality control programme. It includes the quality objectives and

an inventory quality assurance and quality control plan. It also describes the responsibilities and the

time schedule for the performance of QA/QC procexiu The QC activities include general methods

10
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such as accuracy checks on data acquisition and calculations and the use of approved standardised
procedures for emission calculations, measurements, estimating uncertainties, archiving information
and reporting. Source category specific QC measures have been developed for several key source
categories.
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A quality manual for the Icelandic emission inventory has been prearddan also be found on

0KS 9! Qastig/baryakindAtvinnulif/Loftslagsbreytingar/Iceland QAQC manua). ffuf

further facilitate the QA/QC procedures all calculation sheets have been revised. They include a brief
description d the method used. They are also provided with colour codes for major activity data
entries and emissions results to allow immediate visible recognition of outliers.

1.8 Uncertainty Ealuation

Uncertainty estimates are an essential element of a complete itorgrand are not used to dispute

the validity of the inventory but rather help prioritise efforts to improve the accuracy of the

inventory. Here, the uncertainty analysis is according to the Tier 1 method of the IPCC Good Practice
Guidance and Uncertaintanagement in National Greenhouse Gas Inventories where different

gases are reviewed separately ag€Quivalents. Total base and current years” emissions within a
greenhouse gas sector, category or subcategory are used in the calculations as webszoooiing
uncertainty estimate values for activity data and emission factors used in emission calculations.

Uncertainties were estimated for all greenhouse gas source and sink categories (i.e. including
LULUCF) according to the IPCC Good Practice Gui@atiogates for activity data uncertainties are
mainly based on expert judgement whereas emission factor uncertainties are mainly based on IPCC
source category defaults. Errors in the determination of EF uncertainty factors for the Agriculture and
Wade sedors were corrected. All source category uncertainties were first weighted with 2012
emission estimates and then summarized using error propagation. This calculation yielded an overall
uncertainty of the 2012 emission estimate of 33.5%.

Uncertainty estiméges introduced on the trend of greenhouse gas emission estimates by
uncertainties in activity data and emission factors are combined and then summarized by error
propagation to obtain the total uncertainty of the trend. This calculation yielded a totatitre
uncertainty of 16%. The decrease from the value of the 2014 submission (16.7%) islpatised
above mentioned correction of errors.

The results of the uncertainty estimate can be found in Annex II.

1.9 General Asessmenbf Completeness

ly | 448484aYSyd 2F G(KS O2YLX SGSySaa 2F GKS SyAraanaz

Practice Guidance, address the issues of spatial, temporal and sectoral coverage along with all
underlying source categories and activities.

In terms of spatl coverage, the emissions reported under the UNFCCC covers all activities within
LOSEFYRQA 2dNRARAOGAZY ®

In the case of temporal coverage, CRF tables are reported for the whole time series from 1990 to
2014.

With regard to sectoral coverage few sourege not estimated.

11
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The main sources not estimated are:
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- Emissions of G@nd CHfrom road paving with asphalt (2DBb
- In the LULUCF sector the most important estimates remaining are the ones regarding
emissions/removals of mineral soil in few categories.

The reason for not including the above activities/gases in the present submission is a lack of data
and/or that additional work was impossible due to time constraints in the preparation of the
emission inventory.

1.10 Planned and Implemented Improvements

PanBR | YR AYLX SYSY (SR A YLINEBWE Y8 Pelfaund inZhaptedS f | Y RQ A
Recalculations and Improvements

12
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2 Trends irGreenhouse Gas Emissions

2.1 Emission Bnds in Aggregate@HGEmMissions

Total amounts of greenhouse gases emitted in Iceland during the period2(83Dare presented in
the following tables and figures, expressed in terms of contribution by gas and source.

Table2.1 presents emission figures for greenhouse gases by sector in 1990, 2005, 2013 and 2014
expressed ikt CQ-equivalents along with percentage changes for both time periods -283@ and
20132014.Table2.2 presents emission figures for all greenhouse gases by gas in 1990, 2005, 2013,
and 2014 expressed ki CQ-equivalents along with percentage changes for both time periods-1990

2014 and 2012014.

Table2.1 Emissions of greenhouse gases by sector in Icelaridg the period 1992014 kt CQ-eq.)

1990
1. Energy 1,738
1.A Fuel combustion 1,676
1.B Geothermal 62
2. Industrial Processes 948

2.D, 2.G Solvent and Other 4
Product Use

3. Agriculture 780
4. Land Use, Land Use 11,495
Change and Forestry

5. Waste 168
Total emissions without 3,633
LULUCF

2000
2,000
1,849
155
1,010
5

719

11,652 11,653

230
3,959

2010
1,825
1,635
195
1,942
4

713

246

4,726

2013
1,674
1,498
177
1,945
4

688
11,871

229
4,536

2014

1,680
1,493
187
1914
5

748
11,868

255
4,597

Changes | Changes
‘9014 ‘13714
-3.5% 0.4%
-10.9% -0.3%

201.8% 5.6%

101.9% -1.5%
5.4% 6.1%
-4.1% 8.7%
3. 2% -0.03%
51.8% 11.%%
26.5% 1.3%

Table2.2 Emissions of greenhouse gases by gas in Iceland during the perie8@B89Qwithout LULUCF)KhCQ-

equivalents.

1990
CO 2,106
CH 522
N20 510
PFCs 494.6
HFCs NO
Sk 11
Total emissions 3,633

2000
2,729
559
477

149.9
43
1.3

3,959

2010
3,384
584
436

171.7
146
4.7

4,726

2013
3,290
546
440

88.2
171
3.2

4,536

2014
3,272
592
468

99.0
164
22

4,597

Changes | Changes

‘9014 | "13714
55.4% -0.9%
13.5% 8.3%
-8.2% 10.0%
-80.0% 12.3%

NA -3.9%

102.1% | -30.8%

26.5% 1.3%

In 1990 total GHG emissions (exéhgdLULUCF) in Iceland were 3,688Q-equivalents. 112014
total emissions were 4,5kt CQ-equivalents. This imntamount to an increase of&2%% over the
whole time period. Total emissions show a slight decrease between 1990 and 1994, with the
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exception of 1993. From 1998099 total emissions increased by about 5% per year, then plateau
from 2000 to 2005. BetweeR005 and 2008 emissions increased rapidly or by 10% per year.
Between 2008 and 2010 annual emissions decreased again by on average 4% per year. Emissions
decreased by 1.76% between 2013 and 2014.

By the middle of the 1990s economic growth started to gaomentum in Iceland. Until 2007

Iceland experienced one of the highest GDP growth rates among OECD countries. 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 totte large size of the banking sector in relation to the overall economy as

the sector’s worth was about ten times the annual GDP. The crisis resulted in a serious contraction of
the economy followed by an increase in unemployment, a depreciation of thenidiel kréna (1SK),

and a drastic increase in external debt. Private consumption contracted by 20% between 2007 and
2010. Emissions of greenhouse gases decreased from most sectors between 2008 and 2011.

The main driver behind increased emissions since 1@8Meen 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. In 2014, 839,449
tonnes of aluminium wergroduced in three aluminium plants. Parallel investments in increased

power capacity were needed to accommodate for this roughly nine fold increase in aluminium
production. The size of these investments is large compared to the size of Iceland’s economy.

The increase in GDP since 1990 further explains the general growth in emissions as well as the fact
that the Icelandic population has grown by roughly 28% from 1990 to 2014. This has resulted in
higher emissions from most sources, but in particular fream$port and the construction sector.
Emissions from the transport sector have risen considerably since 1990, as a larger share of the
population uses private cars for their daily travel. Since 2008 fuel prices have risen significantly
leading to lower enssions from the sector compared to preceding years. A koffokffect 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 iarahnjikar, building time

from 2002 to 2007) led to further increase in emissions from the sector. The construction sector
collapsed in late 2008. Emissions from fuel combustion in the transport and construction sector
decreased in 2008 by 5% compare®@7, in 2009 by 8% compared to 2008, in 2010 by 7%
compared to 2009 and in 2011 by 5% compared to 2010, because of the economic crises. This has
turned around again and between 2013 and 2014 there was an increase of 2.4%. The total emissions
in 2014 arestill 18% below the peak in 2007. Emissions from Cement production had decreased by
69% since 2007 (process emissions and emissions from fuel consumption) also as a result of the
economic crises and the collapse of the construction sector. Cement prodweéis shut down in

late 2011.

The overall increasing trend of greenhouse gas 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 emiss®due to an increase in production capacity of the aluminium
industry (since 2006) led to a trend of overall increase in greenhouse gas emissions between 2006
and 2008, when emissions from the aluminium sector peaked. In 2014 total emissions from the
aluminium sector were 14% lower than in 2008 due to less PFC emissions from the sector.

2.2 Emission Trends by Gas

All values in this chapter refer to Iceland’s total GHG emissions without LULUCF. As $tigune in
2.1the largest contributor by far to total GHG emissions is (CD%), followed by CH13%), NO
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(10%) and fluorinated gases (PFCs, HFCs, aneP®-In the year 2014, the changes in gas emissions
compared to 990 levels for CHCH, N:O, and fluorinated gases were 55.4%, ¥8.8.2%,and
-80%, respectively Table2.2 andFigure 2.1).

HFCs4%

PFCSZ%_\ | -SFe0%

Figure 2.1 Distribution of emissions of GHG by gas in 2014.
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Figure 2.2 Percentage ciinges in emissions of GHG by gas 12®D4, compared to 1990 levels.
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Figure 2.3 Emissions of greenhouse gases by gas, -224@.

2.3 Carbon Dioxide (G

Industrial processes, road transport and commerfigiling are the three main sources of LO

emissions in Iceland. Since emissions from electricity generation and space heating are low, as they
are generated from renewable energy sources, emissions from stationary combustion are dominated
by industrial sotces. Thereof, the fishmeal industry is by far the largest user of fossil fuels. Emissions
from mobile sources in the construction sector are also significant (though much lower since 2008
than in the years before). Emissions from geothermal energy eafitmitare considerable. Other

sources consist mainly of emissions from #ioad transport and waste incineratiofiable2.3 lists

CQ emissions from th main source categories for the period 198@14.Figure 2.4 shows the

percentage change in emissions of:®@ source from 1990 to 2014 compared with 1990 levels.

Table2.3 Emissions of GOy sector 1992014 inkt.

1990 2005 2010 2013 2014
Fishing 652 623 532 474 438
Road vehicles 509 747 794 787 765
Stationary combustion, liquid fuels 202 171 71 49 25
Industrial processes 399 846 1,616 1,678 1,646
Construction 120 214 102 87 128
Geothermal 61 118 190 172 182
Other 163 78 79 53 88
Total CQemissions 2,106 2,798 3,384 3,301 3,272
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Figure 2.4 Percentage changes in emissions of B0Omajor sources 1992014, compared to 1990.
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Figure 2.5 Distribution of C@emissions by source in 2014.

In 2014, Iceland’s total G@missions were 3,27&. Thisis tantamount to an increase of 55% from

1990 levels and a decrease of 0.1% from the preceding yeaeri€sions from Industrial Processes
decreased by 1.9% from 2013 to 2014 due to less emissions from metal production. Emissions from
geothermal energy exploitation increased by 5.8% between 2013 and 2014. Emissions from road
vehicles peaked in 2007 but redecreased by 14% since then. This decreasing trend is caused by

17



@

National hventory Report, Iceland 2&

significantly higher fuel prices, owing to the depreciation of the Icelandic kréna since 2008, and by an
increasing share of fuel efficient vehicles in the fleet. This can also be seeréaskd international

aviation in 200&nd 2009 Table2.15). In 2009, 2010 and 2011 fuel prices continued to rise. In recent
years more fuel efficientehicles have been importega turn-over of the trend from the years 2002

to 2007 when larger vehicles were imported. This can be seen in less fuel consumption in 2010 than
in 2009 despite the fact that driven mileage stayed almost the same. Driveagailiecreased by 5%

for gasoline passenger cars and by 6% for diesel fueled cars between 2011 and 2012 but is on the rise
again. Emissions from stationary combustion of liquid fuels decreased by 46.1% from 2013 to 2014.
Emissions from construction increakby 47% and emissions from other sources increased by 73.3%
during the same time period.

The increase in G@missions between 1990 and 2014 can be explained by increased emissions from
industrial processes (312%), road transport (50%), constructiongiedwyeothermal energy

utilisation (196%). Total G@missions from the commercial fishing on the other hand declined by
32% respectively. In 2007 residual oil use in energy industries increased significantly due to
insufficient supply of electricity

The man driver behind increased emissions from industrial processes since 1990 has been the
expansion of the metal production sector, in particular the aluminium sector. In 1990, 87,839 tonnes
of aluminium were produced in one aluminium plant in Iceland. Asgeuminium plant was
established in 1998 and a third one in 2007. In 2014, a toi@89f49%onnes of aluminium were
produced in these three aluminium plants, slightly less than in 2013.

CQ emissions from road transport have increased by 50% si@86,lowing to increases in

population, number of cars per capita, more mileage driven,-anttil 2007- an increase in the

share of larger vehicles. Since 1990 the vehicle fleet in Iceland has increased by 78%. Emissions from
both domestic flights and n@gation have declined since 1990.

Emissions from geothermal energy exploitation have increased by 196% since 1990. Electricity
production using geothermal energy has increased from 283 GWh in 1990 to 5,238 GWh in 2014, or
more than 18fold.

CQ emissiondrom commercial fishing rose from 1990 to 1996 because a substantial portion of the
fishing fleet was operating in distant fishing grounds. From 1996 the emissions decreased again
reaching 1990 levels in 2001. Emissions then increased again by 10% b26@desmnd 2002, but in
2003 they dropped to 1990 levels. In 2014, the emissions were 33% below the 1990 levels and 7%
below the 2014 levels. Annual changes in emissions reflect the inherent nature of the fishing
industry.

Emissions from other sources deased from 1990 to 2003, but rose again between 2004 and 2007
when they were 18% above the 1990 level. This is mainly due to changes in the cement industry
where production had been slowly decreasing since 1990. The construction of the Karahnjukar
hydropower plant (building time from 2002 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 this project was imported. In 2011, emissions from cement prodwetican67%

lower than in 2007, due to the collapse of the construction sector. The sole cement plant ceased
operation in late 2011. G@missions from other sources in 2014 were 4.7% below the 1990 levels
however emissions increased from 2013 to 2014 by %3ahich is mostly related to growth in the
economy.
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2.4 Methane (Ch

Agriculture and waste treatment have been the main sources of methane emissions since 1990. In
2014 they comprised 62% and 36% of total methane emissions, respecliablgZ.4 and Figure

2.6). The main methane source in the agriculture sector ternfermentation, the main source in

the waste sector is solid waste disposal on land. Together they accounted for roughly 98% of sector
methane emissions.

National hventory Report, Iceland 2&

Methane emissions from agriculture decreased by 5% between 1990 and 2014 due to a decrease in
livestock population. Emissions from waste, on the other hand, increased by 34% during the same
period. Emissions from waste treatment increased sharply from 1®2007 although the amount

of waste landfilled had been oscillating between 300 andK@5fom 1986 to 2005. The increase was
due to an increasing share of waste landfilled in well managed solid waste disposal sites which are
characterised by a higherethane correction factors than unmanaged sites. The decrease in
methane emissions from the waste sector since 2007 by 18% is due to a decrease in the amount of
waste landfilled since 2009 4ble2.4).

Table2.4 Emissions of GHy sector 1992014 kt CQ-eq).

1990 1995 2000 2005 2010 2013 2014
Agriculture 364 338 332 322 342 323 344
Waste 150 195 219 232 231 215 239
Other 7 7 7 8 10 9 9
Total 522 540 559 562 584 546 592
Other, 2%

Figure2.6 Distribution of Clklemissions by source in 2014.
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Figure 2.7 Percentage changes in emissions of 3Hmajor sources 1999014, compared to 1990 levels.

2.5 Nitrous Oxide (pD)

Agriculture has been the main source efdNemissions in Iceland and accounted for 87% of nitrous
oxide emissions in 2014 dble2.5 andFigure 2.8). Direct and indirect pD emissions from

agricultural soils were the most prominentnéssion contributors, followed by emissions from
unmanaged manure and manure managed in solid storage. Emissions from the agriculture sector
decreased by 10% since 1990. This development was mainly due to a decrease in livestock
populations accompanied kgydecrease in manure production. The second most important source of
N2O, since the shutdown of the fertilizer plant in 2001, is road transport. Emissions increased rapidly
when catalytic converters became obligatory in all new vehicles in 19gbid\a lp-product of NQ
reduction in catalytic converters. Total nitrous oxide emissions have decreased by 9.7% since 1990.

Table2.5 Emissions of XD by sector 1990014 kt CQ-equivalents).

1990 1995 2000 2005 2010 2013 2014
Agriculture 415 370 387 352 370 365 403
Road transport 15 20 31 38 37 34 34
Other fuel combustion gzl 25 31 32 18 15 20
Chemical industry 46 41 18 NO NO NO NO
Other 12 11 11 10 11 11 11
Total 510 466 477 432 436 426 468

20



@

National hventory Report, Iceland 2&

Other; 4%

Other fuel
combustion 1%__

Chemical industry0%

Figure 2.8 Distribution of NO emissions by source in 2014.
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Figure 2.9 Changes in D emission for major sources between 1990 and 2014.
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2.6 Perfluorocarbons (PFCs)

The emissions of the perfluorocarbons, i.e. tetrafluoromethane) (@t hexafluoroethane ¢&)

from the aluminium industry were 82.5 and 1&#CQ-equivalents respectively in 2014, or roughly
99kt CQ-equivalents in total. Emissions of PFCs (PF@id.®@FC 218) from consumption of
halocarbons in refrigeration and air conditioning equipment were 0Ki@ZQ-equivalents in 2014
(Table2.6).

Total PFC emissions decreased by 80% in the period of2ZlH9D The emissions decreased steadily
from 1990 to 1996 with the exception of 1995, as can be seen Fignre 2.10. At that time one
aluminium plant was operating in Iceland. PFC emissions per tonne of aluminium are generally high
during start up and usually rise during expansion. The emissiarefore rose again due to the
expansion of the Rio Tinto Alcan aluminium plant in 1997 and the establishment of the Century
Aluminium plant in 1998. The emissions showed a steady downward trend between 1998 and 2005.
The PFC reduction was achieved tigh 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. The PFC emissions rose significantly in 2006 due to an expansion of the Century Aluminium
facility. The extent of the increase can be explained by technical difficulties experienced during the
expansion. PFC emissions per tonne of aluminium went down from 2007 to 2010 and reached 2005
levels in 2010 at the Century Aluminium plant. The Alco@&jal aluminium plant was established

in 2007 and reached full production capacity in 2008. The decline in PFC emissions in 2009, 2010 and
2011 was achieved through improved process control at both Century Aluminium plant and Alcoa
Fjardaral (except in @ember at Alcoa), as the processes have become more stable after a period of
start-up in both plants. In December 2010 a rectifier was damaged in fire at Alcoa. This led to
increased PFC emissions leading to higher emissions at the plant in 2010 th@8.in 20

To a very small extent PFCs have also been used as refrigeritsaasbeen used in refrigeration
and air conditioning equipment since 2002 (0.001 to 0.KOZQ-equivalents per year) andfks was
used in refrigeration and air conditioning equipntdar the first time in 2009.

Table2.6. Emissions of PFCs 198114 kt CQ-equivalents).

1990 1995 2000 2005 2010 | 2013 2014

Ch 412 58 125 26 143 73 83
GFs 82 12 25 5 29 15 16
&= NO NO NO NO 0.01 0.00 0.01
Total 495 69 150 31 172 88 99
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Figure 2.10 Emissions of PFCs from 1990 to 261 &Q-equivalents.

2.7 Hydrofluorocarbons (HFCs)

Total actual emissions of HFCs, used as substitutes for ozone depleting substances (ODS), amounted
to 164kt CQ-equivalents in 2014T@able2.7). The mport of HFCs started in 1993 and has increased

until 2010 in response to the phaseit of ODS like chlorofluorocarbons (CFCs) and
hydrochlorofluorocarbons (HCFCs). Import numbers decreased strongly in 2011, causing only a slight
decrease in emissions due the time lag between refrigerant use and leakage. Refrigeration and air
conditioning were by far the largest sources of HFC emissions and the fishing industry plays an
eminent role.

Over the years, the use of ozone depleting substances (ODS)fiahimg industry has been
decreasing due to restrictions on ODS import. The ban on importing 2y ®Rhich became
effective in 2010 and the impending ban on importing recover&® Rnean a price increase for2R
and add urgency to the process of retttifig and replacing refrigerantystems in the fishing
industry Figure 2.7Figure 2.11). HFC23, HFE32, HFE152 andHFG227 cannot be seen iRigure
2.11due to proportionally low levels compared to three major HEB&sween 2008 and 2010 the
import of HFCs had increased more than twofold. Total HFC emissions amounted tdktonl 64
2014which is lower compared to 2013.

Table2.7. Emis®ns of HFCs 1991014 kt CQ-equivalents).

1990 1995 2000 2005 2010 2013 2014
HFG23 NO NO NO 0.02 0.02 0.01 0.01
HFC32a NO NO 0.01 0.03 0.05 0.17 0.22
HFC125 NO 5.08 17.47 25.32 53.21 63.65 64.79
HFC134a NO 1.92 7.48 13.13 21.41 22.42 22.45
HFC143 NO 2.46 17.46 30.52 70.73 84.08 76.06
HFC152a NO 0.04 0.07 0.05 0.02 0.01 0.01
HFG227ea NO NO NO 0.08 0.03 0.28 0.00
Total NO 9.50 42.49 69.15 14547 | 170.61 | 163.54
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Figure 2.11 Emissions dfiFCs 1992014 kt CQ-equivalents.

2.8 Sulphur Hexafluoride (§F

The sole source of &&missions in Iceland is leakage from electrical equipment. Total emissions in
2014 were 97 kg $hich is tantamount to 2.Rt CQ-equivalents. Emissions have increased by
102% since 1990. This increase reflects the expansion of the Icelandic eledistciytion system
since 1990 which is accompanied by an increasesinsg# in high voltage gear. The emission peak
in 2010 was caused by two unrelated accidents during which thar&®unts contained in the gear
affected by the accidents was emitteBligure 2.12). The emission peak in 2012 was caused by
increased leakage in the transmission grid of Landsnet LLC.
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Figure 2.12 Emissions of gFom 1990 to 2014k CQ-equivalants)
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2.9 Emission Trends by Source
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Industrial processes are the largest contributor of greenhouse gas emissions in Iceland (without
LULUCEF), followed by Energy, Agricultarel Waste. The contribution of Industrial Processes to

total net emissions (without LULUCF) increased from 25% in 1990 to 41% in 2014. The contribution of
the Energy sector decreased from 51% in 1990 to 38% in 2013. Agriculture and the Waste sector
accourted for 17% and 5% of 2014 emissions, respectivel\f &tfle2.1 and Figure 2.13).

6000

. 5000

)

4000

3000

2000

Emissions (kt CO2 eq

1000

O o N M < 1 © I~ ©
D DD DD DD
D OO O O O OO OO O O
D B B B B B I |

1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

m Energy mIndustrial Processes m Agriculture = Waste

Figure 2.13 Emissions of GHG by sector, withLULUCF, from 1990 to 20C1-equivalents.
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Figure 2.14 Emissions of greenhougases by UNFCCC sector in 2014.
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Figure 2.15 Percentage changes in total Gld@issiondby UNFCCC saercategoried990-2014, compared to 1990 levels.

2.9.1 Energy

The Energy sector in Iceland is uniquenany ways. Iceland rank& @among OECD countries in the

per capita consumption of primary energy and in 2013 the consumption per capita was about 796 GJ.
However, the proportion of domestic renewable energy in the total energy budget is 85%, which is a
much higher share than in most other countries. The cool climate and sparse population calls for high
energy use for space heating and transport. Also, key export industries such as fisheries and metal
production are energyntensive. The metal industry usedound 75% of the total electricity

produced in Iceland in 2014. 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 prodution (70% of the electricity).

The development of the energy sources in Iceland can be divided into three phases. The first phase
covered the electrification of the country and harnessing the most accessible geothermal fields,
mainly for space heating. the second phase, steps were taken to harness 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. In the third phase, following theisié @f 19731974,

efforts were made to use domestic sources of energy to replace oil, particularly for space heating and
fishmeal production. Oil has almost disappeared as a source of energy for space heating in Iceland,
and domestic energy has replaceitlio industry and in other fields where such replacement is

feasible and economically viable.

2.9.1.1 Fuel Combustion

The total emissions of greenhouse gases from fuel combustion in the Energy sector over the period
1990 to 2014 are listed ihable2.8. Emissions from fuel combustion in the Energy sector accounted
for 32% of the total greenhouse gas emissions in Iceland in 2014.
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Table2.8 shows the distribution of emissions in 2014 by different source categories. The percentage
change in the various source categories in the Energy sector between 1990 and 2014, conitared w
1990, is illustrated ifrigure 2.16.

National hventory Report, Iceland 2&

Table2.8. Total emissions of GHG from the fuel combustion in the Energy se£9902014( C@equivalents).

1990 1995 2000 2005 2010 2013 2014
construction
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Figure 2.16 Greenhouse gas emissions in the Energy sector 2014, distributed by source categories.
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Figure 2.17 Percentagehanges in emissions for source categandste Energy sector during9902014, compaed to

1990.

Table2.8 andFigure 2.17 show that emissions from road vehicles have increased by 52% since 1990
as emissionfrom fishing have decreased by 33%. Emissions from energy industries are 82% below
1990 levels and emissions from manufacturing industries and construction are 7% below 1990 levels.

Energy industries include 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. Since 1997 emissions have been around 40% lavmermal years than in 1990. Emissions
FNRY SYySNH@ AYRdAZAGNASE | O02dzy G SR FT2NJ ndwr 2F (KS
in Iceland in 2013. Electricity is produced with fuel combustion at 2 locations, which are located far
from the distibution system (two islands, Flatey and Grimsey). Some electricity facilities have backup
systems using fuel combustion which they use if problems occur in the distribution system. Some
district heating facilities that lack access to geothermal energyceswse electric boilers to produce
heat from electricity. They depend on curtailable energy. These heat plants have ol

combustion in case of an electricity shortage or problems in the distribution system. Emissions from
the energy industries stor 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 tionsliduring the

winter of 1997/1998 led taunfavorablewater 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. Basa the Karahnjukar hydropower project was delayed,

the aluminium plant was supplied for a while with electricity from the distribution system. This led to
electricity shortages for the district heating systems and industry depending on curtailable energy,
leading to increased fuel combustion and emissions. This also has an effect on the implied emission
factor (IEF) for energy industries, as waste and residual fuel oil have different emission factors. In
years where more oil is used in the sector the gonsiderably higher than in normal years.
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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 knoclff 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,
gra NBfIFTGSR G2 GKS 02y aid NdzOan(Rasahnfiker, HuildiSgftime/ RQa £ I N
from 2002 to 2007). The construction sector collapsed in fall 2008 due to the economic crises and the
emissions from the sector decreased by 55% between 2007 and 2011. Emissions from fuel
combustion at the cement plant deased rapidly due to the collapse of the construction sector and

in 2011 the plant closed down. 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.

Emissions from the Transport sector increased by 39% from 1990 to 2014. Emissions from road
transport have increased by 52% since 1990, owing to an increase in the nohdaes per capita,

more mileage driven and until 2007 an increase in larger vehicles. Since 1990 the vehicle fleet in
Iceland has increased by 78%. Also, the Icelandic population has grown by 28% from 1990 to 2014.
Emissions from road vehicles peaked @2 and have decreased by 14% since then. In recent years
more fuel economic vehicles have been importeal turn-over of the trend from the years 2002 to

2007 when larger vehicles were imported. Another factor in reducing fuel consumption is the fact
that the mean mileage per vehicle has been in decline from ZIBI. Emissions from both

domestic flights and navigation have declined since 1990 and this decrease in navigation and aviation
has compensated for rising emissions in the transport sector toesextent.

The fisheries dominate the Other sector as heating in Iceland relies on renewable energy sources.
Emissions from fisheries rose from 1990 to 1996 because a substantial portion of the fishing fleet
was operating in unusually distant fishing grdenFrom 1996, the emissions decreased again
reaching 1990 levels in 2001. Emissions increased again by 10% between 2001 and 2002. In 2003
emissions again reached the 1990 level. In 2014 emissions were 33% below the 1990 level and 5%
below the 2013level. #nual changes are inherent to the nature of fisheries.

2.9.1.2 Geothermal Energy

Emissions from geothermal energy utilization accounts for 4% of the total greenhouse gas emissions
in Iceland in 204. Iceland relies heavily on geothermal energy for space heatiwagy 00% of the

homes) and electricity production (27% of the total electricity production). The emissions from
geothermal power plants are considerably less, or 19 times lower, than from fossil fuel power plants.
Table2.9 shows the emissions from geothermal energy from 1990 to 2014. Electricity production
using geothermal power increased more thanfo&l during this period from 283 to 5,238 GWh.
Emissions during the same time increased by 180%. Emissions from geothtlinzdian are site

and timespecific, and can vary greatly between areas and the wells within an area as well as by the
time of extraction.

Table2.9. Emissions from geothermal energy from 124114 kt CQ-equivalents).

1990 1995 2000 2005 2010 2013 2014
Geothermal energy 62 83 154 121 195 177 187

2.9.1.3 Distribution of oil products
Emissions from distribution of oil products are a minor source in Iceland. Emissions are around 0.3 to
0.5kt per year.
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2.9.2 IndustrialProcesses

Production of raw materials is the main source of industrial process related emissions for both CO
and other greenhouse gases such a® ldnd PFCs. Emissions also occur as a result of the

consumption of HFCs as substitutes for ozone depletibgtances and Sfrom electrical

equipment. The Industrial Process sector accounts for 43% of the national greenhouse gas emissions.
As can be seen ifiable2.10 and Figure 2.18 emissions from industrial processes decreased from

1990 to 1996, mainly because oflacrease in PFC emissions. Increased production capacity has led

to an increase in industrial process emissions since 1996, especially after 2005 as the production
capacity in the aluminium industry has increased. By 2014, emissions from the industizdges

sector were 102% above the 1990 level.

National hventory Report, Iceland 2&

Table2.10. Emissions froomdustrial processes 192014 kt CQ-equivalents).
1990 1995 | 2000 | 2005 | 2010 | 2013 | 2014

Mineral products 52 38 65 5e 10 1 1

Chemicalndustry 47 41 18 NO NO NO NO

Metal production 842 466 878 823 1,778 1,767 1,746

- Ferroalloys 208 243 375 375 369 405 367

= Aluminium 634 223 503 448 1,409 1,362 1,379
Aluminium CQ 139 154 353 417 1,238 1,274 1,280
Aluminium PFC 495 69 150 31 172 88 99

Non-Energy Products from 4 5 5 5 4 4 5

Fuels and Solvent Use

Product Uses as Substitutes 0 2 43 69 146 171 164

for Ozone Depleting

Substances

Other Product Manufacture 7 5 6 6 8 6 5

and Use

Total 948 560 1,010 953 1,942 1,945 1,915
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Figure 2.18 Total GHGmissions in the Industrial Prasesector during 1998014 kt CQ-equivalents).

The most significant category within the Industrial Processes sector is pnethlction, which
I 002dzy i SR F2NJ yy:: 2F GKS aSOl2NNna SyrAaairzya Ay
main source within the metal production category, accounting for 67% of the total Industrial
Processes emissions. Aluminium is produced igetiplants, Rio Tinto Alcan at Straumsvik, Century
Aluminium at Grundartangi, and Alcoa Fjardaal at Reydarfjorour. The production technology in all
aluminium plants is based on using prebaked anode cells. The main energy source is electricity, and
industrial process C{emissions are mainly due to the anodes that are consumed during the
electrolysis. In addition, the production of aluminium gives rise to emissions of PFCs. From 1990 to
1996 PFC emissions were reduced by 94%. Because of the expansioaxatihg aluminium plant

in 1997 and the establishment of a second aluminium plant in 1998, emissions increased again from
1997 to 1999. From 2000, the emissions showed a steady downward trend until 2005. The PFC
reduction was achieved through improved kemlogy 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;
from 4.78 tonnes Cg&equivalents in 1990 to 0.10 tonnes £&yjuivalents in 2005. In 2006 the PFC
emissiongose significantly due to an expansion at Century Aluminium. The extent of the increase

can be explained by technical difficulties experienced during the expansion. PFC emissions per tonne
of aluminium at the Century Aluminium plant went down from 2002@4.1 through improved

process technology, reaching 0.12 tonnes-€Quivalents per tonne aluminium in 2011. The Alcoa
Fjardadél aluminium plant was established in 2007 and reached full production capacity in 2008. PFC
emissions per tonne of aluminium arergerally high during start up and usually rise during

expansion. PFC emission declined in 2009 and 2010 through improved process technology until
December 2010 at Alcoa Fjardaal, when a rectifier was damaged in fire. This led to increased PFC
emissions lading to higher emissions at the plant in 2010 than in 2009. In 2011 PFC emissions per
tonne of aluminium at the Alcoa Fjardaal went down to 0.07 tonneseg@ivalents per tonne

aluminium before increasing again to 0.2 tonnes-€Quivalents per tonne atainium in 2014.
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Production of ferroalloys is another major source of emissions, accounting for 19% of Industrial
Processes emissions in 2014 ,@&@mitted due to the use of coal and coke as reducing agents and
from the consumption of electrodes. In 198&ower shortage caused a temporary closure of the
ferrosilican 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, or by
76% since 1990. Emissions in 2014 were 4% higher than in 2013.

Production of minerals accounted for only 0.1% of the emissions in 2011. Cement production was the
dominant contributor until 2011 when the sole cement plant shut down, €®ived from carbonn

the shell sand used as raw material is the source @e@ssions 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 againumeaf 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.

Production of fertilizers, which used to be the main contributor to the procesisgons from the
chemical industry was closed down in 2001. No chemical industry has been in operation in Iceland
after the closure of a silicon production facility in 2004.

Imports of HFCs started in 1993 and have increased steadily since then. HES&daae substitutes

for ozone depleting substances 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 storedréfrigeration units constitute banks of refrigerants which emit HFCs
during use due to leakage. The process of retrofitting older refrigeration systems and replacing ODS
as refrigerants is still egoing which means that the size of the refrigerant barsilkincreasing,

causing an accelerated increase of emissions since 2008. The amount of HFCs emitted by mobile air
conditioning units in vehicles has also been increasing stedadibig2.11).

The sole source of &&missions is leakage from electrical equipment. Emissions have been
increasing since 1990 due to the expansion of the Icelandic electricity distribUitiate@.11). The

peak in 2010 was caused by two unrelated accidents during which gle&Bined in equipment

leaked into the atmosphere. The peak in 2012 was caused by increased emissions from the operator
of the Icelandic grid Landsnet LLC.

Table2.11. HFC and $Emissions from consumptiori HFC and $kkt-CQ equivalents).

1990 | 1995 | 2000 & 2005 | 2010 | 2013 @ 2014
HFCs (refrigeration) 0.0 9.5 42.5 69.2 1457 171.1 | 164.4
SF6 (electrical equipment) 1.1 1.3 14 2.6 4.9 3.2 2.2

2.9.3 Solvent and other Product Use

The use of solvents and produci@ntaining solvents leads to emissions of anathane volatile
organic compounds (NMVOC), which are regarded as indirect greenhouse gases. The NMVOC
compounds are oxidized to €@ the atmosphere over time. Also included in this sector are
emissions of pD from product useand emissions of G&rom paraffin wax useNO is used mainly
for medical purposes. To a smaller extent it is also used in car racing and fire extinguishing.

Total NMVOC emissions from solvent and other product use amounted @ @@-equivalents in
2014 (less than 0.1% of total GHG emissions), which was 1% below the 1990 level and the same as
2013. This development was mainly due to a decrease in paint application. Emissions@arseN
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decreased by 55% between 1990 and 2014 tdudecreasing imports for medical purposes
(anaesthesia).

2.9.4 Agriculture

Emissions from agriculture are closely coupled with livestock population sizes, especially cattle and
sheep. Since emission factors were assumed to be stable during the last two déeddeke

exception of gross energy intake of dairy cows, whose increase reflects an increase in milk
production), changes in activity data translated into proportional emission changes. The only other
factor that had considerable impact on emission estiesavas the amount of nitrogen in fertilizer
applied annually to agricultural soils. A 17% decrease in livestock population size of sheep between
1990 and 200%, partly counteracted by increases of livestock population sizes of horses, swine, and
poultry - led to emission decreases from all subcategories and resulted in a 13% decrease of total
agriculture emissions during the same peridalfle2.12 and Figure 2.19)

Shce 2005 emissions from agriculture have increased by 7% due to an increase in livestock
population size but still remain 4% below 1990 levels. This general trend is modified by the amount
of synthetic nitrogen applied annually to agricultural soils. Tinewant was highest in 2008, when it
amounted to more than 15,300 tonnes, but has decreased to less than 15,300 tonnes in 2014. This
development was due to the economic crisis in Iceland which was accompanied by a weakening of
the Icelandic kréna thus increing the price of imported fertilizer. The largest sources of agricultural
greenhouse gas emissions in 2014 were nitrous oxide emissions from agricultural soils: dire@ soil N
emissions, indirect soils8 emissions, and-® emissions from pasture andnge manure

accounted for 49% of total agriculture emissigRgyure 2.19). The remaining1% were made up of
methane emissions from enteric fermentation and methama nitrous oxide emissions from

manure management (i.e. before the manure is applied to soils).

Direct soil emissions
19%

Pasture and range

manure 11%

Figure 2.19 GHGemissions from the agriculture sector 2014, distributed by source categories.
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Table2.12. TotalGHGemissions from agriculture in 192014 kt CQ-equivalents).

National hventory Report, Iceland 2&

1990 1995 2000 2005 2010 2013 2014
Manure management 101 87 89 86 91 88 92
Direct soil emissions 143 130 138 120 126 129 145
Pasture and range manure 86 79 79 78 81 74 80
Indirect soil emissions 136 122 129 115 122 121 136
Enteric fermentation 314 290 285 276 293 276 294
Total emissions 780 708 719 674 713 688 747
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Figure 2.20 Total GHGemissions from agriculture 199014, kt CQ-equivalents).

2.9.5 Land Use, Lardse Change and Forestry (LULUCF)

Net emissions from the LULUCF sector in Iceland are high; the sector had the highest net emission
19902014. A large part of thabsolute value of emissions from the sector in 2014 was from cropland
and grassland on drained organic soil. The emissions can be attributed to drainage of wetlands in the
latter half of the 20" century, which had largely ceased by 1990. Emissions df@®drained

wetlands continue for a long time after drainage.

Net emissions (emissioggemovals) in the sector have decreased over the time period, as can be
seen inTable2.13. This is explained by increased removals through afforestation and revegetation as
well as a decrease in emissions from land converted to cropland. Increased removals in afforestation
and revegetation are explained by the inased activity in those categories and changes in forest
growth with stand age.
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Table2.13. GHG missions from the LULUCF sector from 12004 kt CQ-equivalents).
1990 @ 1995 @ 2000 | 2005 | 2010 | 2013 | 2014

Forest Land -44 -66 -100 -150 -203 -249 271
Cropland 2,014 | 1,963 | 1,912 | 1,859 | 1,804 | 1,772 | 1,761
Grassland 8,388 8,428 8,614 8,842 9,207 | 9,335 9,369
Wetlands 1,125 | 1,129 | 1,109 | 1,082 | 1,043 | 1,030 | 1,027
Settlements 13 6 15 20 5 5 5

Harvested WoodProducts NE NE NE NE NE NE NE
Net emissions LULUCF 11,496 11,460 11,549 11,652 11,857 11,891 11,890

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 therefoneeteissarily significantly
different from zero.

2.9.6 Waste

Emissions from the Waste sector accounted for 5.5% of total GHG emissions in 2014. About 91% of
these emissions were methane emissions from solid waste disposal on land. 4.4% wanel Gi
emissions from wastewater treatment and 3.1% were,dD4 and NO emissions from waste
incineration. The remaining 1.5% originated from biological treatment of waste, i.e. composting.
Emissions from the waste sector increased steadily from 1990 to 2087ocan increase in

emissions from solid waste disposal on land (SVWB)IE2.14 andFigure 2.21). This increase 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 tnmanaged SWDS they succeeded. The decrease in emissions from the waste sector since
2007 is caused by a decrease in SWD emissions which is due to a rapidly decreasing share of waste
landfilled since 2005 and by an increase in methane recovery at SWDBtal lirecrease of SWD
emissions betweend90 and 2014mounted to 45%.

Table2.14. Total emissions from the Waste sector from 12004 kt CQ-equivalents).

1990 1995 2000 2005 2010 2013 2014
Solid wastedisposal 142 188 214 225 225 209 232
Wastewater 7 8 9 12 11 11 11
Incineration 19 13 7 5 7 8 8
Composting NO 0 0 1 3 3 4
Total emissions 168 209 230 243 246 229 255
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Figure 2.21 Aggregated GH@missions of the Waste sector 192014 kt CQ-equivalents).

Total wastewater handling emissions increased by 63% since 1990 due to incregsiagd\C
emissions. The increase inNemission estimates is proportional to an increase in population. The
increase in methane emissions is mainly due to an increase in the share of wastewater treated in
septic systems. All other wastewater discharge pathways were assumed to emit no methane since
the wastewater is either treated aerobically or discharged i@t funning rivers or straight into the
sea.

Emissions from waste incineration decreased by 58% between 1990 and 2014 due to a decrease in
the amount of waste incinerated and a change in waste incineration technology. During the early
1990s waste was eitlmdurned in open pits or in waste incinerators at low or varying temperatures.
Since the midl990s increasing amounts of waste are incinerated in proper waste incinerators that
control combustion temperatures which lead to lower emissions of C8 and NO per waste

amount incineratedFigure 2.22).

The C®@emission factor for waste incineration is slightly higher than for open burning of waste
(oxidisation factor ofl vs. 0.58), but the Glémission factor for open burning of waste is, however,
27 times higher and the /@ emission factor 2.5 times higher than the one for waste incineration.
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Figure 2.22 Emissions frm incinerationand open burning of waste 192014 kt CQ-equivalents).

Emissions from composting have been steadily increasing from 1995 when composting started.
Between 1995 and 2014 composting emissions increased tenfold due to increasing amouasseof
composted.

2.9.7 International Bunkers

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
and can be seeim Table2.15.

In 2014, greenhouse gas emissions from ships and aircrafts in international traffic bunkered in
Iceland amounted to a total of 788 CQ-equivalents, which corresponds to about 17% of the total
Icelandic greenhouse gas emissions. Greenhouse gas emissions from marine and aviation bunkers
increased by 147% from 1990 to 2014; watin11% increase between 2013 and 2014.

Looking at these twoategories separately, it can be seen that greenhouse gas emissions from
international marine bunkers increased by 131% from 1990 to 2014, while emissions from aircrafts
increased by 155% during the same period. Between 2013 and 2014 emissions frombuakiees
decreased by 9% while emissions from aviation bunkers increased by 12%. Emissions from
international bunkers are rising again after decline since 2007. Foreign commercial fishing vessels
dominate the fuel consumption from marine bunkers.

Table2.15. GHGemissions from international aviation and marine bunkers 120D4(kt CQ-equivalents).

1990 1995 2000 2005 2010 2013 2014
Aviation 219 236 407 421 376 498 559
Marine 99 143 218 111 182 210 229
Total 318 379 624 531 559 707 788

2.10 Emission Trends for Indirect Greenhouse Gases and SO

Nitrogen oxides (N£ nonmethane volatile organic compounds (NMVOC) and carbon monoxide
(CO) have an indirect effect on climate through their influence on greenhouse gases, especially
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ozone. Sulphur dioxide (9@lffects climate by increasing the level of aerosols that liavern a
cooling effect on the atmosphere.

2.10.1 Nitrogen Oxides (NOx)

The main sources of nitrogen oxides in Iceland are commercial fishing, transport, and the
manufacturing industry and construction, as can be sedigare 2.23. The NQemissions from
commercial fishing rose from 1990 to 1996 when a substantial portion of the commercial fishing fleet
was operating in distant fishing grounds. From 1996 emissions dsmmmfeeeaching the 1990 levels in
2001. Emissions rose again in 2002 but have declined since with exception of 2009 due to less fuel
consumption. Emissions in 2014 were 33% below the 1990 level. Annual changes are inherent to the
nature of fisheries. Emigms from transport are dominated by road transport. These emissions have
decreased rapidly (by 23%) after the use of catalytic converters in all new vehicles became obligatory
in 1995, despite the fact that fuel consumption has increased by 48%. Thie eisgssions from the
manufacturing industries and construction until 2007 are dominated by increased activity in the
construction sector during the period. In 2008 the construction sector collapsed leading to much
lower emissions from the sector. In 20&rhissions from manufacturing industry and construction

were 52% lower than in 1990. This is due to the collapse of the construction sector (including lower
emissions from the cement plant) and to less fuel consumption at fishmeal plants where fuel has
been replaced with electricity and production has decreased. TotakN@ssions, like the emissions

from fishing, increased until 1996 and decreased thereafter until 2001. Emission rose again between
2001 and 2004 and then decreased again. Totaléiissbns in 2014 were 27% below the 1990

level.
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Figure 2.23 Emissions of N@y sector 1992014 inkt.

38



@

2.10.2 NonMethane Volatile Organic Compounds (NMVOC)

The main sources of nemethane volatile organic compounds are transport and solvent use, as can
be seen irFigure 2.24Emissions from transport are dominated by road transport. These emissions
decreased rapidly after the use of catalytic converterslin@lv vehicles became obligatory in 1995.
Emissions fromadvent use have been aroundktand show a downward trend in recent years.

Other emissions include emissions from industrial processes, where food and drink production is the
most prominent contrilntor. The total emissions showed a downward trend from 1994 to 2014. The
emissions in 2014 were 50% below the 1990 level.
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Figure 2.24 Emissions of NMVOC by sector 12904 inkt.

2.10.3 Carbon Monoxide (CO)

Industrial Processds the most prominent contributor to CO ersisns in Iceland, as can been in
Figure 2.25, being responsible for over 88% of total CO emissions. It is worth mentioning that
emissions from road transpohavedecreasedapidly afterthe use of catalytic converters in all new
vehicles became obligatory in 199he emissions i8014 were 101%abovethe 1990 level.

39



@

National hventory Report, Iceland 2&

140
120
—~ 100
=
=
N—r
0
@ 80
c
c
g60
X
40
20
0
O o4 N M T WO~ ®OBV®ONDO o N M W O© NN O o4 N ™M <
D DDA DD DO OO0 O OO O OO0 O dAdAdd o
DYDY DO OO0 OO0 OO0 O OO OO0 O O O
A A4 4 4 dddddadadJdJddJTTTNTAAATATAAAQ

H Transport ®Aluminium ® Fishing = Other

Figure 2.25 Emissions of CO by sector 12914 inkt.

2.10.4 Sulphumioxide (S¢)

Geothermal energy exploitation is by far the largest source of sulphur emissions in Iceland. Sulphur
emitted from geothermal power plants is in the form of3d Emissions have increased by 251% since
1990 due to increased activity in thislfieas electricity production at geothermal power plants has
increased more than 1®ld since 1990. Other significant sources of sulphur dioxide in Iceland are
industrial processes, manufacturing industry and construction, as can be sEgjuier 2.26

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. In
1990, 87,839 tonnes of aluminium were produced at one fdard 62,792 tonnes of ferroalloys at

one plant. In 2014 839,449 tonnes of aluminium were produced at three plants and 107,785 tonnes
of ferroalloys were produced at one plant. This led to increased emissions of sulphur dioxide (400%
increase from 1990 l&ls). The fishmeal industry is the main contributor to sulphur dioxide

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 d&mfueten

replaced with electricity and production has decreased; the emissions were 88% below the 1990
level in 2014.

Sulphur emissions from the fishing fleet depend upon the use of residual fuel oil. When fuel prices
rise, the use of residual fuel oises 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 sulphur emissions from the commerciaj figtt in

recent years. Emissions from the fishing fleet in 2014 were 7% below 1990 level although fuel
consumption was 28% less.

In 2014 total sulphur emissions in Iceland, calculated asv#&e in 210% above the 1990 level, but
142% when excludingmissions from geothermal power plants.

40



National hventory Report, Iceland 2&

90
80 B
- -y
A?O - e _
=
< 60 = B BB
3 0 |
= ’
-
% 40 —an -
— ]
Z 30 — B =78
20 L | ] . | = H = m
| | - || | ] |}
10
0
O o N M < KO © I 0 O O o N MO ¥ I © I~ 0 O © 4 N M <
D OO O O O O O O OO 0O O O O O O O O 0 © © o d «d «d
O OO O O O O O O O O O O O O o O o O O O O O O
U B B B B B T B A A e R o A o A o e o e o N o & & U & U I o I o I o VA e U N
m Geothermal energy B Manufacturing industries and construction
m Transport Industrial Processes
m Other

Figure 2.26 Emissions of @ulphur) by sector 1992014 (k SQ-equivalents).

In 2010 the volcano Eyjafjallajokull started eruption. The eruption lasted fréhoflApril until 23

of May. During that time 12kt of SQ were emitted or 71% more than total anthropogenic

emissions in 2010. In 2011 the volcano Grimsvétn started erupting. The eruption lasted from 21
until 28" of May. During that time around 100@ of SQ were emitted or 12 times more than total

man made emissions in 2011. These emissions are given here for information purposes and are not
included in the inventory.
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3 Energy (CR¥ectorl)

3.1 Overview

The Energy sector in Iceland is unique in ynamys. Iceland ranks the 1st among OECD countries in

the consumption of primary energy per capita. The per capita consumption in 2014 was around 796
GJ. However, the proportion of domestic renewable energy in the total energy budget is about 85%,
which isa much higher share than in most other countries. The cool climate and sparse population
calls for high energy use for space heating and transport. Also, key export industries such as fisheries
and metal production are energptensive. The metal produacth industry used around 75% of the

total electricity produced in Iceland in 2014. 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 edctricity production (70% of the electricity). Only 0.01% of the electricity in 2014

was produced with fossil fuels.

The Energy sector accourits 36.0% (fuel combustion 32%, geothermal energy 4%, fugitive

emissions from fuels 0%f the GHG emissions lceland. Total energy related emissions decreased

by 7% from 1990 to 2014. Emissions from fuel combustion decreased by 14% from 1990 to 2014

while emissions from geothermal energy increased by 196.7%. From 2013 to 2014 the emissions

from fuel combustion dereased by 1.5%, while emissions from geothermal energy increased by 5%.

Total emissions related to energy decreased by 0.8% from 2013 to 2014. Fisheries and road traffic

FNBE GKS aSO0G2Nna tFNHSad airy3dtsS O2 vnibddisiredioe NBA &/ 2
is also an important source. No recalculations have been made in the Energy sector since last

submission.

3.1.1 Methodology

Emissions from fuel combustion activities are estimated at the sector level based on methodologies
suggested by the@6 IPCC Guidelines. They are calculated by multiplying energy use by source and

sector with pollutant specific emission factors. Activity data is provided by the National Energy

Authority (NEA), which collects data from the oil companies on fuel salescbyr. The division of

fuel sales by sector does not reflect the 2006 IPCC sectors perfectly so EA has made adjustments to

the data where needed to better reflect the IPCC categories. This applies for the sectors 1Ala Energy
industries, 1A2 Manufacturingdustry (stationary combustion) and 1A4 Residential. Tables

SELX FAYAYy3 (GKAA | R2dzalGYSyid FINB Ay 'YYSE LLL® ¢KS
residual fuel oil) by sectors 1Ala, 1A2 (stationary) and 1A4 (stationasyprovidedoy the National

9y SNHE ! dziK2NRAGeéd ¢KAAa GlofS O2yidlAya GKS 2NARIA
way for gasoil: First fuel consumption needed for the known electricity production with fuels is

calculated (1Alg electricity production) assuming 34% efficiency of the diesel engines. The values
calculated are compared with the fuel sales for the category 10X60 Energy industries (nomenclature

from the NEA).

- Inyears where there is less fuel sale to energy industries, according to dsessatlistics
(1,423 tonnes in 2014), as would be needed for the electricity production (603 tonnes in
2014), the fuel needed to compensate is taken from the category 10X90 Other; and if that is
not sufficient from the category 10X40 House heating and smiitg pools.

- Inyears where there is surplus, the extra fuel is added to the category 10X40 House heating
and swimming pools. In 2014 there was a surplus in the energy industries category, so 820
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tonnes were added to the category 10X40 House heating andrsivig pools. So now the
category 10X40 has 3929 tonnes in 2014 (3109+820).

- NEA has estimated that the fuel use by swimming pools (1A4a), but it should be noted that
the majority of swimming pools in Iceland have geothermal water. The estimated fuel use
values are given in the lower table of Annex Ill. It is 300 tonnes in 2014. These values are
subtracted from the adjusted 10X40 category, leaving 3,629 tonnes in the category in 2014
(3,929300). This rest is then 1Add&esidential.

- For years where there #ill fuel in the category 10X90 Other (214 tonnes were left in that
category in 2014), this is added to the 10X5X Industry (originally with 4357 tonnes in 2014).
This is the fuel use in 1AAndustry (4357+214=4571 tonnes in 2014).

Explanation for thedjustment for residual fuel oil is given in Annex Ill.

Fuel combustion activities are divided into two main categories; stationary and mobile combustion.
Stationary combustion includes Energy Industries, Manufacturing Industries and a part of the Other
sectors (Residential and Commercial /Institutional sector). Mobile combustion includes Civil Aviation,
Road Transport, Navigation, Fishing (part of the Other sectors), Mobile Combustion in Construction
(part of Manufacturing Industries and Construction seraind International Bunkers.

3.1.2 Key Source Analysis
The key source analysis performed for 2014 has revealed, as indicatatlei.1, that in terms of
total level and/or trend uncertainty the key sources in the Energy sector are the following:

Table3.1 Key Categories for Energy 1990, 2014 and trend (excluding LULUCF).

IPCC source category Iig\égl ;g‘{il Trend

Energy (CRF sector 1)

1.A2 Fuelcombustion- Manufacturing Industries and co Vv \Y
1.A2 Fuel combustion Manufacturing Industries and CcQ Vv V
1.A3.b Road Transportation CcQ \ \% \%
1.A3.d Domestic NavigationLiquidFuels CQ \Y

1.A4 Other Sectors Liquid Fuels Co Vv \% \Y
1.B.2d Fugitive Emissions from Fuel®ther Ca \Y, Vv V
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3.1.3 Completeness
Table3.2 gives an overview of the IPCC source categories included in this chapter and presents the
status of emission estimates from all ssburces in the Energy sector.

National hventory Report, Iceland 2&

Table3.2 Energy- completeness (E:estimated, NE: not estimated, NA: not applicable).

Energy industries

- Petroleum refining NOT OCCURRING

Manufacturing Industries and Construction

|
[EErEEsREES TR TR R A A T fE T =
| | |

s TR TETE S A A e e T E T E

- cwimwamon [ £ E|E[NA[NA[MA[E E| E |E
| |

- Other Transportation NOT OCCURRING

- Commercainsttuional | £ | E| € [NA[NA|NA| E [ E| E | E
| | |
- AgrulurelForestyiFiheres | £ | E | E | NA|NA|NA| E | E| E | E

Fugitive Emissions from Fuels
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3.1.4 Source Sgrific QA/QC Procedures

The QC activities include general methods such as accuracy checks on data acquisition and
calculations and the use of approved standardised procedures for emission calculations, estimating
uncertainties, archiving information and reporting, as further elaed in the QA/QC manual. No
source specific QA/QC procedures have yet been developed for the Energy sector.

3.2 Fuel Combustion (CRF sector 1A)

3.2.1 Erergy hdustries (CREAL)

Iceland has extensively utilised renewable energy sources for electricity and heat production, thus
emissions from this sector is low. Emissions from electricity and heat production accounted for 0.15%
of the energy industry total and 0.05% of the total&Emissions in Iceland in 2014.

Activity data for the electricity and heat production are based on data provided by the NEA and
adjusted by EA, see Annex lll. The @@ission factors reflect the average carbon content of fossil
fuels. They are taken frothe 2006 IPCC Guidelines for National Greenhowsel@entories and
presented inTable3.5along with sulphur content of the fuels. Emissions of 86 calculatedrbm

the Scontent of the fuels. Emission factors for other pollutants are taken from the 2006 IPCC
Guidelines. The EF for dklbased on the one for large diesel fuel engines (4 kg/TJ). Default emission
factors (EFs) were used where EFs are missings tbhae noted that only 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. The G@mission factor for waste incineration was calculated using Tier 2 methodology
and cefault values from the 2006 Guideline. The IEF for energy industries is affected by the different
consumption of waste and fossil fuels, as waste, gasoil and residual fuel oil have different EF. In years
where more oil is used the IEF is considgrddighe than in normal years.

3.2.2 Main Activity Electricity and Heat Production (CRF 1A1a)

3.2.2.1 Electricity Generation

Electricity was produced from hydropower, geothermal energy, fuel combustion and wind power in
2014 {Table3.3) with hydropower as the main source of electricity (Orkustofnun, 2014). Emissions
from hydropower reservoirs are included in the LULUCF sector and emissions from geothermal
power plants areeported in sector 1B3. 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 plahighvihey 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. In 2014 thenere two (900kW capacity) wind turbines, both owned by
Landsvirkjun and stationed within the construction area of Burfell Power Station in the south of
Iceland.

Table3.3 Electricity production in Iceland (GWh).
1990 1995 2000 2005 2010 2013 2014

Hydropower 4,159 4,678 6,352 7,014 12,592 | 12,863 | 12,873
Geothermal 283 288 1,323 1,658 4,465 5,245 5,238
Fuel combustion 5.6 8.4 4.4 7.8 1.7 2.8 2.4
Wind power NO NO NO NO NO 5.5 8.1
Total 4,447 4,977 7,679 8,680 17,059 | 18,116 | 18,120
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Activity data for electricity production is calculated from the information on electricity production,
from the energy content of the gasoil (43.00 TJ/kt) assuming 34% efficiency. In 2014 only 0.01% of
the electricity in Iceland is produced with fuel consbion. Activity data for fuel combustion and the
resulting emissions are givenTiable3.4.

Table3.4 Fuel use (kt) ahresultin emissions (GHG total khCQ-eq.) from electricity production.

1990 1995 2000 2005 2010 2013 2014
Gas/Diesel oil (kt) 1.4 2.1 1.1 2.0 0.4 0.7 0.6
Emissionskt) 4.5 6.8 3.6 6.3 1.4 2.2 1.9

Emission Factor

The C@emission factors (EF) used reflect the average carbon content of fossil fuels. They are taken
from the revised20061PCC Guidelines for National Greenhouse Gas Inventories and the Good
Practice Guidance. They are presented@able3.5along with sulphur content of the fuels.

Table3.5 Emission factors for G&om fuel combustion and-&ntent of fuel.

CarbonEF Fraction COEF Scontent
NGRS [t C/TJ] oxidised [t COUt fuel] [%]
Gas/Diesel oil 43.00 20.20 0.98 3.18 0.2

The resulting greenhouse gas emissions from electricity produced from fuels @ég@aalent per
kWh amount to 79 g of CQper kWh.

Emissions from hydpower reservoirs amounted to 20kd of CQ-equivalents and emissions from
geothermal power plants to 18& of CQ-equivalents, in 2014. The resulting emiss of GHG per
kWh amount to 1.6y C@-equivalents/kWh fothydropower plants and to 354 CG-
equivalents/kWh for geothermal energy. The weighted average GHG emissions from electricity
production in Iceland in 2014 were thus.83/kWh.

Uncertainties

The estimate of quantitative uncertaintyas revealed that the uncertainty of €émissions from
electricity production with fuels is 7% (with an activity data uncertainty of 5% and emission factor
uncertainty of 5%), the uncertainty of Cémissions is 100% (with an activity data uncertaint$%f
and emission factor uncertainty of 100%), and fe©DNmissions it is 150% (with an activity data
uncertainty of 5% and emission factor uncertainty of 150%). This can be seen in the quantitative
uncertainty table in Annex Il

3.2.2.2 Heat Plants

Geothermal enggy was the main source of heat production in 2014. 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 baclkelugofmbustion 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 thesaske incineration plants are reported here.
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Activity data for heat production with fuel combustion and waste incineration and the resulting
emissions are given ifiable3.6. No fuel consumption for heat production was reported by the NEA
for 2010. According to Annex Il in the waste framework Directive 2008/98/EC incineration facilities
dedicated to the processing of municipal solid waste need to hlasie €énergy 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. For the years
2013 and 2014 no solid wastvas used for the production of heat.

Table3.6 Fuel use (kt) and resulting emissions (GHG totdl i8Q-eq.) from heat production.

1990 | 1995 | 2000 | 2005 | 2007 | 2008 | 2009 | 2010 | 2013 | 2014

Residual fuel oil 3.0 3.1 0.1 0.2 4.5 0.1 0.1 - 0.1 0.2
Gas/Diesel oil - - - - - - - - - -
Solid waste - 4.7 6.1 5.4 12.0 10.3 9.5 8.2 - -

Emissions (GHG) 9.2 12.3 3.8 3.1 21.3 6.0 6.7 5.5 0.4 0.6

Emission Factors

Fuel combustion used for G@mission factors (EF) reflects the average carbon content of fossil fuels.
They are taken from the revised 2006 IPCC Guidelines for National Greenhouse Gas Inventories and
the Good Practice Guidance. They are presentéichbie3.7 along with the sulphur content of the

fuels. The C&emission factor for waste incineration was calculated using Tier 2 methodology and
default values from the 2006 GL. Therefore the wast®unts incinerated are dissected into eleven
categories. The dry matter content, total, and fossil carbon fractions are calculated separately for

each waste category and then added up. In the years that have higher fractions of fossil carbon
containing wate categories such as plastics the EF is higher than in other years since the EF is related
to the total amount of waste incinerated. GBF varied between 0.44 and 0.78 t;(€r tonne waste

(cf. chapter7.4.3.

Table3.7 Emission factors for G&om fuel combustion and-&ntent of fuel.

Carbon EF Fraction CQEF
NCVITIKT i g oxidised | [tCQitfuel | Scontent(¥]
Residual fuel oil 40.4 21.10 0.99 3.13 1.8
Gas/Diesel oil 43.00 20.20 0.99 3.18 0.2
Solid waste 10.70 14.53 1 0.60* 0.17

! mean value. Annual values vary between 0.44 and 0.78/t @&ste depending offossil carbon content of waste

incinerated
Uncertainties

The estimate of quantitative uncertainty has revealed that the uncertainty efe@@ssions from

heat production with fuels is 7% (with an activity data uncertainty of 5% and emission factor
uncertanty of 5%), the uncertainty of Gldmissions is 100% (with an activity data uncertainty of 5%
and emission factor uncertainty of 100%), and feDMmissions it is 150% (with an activity data
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uncertainty of 5% and emission factor uncertainty of 150%). Cétridoe seen in the quantitative
uncertainty table in Annex II.
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3.3 Manufacturing Industries and Construction (CRF 1Ala)

Emissions from the Manufacturing Industries and Construction account for 10.68% of the Energy

a S O 2 N a 5080 dfitotat GH@figsions i Iceland in 2014. Mobile Combustion in the
Construction sector accounts for 79.5% of the total emissions from Manufacturing Industries and the
Construction sector.

3.3.1 Manufacturingndustries, Stationary Combustion

3.3.1.1 Activity Data

Information aboutthe total amount of fuel used by the manufacturing industries was obtained from
the National Energy Authority and adjusted by EA (see Annex lll). The sales statistics for the
manufacturing industry (as adjusted by EA) are given for the sector as a twed. i$ thus a given

total, which the usage in the different subcategories must sum up to. The sales statistics do not
specify the fuel consumption by the different industrial sources. This division is made by EA on basis
of the reported fuel use by all n@ industrial plants falling under Act 70/2012 (metal production,
cement) 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 aiting w
other relevant information for industrial processes. Fuel consumption in the fishmeal industry from
1990 to 2002 was estimated from production statistics, but the numbers for 2003 to 2014 are based
on data provided by the industry (application for freéowances under the EU ETS for the years 2005
to 2010, information from the Icelandic Association of Fishmeal Manufacturers for 2003, 2004, 2011
and 2012 and from EU ETS annual reporting for 2013 and 2014). The difference between the given
total for the sector and the sum of the fuel use of the reporting industrial facilities are categorized as
1A2f other nonspecified industry. Emissions are calculated by multiplying energy use with a
pollutant specific emission factof &ble3.8 and Table3.9). Emissions from fuel use in the ferroalloys
productionis reported under 1A2a, Iron and Steel.

Table3.8 Fuel use (Rtand emissions (GHG total in®&®-eq.) from stationary combustion in the manufacturing industry.

1990 1995 2000 2005 2010 2013 2014

Gas/Diesel oil 5.1 1.1 10.3 22.2 9.4 7.6 4.6
Residual fuel oil 55.9 56.2 46.2 25.0 16.5 13.8 3.8
LPG 0.5 0.4 0.9 0.9 1.0 1.3 1.2
Electrodes (residue) 0.8 0.3 1.5 - 0.4 - -
Steam Coal 18.6 8.6 13.3 9.9 3.6 - -
Petroleum coke - - - 8.1 - - -
Waste oil - 5.0 6.0 1.8 1.4 2.1 0.9
Total Emissions 241 210 228 205 97 80 40

3.3.1.2 Emission Factors

The C@emission factors (EF) used reflect the average carbon content of fossil fuels. They are, with
the exception of NCV for steam coal, which was obtained from the cement industry which uses the
coal, taken from the 2006 IPCC Guideline. They are preseniebla3.9 along with Sulphur content

of the fuels.
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Table3.9 CQ emission factors from fuel combustion anddtent offuel (IE: Included Elsewhere).

NCV CENIEIT Fraction Il Scontent
rakg | Conent | idised | LCQM [%]
[t C/TJ] fuel]

Kerosene (heating and aviation) 441 19.5 0.99 3.15 0.2
Gasoline 44.3 18.9 0.99 3.07 0.035
Gas/Diesel oil 43.0 20.2 0.99 3.18 0.2
Residual fuel oil 40.4 21.1 0.99 3.13 1.8
Petroleum coke 325 26.6 0.99 3.17 IE
LPG 47.3 17.2 0.99 2.98 0.05
Waste oil 40.2 20.0 0.99 2.95 NE
Electrodes (residue) 31.35 31.42 0.98 3.61 1.55
Steam coal 27.6 25.8 0.98 2.61 0.9

1: Sulphur emissions from use of petroleum coke occur in the cement industry. Further waste oil has mainly been used in the
cement industry. Emission estimates fop 8®the cement industry are based on measurements.

SQemissions are calculated from thecBntent of the fuels. Emission factors for&dd NO are
taken from Table 2.7 and 2.8 of the 2006 IPCC Guideline. Where EFs were not available the default EF
from Table 2.3 was usetlable3.10 gives an overview of the EFs used.

Table3.10 Emission factors Gldnd NO in the manufacturing industry.

CH [kgrm] N2O  [kgiTa)
Gasoil: cement and silicium production 1.0 0.6
Gasoil: other use 3.0 0.6
Residual fuel oil: cement and silicium production 1.0 0.6
Residual fuel oil: fishmeal production, steam boilers 3.0 0.3
Residual fuel oil: fishmeal production, heaters 1.0 0.6
Residual fuel oil: other use 3.0 0.6
Waste oil: fishmeal production 3.0 0.3
Waste oil: cement production 1.0 0.6
LPG 1.0 0.1
Petroleum coke: cement production 1.0 0.6
Petroleum coke, coal, electrodes residues: cement production 1.0 15

3.3.1.3 Uncertainties

The estimate of quantitativancertainty has revealed that the uncertainty of &nissions from
manufacturing industries and constructions is 7% (with an activity data uncertainty of 5% and
emission factor uncertainty of 5%), the uncertainty ofi €Hissions is 100% (with an activity data
uncertainty of 5% and emission factor uncertainty of 100%), andfOrd¥hissions it is 150% (with

an activity data uncertainty of 5% and emission factor uncertainty of 150%). This can be seen in the
guantitative wncertainty table in Annex Il.
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3.3.2 Manufacturing Industries, Mobile Combustion

3.3.2.1 Activity Data

Activity data for mobile combustion in the construction sector is provided by the NEA. Oil, which is
reported to fall under vehicle usage, is in some instances actually used for machinery and vice versa
as machinery sometimes tanks its fuel at a tank stat{thereby reported as road transport), as well

as it happens that fuel sold to contractors, for use on machinery, is used for road transport (but
reported under construction). This is, however, very minimal and the deviations is believed to level
each dher out. Emissions are calculated by multiplying energy use with a pollutant specific emission
factor. Activity data for fuel combustion and the resulting emissions are givEahile3.11.

Table3.11 Fuel use (kt) and resulting emissions (GHG totdl i6Q-eq.) from mobile combustion in the construction
industry.

1990 1995 2000 2005 2010 2013 2014
Gas/Diesel oll 38 47 62 68 32 27.6 40.5
Emissions 136 167 222 243 115 97 143

3.3.2.2 Emission Factors

The C@emission factors used reflect the average carbon content of fossil fuels. Emission factors for
other pollutants are taken from Table 1.49 in the revised 1996 IPCC Guidelines for National
Greenhouse Gas Inventories: Reference Manual. EF 0iIGEand NO are presented ifable3.12.

Table3.12 Emission factors for GOGCH and NO from combustion in the construction sarct

NCV Carbon EF| Fraction CQEF CHEF N2O EF
[TJ/ki] [t C/TI] oxidised [t COJ/t fuel] [t CHy/kt fuel] [t N2O/kt fuel]
Gas/Diesel Oil| 43.00 20.20 0.99 3.18 0.7 1.3

3.3.2.3 Uncertainties

The estimate of quantitativancertainty has revealed that the uncertainty of &nissions from
manufacturing industries and constructions is 7% (with an activity data uncertainty of 5% and
emission factor uncertainty of 5%), the uncertainty ofi €nissions is 100% (with an activitgta
uncertainty of 5% and emission factor uncertainty of 100%), and fOre¥hissions it is 150% (with

an activity data uncertainty of 5% and emission factor uncertainty of 150%). This can be seen in the
guantitative uncertainty table in Annex Il.

3.4 Transprt (CRF sector 1A3)

9YAAaaA2ya FNRBY C¢NIyaLRNI | 002 dzy (i $8R% &f thélfotal n @ o7z
GHG emissions in Iceland in 2014. Road Transport accounts for 92.9% of the emissions in the
transport sector.

3.4.1 Civil Aviation (CRF 1A3a)
Emissions are calculated by using Tier 1 methodology, thus multiplying energy use with a pollutant
specific emission factor.

3.4.1.1 Activity Data
Total use of jet kerosene and gasoline is based on the NEA's annual sales statistics for fossil fuels.
Activity datafor fuel combustion and the resulting emissions are givehaible3.13.

50

27



@

Table3.13 Fuel use (kt) and resulting emissqiGHG total ikt. CQ-eq.) from domestic aviation.
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1990 1995 2000 2005 2008 2009 2010 2013 2014
Jet kerosene 8.409 | 8.253 7.728 7.390 @ 7.601 6.271 6.066 @ 5.735 | 12.300
Gasoline 1681 | 1.131 | 1.102 | 0.872 | 0.731 | 0.649 | 0.648 | 0.494 | 0.500
Emissions 32 30 28 26 26 22 21 20 40

3.4.1.2 Emission Factors

The emission factors are taken from the revised 1996 IPCC Guidelines for National Greenhouse Gas
Inventories and are presented Trable3.14. Emissions of S@re calculated from-8ontent in the

fuels.

Table3.14 Emission factors for G@nd other pllutants for aviation.

NMV
NCV | CEF [t Fraction EF CO [t E‘(;)/‘ [IC(gH‘/” oc [(k:;/’ E‘(ZC/)
[TI/kt] CITJ] oxidised car] T | T [kgl]/T w1 | T
Jet 44.1 19.50 0.99 3.15 300 05 50 100 2
kerosene
Gasoline | 44.3 19.10 0.99 3.07 300 05 | 50 | 100 | 2

3.4.1.3 Uncertainties

Theestimate of quantitative uncertainty has revealed that the uncertainty of &fiissions from
domestic aviation is 7% (with an activity data uncertainty of 5% and emission factor uncertainty of
5%) and for CHemissions it is 200% (with an activity datacartainty of 5% and emission factor
uncertainty of 200%). This can be seen in the quantitative uncertainty table in Annex II.

3.4.1.4 Planned Improvements
Planned improvements involve moving emission estimates from aviation to the frett®dology
by next submision.

3.4.2 Road Transportation (CRF 1A3b)

Emissions from Road Traffic are estimated by multiplying the fuel use by type of fuel and vehicle, and
fuel and vehicle pollutant specific emission factors. Iceland has plans of setting up COPERT in order to
estimate pollution from road transportation moigccurately.

3.4.2.1 Activity Data
Total use of diesel oil and gasoline are based on the NEA's annual sales statistics for foSslieels (
3.15).

Table3.15 Fuel use (kt) and resulting emissions (GHG tottl @0Q-eq) from road transport.

1990 1995 2000 2005 2010 2013 2014
Gasoline 127.812 @ 135.601 | 142599 156.730 | 148.214 134941 @ 132.046
Diesel oil 36.567 36.862 47.463 83.478 106.433 | 117.052 | 112.746
Emissions 527 553 610 772 819 811 788

NEA estimates on how the fuel consumption is divided between different vehicles groups, i.e.
passenger cars, light duty vehicles and heavy duty vehicles are used for the period 1990 to 2005.
From 2006 to 2014 EA estimated how the fuel consumption isetivicttween the different vehicles
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groups, using information on the number of vehicles in each group and the driven mileage in each
group from the Road Traffic Directorate, using average fuel consumption based on the 1996 IPCC
Guidelines regarding averageef consumption per group. The data for 2006 to 2014 also contains
information on motorcycles. The Road Traffic Directorate does not have similar data for previous
years. Therefore the time series is not fully consistent as two different methodologiesead.

National hventory Report, Iceland 2&

The EA has estimated the amount of passenger cars by emission control technology. The proportion
of passenger cars with thregay catalysts has steadily increased since 1995 when they became
mandatory in all new cars. The assumptions are shovAigure 3.1.
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Passenger cars, uncontrolled Passenger cars, non catalyst control

Passenger cars, advanced catalyst control

Figure 3.1 Passenger cars by emission control technology.

3.4.2.2 Emission Factors

Emission factors for GACH and NO depend upon vehicle type and emission control. They are
taken from the revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories and are
presented inTable3.16.

Table3.16 Emission factors for GHG from European vehicles, g/kg fuel.

CH N20 co
Passenger cat gasoline, uncontrolled 15 0.1 3,070
Passenger cat gasoline, non catalyst control 1.1 0.4 3,070
Passenger car gasoline, three way catalyst 1.1 0.4 3,070
Light duty vehicleg gasoline 0.2 0.3 3,070
Heavy duty vehicle; gasoline 0.7 0.04 3,070
Motorcycles- gasoline 5.0 0.07 3,070
Passenger car diesel 0.2 0.2 3,190
Light duty vehicleg diesel 0.2 0.2 3,190
Heavy duty vehicle; diesel 0.2 0.2 3,190

3.4.2.3 Uncertainties

The estimate of quantitative uncertainty has revealed that the uncertainty efe@@ssions from

road vehicles is 7% (with an activity data uncertainty of 5% and emission factor uncertainty of 5%).
For NO, both activity data and emission factors are quite uncertain. The uncertaintyOof N
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emissions from road vehicles is 50% (with ativity data uncertainty of 5% and emission factor
uncertainty of 50%) and for GEmissions it is 40% (with an activity data uncertainty of 5% and
emission factor uncertainty of 40%). This can be seen in the quantitative uncertainty table in Annex
Il.
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3.4.2.4 Plaaned Improvements
It is planned to implement COPERT, a software tool used worldwide to calculate air pollutant and
greenhouse gas emissions from roadnsport, in the 2017 submission.

3.4.3 Navigation (shipping) (CRF 1A3d)
Emissions are calculated by multiplyianergy use with a pollutant specific emission factor.

3.4.3.1 Activity Data

Total use of residual fuel oil and gas/diesel oil for national navigation is based on NEA's annual sales
statistics for fossil fuels. Activity data for fuel combustion and the resulinigsions are given in
Table3.17.

Table3.17 Fuel use (kt) and resulting emissions (GHG totdl @Q-equivalentsfrom national navigation.

1990 1995 2000 2005 2010 2013 2014
Gas/Diesel oil 11.749 7.043 3.425 6.199 8.464 3.725 4.287
Residual fuel oil 7.170 4.755 0.542 0.881 2.612 1.236 2.137
Emissions 60 37 13 23 35 16 20

3.4.3.2 Emission Factors
The emission factorare taken from the revised 1996 IPCC Guidelines for National Greenhouse Gas
Inventories for oceaigjoing ships and are presentedliable3.18.

Table3.18. Emission factors for GGCH and NO for oceargoing ships.

NCV | CEF [t Fraction EFce | =F MO | NOEFREFCH | EFCH

o (kg [kg (kg (kg

[TJ/ki] C/TJ] | oxidised | [t CO/t] N:OITI] | N0/t CH/TJ] CH]
Gas/Diesel Oil 43.00 20.20 0.99 3.18 2 0.086 7 0.30
Residual fuel oil 40.4 21.10 0.99 3.13 2 0.084 7 0.28

3.4.4 Uncertainties

The estimate of quantitative uncertainty has revealed that the uncertainty efe@@ssions from
national navigation is 7% (with an activity data uncertainty of 5% and emission factor uncertainty of
5%). This can be seen in the quantitativeertainty table in Annex Il

3.4.5 International Bunker Fuels (CRF 1A3di)

Emissions are calculated multiplying energy use with pollutant specific emission factors. Activity
data is provided by the NEA, which collects data on fuel sales by sector. These data distinguish
between national and international usage. In Iceland there is one main airparttéwnational

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 with private
airplanes which depart/arrive &dm Reykjavik airport. Domestic 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
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believed to level out. Emission estimates for aviation will be moved to Tier 2 methodology by next
submissions. A better methodology for the fuel split between international and domestic aviation
will be developed in the near future as Iceland will take pathe EU ETS for aviation from 2012
onward and better data will become available. Emission factors for aviation bunkers are taken from
the IPCC. Planned improvements are using data from Eurocontrol in order for more accurate
estimates. Thiswillbe fuiNJ A y i N2 RdzOSR Ay VySEG &SI NDRa& bLw®

The reported fuel use numbers are based on fuel sales data from the retail suppliers. The retail
supplier divides their reported fuel sales between international navigation (including foreign fishing
vessels) and nationaBvigation based on identification numbers which differ between Icelandic and
foreign companies. The emission factors for marine bunkers are taken from the revised 1996 IPCC
Guidelines for National Greenhouse Gas Inventories for egeing ships and arer@sented inTable
3.18above.

3.5 Other Sectors (CRF sector 1A4)

Sector 1A4 consists of fuel use for commercial, institutional, and residential heatwmglias fuel

use in agriculture, forestry, and fishing. Since Iceland relies largely on its renewable energy sources,
fuel use for residential, commercial, and institutional heating is low. Residential heating with
electricity is subsidized and occursaireas 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. Emissions from the fishing sector are high, since the fishing fleet is large. Enfissione|

use in agriculture and forestry are included elsewhere; mainly in the Construction sector as well as in
GKS wSaARSYy(dAlf aSO02NX®» 9YAaarzya FTNRBY (GKS hidKSN
total and for9.86% of total GHG emissiomsiceland 2014. Fishing accounted for 95.7% of the Other
asSot2NRa G20t o

3.5.1 Commercial, Institutional, and Residential Fuel Combustion

The emissions from this sector are calculated by multiplying energy use with a pollutant specific
emission factor.

3.5.1.1 Actinity Data

Activity data is provided by the NEA, which collects data on fuel sales by sector. EA adjusts the data
provided by the NEA as further explained in Annex lll. Activity data for fuel combustion the
Commercial/lnstitutional sector and the resultirgnissions are given ifable3.19.

Table3.19. Fuel use (kt) and resulting emissions (GHG totetl @0Q-equivalentsfrom the commercial/institutional sector.

1990 1995 2000 2005 2010 2013 2014
Gas/Diesel oil 1.8 1.6 1.6 1.0 0.3 0.3 0.3
Waste oil 3.3 - - - - - -
LPG 0.3 0.3 0.5 0.5 0.2 0.5 0.3
Solid waste - 0.5 0.6 0.6 0.3 - -
Emissions 12.3 6.3 6.8 4.9 1.7 2.5 2.0

Activity data for fuel combustion in the Residential sector and the resulting emissions are given in
Table 3.20As can be seen in the table the use of kerosene increased substantially from 2008 to
2011. Kerosene is used in summerhouses, but also tesxent in the Commercial sector for
heating of commercial buildings. The usage has been very low over the years and therefore the
kerosene utilization has all been allocated to the Residential sector. The increase in usage in the
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years 2008 to 2011 Iselieved to be attributed to rapidly rising fuel prices for the Transport sector.

This has motivated some diesel car owners to use kerosene on their cars as the kerosene did not
have CQtax, despite the fact that it is not good for the engine. Since 28@2°Q tax also covers
kerosene and the use decreased rapidly again. In the beginning of 2014 the fuel use increased again
due to insufficient supply of electricity which forced heat plants to use oil for heating.

National hventory Report, Iceland 2&

Table3.20. Fuel use (kt) and resulting emissions (GHG totdl@®-equivalents) from the residential sector.

1990 1995 2000 2005 2010 2013 2014
Gas/Diesel oll 8.8 6.4 6.0 3.2 1.9 1.7 3.6
LPG 0.4 0.5 0.7 0.9 1.4 0.7 0.8
Kerosene 0.5 0.2 0.1 0.2 1.2 0.1 0.8
Emissions 30.6 22.1 21.8 13.6 14.3 7.7 16.3

3.5.1.2 Emission Factors

The C@emission factors (EF) used reflect the average carbon content of fossil fuels. They are taken
from the revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories and the Good
Practice Guidance. They are presentedatle3.21 along with Sulphur content of the fuels.

Emissions of SQ@re calculated from the-8ontent of the fuels. Emission factors for other pollutants

are taken from Table 1.18 and 1.19 of ttewised 1996 IPCC Guidelines for National Greenhouse Gas
Inventories: Reference Manual. Default EFs from Tables 1.7 to 1.11 in the Reference Manual were
used in cases where EFs were not availabddle3.21 gives an overview of the used EFs.

Table3.21. Emission factors for Gldnd NO in the residential, commercial and institutional sector

CHI[kg/TJ] N20 [kg/TJ]
Gasoill 0.7 0.6
LPG 1.1 NA
Kerosene 0.7 0.6
Waste oil 10.0 0.6

The C@emission factor for waste incineration was calculated using Tier 2 methodology and default
values from the 2006 GL. Therefore the waste amounts incinerated are dissected into eleven
categories. The dry matter content, total, and fossil carbon fractioasalculated separately for

each waste category and then added up. In years that have higher fractions of fossil carbon

containing waste categories such as plastics the EF is higher than in other years since the EF is related
to the total amount of wastericinerated. CQEF varied between 0.44 and 0.69 t;(€r tonne waste

(cf. chapter7.4.4). The IEF for the sector shows fluctuations over the time series. From 1993

onwards waste has been incinerated to produce heat at two locations (swimming pools, school
building). The IEFfavaste is considerably higher than for liquid fuel. Further waste oil was used in

the sector from 1990 to 1993. This combined explains the rise in IEF for the whole sector.

3.5.1.3 Uncertainties

The estimate of quantitative uncertainty has revealed that thearntainty of C@emissions from
Commercial/lnstitutional and Residential sector is 7% (with an activity data uncertainty of 5% and
emission factor uncertainty of 5%), for GHnissions it is 100% (with an activity data uncertainty of
5% and emission factamcertainty of 100%), and for.® emissions it is 150% (with an activity data
uncertainty of 5% and emission factor uncertainty of 150%). This can be seen in the quantitative
uncertainty table in Annex Il
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3.5.2 Agriculture, Forestry and Fishing (CRF 1A4c)

Emasions from fuel use in agriculture and forestry are included elsewhere, mainly within the
construction and Residential sectors; thus, emissions reported here only stem from the fishing fleet.
Emissions from fishing are calculated by multiplying energyitbea pollutant specific emission

factor.

3.5.2.1 Activity Data

Total use of residual fuel oil and gas/diesel oil for the fishing is based on the NEA's annual sales
statistics for fossil fuels. Activity data for fuel combustion in the Fishing sector and thiengs
emissions are given ifiable3.22.

Table3.22. Fuel use (kt) and resulting emissions (GHG iotel CQ-equivalents) from the fishing sector.

1990 1995 2000 2005 2010 2013 2014
Gas/Diesel olil 174.9 191.3 211.1 171.7 128.2 112.8 102.2
Residual fuel oil 32.4 53.4 16.0 26.3 41.4 38.2 37.4
Emissions 662.3 779.8 727.5 632.9 540.2 478.5 442.6

3.5.2.2 Emission Factors
The emission factors are taken from the revised 1996 IPCC Guidelines for National Greenhouse Gas
Inventories for oceaigoing ships and are presentedliable3.18 above.

3.5.2.3 Uncertainties

The estimate of quantitative uncertainty has revealed that the uncertainty efe@@ssions from

fishing is 6% (with an activity data uncertainty of 3% and emission factor uncertainty of 5%), for CH
emissons it is 100% (with an activity data uncertainty of 3% and emission factor uncertainty of
100%), and for PO emissions it is 150% (with an activity data uncertainty of 3% and emission factor
uncertainty of 150%). This can be seen in the quantitative wairgy table in Annex

3.6 CrossCutting Issues

3.6.1 Sectoral versus Reference Approach

As explained in Chapter 1, a formal agreement has been made between the EA and the National
Energy Authority (NEA) to cover the responsibilities of NEA in relation to thetary process.
According to the formal agreement the NEA is to provide an energy balance every year, but has not
yet fulfilled this provision. EA has therefore compiled data on import and export of fuels, made
comparison with sales statistics, and assuiops regarding stock change. Exact information on stock
change does not exist. This has been used to prepare the reference approach. As explained in
Chapter 1.2.2 Act 70/2012 changes the form of relations between the EA and the NEA concerning
data handling The law states that the NEA, among other institutions, is obligated to collect data
necessary for the GHG inventory and report it to the EA, further to be elaborated in regulations set
by the Minister for the Environment and Natural Resources. The neleegulation will be in place

for the next inventory cycle and will clarify the role of NEA in the inventory process, so better data
for use in the reference approach (energy balance) as well as better data for the fuel split for the
sectoral approach wibe obtained. The NEA has already started some projects to fulfil these
commitments, with the aim to have a complete energy balance within two years.

Iceland is not a member of the International Energy Agency (IEA). The NEA has provided data to IEA
on a voluntary basis. The data is provided in physical units and IEA uses its own conversion factors to
estimate energy units. Further the IEA rounds tibenbers provided by Iceland. In many cases the
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numbers are quite low so this rounding can have significant percentage difference. This explains
partially the differences with the data used for the arah submission under UNFCCC.

3.6.2 Feedstock and NeBnergyUse of Fuels

Emissions from the Use of Feedstock are according to the Good Practice Guidance accounted for in
the Industrial Processes sector in the Icelandic inventory. This includes all use of coking ceal, coke
oven coke, and electrodes, except residoéglectrodes combusted in the cement industry, which

are accounted for under the Energy sector (Manufacturing industry and constmjictio

When compiling the data on import and export of fuels an error in the data has been discovered, as
stocks of cokingoal seem to have been building up since 2007 and at the same time as less import
than use of coke has occurred. This can be explained by mistakes at the custom reports, where
certain coke (imported cargo from Alabama) has been registered as coal in$teakeo Some

mistakes seem to have occurred as well when registering steam coal and coking coal. As stated
before the NEA is working on preparing an energy balance. In that work these issues will be tackled.

Iceland uses a carbon storage factor of 1 fibminen and 0.5 for lubricants for the NeEnergy Use in
the Reference Approach, CRF Table 1(A)d.

3.7 Fugitive Emissions From Fuels (CRF sector 1B)

3.7.1 Distribution of oil products (CRF 1B2av)

CQ and CHemissions from distribution of oil products are estimatgdmultiplying the total

imported fuel with emission factors. The emission factors are taken from Table 2.16 in the 2000 IPCC
GPG; the C{EF is 2.3B6 kt per 1000 i and the CHEF is 2.585kt per 1000 nd transported by

tanker truck. Data on total imgot of fuels are taken from Statistics Iceland. Activity data and

resulting emissions are providedTable3.23.

Table3.23. Fuel use (kt) and resulting emissions from distribution of oil products.

1990 1995 2000 2005 2010 2013 2014
Gasoline 129.35 132.19 153.42 164.17 144.53 132.81 133.39
Jet Kerosene 78.70 72.28 146.55 139.37 120.36 167.11 187.67
Other Kerosene 0.03 0.02 0.00 0.01 0.00 0.12 0.01
Gas/Diesel oil 335.78 309.35 427.92 418.23 292.31 273.19 288.09
Residual Fuel Oil 105.96 151.92 64.08 62.90 93.05 108.85 90.39
LPG 1.29 1.32 1.68 2.46 2.62 3.07 2.45
Emissions 0.49 0.50 0.60 0.60 0.49 0.52 0.53

3.7.2 Geothermal Energy (CRF 1B2d)

3.7.2.1 Overview

Iceland relies heavily on geothermal energy for space heating (90%) and to a significant extent for
electricity production (30% of the total electricity production in 2014). Geothermal energy is
generally considered to have a relatively low environmental impact. Emissions afeC€dmmonly
considered to be among the negative environmental effects otlggrmal power production, even
though they have been shown to be considerably less than from fossil fuel power plants, or 19 times
(Baldvinsson, borisdattir, & Kristjansson, 20VEry small amounts of methane but considerable
guantities of Sulphur in the form of hydrogen sulphideSHare emitted from geothermal power

plants.
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3.7.2.2 Key Source Analysis
The key source analysis performed for 2014 has revealed that geothermal energy is a key source in
terms of both level and trend,saindicated inrablel.1.

3.7.2.3 Methodology

Geothermal systems can be considered as geochemical reservoirs. @étfassing of mantle
derived magma is theole source of COn these systems in Iceland. £8Inks include calcite
precipitation, C@discharge to the atmosphere and release ot @Cenveloping groundwater
systems. The G@oncentration in the geothermal steam is site and tispecific, and camary
greatly between areas and the wells within an area as well as by the time of extraction.

The total emissions estimate of €® based on direct measurements. The enthalpy and flow of each
well are measured and the GConcentration of the steam frawin determined at the wellhead
pressure. The steam fraction of the fluid and its; €@hcentration at the wellhead pressure and the
geothermal plant inlet pressure are calculated for each well. Information about the period each well
discharged in each ye& then used to calculate the annual Qischarge from each well and finally
the total CQis determined by adding up the €@ischarge from individual wells.

Emissions of Gtnd HS are also calculated in a similar way that iS@alculated, i.e. ls@d on

direct measurements. 43 has been measured for the whole time series. Methane was measured in
2010, 2011 and 2012. Older measurements exist for the years 1995 to 1997. Based on the
measurements from 1995 to 1997 and 2010 an average methaneiemisstor was calculated and

used for the years where no information has been provided. The methane emissions for those years
(1995, 1996, 1997 and 2010) range from 35.5 to 55.8 kg/GWh, with an average of 45.7 kg/GWh.

Table3.24 shows the electricity production with geothermal energy and the total, @B and
Sulphur emissions (calculated ag)50

Table3.24. Electricity production and emissions from geothermal energy in Iceland.

1990 1995 2000 | 2005 2010 2013 2014

Electricity production (GWh) 283 288 1323 1658 | 4465 | 5245 5238
Carbon dioxide emission{) 61 82 153 116 189 172 182
Methane emissionskKt CQ eq) 0.3 0.3 15 1.9 4.4 3.6 4.1
Sulphur emissions (as S®t) 13 11 26 30 58 53 47

3.7.3 Uncertainties

The estimate of quantitative uncertainty has revealed that the uncertainty efe@@ssions from
geothermal energy is 10% (with an activity data uncertainty of 10% and emission factor uncertainty
of 1%). The uncertainty of CEImissions from geothermal energy is 10% (with an activity data
uncertainty of 6% and emission factor uncertginf 8%). This can be seen in the quantitative
uncertainty table in Annex Il
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4 Industrial Proesses (CRiéctor2)
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4.1 Overview

The production of raw materials is the main source of Industrial Process related emissiGa, for
N.O and PFCs. Emissions alsour as a result of the use of HFCs as substitutes for ozone depleting
substances and $ffom electrical equipment. The Industrial Processes sector accotiotetB%of

the GHG emissions in Iceland in 2014. By 2014, emissions from the industrial pseextee were
102%above the 1990 level. This is mainly due to the expansion of energy intensive industry. The
dominant category within the Industrial Process sector is metal production, which account@2¥/tor
2T (GKS aSsO0i2 NDRgurs & Bhaws the lgcationtof/majerindustdal plants in Iceland.

¢
)
2
e

<4 7 7 - Industry
7 /\ Cement
: /\ Ferrosilicon
A\ Mineral Wool
/_\ Aluminium

Figure 4.1 Location of major industrial sites in Iceland.

4.1.1 Methodology
Greenhouse gas emissions from industrial processes are calcaletedding to methodologies
suggested by the 2006 IPCC Guidelines and the IPCC Good Practice Guidance.

4.1.2 Key Source Analysis
The key source analysis performed for 2014 has revealed the following greenhouse gas sources from
the Industrial Processes Sectorkay sources in terms of total level and/or trenthaplel.1).
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Table4.1 Key source analysis for Agriculture, 1990, 2014 and trend (excluding LULUCEF).
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IPCC source category Iig\s;gl ;g\{il Trend

2A1 | Cememproducton  lco | v | |
|

2€2  Feroalloys Producion
'2€3  AluminiumProduction

2F.1 Refrigeration and Air conditioning Aggregate

Fgases

4.1.3 Completeness

Table4.2 gives an overview of the 2006 IPCC source categories included in this chapter and presents
the status of emission estimates from all subcategories in the Industrial Process and Product Use
sector.Nkemissions have not been estimated, but are most likellgimum or not occurring.

Table4.2 Industrial ProcessesCompleteness (E: estimated, NE: not estimated, NA: not applicable, IE: included elsewhere).

Greenhouse gases Other gases

Sector | CO CH NO HFC PFC Sk NO« CO| NWMVOC SQ
_2A Minerallndusty

2A Mineral Industry

%JJ**LLL S

__2A2 | LimeProduction NOT OCCURRING

2Adac) Other Process Uses of NOT OCCURRING
Carbonates

L NANA _NA | NA |
282
|

Caprolactam, Glyoxal and
GlyoxylicAcid Production

gy | LI DEEE NOT OCCURRING
Production

B8 Pertochemlcal' and Carbor NOT OCCURRING
Black Production

Other: Silicium Production
NELNE | NA WA WA ENE NE

2C Metal Industry

2B4

NOT OCCURRING

2C2 | FerroalloysProducton | E | E | NA NA | NA/NA E | E| E | E
| E | NE| _E  NA |
2C4
|
2C6
|
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2D NorEnergy Products from Fuels ai@blvent Use
2D1 Lubricant Use

2D2 Paraffin Wax Use E NE
2D3 Solvent Use E NA
2D4 Other NE NE

2E Electronics Industry
Intergraded Circuit or
Semiconductor

2E2 TFT Flat Panel Display
2E3 Photovoltaics
2E4 Heat Transfer Fluid

2E1

NE
NA
NE

NA

NA

NA
NA
NA

E

2E5 Other
2F Product Uses as Substitutes for Ozone Depleting Substances
oF1 Refrlggrat_lon and Air NA | NA
Conditioning
Refrigeration and
et Stationary Air Conditioning NA | NA
2F2b Mobile Air Conditioning NA | NA

2F2 Foam Blowing Agents
2F3 Fire Production
2F4 Aerosols NA = NA
2F5 Solvents
2F6 Other Applications
2G Other Product Manufacture and Use
2G1 Electrical Equipment

2G1b Use of Electric Equipment| NA | NA
2G2 Sk and PFCs from Other
Product Uses
2G3 N>O from Product Use E NA
2G4 Other E NA
2H Other

2H1 Pulp and Paper Industry
Food and Beverage
Industry

2H3 Other

2H2 NE | NA

NA

NA

NA

NA
NA

NA

NA

NA
NA

NA

NOT ESTIMATED
NA | NA | NE
NA NA NA
NA | NA | NA

NOTOCCURRING

NOT OCCURRING
NOT OCCURRING
NOT OCCURRING
NOT OCCURRING

E NA | NA

NO E NA

NO E NA
NOT OCCURING
NOT OCCURING

NO E NA
NOT OCCURING
NOT OCCURING

NOT OCCURING
NE E NA
NOTESTIMATED
NA | NA | NA
NA  NA NA
NOT OCCURING
NA | NA | NA
NOT ESTIMATED

NE
NA
NA

NA

NA
NA

NA

NA

NA
NA

NA

1SQ emissions from cement production are reported under the Energy sector, based on measurements.
2 Soda Ash was used at the Silicon plant which closed down in 2004, respimgs§l@ns from soda ash use are reported under silicon

production.

NE
E
E

NA

NA
NA

NA

NA

NE
NA
NA

NA

NA
NA

NA

NA

NA
NA

NA

3 Ammonia was produced at the fertilizer production plant that closed down in 2001. Resulting emisgoasdN@are reported under

fertilizer production.

4.1.4 SourceSpecific QA/QC Procedures

The QC activities include general methods such as accuracy checks on data acquisition and

calculations and the use of approved standardised procedures for emission calculations, estimating

uncertainties, archiving information amdporting. Activity data from all major industry plants is

collected through electronic surveys, allowing immediate QC checks. QC tests involve automatic t/t
checks on certain emissions and activity data from this industry. Further information can lakifioun

the QA/QC manual.

4.2 Mineral Products (CREctor2A)
4.2.1 Cement Production (CRF 2A1)

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. EmsssicC@originate from the
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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.
Emissions are calculated accomglito the Tier 2 method of the 2006 IPCC Guideline (Equation 2.2),
based on clinker production data and data on the CaO content of the clinker. Cement Kiln Dust (CKD)
is noncalcined to fully calcined dust produced in the kiln. CKD may be partly or colgplatgcled

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.

National hventory Report, Iceland 2&

Equation 2.2

CQ Emissions = Mx Ek x Ckq
Where:

- CQ Emissions = emissions of 8f@m cement production, tonnes

- Mg=weight (mass) of clinker production, tonnes

- ER= clinker emission factor, tonnes &@nnes clinker; Ef~= 0.785 x CaO content
- Ckxa= emissions correction factor for neacyded cement kiln dust, dimensionless

4.2.1.1 Activity Data

Processspecific data on clinker production, the CaO content of the clinker and the amount ef 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 recommended by an expert at the cement plant.
This ratio is close to the average proportion for the years 2003 and 2004.

The production at the cement plant decreased slowly from 20@@04. 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 demandaéonent, 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 69% less than in 2007, due to the
collapse of the constructiosector. Late 2011 the plant ceased operation.
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Table4.3 Clinker production and G@missions from cement production from 198@11. The cement factory closed down in
2011.
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Cem_ent CIinI-<er CaO gontent EE Chi emi(slions

Year production [t] | production [t] of clinker [k(]

1990 114,100 96,985 63% 0.495 107.5% 51.6
1991 106,174 90,248 63% 0.495 107.5% 48.0
1992 99,800 84,830 63% 0.495 107.5% 45.1
1993 86,419 73,456 63% 0.495 107.5% 39.1
1994 80,856 68,728 63% 0.495 107.5% 36.5
1995 81,514 69,287 63% 0.495 107.5% 36.8
1996 90,325 76,776 63% 0.495 107.5% 40.8
1997 100,625 85,531 63% 0.495 107.5% 45.5
1998 117,684 100,031 63% 0.495 107.5% 53.2
1999 133,647 113,600 63% 0.495 107.5% 60.4
2000 142,604 121,213 63% 0.495 107.5% 64.4
2001 127,660 108,511 63% 0.495 107.5% 57.7
2002 84,684 71,981 63% 0.495 107.5% 38.3
2003 75,314 60,403 63% 0.495 107.5% 32.1
2004 104,829 93,655 63% 0.495 107.5% 49.8
2005 126,123 99,170 63% 0.495 110% 53.9
2006 147,874 112,219 63% 0.495 110% 61.0
2007 148,348 114,668 64% 0.501 110% 63.2
2008 126,070 110,240 63.9% 0.502 110% 60.8
2009 59,290 51,864 63.9% 0.502 108% 28.1
2010 33,389 18,492 63.3% 0.497 108% 9.9
2011 38,048 35,441 64.2% 0.504 110% 19.6

2012 - - - - - -

4.2.1.2 Emission Factors

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
analyss at the plant, as presented.ifhe C@emission factor for clinker (EFcl) is thus 0.495 from
19902006, 0.501 in 2007, 0.502 in 2008 and 2009, 0.497 in 2010 and 0.504 in 2011. The correction
factor for cement kiln dust (CFckd) was 107.5% for all years from 1990 to 2004, 110% from 2005
2008 and 108% in 2009 and 2010. In 2011 the CFckd correction factor was 110%.

4.2.2 Lime Production (CRF 2A2)

Limestone has been used at the Elkem Iceland Ferrosilicon plant since 1999. Emissions are calculated
based on the consumption of limestone and emission fecfm the IPCC Guidelines. The

consumption of limestone is collected from Elkem Iceland by EA through an electronic reporting

form, based on the EU ETS. The emission factor is 440 kg 00Onne limestone, assuming the

fractional purity of the limestoa is 1.
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4.2.3 Other: Mineral Wool Production (CRF 2A5)

There is one Mineral Wool Production Plant in operation in Iceland. Emissions afeCflculated
from the carbon content and the amount of shell sand and electrodes used in the production
process. Emsgons of S@are calculated from the-8ontent of electrodes and amount of electrodes
used. Emissions of CO are based on measurements performed at the plant in the year 2000 and
mineral wool production. Activity data are provided by the plant (applicdtoriree allowances
under the EU ETS for the years 2005 to 2010 and reporting under the EU ETS after that).

National hventory Report, Iceland 2&

4.3 Chemical Industry (CRF sector 2B)

4.3.1 Methanol Production (CRF 2B8a)

A methanol production facility started its operation in 2012. Tality uses C&rom ageothermal
power plant as a source of carbon. Emissions off@ this facility are, for now, allocated to the
geothermal power planand reported in the Energy Sector (CRF subcategory 1B2dye
improvements involve an estimation of emissédinom the methanol production facility and
consequently the reduced emissions from the upstream geothermal power plant.

4.3.2 Other CRRB10)

The only chemical industries that have existed in Iceland involve the production of silicium and
fertilizer. The ferlizer production plant was closed in 2001 and the silicium production plant was
closed in 2004.

At the silicium production plant, sludge containing silicium was burned to remove organic material.
Emissions of G@nd NQwere estimated on the basis oféhGcontent and Ncontent of the sludge.
Emissions also occur from the use of soda ash in the production process and those emissions are
reported here. The uncertainty of the €stimate is 3%, see Annex Il.

When the fertilizer production plant was opeiamal it reported its emissions of N@nd NO to the
EA. The uncertainty of thexN estimate is 50%, see Annex Il.

4.4 Metal Production (CRIY)

4.4.1 Ferroalloysroduction CRR2C2)

Ferrosilicon (FeSi, 75% Si) is produced at one plant, Elkem Icel@aruhdiartangi. The raw material
used is quartz (SHP In the production raw ore, carbon material and slag forming materials are mixed
and heated to high temperatures for reduction and smelting. Reaédyse carbon free iron pellets

for the production aremported, so no additional emissions occur from the iron part of the FeSi
production. The carbon materials used are coal, coke, and wood. Electric (submerged) arc furnaces
with consumable Soederberg electrodes are used. The furnaces aregeened.

Emisgons of CQoriginate from the use of coal and coke as reducing agents, as well as from the
consumption of electrodes. Emissions are calculated according to the Tier 3 method from the 2006
IPCC Guidelines, based on the consumption of reducing agentseatibdés and plant specific

carbon content. The amount of carbon in the ferrosilicon produced and coarse and fine microsilica is
subtracted. The carbon content of electrodes and reducing agents is calculated by using equation
4.19 of the 2006 IPCC Guidelnbased on measurements at the plant.
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The IEF fluctuates over the time series depending on the consumption of different reducing agents
and electrodes (3.18 3.6 t CQ't FeSi). C@emissions resulting from the use of wood and charcoal
are calculated bunot included in national totals. Non @@®missions from the use of wood and
charcoal are included in national totals.

Limestone has been used at the Elkem Iceland Ferrosilicon plant since 1999. Emissions are calculated
based on the consumption of limeste and emission factors from the IPCC GuideliBasssions
from limestone use is reported under Lime Production (CRF sector 2A2)

4.4.1.1 Activity Data

The consumption of reducing agents and electrodes are collected from Elkem Iceland by EA through
an electroniaeporting formbased on the EU ETActivity data for raw materials, products and the
resulting emissions are givenTiable4.4.

Table4.4 Raw materials (kt), production (kt) and resulting emissi@h€Q-eq) from Elkem Iceland.

1990 1995 2000 2005 2010 2013 2014
Electrodes 3.8 3.9 6.0 6.0 4.79 5.1 4.3
Coking coal 45.1 52.4 88.0 86.9 96.1 111.0 103
Coke oven coke 24.9 30.1 35.8 42.6 30.3 33.7 29.5
Char coal - - - 2.1 - - -
Waste wood 16.7 7.7 16.2 15.6 11.3 26.4 25.7
Limestone - - 0.5 1.6 0.5 2.3 2.1
Production (FeSi) 62.8 71.4 108.4 111.0 102.2 119.6 107.8
Coarse Microsilica 0.9 1.0 1.4 1.6 1.1 1.4 1.4
FineMicrosilica 13.2 15.0 21.4 24.3 17.0 23.7 21.0
Emissions 207.4 2424 373.5 373.6 367.6 402.5 364.9

4.4.1.2 Emission Factors

Plant and year specific emission factors fop &® based on the carbon content of the reducing agents, electrodes, the
FSNNRAATAO2Y YR YAONRAATAOFI® ¢KAA AYyF2NNIGAZ2Y sl a G 1Sy
the years 2005 to 2010. Upon request by the EA, Elkem pdbthds information for thgears 2000 to 2004 and 2011. In

2013and 2014 the information came from the electronic reports submitted under the EU ETS and Green Ac@arhting
content of coking coal, coke and charcoal are based on routine measurerfeatshdot at the 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. The carbon content of the electrodes is measured by the producer of the electrdues cGatent of wood is taken

from a Norwegian report (SINTEF. Data og informasjon agiskk og virke, Report OR 54)8&arbon content of products
(ferrosilicon, coarse and fine microsilica) is based on measurements at the plant. The catbohispresented in

Table4.5. The emission factor for the major source streams coal and coke are plant and year specific.
The implied emission factor differs from year &ay based on different carbon content of inputs and
outputs as well as different composition of the reducing agents used, from 3.13 toruyeeCtonne

Ferrosilicon in 1998, to 3.86nne CQ per tonne Ferrosilicon in 2005

Emission factors for CH4, N@rd NMVOC are taken from Tables 1.7, 1.9, and 1.11 in the IPCC
Guidelines Reference Manual. Values for NCV are from the Good Practice Guidance. Emissjons of SO
are calculated from the sulphur content of the reducing agents and electrodes. The emission fac

for CO comes from Table 2.16 in the Reference Manual of the 1996 IPCC Guitlebsessmission

factors will be updated in the 2017 submission, in accordance with the 2006 IPCC Guidelines.
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Table4.5 Carbon content of raw material and products at Elkem Iceland.

1990 1995 2000 2005 2010 2013 2014
Electrodes 94% 94% 94% 94% 94% 94% 95%
Coking coal 74.8% 74.8% | 79.0% | 75.5% | 74.6% 72.6% 72.%%

78.8% 78.8% 76.6% 73.8% 80.9% 74.6% 73.6%
= = 80.9% | 84.3% = -

Coke oven coke

Char coal -
Waste wood 48.7% 48.7%  48.7% @ 48.7% 48.7% 50.0% 50.0%
Production (FeSi) 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1%
Coarse Microsilica 18% 18% 18% 18% 18% 18% 18%

Fine Microsilica 1.2% 1.2% 1.2% 1.2% 1.2% 1.2% 1.2%

4.4.1.3 Uncertainties
The estimate of quantitative uncertainty has revealed that the uncertainty efe@@ssions from

ferroalloys production is 1.8% (with an activity data uncertainty of 1.5% and emission factor
uncertainty of 1%). It is estimated that the uncertainty of tDig emission factor is 100%. In
combination with above mentioned activity data uncertainty this leads to a combined uncertainty of
100%. This can be seen in the quantitative uncertainty table in Annex Il

4.4.1.4 Source specific QA/QC procedures
Activity data is allected through electronic reporting form, allowing immediate QC checks. QC tests

involve automatic t/t checks on certain emissions and activity data from this industry. Further
information can be found in the QA/QC manual.

4.4.2 Auminium Poduction(CRR2C3)
Aluminium is produced in 3 smelters in Iceland, Rio Tinto Alcan at Straumsvik, Century Aluminium at

Grundartangi and Alcoa Fjardaal at Reydarfjordur (See location of major industrial sites in Iceland in
Figure 4.1)They all use the Centre Worked Prebakedhnology. Primary aluminium production

results in emissions of G@nd PFCs. The emissions of G@jinate from the consumption of

electrodes during the electrolysis process. Emissions are calculated according to the Tier 3 method
from the 2006 IPCC @ielines, based on the quantity of electrodes used in the process and the plant
and year specific carbon content of the electrodes.

PFCs are produced during anode effects (AE) in the prebake cells, when the voltage of the cells
increases from the normal-4 V to 25 40 V. Emissions of PFCs are dependent on the number of
anode effects and their intensity and duration. Anode effect characteristics vary from plant to plant.

The PFCs emissions are calculated according to the Tier 2 Slope Method, usirgnejdétfrom
the 2006 IPCC Guideline. Default coefficients are taken from table 4.16 in the 2006 IPCC Guideline for

Centre Worked Prebaked Technology.
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EQUATION 4.26

Ecrs= Sra- AEM - MP
and

Ecore= Erar Feoreicra
Where:

Ecr= emissions of Grom aluminium production, kg GF
- Ecore emissions of & from aluminium production, kg6
- Sr+ slope coefficient for GH kg CFtonne Al)/(AEMins/cellday)
- AEM = anode effects per delhy, AEMins/cellday
- MP = metal production, tonnes Al
- Fcoreice# Weight fraction of &/ Ch, kg GR/kg Ck

4.4.2.1 Activity Data
The EA collects annual process specific data from the aluminium plants, through electronic reporting
forms in according to the EU ETS. Activity data and the resulting emissionsfoamdé Table4.6.

Table4.6 Aluminium production, G@nd PFC emissions, |IEF fop &@ PFC 1992014.

Aluminium CQemissions | PFC emission&{
production [Kkt] [kt] CGO-eq]

PFC [t Coeqlt

Year Al

CO[t/t All

19 87839 1892 4946 158 563
-m
-ﬂ-

-ﬁ_
2014 | 839975 | 12795 990 152 | 012
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4.4.2.2 Emission Factors

Emissiorfactors for CQare based on the plant and year specific carbon content of the electrodes.
CKA& AYF2NNIGAZ2Y gl A& GF1SYy FTNRBY GKS | dzYAyAdzy
ETS for the years 2005 to 2010. Upon request by the EA, the aluminium plamsaisied

information on carbon content of the electrodes for all other years in which the corresponding
aluminium plant was operating in the time period 1990 to 2012. In 2013 and 2014 the information
comes from submitted data from the operators under thel ETS. The weighted average carbon

content of the electrodes ranges from 98.0% to 98.8%.
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The default slope and weight fraction coefficients for the calculation of PFC emissions come from the
2006 IPCC Guideline for Centre Worked Prebaked Technolod$ (0riCEkand 0.121 for €-6/Ck).

For high performing facilities that emit very small amounts of PFCs, the Tier 3 method will probably
not provide a significant improvement in the overall facility GHG inventory in comparison with the
Tier 2 Method. Conspiently, it is good practice to identify these facilities prior to selecting methods

in the interest of prioritising resources. The status of a facility as a high performing facility should be
assessed annually because economic factors, such as the sestg@noduction lines after a period of
inactivity or process factors, such as periods of power curtailments might cause temporary increases
in anode effect frequency. In addition, over time, facilities that might not at first meet the
requirements for hig performers may become high performing facilities through implementation of
new technology or improved work practices.

4.4.2.3 Uncertainties

The estimate of quantitative uncertainty has revealed that the uncertainty efe@@ssions from
aluminium production i4.8% (with an activity data uncertainty of 1% and an emission factor
uncertainty of 1.5%). This can be seen in the quantitative uncertainty table in Annex II.

The emission factors for calculating PFC emissions have more uncertainty. The preliminangestimat
of quantitative uncertainty has revealed that the uncertainty of PFC emissions from aluminium
production is 6% for Gnd 11% for .

4.4.2.4 Source specific QA/QC procedures

Activity data is collected through electronic reporting forms, allowing immediateH@€ks. QC tests
involve automatic t/t checks on certain emissions and activity data from this industry. Further
information can be found in the QA/QC manual.

4.5 NonEnergy Products from Fuels and Solvent Use (CRF 2D)

4.5.1 Lubricant Use (CRF 2D1)

Lubricants arenostly used in industrial and transportation applications. Lubricants are produced
either at refineries through separation from crude oil or at petrochemical facilities. They can be
subdivided into (a) motor oils and industrial oils, and (b) greaseshvdifier in terms of physical
characteristics (e.g., viscosity), commercial applications, and environment@flR&€, 2006)

Preliminary estimations of theemainingCQ emissions from lubricant use for namergy use in

2014 are 1.2 kt C&which is below 0.9% of total emissions in 201%hese emissions are omitted for
the current submission and future improvements involve, in addition to a better estimate of the
emissions, a review of activity data related to this catggor
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4.5.2 Paraffin Wax Use (CRF 2D2)

45.2.1 Overview

Paraffin waxes are used in applications such as: candles, corrugated boxes, paper coating, board
sizing, food production, wax polishes, surfactants (as used in detergents) and many others. Emissions
from the use dwaxes derive primarily when the waxes or derivatives of paraffins are combusted
during use (e.g., candles), and when they are incinerated with or without heat recovery or in
wastewater treatment (for surfactants). In the cases of incineration and wasesw@atment the

emissions should be reported in the Energy or Waste Sectors, respe¢iREly, 2006)

National hventory Report, Iceland 2&

The emissions from Paraffin Wax Use were estimated to be 0.31,kh@@90 and 0.25 kt G
2014.Activity data for this category is limited and improvements are discussed séc&dh5

4.5.2.2 Methodology
CQ Emissions from paraffin wax use are calculated using&ou 5.4 (Tier 1) in the IPCC 2006
guidelineg(IPCC, 2006)

EQUATION 5.4
CQ Emissions = (PW - @&+ ODWax- 44/12)/1000
Where:

- CQemissions = emissions of &fm paraffin waxes, kt CO

- PW = Total paraffin waconsumption, TJ

- CGuax= Carbon content of paraffin wax, tonne C/TJ

- ODUWwxI ah EARAT SfctoRfozNdkaffiiwaxzirabtion
- 44/12 = mass ratio of G

- /1000 = conversion from tonnes to kilotonnes.

For calculating theatal paraffin wax consumptim PW, in energy units, the activity data given in
tons are muliplied by theNet Calorific Wlue of 402 TJkt given intable 1.2 in the IPCC 2006
guidelines The default Cgaxfactor of 20.0 kg C/GJ (on a Lowdgating Value basis) and the default
ODUyaxfactor of 0.2(Tier 1)given in the IPCC 2006 guidelines is appli®e. proportion of paraffin
candles used igssumed to b&6%, taken from the Norwegian Inventory Report for 26%5he
activity data does not distinguish between paraffin candles ame st

4.5.2.3 Activity data

Activity data for the imports and exports of candles exist from 2004 apdldkshed by Statistics
Iceland(Statistics Iceland, 20155or 1992003, the 2004 values are used. Activity data for the
production of candles is missingported and exported paraffin (less than 0.75% oil) is also
published by Statistics Iceland from 2004. For 12003 the 2004 values are used. Activity data for
paraffin production is missingut is considered insignificant based on expert judgement.

45.2.4 Emissions
The emissions from Paraffin Waxelsereestimated to be 0.31 kt Gn 1990 and 0.25 kt G@h
2014.
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4.5.2.5 Planned improvements
Betteractivity datafor all sources of paraffin wax use irlend. Activity datahould furthermore
distinguish between paraffinandlesand other types of candles.

4.5.3 Solvent use (CRF 2D3)

45.3.1 Overview

Thissectiondescribes nomamethane volatile organic compounds (NMVOC) emissions from solvents
use. NMVOC are not cddsred direct greenhouse gases but once they are emitted, they will oxidize
to CQ in the atmosphere over a period of time. They are therefore considered as indirect

greenhouse gases. NMVOCs also act as precursors to the formation of ozone. When volatile
chemicals are exposed to air, emissions are produced through evaporation of the chemicals. The use
of solvents and other organic compounds in industrial processes and households is an important
source of NMVOC emissions.

In 1990 emissions Solvent Use wa&34kt CQ equivalents. Emissions increased by 5.4 %wbeh
1990 and 2014 and were@6kt CQ equivalents in 2014 accounting for roughly 0.1% of the total
greenhouse gas emissions of Iceland in 2014.

4.5.3.2 Methodology

NMVOC emissions are estimated according to the EMEP/EEA air pollutant emission inventory
guidebook(EMAP/EEA, 201®) ¢ KS &2 dzZNOS O 4S32Ne daz2ft @Sy G dza S
accordance with the EMEP guidebook clas#ifio, as the nature of this source requires somewhat

different approaches to calculate emissions than other emissions categories

4.5.3.3 Key source analysis
The key source analysis performed for 2014 has revealed that the secteEmNmgy Products from
Fuels ad Solvent Use is neither a key source category in level nor in trend.

4.5.3.4 Source specific QA/QC procedures

The QC activities include general methods such as accuracy checks on data acquisition and
calculations as well as the use of approved standardised puesdor emission calculations,
estimating uncertainties, archiving information and reporting. Further information can be found in
the QA/QC manual.

4.5.3.5 Road Paving with Asphalt (CRF 2D3b)

Asphalt road surfaces are composed of compacted aggregate and asjpiult. Gases are emitted
from the asphalt plant itself, the road surfacing operations and subsequently from the road surface.
Information on the amount of asphalt produced comes from Statistics Iceland. The emission factors
for NMVVOQ0.016 kg/t asphaltare taken fromTable 3.1, in chapter 2D3b the EMEP/EEA assion
inventory guidebooKEMAP/EEA, 2013missions of SCNQ and CO are expected to originate

mainly from combustion and are therefore not estimated here buwtoamted for under sector 1A2f.

4.5.3.6 Paint applicants (2D3d)

The EMEP/EEA guidebo®@MAP/EEA, 2018)ovides emission factors based on amounts of paint
applied. Data exists on imported paint since 19Statistics Iceland, 201&hd on domestic
production of paint since 1998celandic Recycling Fund, 2018he Tier 1 emission factor refers to
all paints applied, e.g. waterborne, powder, high solid and solvent basatsp@he existing activity
data on production and imported paints, however, makes it possible to narrow the activity data
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down to conventional solvent based paints. Subsequently, Tier 2 emission factors for conventional
solvent based paints could be amuli The activity data does not permit a distinction between
decorative coating application for construction of buildings and domestic use of paints. Their NMVOC
emission factors, however, are identical: 230 g/kg paint applied. It is assumed that aihgzamted

and produced domestically is applied domestically during the same year. Therefore the total amount
of solvent based paint is multiplied with the emission factor. For the time before 1998 no data exists
about the amount of solvent based paint praskd domestically. Therefore the domestically

produced paint amount of 1998, which happens to be the highest of the time period for which data
exists, is used for the period from 199097. The amounts of solvent based paint produced
domestically and impo#&d are showrfigure 4.2.
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Figure 4.2 Amounts of imported solvent based paints and produced domestically2(290

4.5.3.7 Degreasing and dry cleaning (2D3e, 2D3f)

The EMEP/EEA guidebd@MAP/EEA, 201B)ovides a Tier 1 emission factor for degreasing based

on amounts of cleaning products used. Data on the amount of cleaning products imported is
provided by Statistics Iceland. Activity data consisted of the chemicals listed by the EMEP/EEA
guidebook(EMAP/EEA, 2018&)ethylene chloride (MC), tetrachloroethylene (PER), trichloroethylene
(TRI) and xylenes (XYL). In loetJahough, PER is mainly used for dry cleaning (expert judgement). In
order to estimate emissions from degreasing more correctly without underestimating them, only half
of the imported PER was allocated to degreasing. Emissions from dry cleaning astegktirthout

using data on solvents used (see below). The use of PER in dry cleaning, though, is implicitly
contained in the method. In Iceland, Xylenes are mainly used in paint production (expert judgement).
In order to estimate emissions from degreasingre correctly without underestimating them, only

half of the imported xylenes were allocated to degreasing. Emissions from paint production are
estimated without using data on solvents used but xylene use is implicitly contained in the method.
In additionto the solvents mentioned above, 1,}ichloroethane (TCA), now banned by the

Montreal Protocol, is added for the time period during which it was imported and used. Another
category included is paint and varnish removers. The amount of imported sofeenisgreasing

was multiplied with the NMVOC Tier 1 emission factor for degreasing: 460 g/kg cleaning product.
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Emissions from dry cleaning were calculated using the Tier 2 emission factor fociopgéh

machines provided by the EMEP/EEA guidebook.ifctiata for calculation of NMVOC emissions is
the amount of textile treated annually, which is assumed to be 0.3 kg/KERAP/EEA, 201ahd
calculated using demographic data. The NMVOC emission factor foroingeit machirms is 177g/kg
textile treated. Since all dry cleaning machines used in Iceland are conventionalcias#PER
machines, the emission factor was reduced using the respective EMEP/EEA guideasKEEA,
2013)reduction defult value of 0.89. NMVOC emissions from dry cleaning were calculated thus:
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EnmvocO GO T LI2LIzA | GA2Y 60B% w ndo w
Where:

- Enmvoc(t) = emissions of NMVOC in year t, kg

- Population (t) = population in year t

- 0.3 = amount of textilegeated inhabitant/year, kg

- 177 = g NMVOC emissions/kg textile treated

- 0.89 = abatement efficiency of closed circuit PER machines

4.5.3.8 Chemical products, manufacturing and processing (2D3g)

The only activity identified for the subcategory chemical produntufacture and processing is
manufacture of paints. NMVOC emissions from the manufacture of paints were calculated using the
EMEP/EEA guidebo¢EMAP/EEA, 201Br 2 emission factor of 11 g/kg product. The activity data
conssts of the amount of paint produced domestically.

4.5.3.9 Other use of solvent and related activates (2D3a, 2D3h, 2D3i)

NMVOC emissions for printing were calculated using the EMEP/EEA guidEM®R/EEA, 2013)
Tier 1 emission factasf 500g/kg ink used. Import data on ink was received from Statistics Iceland
(Statistics Iceland, 2015)

NMVOC emissions from other domestic use were calculated using the EMEP/EEA guidebook
(EMAREEA, 2013¢mission factor of 2.7 kg/inhabitant/year.

Emissions from wood preservation were calculated using the EMEP/EEA guiENOSYR/EEA,
2013)Tier 2 emission factors for creosote preservative type (105 g/kg creosote) and organic solvent
borne preservative (945 g/kg preservative). Import data on both wood preservatives was received
from Statistics Icelan(Statistcs Iceland, 2015)

4.5.3.10 Emissions

Figure 4.3hows NMVOC emissions from the sector from 12004. NMVOC emissions were around
1.4kt from 1990 to 1995Between 1996 and 20G&Mmissions oscillated between 1.5 and kt8The
decrease bemissions duringhe lastyears is mainly due to decreasing emissions from paint
application, printing and organic wood preservatives.
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W Other use of solvent and related activites (2D3a, 2D3h, 2D3i)
® Chemical products, manufacture and processing (2D3g)

m Degreasing and dry cleaning (2D3e, 2D3f)

W Paint application (2D3d)

Figure 4.3 NMVOC emissions from solvent and other product kt#ge@r) from1990-2014.

NMVOC emissions will oxidize to®the atmosphere over a period of time. This conversion has
been estimagd with the following equation:

Enmvoc(t Emissions from NMVOCs in &€quivalents
CQSljdzA @1 €t Sy a dw maywmud Ha#+I/Lddz I GA 2989 (0
Where:

- 0.85 = Carbon content fraction of NMVOC
- NMVOG= Total NMVOC emissions in the year t
- 44/12 = Conversion factor

4.5.3.11 Uncertainties

Uncertainty estimates for emissions from Solvent use wewgsed in response to a remark by the

ERT during the review of Iceland’s 2013 submission. NMVOC emissions along with respective
uncertainty estimates were calculated for nine subcategories. Subsector AD and EF uncertainties
were combined by multiplicationsing equation 3.1 (page 3.28) of the 2006 IPCC Guideline. The
main source for EF uncertainties were uncertainties and value ranges given in the EMEP GB. The
combined subsector uncertainties were then combined into one value due to the relative
insignifiance of C@emissions from this sector. Combination of uncertainties was achieved by using
equation 3.2 (page 6.28) using 2013 emissions as uncertain quantities. Combined AD uncertainty for
the sector was 59%, combined EF uncertainty 170%. This result8@%h total uncertainty for CO2
emission from the sectoilable4.7 shows the uncertainties for the subsectors and the respective
references.
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Table4.7. Subsector AD and EF uncertainties forédssions from solvent use
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Subsector AD uncertainty EF uncertainty
Paint application 100 57°
Degreasing 200° 96°
Dry cleaning 1000° 105
Chemical products 207 500
Printing 5¢° 320
Other domestic use 52 200
Other product use: wood preservation, creosote 1007 36°
Other product use: wood preservation, organic solvent borne b
preservative 100° 44
Other product use: tobacco 507 108

a = expert judgement; § EMEP GRB= reported in 2G

4.6 Product Uses as Substitutes for Ozone Depleting Substances (CRF sector 2F)

4.6.1 Overview

Ly LOSfFYR | @RNRTfdz2NROFINb2ya 61 C/ a0 FNB dzaSR
ozone depleting substances like the chlorofluorocarbon (CAR)dRd the hydrochlorofluorocarbons
(HCFCs)-B2 and R502, which are being phased out by th®ntreal Protocol.

HFCs were first imported to Iceland in 1993. The use of fluorinated gases were regulated in 1998 with
the implementation of regulation 230/1998 latezpealed with  regulation no. 834/2010.

Regulation 834/2010ans production, import athsale of HFCs (and CFCs) or products containing

HFCs with the exception of HFCs usewirigerants air conditioning equipment and in metered

dose inhalers (MDIs). This diction thus implies a ban of HFC use as foam blowing agent and HFC
contained in had cell foams imported (2F2), its usefire protection (2F3), as aerosols (2F4) with the
exception of metered dose inhalers and as solvents (2F5). The bapredottion, import and sale of

HFCs reached to the year 2013 and have not bearstablished.

The use of HFCs in the refrigeration and air conditioning sector (2F1) spans the following
applications:

- domestic refrigeration,

- commercial refrigeration,

- transport refrigeration,

- industrial refrigeration,

- Residential and Commercial AC, including heat s
- mobile air conditioning (MAC).

HFCs are also used in metered dose inhalers (2F4). The structure of the source category consumption
of product uses as substitutes for ozone depleting substances is shovablied.8. Use of HFCs in
other subsource categories is not occurring.
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Table4.8 Source category structure of product uses as substitutes for ozone depleting substances.

GHG source

GHG suksource category Further specification
category
Domestic Refrigeration
: Combination of standlone
Commercial .
: . and medium & large
Refrigeration . . .
commercial refrigeration
Refrigeration and = Transport Refrigeration Eizﬁ]icirsvessels
Stationary Air .g : -
2F1_ _ Condition(2F1a) _ _ _ Food_ industries such as fish
Refrigeration and Industrial Refrigeration farming, meatprocessing, and
Air Conditioning vegetable production
Residential and
Commercial AC,
including heat pumps
2F1b _I;zs:s;ger cars
Mobile Air Conditioning (MAC) (2F1b
9( ) ( ) Coaches
2F4 Metered Dose Inhalers (MDI)
Aerosols

The commercial fishing industry is one of Iceland’s most important industry sectors, yielding total
annual catches between one and two million tonnes since 1990. Directly after catch and processing,
fish is either coled or frozen and shipped to the market. A substantial part of the Icelandic fleet
replaced refrigeration systems that used CFCs and HCFCs as refrigerants with systems that use
ammonia. Some ships, especially smaller ones, retrofitted their systems with ¢ife to the fact

that the additional space requirements of ammonia based systems exceeded available space. The
phase of retrofitting and replacing refrigerant systems in the fishing industry is stibimg. A ban of
importing new R22, became effectizzin 2010 and the impending ban on importing recovere2lPR

leads to a price increase forA2 and adds urgency to the process.

Refrigeration systems eboard ships are fundamentally different from systems on land regarding
their susceptibility to leakagd.herefore they are allocated to transport refrigeration, as are
refrigerated containers (reefers). Industrial refrigeration, on the other hand, comprises refrigeration
systems used in food industries such as fish farming, meat processing, and vegeddhigipn.

The most commonly used HFCs are HiF&; HFE34a, and HRC43a. They are imported in bulk and
in equipment such as domestic refrigerators, vehicle air conditionings, reefers and MDIs. All other
HFCs are imported in bulk only.

In this chapter tle American Society of Heating, Refrigerating aneCAinditioning Engineers

(ASHRAE) Standard 34 is used to label HCFCs and HFCs (ASHRAE, 2007). It consists of the letter R and
additional numbers and letters. HFC notations are used later on when-thengs have been

disaggregated by calculations into the HFCs contained in them.
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4.6.2 Refrigeration and Air Conditioning (CRF 2F1)

National hventory Report, Iceland 2&

4.6.2.1 Methodology

Emissions for the refrigeration and air conditioning sector are estimated using the 2006 IPCC
Guideline Tier 2aEmissioAactor approach. For some sectors, however, the approach had to be
modified since no information on the amount of units and theirrage charge could be collected.
Instead the bulk import of HFCs was allocated to-soiirce categories based on expert judgement.
This will be explained in more detail in the chapter on activity data.

4.6.2.2 Source specific QA/QC procedures

The spread sheets ergyed in the calculation of HFC emissions from refrigeration and air

conditioning equipment were designed thus that they included error diagnoses and control
mechanisms. An example for such a control mechanism is the comparison between the HFC amounts
imported for a certain refrigeration subource until 2013 and the sum of all ssurce emissions

until 2013 and the amount allocated to the saburces 2014 stock. This difference had to be zero.

4.6.2.3 Activity data

All HFCs used in Iceland are imported, the migj@f which in bulk. The amounts imported are
recorded by Customs Iceland whence it is reported to the EA. Since 1995 importers also have to
apply at the EA for permits to import HFCsL3RA and RIO4A are also imported in equipment such
as reefers, velale ACs and domestic refrigerators.

The bulk import of refrigerants is subdivided thusly into the following applications:

- AllR407C and R10A amounts are allocated to Residential and Commercial AC, including heat
pumps.

- Since reefers are refilled, thereunt of R134A and RI04A leaking from reefers is replaced
by corresponding amounts of imported134A and RI04A.

- 65% of the import of each remaining refrigerarall refrigerants with the exceptions of R
407C, RI10A and fractions of-R34A and RI0O4A- are allocated to fishing vessels (transport
refrigeration)

- 20% of all remaining refrigerants are allocated to industrial refrigeration

- 15% of all remaining refrigerants are allocated to commercial refrigeration

This division is based on two sourcesnidimation: A) sales data supplied by the main importers of
refrigerants as well as B) a poll of the majority of companies designing, installing and servicing a
broad range of refrigeration systems. Neverthel¢he EAisaware that this method simplifiethe

sector.Figure 4.4 shows the quantity of HFCs introduced to Iceland in bulk between 1993 add 201
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Figure 4.4 Quantity of HFCs imported in bulk to Iceland between 1993 andl 201
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Information on the amount of reefers in stock along with information on the sort of refrigerants
contained in them was obtained from major stakeholders. During the 19905iR reeferavas
replaced by R.34A. Today reefers contain eitherlR4A or RI04A. The average refrigerant charge
per reefer is 5 kg refrigerant. Due to the limited amount of stakeholders involved in the sector,
further information is confidential.

Information on reggtered vehicles was obtained from the Road Traffic Directorate. This data
consisted of annual information dating back to 1995 on the number of registered vehicles subdivided
by vehicle classes and their first registration year. Vehicle classes wereagdrbgsed on

estimated refrigerant charges:

- EUclasses M1, M2, and N1: GPG default of 0.8 kg for passenger cars
- EU classes N2 and N3 (trucks): GPG default of 1.2 kg for trucks
- EU class M3 (coaches): country specific value of 10 kg (expert judgement)

CKS AYT2NXIGA2Y 2y OSKAOf SaQ FANBIOG NBIAAGNI A2y
equipped with (RL34A containing) MACs. Based on a study by the EU (Schwarz et al., 2011) it is
assumed that 80% of all vehicles manufactured today (i.ee 20¢0) contain MACs. This value was

reduced linearly to 5% in 1995, the first year in which the automobile industry ud&dRin new

vehicles.

Based on expert judgement it is assumed that all domestic refrigerators imported to Iceland from the
US sincd 993 contain RL34A as refrigerant whereas refrigerators from elsewhere containkib@
refrigerants. The average charge per refrigerator is estimated at 0.25 kg. This estimation is in line
with the range given by the 2006 IPCC GL-0.6%g (Table 7.9 age 7.52).

4.6.2.4 Emission factors
Total emissions from refrigeration and air conditioning equipment are calculated using equation 7.4
from the 2006 IPCC Guideline (p. 7.17).
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EQUATION 7.4

Total Emissions = Assembly/Manufacture Emissions + Operation EmissiDigp#sal Emissions

Assembly or Manufacture emissions include the emissions associated with product manufacturing or
when new equipment is filled with chemical for the first time.

Operation emissions include annual leakage or diffusion from equipnteck 1 use as well as
servicing emissions.

Disposal emissions occur when the product or equipment reaches itefelifd and is
decommissioned and disposed of.

Assembly or manufacture emissions are calculated by multiplying the amount of HFC and PFC
charged into new equipment with an emission factor k that represents the percentage of initial
charge that is released during assembly of the e.g. refrigerationray@&equation 7.12 in the 2006
IPCC Guideline). Ssburce values used as k are presentedable4.9.

Operation emissions are calculated by multiptythe amount of HFC and PFC in stock with an annual
leak rate x (equation 7.13 in the 2006 IPCC Guideline)s@utge values used for x are shown in
Table4.9.

Thecalculation of disposal emissions requires information on the average lifetime n of equipment

see equation 7.14The average lifetime is not only necessary to allocate disposal emissions to an
appropriate year but also to estimate the charge remaininggnipment (y) by continually

discounting the original charge with n years. If refrigerants are recovered during disposal, the
disposal emissions have to be reduced with a recovery efficiency factor z. This factor will be zero if no
refrigerant recycling tkes place. Recovery efficierfagtors used are also shownTiable4.9

(Sources for the majority of values are taken for the 2006 IPCC Guideline, Tables 7.9 ggapes 7.5

The equation for disposal emissions is shown below:

EQUATION 7.14

Disposal Emissions = (HFC and PFC Charged inggadbt «w 0 & ¢k&/ 180)t (Atount ofo
Intentional Destruction)
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Table4.9 Values used for charge, lifetime and emission factors for stationary refrigeration equipment and mobile air
conditioning.

- HFC 1| ifetime Initial EF k Lifetime EFx |  Cngofife EF 2

gEElectel CIEIELS n (years) | (% of initial charge) (%lyear) (EAIEEDER
(kg/unit) Y g y efficiency)

Bl 0.25 12 NO 0.3% 70%

refrigeration

CEHETEE] NE 9 204 10% 80%

refrigeration

Transport ref.: 5 NE NO 15% NE

reefers

Linear decrease
NE 7 2% from 50% in 1993 75%
to 20% in 2012

Transport ref.:
fishing vessels

el NE 15 204 10% 85%
refrigeration

Residential AC NE 12 1% 3% 75%
MAC:

passenger 0.8 14 NO 10% 0%
cars

MAC: trucks 1.2 14 NO 10% 0%
MAC: coaches 10 14 NO 10% 0%

The lifetime for domestic refrigerators is at the lower end of the range given by thel PGB

Guideline. The lifetime EF and the efficiency of recovery at end of life are 2006 IPCC Guideline default
G tdzSad LYAGAIE SyArAaarzya NB y2id 200dNNAyYy3 | a
to import. The same applies for reefers aMd\Cs. Transport refrigeration equipment on fishing

vessels, commercial and industrial refrigeration equipment as well as residential ACs; however they
are assembled on site and are therefore attributed with initial EFs. These initial EFs as well as
lifetimes for other suksource categories are taken from the ranges given in the 2006 IPCC Guideline
default values. Standlone and medium & large commercial refrigeration are combined into one
sub-source. Both commercial and industrial refrigeration lifetime &fe estimated at 10%. Thus they

are in the lower half of the ranges given by the 2006 IPCC Guideline (both commercial applications
together have a lifetime EF range fror8%2%). The value was chosen based on information from the

poll of the Icelandic reifgeration sector mentioned above.

Leakage on shipping vessels has decreased to a considerable extent in the last decades. This is mainly
a consequence of the higher prices of HFC refrigerants compared to the prices of their predecessors.
Higher refrigerahprices make leakage detection and reduction more feasible. The employments of

leak detectors and routine leakage searches have become common practice on fishing vessels.
Therefore it can be assumed that the lifetime EF of shipping vessels has declieasdties

introduction of HFCs. The lifetime EF of shipping vessels for the beginning of the period is assumed to
be at the upper end of the range for transport refrigeration (50%). This EF is lowered linearly to 20%

in 2012, which equals 1.6% decrease egedr. The latter value was determined after evaluation of
information from the above mentioned poll.

Values for residential AC are default values given by the 2006 IPCC Guideline as are the recovery
efficiencies for all applications.
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No HFC charge amourase given for commercial refrigeration, fishing vessels, industrial

refrigeration and residential AC. No information exists on the average charge and the number of
units for these suksource categories. Therefore the botteap approach was modified. Instd of
estimating subsource specific HFC amounts by multiplying units with their average charge, imported
HFC bulk amounts were divided between salirces using fractions (cf. explanations above). The
bulk import is then treated as the equipment in whitls contained thus that it is attributed with a
sub-source specific lifetime n. After n years the part of initially imported HFC not yet emitted is
disposed of or rather recovered. The poll revealed that the majority of refrigerants are recovered.
Therebre it is assumed that the share not lost during recoverg)(is reused thus remaining in the
same suksource’s stock.

Reefers are periodically refilled. Therefore their initial charge is deemed constant and the amount
emitted (and refilled) is subtractefrom the amounts of R34A and RIO4A imported in bulk during
the same year. Based on expert judgment the lifetime EF for reefers is estimated to be 15%. This
method implies enebf-life emissions in lifetime emissions: by assuming refill the chargeobf ea
reefer is renewed every-8 years.

The lifetime of vehicles is based on information collected by the Icelandic recycling fund. The average
age of vehicles at endf-life is 14 years. The lifetime EF is at the lower end of the range given in the
2006 IPC Guideline. This is justified by the prevailing cold temperate climate which limits AC use.
The recovery efficiency is set to zero since no refrigerant recovery takes place when vehicles are
prepared for destruction.

4.6.2.5 Emissions

Emitted refrigerants are dégcted into constituent HFCs. HFC emissions are aggregated by
multiplying individual HFCs with respective GWPs leading to totals,iacqC@ll values and fractions
below relate to aggregated emissions are expressed yeGO

Total emissions from all regreration and air conditioning equipment amounted to 17Ktin 2013
which is 0.4% decrease compared to 2012 emisdtamnsre 4.5.
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Figure 4.5 HFC stock (primaryaxis) and emissions (secondargodys) from refrigeration and air conditioning equipment.
Included are domestic refrigeration, commercial refrigeration, industrial refrigeration (fishing vessels arg) reefer
residential ACs and MACs.

Lifetime emissions are 94.3% of total emissions, 3.1% ar@tlifg@ emissions and 2.6% are initial
emissions. The low fraction of initial emissions is mainly caused by comparably low initial EFs and to a
lesser extent by théact that equipment of some subkources is assembled outside Iceland. The low
fraction of endof-life emissions is caused by the fact that the majority of refrigerants are recovered
at-end-of-life. Another factor is that the amount of imported HFCs haanbsteadily increasing since
their introduction. The amount of equipment being retired now, i.e. equipment imported or installed
during the late 90s and early 2000s is therefore comparatively low. This also means thadtliéad
emissions will increase jrears to come.

Almost two thirds of the 2014 emissions stem from refrigeration systems on fishing vessels. Total
transport refrigeration emissions, i.e. including reefers, account for 65% of all HFC emissions. Other
important sectors are industrial referation (17%), commercial refrigeration (13%), and MACs (4%).
Residential AC emission shares are within 1% of total refrigeration and AC emissions due to low EFs
and no subsource HFC import until 1999. Emissions from domestic refrigeration constitstékes

0.1% of total refrigeration emissions due to the insignificance of imported refrigerant amounts
(Figure 4.6).
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Figure 4.6 2014 emission distribution of refrigeration and AC-sabrce categories.

The relations between imports, stock developmentiamission trends are shown below for fishing
vessels and MAC. The stock of HFCs in refrigeration systems on fishing fegsesi(y shows a
distinct increase between 2008 and 2010 an again in 2012. This is caused by a stark import increase
of especilly R404A and FB07A, two refrigerants with high GWPs. The import decrease in 2011
which slows the growth of the sudpurce’s HFC stock but the record import of bulk HFC in 2012
accelerates stock growth again. Lifetimmissions increase between 2013 a@il4(although the EF

is being decreased from 21.6% to 20%) due to greater amounts in stockf-Efedemissions start in
1999 when the first equipment containing HFC imported in 1993 is retired (after emitting lifetime
emissions for 7 years). The imparstock development and emission trends for commercial and
industrial refrigeration follows the same trends on different scales and with different onset years for
end-of-life emissions.
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Figure 4.7 Import, stock development and emissions from refrigeration systems on fishing vessels between 1993 and 2014.
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The graph for MAC$igure 4.8) does not show import quantitieas information exists on the vehicle
stock. HFC amount in stock rises between 1995 and 2007 not only because of the assumed linear
increase in the share of vehicles with ACs but also because of a 75% increase in fleet size. Since 2007
the fleet size habeen more or less stagnant at around 240,000 vehicles. The stable fleet size from
2007 to 2011, in interaction with a stagnant vehicle AC share of 80% since 2010, led to a decrease in
stock until 2011 which was caused by the precedence of lifetime emsssigr additions to the

stock in form of new vehicles. The vehicle fleet size increased again in 2013 leading to a stock
increase during the same year.
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Figure 4.8 Emissions from mobile air conditionifigACs)

4.6.2.6 Uncertainties

Emission factor uncertainty of the refrigeration and air conditioning sector were calculated by
relating the lifetime emission factor ranges given in tables 3.22 and 3.23 to the respective values
used. Initial and endf-life emissim factors were not considered since they play a very minor role
when compared to lifetime emissions and activity data uncertainty. The only exception to this rule is
domestic refrigeration where endf-life emissions outweigh lifetime emissions. Their tigashare

of total refrigeration emissions, however, is only 0.02%.

AD uncertainty was estimated by expert judgement and is deemed to be a factor of one or two for
most subsource categories. In order to comply with the methodology of uncertainty cailcngafor

the inventory as a whole, stdpurce EF and AD uncertainties were first summarized separately by
weighting them with 2013 emission quantities. The resulting EF and AD certainties were then
combined by multiplication. Uncertainty factors are sumipad inTable4.10.
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Table4.10 Lifetime EFs used along with EF ranges given in the GPG; cal&faledertainties and estimated AD
uncertainties as well as 2@8Emission shares used to weight uncertainties.
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Value ranges | EF, lower | EF, upper| Lifetime EF EF. AD AU Combined
. . uncertalnty uncertalnty emission unoeratlnty

(Lifetime EF) bound bound used %) %) share %)

Domestic ref. 0.1 0.5 0.3 67 500 0.0%

Commercial ref. 5.5 20 10 100 200 12.7%

Fishing vessels 15 50 35 57 200 C

Reefers 5 20 10 100 50 C

Industrial ref. 7 25 10 150 100 16.4%

Residential AC 1 5 3 67 200 0.4%

MAC 10 20 10 100 100 4.2%

Weighted unc. 81 176 193

4.6.2.7 Recalculations and improvements

For the 2015 submissions, the GWP was updated in accordance with table 2.14 of the Fourth
Assessment report (AR4). Minor recdétions took place between 2015 and 20dibmissions.
Activity data for 2013 was updated according to reports submitted according to tHeTBRefilling

of HFC amounts leaked from reefers between 1993 and 1995 diglbeen dealt with in the 2016
submission. In this submission the HFC 134A amount that bidddrom reefers between 1993 and
1995 was subtracted from the bulk amount imported in 1995. This reduced HFC 134A import
allocated to fishing vessels, commercial and industrial refrigeration and subsequent HFC emissions
from these subsectors. The diffaree is greatest in the year of the reallocation (1995: KEZQ

eg.) but decreases with time due to the decreasing influence of stock changes in 1995 on more
recent lifetime emissions. In 2012 the difference was less thankd.GD eq.

4.6.3Aerosols (CRHE-4)

Regulation 834/2010ans the production, import, and sale of aerosols products containing HFCs
with the exception of HFCs used metered dose inhdMi3ls)

4.6.3.1 Methodology
Emissions from MDIs are calculated using equation 3.35 in the GPG.

4.6.3.2 Activity data
The Icelandic Medicines Agency records import of MDIs contairir@8#R since 2002. The amount
of R134A in MDlIs imported has been oscillating between 500 and 650 kg since that time.

4.6.3.3 Emission factors

According to GPG methodology it is good practice toamsEF of 50% for MDIs. This entails that 50%
of R134A imported in MDls is emitted during the import year, whereas the remaining 50% are
emitted during the following year along with 50% of that following year’s import.

4.6.3.4 Emissions
Emissions from MDls in 20%&re 0.90kt CQ eq. whichis similar to emissions since 2012

4.6.3.5 Uncertainties
Uncertainty of HFC emissions from MDIs was not calculated separately. Although uncertainty of
emission estimates for MDlIs is deemed less than uncertainty of emission estimatefifgeration
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subsector uncertainty, it is implied in total HFC consumption uncertainty. This is justified by the
relative insignificance of MDI emissions compared to refrigeration emissions.

4.7 Other Product Manufacture and Use (CRF sector 2G)

4.7.1 ElectricaEquipment (CRF 2G1)

4.7.1.1 Use of Electrical Equipment (2G1b)
Overview

Sulphur hexafluoride (gHs used as insulation gas in gas insulated switchgear (GIS) and circuit
breakers. The number of @ksers in Iceland is small. The bulk of &€d in Iceland is used by
Landsnet LLC which operates Iceland’s electricity transmission system. Additionally, a number of
energy intensive plants, like aluminium smelters and the aluminium foil producer have their own
high voltage gear using SF

Methodology

Sk nameplate capacity development data as well asgB&ntities lost due to leakage were obtained
from the above mentioned stakeholders. The data regarding leakage consisted of measured
guantities as well as calculated ones. Measurements consmgedly of weighing amounts used to

refill or replace equipment after incidents. Quantities were calculated either by allocating periodical
refilling amounts to the number of years since the last refilling or by assuming leakage percentages.
This approachan best be described as a hybrid of GPG Tiers 2b and 3C.

Emissions

Sk emissions amounted to 107.9 kg in 2014 which is tantamount t&t22%) eq. or less tha®.1%
of Iceland’s total GHG emissions in 2014. Emissions increased by 124% since 1990, Husvever
increase is slightly less than proportional compared to the net increase iraBleplate capacity
since 1990.

Figure 4.%hows both nameplate capacity development and emissions between 1990 and 2014. The
spike in 2010 is caused by two unrelatadidents during which switchgear was destroyed angd SF
emitted. The spike in 2012 is caused by an increase of emissions from Landsnet LLC.
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Figure 4.9 Total SFamounts contained in and SEakage from ectrical equipment (tonnes).

Uncertainty

Data regarding $SlRameplate capacity development during the last years is deemed to be accurate
but deemed to be less accurate for the 1990s. The same holds true for emission estimates from the
1990s. Another source of uncertainty is a possible time lag between emissidrseeving, i.e. that
emissions detected by inspections performed less frequently than annual happened years ago.
Monitoring devices, however, have greatly improved during the last years and the amounts in
equipment and leaking from equipment are measugethually and known with good accuracy

today. Uncertainty is divided into activity data uncertainty (measured amounts) and emission factor
uncertainty (calculated amounts). By integrating the accuracy differences between more and less
recent years AD uncexinty is estimated at 20% and EF uncertainty at 50% (expert judgement).

Recalculations

For the 2015 submissions, the GWP was updated in accordance with table 2.14 of the Fourth
Assessment report (AR4). No recalcialias were performed between 201#hd 2014 submissions.

4.7.2 NoO from Product Use (CRF 2G3)

4.7.2.1 Medical Applications (2G3a)
Other (2G3c)

N20 in Iceland is almost exclusively used as anaesthetic and analgesic in medical applications, or
95%. Minor uses of /@ in Iceland comprise its use in firdiaguishers and as fuel oxidant in auto
racing.

N>O emissions from product uses were calculated using the 2006 guidelines. Activity data stems from
import and sales statistics from the two importers efNo Iceland and is therefore confidential. It is
assumed that all DD is used within 12 months from import/sale. Therefore emissions were

calculated using equation 8.24 of the 2006 IPCC guideline, which assumes that half 6 g@d\in

year t are emitted in the same year and half of them in the yemragrds.
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EQUATION 8.24
ENh 0G0 T 1A 9 owmibpd ww ! AOA VY b n
Where:

- Buwdt) = emissions of XD in year t, tonnes

- A (t) = total quantity of MO supplied in year t for application type i, tonnes

- A (t-1) = total quantity of BD suppliedn year t1 for application type i, tonnes
- EF= emission factor for application type i, fraction

The 2006 IPCC Guideline recommends an emission factor of 1 for medical u&e dhiN emission
factor is also used for other,® usesTotal emissionfrom N;O use decreased from 19.4 tonnesON
in 1990 to 9.7 tonnes D in 2014.

Uncertainties

The 2006 IPCC Guideline methodology accounts for a time lag betw@esald and its application.
Activity data used in the emission inventory did not consistabés data but of import data.
Therefore the time lag might be greater than the 12 months the methodology accounts for.
Therefore AD uncertainty is estimated to be28% accurate in spite of accurate data on imports
(expert judgement). An EF uncertaintiy59o is estimated in compliance with the value used in
Denmark’s NIR (Nielsen et al., 2012). Combined uncertainty.@ehissions from other product
use is therefore estimated to be 21%.

4.7.3 Other: Tobacco combustion (CRF 2G4)

NMVOC, NOx and CO emissiagnsiftobacco combustion were calculated using the EMEP/EEA
(EMAP/EEA, 2013) guidebook. Tier 2 emission factors for tobacco combustion were 4.84 g/tonne
tobacco for NMVOC, 18,000 g/tonne tobacco for NOx and 55,100 g/tonne tobacco for CO. Activity
data consited of all smoking tobacco imported and was provided by Statistics Ic€®atistics

Iceland, 2015)
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5 Agriculture (CR$ector 3)

5.1 Overview
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Icelanders are seHBufficient in all major livestock products, such as mealk, 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 sriier 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 seaspiang in

Iceland consists mainly of cultivated hayfields, but potatoes, barley, beets, and carrots are grown on
limited acreage.

The total GHG emissions from Agriculture amounted tokt4ZQ-eq in the year 2014 and were 4%
below the 1990 leveEmissions of Gknd NO accounted for around 99% of the total emissions and
CQ, NOx and NMVOC accounted for the rest. The decrease of GHG emissions since 1990 is mainly
due to a decrease in sheep livestock population, reducing methane emissions froric ente
fermentation and reduced fertilizer application reducingdNemissions from agricultural soils. 86%

of CH emissions were caused by enteric fermentation, the rest by manure management. 8@ of N
emissions were caused by agricultural soils, the reshhgure management, i.e. storage of manure.

5.1.1 Methodology
The calculation of greenhouse gas emissions from agriculture is based on the methodologies
suggested by the 2006 IPCC Guidel{e€C, 2006)

The methodology for cal¢ating methane emissions of cattle and sheep from enteric fermentation
and manure management is based on the enhanced livestock population characterisation and
therefore in accordance with tier 2 methodology. Tier 1 methodology is used to calculate methane
emissions from enteric fermentation and manure management of other livestock. The methodology
for calculating MO emissions from agricultural soils is in accordance with the Tier 1a method of the
IPCC Good Practice Guidance, GPG (IPCC, 2000). -BbemsahbN in crop residue returned to soils,
however, was calculated using the Tier 1b method. Indire€t dmissions from nitrogen used in
agriculture were calcated using the Tier 1a method.

5.1.2 Key Source Analysis
The key source analysis performed for 2014eeded the following greenhouse gas source categories
from the agriculture sector to be key sources in terms of total level and/or trend:

Tableb.1 Key source analysis for Agriculture, 1990, 2014 and trend (excluding LULUCF).

Level | Level

IPCC source category 1990 2014 Trend
Agriculture (CRF sector 3)
3.A Enteric Fermentation CH V \% \
3.B Manure Management CH V
3.B Manure Management N2O V V V
3.D.1 Direct NO Emissions From Managed Soils N20 \Y Vv V
3.D.2 Indirect NO Emissions From Managed Soils N20 \% \%
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5.1.3 Completeness
Table 5.3yives an overview of the IPCC source categories included in this chapter and presents the
status of emission estimates from all sgburces in the Agricultural sector.

Table5.2 Agriculturec completeness (EEestimated, NE: not estimated, NA: not applicable, NO: not occurring).

Sources ofe} CH N20
Enteric Fermentation (37 NA E NA
Manure Management (3B NA E E
Rice Cultivation (3C) NOT OCCURING
Agricultural Soils (3D) NA NA E
Other NOT OCCURING
Prescribed burning of Savannas (3B) NOT OCCURING

Field burning of Agricultural Residues (4F) NOT OCCURING

Other (4G) NOT OCCURING

5.2 Activity Data

5.2.1 Animal Population Data

The Icelandic Food and Veterinary Authority (IFVA) conducts an annual livestock census. For the
census, farmers count their livestock once a year in November and send the numbers to the IFVA.
Consultants from local municipalities visit each farm duringdilaf the following year and correct

the numbers from the farmers in case of discrepancies. The IFVA reports the census to Statistics
Iceland which publishes them.

This methodology provides greenhouse gas inventories which need information on livestock
throughout the year with one problem: young animals that live less than one year and are
slaughtered at the time of the census are not accounted for (lambs, piglets, kids, a portion of foals,
and chickens). The population of lambs was calculated with infiloman infertility rates, single,

double, and triple birth fractions for both mature ewes and animals for replacement, i.e. one year old
ewes (Farmers Association of Iceland, written information, 2012). Number of piglets was calculated
with data on pigles per sow and year (Farmers Association of Iceland, written information, 2012).
Number of kids was calculated with information on birth rates received from Iceland’s biggest goat
farmer (Porvaldsdattir, oral information, 2012). Numbers of foals missitligicensus as well as

hen, duck and turkey chickens were added with information received from the association of
slaughter permit holders and poultry slaughterhouses. Numbers for young animals with a live span of
less than one year were weighed with thespective animal ages at slaughter:

- Lambs: 4.5 months

- Piglets: 5.9 months (199@}4.5 months (2010)
- Foals: 5 months

- Kids: 5 months

- Chickens (hens): 1.1 months

- Chickens (ducks): 1.7 months

- Chickens (turkeys): 2.6 months
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As a result, the numbers of severalimal species are higher in the NIR than they are in the national
census. While differences are small for horses (2% in 2014), they are considerably higher for sheep
and poultry (36 and 250%, respectively). Number of swine, however, is twelve times inigheNIR

than in the national census.

5.2.2 Livestock Population Characterization
Enhanced livestock population characterisation was applied to cattle and sheep and subsequently
used in estimating methane emissions from enteric fermentation and manure marexge

In accordance with the census there are five subcategories used for cattle in the livestock population
characterisation: mature dairy cows, cows used for producing meat, heifers, steers used principally

for producing meat, and young cattle. The subca3 2 NA S& aO0264a dzaSR T2 NJ LINER
GKSATFSNAZ YR aGSSNAR dzaASR LINAYOALNff& F2NJ LINERdzC
YIGdzNB OF GifSéd ¢KS &dzoO0OF GSTI2NE aGSSNB dzASR LINRY
heterogeneous in the censgince it contains all steers between one year of age and age at slaughter
(around 27 months) as well as heifers between one year of age and insemination (around 18

months). The population data did not permit dividing this subcategory further. The shéemales

inside the category was estimated by assuming that there were as many cows as steers inside the
subcategory, only for a shorter time (6 vs. 15 months). This results in a share of cows of 29%. The
subcategory young cattle contained both male anch&e calves until one year of age. Fractions of

male and female calves fluctuated slightly between years.

For sheep, the subcategory lambs was added to the census data. The following four categories were
used for the livestock population characterizatiomature ewes, other mature sheep, animals for
replacement and lambs.

Table5.3 shows the equations used in calculating net energy needed for maintenance, activity,
growth, lactation, wool production and pregnancy for cattle and sheep subcategories. Equation 4.9
was used to calculate the ratio of net energy available in the anirdeds for maintenance to the
digestible energy consumed and equation 4.10 from the GPG was used to calculate the ratio of net
energy available in the animals” diets for growth to the digestible energy consumed. Net energy
needed and ratios of net energyailable in diets to digestible energy consumed were subsequently
used in equation 4.11 calculate gross energy intake for cattle and sheep subcategories.
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Table5.3. Overview of equations useddalculate gross energy intake in enhanced livestock population characterisation for
cattle and sheep (NA: not applicable)

National hventory Report, Iceland 2&

Subcategory Equations from IPCC 2006 guidelines. Net energy for maintenance, act
growth, lactation, wool, and pregnancy

efers | 103 | 104 | 106 | NA | NA | 48

Lambs 10.3 10.4 10.7 NA 10.12 NA

1: Animals for replacement amnsidered from their birth until they are one year of age, which is also when they give birth
for the first time. Therefore net energy for pregnancy is calculated whereas net energy for lactation is not applicable.

Table5.4 shows national parameters that were used to calculate gross energy intake for cattle in
2014. Not all parameters have been constant over the last two decades. The ones thahhaged
during that time period arenonths on stajlmonths on pasturandkg milk per day

Table5.4. Animal performance data used in calculation of gross energy intake for cattle in 2014. (aphszatble, NO:
Not occurring).

Mature Cows for . Steers for
: . Heifers . Young cattle
dairy cows | producing meat producing meat

| | |
onnsinsal | en | 1 | e | ar | oa
| | |

1: Steers are not allowed outside. The young cows inside the category are grazing on pasture for 120 days. 2: amvage for
and steers, not weighted.
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Table5.5 shows national parameters that were used to calculate gross energy intake for sheep in
2014.

Table5.5. Animal performance data used in calculation of gross energy intake for sheep frol2AB®Mo time
dependent data). NA: Not applicable, NO: Not occurring

Mature ewes Other mature Animal for Lambs
sheep replacement

Weight (kg) 65 95 36 21
Months in stall 7 7 7 0
Months on flat pasture

Months on hilly pasture 3 3 3 3
Body weight at weaning (kg) NA NA 22 22
Slgg)ér\:\t/s:g(%?t 1 year or old or a NA NA 55 38
Birth weight (kg) 4 4 4 4
Single birth fraction 0.2 NA 0.6" NA
Double birth fraction 0.7 NA 0.1 NA
Triple birth fraction 0.1 NA NO NA
Annual wool production (kg) 3 3 2 2
Digestible energy (in % of gros 64 64 64 77

energy)
1: Difference between sum of birth fractiossd one is due to infertility rates of 3.5% for mature ewes and 31% for animals
for replacement.

5.2.3 Feed Characteristics and Gross Energy Intake

Submission characteristics of cattle and sheep build on feed composition, daily feed amounts, their
dry matter digestibility and feed ash content. This information was collected by the AUI
(Sveinbjornsson, written communication) and is based on feeding plans and research. Feed ash
content (instead of manure ash content) was used in all calculations in accordand®umtimgen

et al. 2011). Dry matter digestibility and feed ash content were weighted with the respective daily
feed amounts in order to calculate average annual values. This method included seasonal variations
in feed, e.g. stall feeding versus grazing ostpee, lactation versus nelactation period etc. Dry

matter digestibility was transformed into digestible energy content using a formula from
Gudmundsson and Eiriksson (1995)ble5.6 shows dry matter digestibility, digestible energy and

ash content of feed for all cattle and sheep categories. All values used as well as calculations and
formulas for all cattle and sheep categories are reported in Annex V. These values are used for the
2016 submission.
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Table5.6. Dry matter digestibility, digestible energy and ash content of cattle and sheep feed.

DMD (%) DE (%) Ash in feed (%)

mature dairy cows 74 68

cows used for producing meat 74 68

heifers 74 68

steers used principally for producing meat 73 66 7
young cattle 80 73 8
mature ewes 71 64 7
other mature sheep 71 64 7
animals for replacement 71 64 7
lambs 84 77 7

Figure 5.3shows the gross energy intake (GE) in MJ per day for all cattle and sheep subcategories. As
of the 2014 submission only mature dairy cattle have time dependent values for GE (see:
chaptes.2.3. The GE of mature dairy cattle has increased from 200 MJ/day in 1990 to 239 MJ/day in
2014. This increase is owed in small part to increased activity, i.e. more days grazing on pasture) and
in large part to the increase irvarage annual milk production from 4.1 tin 1990 to 5.7 t in 2014.
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Figure 5.1 Gross energy intake (MJ/day) for cattle and sheep subcategories fror20990

5.2.4 Planned Improvements

2013

2014

For future submissions, characterization parameters for different animal typedto be revised.
For example there is a need for updating ttigestible energy content of feed for both cattle and
sheep in order to reflect changes in animal nutrition thave occurred since 1998Iso there are
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plans of reviewing the gross energy intake (GE) in MJ per day for all cattle and sheep subcategories
and animal weights for all animal types.
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5.3 CH Emissions from Enteric Fermentation in Domestic Livestock

Theamount of enteric methane emitted by livestock is driven primarily by the number of animals, the
type of digestive system, and the type and amount of feed consumed. Cattle and sheep are the largest
sources of enteric methane emissions (IPCC, 2006).

5.3.1 Emisgn Factors

Livestock population characterisation was used to calculate gross energy intake of cattle and sheep.
The values for gross energy intake were used to calculate emission factors for methane emissions
from enteric fermentation. To this end equatid.21 from the GPG was applied:

EGUATION 10.21
Emission factor development
EF = (GE * Ym * 365 daysl/yr) / (55.65 MJ/kg)CH
Where:

- EF = emission factor, kg Zhtd¢ad/yr

- GE = gross energy intake, MJ/head/day

- Ym = methane conversion rate which is the ftiaa of gross energy in feed converted to
methane

Gross energy intake is calculated in the livestock population characterisation. Methane conversion
rate depends on several interacting feed and animal factors; good feed usually means lower
conversiorrates. Default values from the GPG were applieab{e5.7).

Tableb.7. Methane conversion rates foattle and sheep (IPCC, 2006).

Category/subcategory Cattle Mature sheep [ Yda o wm™

Ym 0.06 0.07 0.05

For pseuderuminant and monegastric animal species methane emission factors were taken from

the 2006 Guidelines. Values from the Norwegian NIR (2011) were used for poultry and fur animals as
the agricultural practises and climate are similar and mosaiait farmers take their further

education in Norway.
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5.3.2 Emissions

Methane emissions from enteric fermentation in domestic livestock are calculated by multiplying
emission factors per head for the specific livestock category with respective populatioarsizes
subsequent aggregation of emissions of all categories.

There is only one livestock subcategory that has a gross energy intake that varies over time and as a
result a fluctuating emission factors: mature dairy cattle (mainly due to the increase in milk
production during the last two decades). Therefore the fluctuations in methane emissions from
enteric fermentation for all other livestock categories showil ale5.8 are solely based on
fluctuations in population size. The population size of mature dairy cattle has decreased by 19%
between 1990 and 2014. Methane emissions, however, have only decreased by 3% frdin®.54
2.46kt during the same péod due to the increase in the emission factor associated with the
increase in milk production. The livestock category emitting most methane from enteric
fermentation is mature ewes. Due to a proportionate decrease of population size, emissions from
matureewes decreased by 15% between 1990 and 2014 (from 5.4 ki)y4 Similar decreases can

be seen for other sheep subcategories. The only-noninant livestock category with substantial
methane emissions is horses. Emissions from horses increased frokt in@&ane in 1990 to 1.20

kt methane in 2014 due to an equal increase in population size.

The decrease in methane emissions from cattle and sheep caused total methane emissions from
enteric fermentation in agricultural livestock to drop from 1Rt6n 1990 to 11.7%t in 2014, or by 6%
(Tableb.8).

Table5.8. Methane emissions from enteric fermentation from agricultural animals for years 1990, 19952008@&nd
2011-2014 in t CH

livestock category 1990 1995 2000 2005 2010 2013 2014
mature dairy cattle 2540 2,395 2,267 | 2,201 2,323 2,251 2,463
cows used for producing meat 0 49 64 91 112 115 123
heifers 247 689 343 362 369 373 386
steers used for producing meat 766 656 847 650 810 731 783
young cattle 358 247 319 322 365 333 378
mature ewes 5437 | 4541 | 4553 | 4,397 | 4,567 | 4512 | 4,634
other mature sheep 171 159 156 144 150 149 151
animals for replacement 651 535 582 604 679 648 687
lambs 987 823 831 808 846 833 859
swine 44 47 48 57 61 46 54
horses 1,332 | 1,447 1364 1,382 1,422 1,026 1,199
goats 2 2 3 3 5 6 7
fur animals 4 4 4 4 4 6 5
poultry 13 7 11 15 14 16 17
total methane emissions 12,553 11,601 11,390 11,041 11,725 11,045 11,746
;;“;f)‘j‘itf’:seyf;“wo” beabase | oo | o | 9% | 1206 | 7% | -12% | -6%
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5.3.3 Recalculations
No recalculations were made for Enteric Fermentation in the 2016 submission.
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5.3.4 Uncertainties

Uncertainties of CiHemission estimates for enteric fermentation were assessed separately for cattle,
sheep and other livestock categories. Cattle and sheep AD uncertainties were calculated as combined
uncertainties of livestock population and livestock characterisationléCattd sheep population data
were deemed reliable and were therefore attributed with an uncertainty -6P4 (expert judgement).
Livestock characterisation uncertainty was calculated by propagating uncertainties of net and
digestible energies. A20% uncetainty was attributed to all net energies used in the calculation.
Digestible energy was attributed with an uncertainty ef3% (expert judgement). Propagation of
uncertainty throughout the calculation of gross energy led to AD uncertainties betweendl 584

for cattle (mean weighted with 2013 emissions = 17.8%) and 16 and 22 % for sheep (weighted mean
=17.2%). The combination of AD and EF uncertainties for cattle and sheep were therefore estimated
to be 27 and 26 %, respectively. These values areshtson in Annex |l.

Enteric fermentation emission estimates for other animals were calculated using Tier 1 methodology.
This entailed that AD uncertainty stemmed from livestock population data only. Livestock population
estimates of other livestock categes were deemed to be slightly more uncertain than the ones of
cattle and sheep (20%, expert judgement). This is mainly due to the fact that the population of e.g.
poultry at the time of the census does not allow for as good an estimate of the meanlannua
population as the population of other livestock categories. The GPG estimates EF accuracy between
+-30 and +50 % (page 4.27). This submission used a valugld¥e: This resulted in a combined
uncertainty for CH4 emissions from other animals-c45%.

5.4 CH Emissions from Manure Management (CRF 3B)

Livestock manure is principally composed of organic material. When this organic material
decomposes in an anaerobic environment, methanogenic bacteria produce methane. These
conditions often occur when largaumbers of animals are managed in confined areas, e.g. in dairy,
swine and poultry farms, where manure is typically stored in large piles or disposed of in storage
tanks(IPCC, 2006)

5.4.1 Emission Factors

Emission factors for manurmeanagement were calculated for cattle and sheep using data compiled

in the livestock population characterization. For all other livestock categories IPCC default values
were used. They originate from the 2006 Guidelines. In order to calculate emisgiors flsom

manure management, daily volatile secretion (VS) rates have to be calculated first. VS are calculated
using gross energy intake per day in the livestock population characterisation and national values for
digestible energy and ash content of teécf.5.2.3. Equation 4.16 from the GPG was used.
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EGUATION 4.16
Volatile solid excretion rates

VS = GE * (1 kgm/18.45 MJ) * (1¢ DE/100) * (1¢ ASH/100)
Where:

- VS =volatile solid excretion per day on aahgtter weight basis, kdm/day
- GE = Estimated daily average feed intake in MJ/day

- DE = Digestible energy of the feed in percent

- ASH = Ash content of the manure in percent

Volatile solid excretioper day is then used in equation 4.17 from the GPG to calculate emission
factors for manure management.

EGUATION 4.17
Emission factor from manure management

9CA I +{A F ocp RI&akeSINIF .2A F

- ER=annual emission factor for defined livestock population i, in kg

- VS=daily VS excreted for an animal within defined population i, in kg
- Boi= maximum Clproducing capacity for manure produced by an animal within defing
- population i, ni/kg of VS

- MCFk= CHconversion factors for each manure management system j
- MST FNIOGAZY 2F [yAYLFE &aLISOAS&axkOFiS3a2N

Maximum methane producing capacity values are taken from the 2006 Guidelines. They are 0.17
m3kg VS fonmon-dairy cattle, 0.19 rfikg VS for sheep, and 0.24#kg VS for dairy cattle. Methane
conversion factors (MCF) for the three manure management systems used in cattle and sheep
farming, i.e. pasture/range/paddock, solid storage and liquid/slurry are téiean the 2006
Guidelines.

Table5.9. Methane correction factors (fractions) included in 2006 Guidelines for different manure management systems.

Cattle Cattle Cattle Sheep
Conditions pasture/range = solidstorage  liquid/ slurry L
manag. systems
0,
2006 GL Average annual 1% 20 10%1 same as for

G SYLISNI { dzN cattle

17%2

1: with natural crust cover. 2: without natural crust cover; MCF used for liquid/slurry
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5.4.2 Manure Management System Fractions

The fractions of total manure managed in the different manure management systems impact not
only CHemissions from manure management but als®@Nemissions from manure management

and, as a consequence;®lemissions from agricultural soils. The fractiosed are based on expert
judgement (Sveinsson, oral communication; Sveinbjérnsson, oral communication; Dyrmundsson, oral
communication) and are assumed to be constant since 1990 except for mature dairy cattle. The
average amount of time mature dairy catdpend on pasture has increased from 90 to 100 days

over the last 20 years. Heifers spend 120 days per year on pasture whereas cows used for meat
production spend 11 months on grazing pastures. Young cattle and steers are housed all year round.
All cattlemanure, i.e. not spread on site by the animals themselves, is managed as liquid/slurry
without natural crust cover. Sheep spend 5.5 months on pasture and range; this includes the whole
live span of lambs. 65% of the manure managed is managed as soligesttira remaining 35% as
liquid/slurry (Table5.10).

Table5.10. Manure management system fractions &l livestock categories.

pasture/ range/

liquid/slurry solid storage paddock
mature dairy cattle 73% 27%
cows used for producing meat 8% 92%
heifers 67% 33%
steers used for producing meat 91% 9%
young cattle 100% 0%
mature ewes 19% 36% 45%
other mature sheep 19% 36% 45%
animals for replacement 19% 36% 45%
lambs 100%
goats 55% 45%
horses 14% 86%
young horses 14% 86%
foals 100%
SOWS 100%
piglets 100%
poultry, fur animals 100%

Emission factors both calculated with volatile solid excretion rates, methane conversion factors, and
manure management fractions as well as IPCC default values for other livestock categories than
cattle and sheep were used to calculate methane emissi@mm fmanure management and are

shown inTable5.11.

Mature dairy cows and steers have the highest emission factors for methane from manure
management. Ahough mature dairy cows have a roughly 60% higher gross energy intake (average
from 19902010), their emission factors are very similar. This is caused by two things: all steer
manure is managed and therefore multiplied with a higher MCF than the shanamure
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accumulated by mature dairy cattle during grazing on pasture. More importantly, their feed has a
lower digestible energy content, which in turn increases volatile solid excretion.
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Table5.11. Emissiorfactors values, range and origin used to calculate methane emissions from manure management.

livestock category emission factor 2014 emission factor range 1992014 source
(kg CHhead year) (kg CHhead year)

mature dairy cattle 28.00 24.428.4 LPS
cows used for producing meat 2.65 LPS
heifers 10.70 LPS
steers used for producing mea 11.84 LPS
young cattle 4.23 4.234.27 LPS
mature ewes 0.99 LPS
other mature sheep 1.04 LPS
animals for replacement 0.82 LPS
lambs 0.05 LPS
swine 6 2006GL
horses 1.09 2006 GL
goats 0.13 2006 GL
minks 0.68 2006 GL
foxes 0.68 2006 GL
rabbits 0.08 2006 GL
poultry 0.08 2006 GL

1: Livestock population characterisation

5.4.3 Emissions

As can be seen ifable5.11 above, there are no emission factor fluctuations for most livestock
categories and only minor fluctuations for the remaining cattle subcategories. This implies that
fluctuations in methane eimsion estimates for all livestock subcategories except mature dairy cattle
can be explained by fluctuations in population sizes. Three livestock categories alone are responsible
for roughly two thirds of methane emissions from manure management: maturg dattle, steers
used for producing meat and mature ewes. The high emission factor for mature dairy cattle and
steers has already been addressed. Mature ewes have an emission factor that is roughly twenty
times lower than the ones for dairy cattle anests but have a much bigger population size. Other
important livestock categories for methane emissions from manure management are young cattle,
animals for replacement, swine, horses, and poultry.

Total methane emissions from manure management drop frod2@kt in 1990 to 1.99%t in 2014
or by 2%.
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Table5.12. Methane emissions from manure management in tonnes.
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livestock category 1990 | 1995 | 2000 | 2005 | 2010 | 2013 | 2014

mature dairy cattle 793 | 742 696 671 | 701 679 743
cows used for producing meat 0 2 3 4 4 5 5

heifers 49 137 68 72 73 74 77
steers used for producing meat 213 | 182 235 180 | 225 | 203 212
young cattle 86 59 76 77 87 80 90
mature ewes 439 | 367 | 368 | 355 | 369 | 364 374
other mature sheep 14 13 13 12 12 12 12
animals for replacement 74 60 66 68 77 74 78
lambs 16 13 14 13 14 14 14
swine 178 | 187 194 | 231 | 243 | 183 217
horses 81 87 82 84 86 62 72
goats 0 0 0 0 0 0 0

fur animals (minks and foxes) 32 26 28 25 25 44 35
rabbits 0 0 0 0 0 0 0

poultry 53 28 43 60 56 62 65

total methane from manure management 2,026 | 1,904 | 1,883 | 1,852 | 1,973 | 1,855 | 1,995

emission reduction (yeabase year)/baseyeal 0% -6% -7% | -9% | -3% | -8% -2%

5.4.4 Recalculations
No recalculations were made for Manure Management for the 2€dl@imission.

5.4.5 Uncertainties

Uncertainties of CiHemission estimates for manure management were assessed separately for
cattle, sheep and other livestock categories. Cattle and sheep AD uncertainty was calculated as
combined uncertainty of livestock populati@nd volatile solid excretion rate uncertainty. Cattle and
sheep population data were deemed reliable and were therefore attributed with an uncertainty of +
5% (expert judgement). Uncertainty related to volatile solid excretion rates was calculated by
propagating uncertainties throughout the calculation of VS: i.e. combination of gross energy intake
uncertainty, feed digestibility uncertainty and ash content uncertainty (cf. chapter 6.3.3). VS
uncertainties ranged between 26 and 33% for cattle and 23 &34 fdr sheep. AD uncertainty
category means were deducted by weighting means with 2013 emission estimates. The respective
values for cattle and sheep were 28% and 24%, respectively. EF uncertainties were estimated by
combining assumed uncertainties for nraxim methane producing capacity and methane correction
factor uncertainty. The latter was estimated to be higher (100%, expert judgement) than the former
(30%, expert judgement).

Emissions from other animals were attributed with a livestock uncertainB0é6 and an EF
uncertainty of 200% (both expert judgement).

The above mentioned AD and EF uncertainties were combined by weighting them with 2013
emission estimates. This was done in order not to unnecessarily fragment categories for key source
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and uncertanty analyses. Category AD uncertainty amounted to 25% and category EF uncertainty to
121% combining to a total uncertainty of 124% for methane emission estimates from manure
management. These values are summarized in Annex .
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5.5 NO Emissions from Manureadlagement (CRF 3B)

The nitrous oxide estimated in this section is th®Nroduced during the storage and treatment of
manure before it is applied to land. The emission gD ¥fom manure during storage and treatment
depends on the nitrogen and carbon cent of manure, and on the duration of the storage and type
of treatment(IPCC, 2000). In tlease of animals whose manure is unmanaged (i.e. animals grazing
on pasture or grassland, animals that forage or are fed in paddocks, animals kept in pens around
homes) the manure is not stored or treated but is deposited directly on land. T@eshiissions
generated by manure in the system pasture, range, and paddock occur directly and indirectly from
the soil, and are therefore reported in chapt&$and5.7.

5.5.1 Activity Data

Equation 10.25 in the 2006 guidelines lists the input variables (printed in bold and discussed below)
necessary to estimate @ emissions from manumanagement. Note that all remaining formulae in
this chapter report BO emissions in units of nitrogen.®l emissions are subsequently calculated by
multiplying units of nitrogen with 44/28 (molar mass afNdivided by molar mass of)N

EGUATION 10.25

N.O EMISSIONS FROM MANURE MANAGEMENT

(NeOb 0 ]9 @ (Nmw QTSOE afud @ 9C
Where:

- (N:O-N) = NO-N emissions from manure management in the country (K0-N/yr)

- Nm= Number of head of livestock species/category T in the country

- Nexp = Annual average N excretion per head of species/category T in the country (k¢
N/animal/yr)

- MSr )= Fraction of total annual excretion for each livestock species/category T that is
managed in manure management system S in the country

- Eksy= NO emissin factor for manure management system S in the country gkWkg
N in manure management system S)

- S = Manure management system

- T = Species/category of livestock

Numbers for head of livestock species/category exist (with distinction between adultyeunag
animals for all livestock categories with the exceptions of rabbits and fur animals). The manure
management system fractions for cattle and sheep have been discussed in chapRiwo thirds
of Icelandic horses are on pasture all year round. The remaining third spends around five months in
stables, where manure is managed in solid storage. All swine manure is managed as liquid/slurry
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whereasthe manure of fur animals and poultry is managed in solid storage. Manure management
system fractions are assumed to be stable during the past twenty years and were summarized above
in Table5.10.

National hventory Report, Iceland 2&

Average annual nitrogen excretion rates were calculated using 2006 GL default Valole5.(3). The
defaults relateto 1000 kg animal mass. This means that they account for two cows weighing 500 kg
each or roughly 15 ewes weighing 65 kg each. The calculated default for dairy cattle was not used since
national, time dependent values existed: Ketilsdéttir and Sveins80h0) measured the Annual N
excretion rates for dairy cows. The resulting value of 94.8 kg N was applied to dairy cows fream 2000
2014. Since the value is based on new measurements for dairy cows with an annual milk production in
excess of 5000 kg, it wadjasted for the 1990s (average milk production of 4200 kg) by interpolating
linearly between it and a national literature value of 72 kg (Oskarsson and Eggertsson, 1991).

Table5.13 Nitrogen excretion rated\ex).

Nex default (kg annual N
livestock category NllqOO kg animal weight excretion 'rates
animal (kg) (kg N/animal

mass/day) year)
mature dairy cattle 0.48 430 75.3
cows used for producing meat 0.33 500 60.2
heifers 0.33 370 44.5
steers used foproducing meat 0.33 328 39.5
young cattle 0.33 126 15.2
mature ewes 0.85 65 20.2
other mature sheep 0.85 95 29.5
animals for replacement 0.85 36 11.1
lambs 0.85 21 6.5
SOWS 0.42 150 23.0
piglets 0.51 41 7.6
horses 0.26 375 35.6
young horses 0.26 175 16.6
foals 0.26 60 5.7
goats 1.28 44 20.3
minks 0.0 0 4.6
foxes 0.0 0 12.1
rabbits 0.0 0 8.1
hens 0.96 4 1.4
broilers 1.10 4 1.6
pullets 0.55 3 0.6
chickens 0.55 1 0.2
ducks/geese 0.83 4 1.2
turkeys 0.74 5 1.4

1: National, time dependent values ranging from 72 to 94.8 kg N were used instead.
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5.5.2 Emission Factors

Emission factors are taken from the IPCC 2006 Guidelines, table 10.21: 0.Q@NgsNemitted per

kg nitrogen excreted when manure is managed as liglidy. 0.02 kg MbO-N is emitted per kg

nitrogen excreted when manure is managed in solid storage as well as when it is unmanaged, i.e.
deposited directly on soils by livestock.
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5.5.3 Emissions
N>O emissions from the manure management systems liquid/slurry alidi storage amounted to
142 tonnes MO in 2014 and 168 tonnes in 19905%).

Emissions from liquid systems make up only a small part of total emissions from managed systems or
only 6% of total BD emissions from manure management systems in 2014.sThecause the

emission factor is twenty times lower for liquid systems than for solid storage. The majority of
emissions originated from the solid storage of sheep manure 72% in 2014, followed by solid storage
of poultry manure (11.2%), horse manure (5.8&6)d fur animal manure (5.2%).

Figure 5.5hows NO emissions from liquid systems and solid storage. It also inchrdessiondrom

manure deposited directly onto soils from farm animals. Although they are reported under emissions
from agricultural soils in national totals, they are included here to show their magnitude in

comparison to other emissions. In 2014Nemissions frormanure spread on pasture by livestock
amounted to 267 tonnes or almost twice as much as aggregated emissions from liquid systems and
solid storage. Emissions from sheep manure were 184 tonnes, emissions from horse manure were 52
tonnes, and emissions frogattle manure amounted to 30 tonnes®.

N20O emissions (tonnes)

- N I 0 o o ™ 0 O O

(o2} D O O O o o o O

(e} o O O O o o o O O

— U I B B | N N N N N
B Solid storage (sheep, goam)Solid storage (horses) Solid storage (fur animals)
m Solid storage (poultry)  mLiquid systems m Pasture (cattle)

Pasture (sheep, goats) Pasture (horses)

Figure 5.2 NoO emissions from manure managemenkim,O.
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5.5.4 Uncertainties

Uncertainty for NO emissions from manure management was estimated by combining cditep

and other animal uncertainties. AD uncertainty was calculated as combined uncertainty of livestock
population, nitrogen excretion and manure management system uncertainties. Livestock population
uncertainties were 5 % for cattle and sheep and 2@#&4&ll other animals (expert judgement).

Nitrogen excretion rates were drawn from the 2006 GL which state their uncertaintp@%-+page
10.66). Manure management system uncertainty is highest for sheep due to the variability in sheep
manure managemenf25%) and less for other livestock categories (10%). These uncertainties were
combined by multiplication for each of the three categories and then weighted by 2012 emission
estimates, resulting in an AD uncertainty of 56%. Tables 4.12 and 4.13 in th&R@aGibute an EF
uncertainty of 100% to D emission factors from manure management. The weighted combined
uncertainty for NO emissions from manure management was therefore estimated to be 114%.

Uncertainty estimates for emissions from animal productigere calculated analogously and
weighted with emissions from pasture, range, and paddock manure yielding a combined uncertainty
of 114%.

5.5.5 Planned Improvements

The nitrogen excretion rate for cattle and sheep will be recalculated using data on feed ded cru
protein intake developed in the livestock population characterisation and default N retention rates to
recalculate nitrogen intake

5.6 Direct NO Emissions from Agricultural Soils (CRF 3D)

Nitrous oxide (MO) is produced naturally in soils through titmécrobial processes of nitrification and
denitrification. Agricultural activities like the return of crop residue, use of synthetic fertilizer and
manure application add nitrogen to soils, increasing the amount of nitrogen (N) available for
nitrification and denitrification, and ultimately the amount of.® emitted. The emissions ot® that
result from anthropogenic N inputs occur through both a direct pathway (i.e. directly from the soils
to which the N is added), and through two indirect pathways, heough volatilisation as Ntand

NGO and subsequent redeposition and through leaching and rufiBfEC, 2006pirect NO emissions
from agricultural soils are described here, indirect emissiomhapter 57.

5.6.1 Activity Data ad Emission Factors
Direct NO emissions from agricultural soils are calculated with equation 11.2 from the 2006 GL. Of
the five possible sources of input into soils four are applicable for Iceland:

- Synthetic fertilizer nitrogen

- Animal manure nitrogen usedak fertilizer

- Nitrogen in crop residues returned to soils
- Cultivation of organic soils
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EGUATION 11.2
DIRECT 0 EMISSIONS FROM AGRICULTURAL SOILS (TIER 1a)

N2Obirect -N = [(Bn+ Fam + en+ er0 @] +9REGSw 2P C
Where:

- NoObirect-N = Emission of A in units of Nitrogen

- Fsn= Annual amount of synthetic fertiliser nitrogen applied to soils adjusted to
account for the amount that volatilises as Nhd NQ

- Faw= Annual amount of animal manure nitrogen intentionally applied to saijssted
to account for the amount that volatilises as Nthd NQ

- Fsn= Amount of nitrogen fixed by-fiking crops cultivated annually

- Rer= Amount of nitrogen in crop residues returned to soils annually

- Fos= Area of organic soils cultivated annually

- ER = Emission factor for emissions from N inputs (k@-N/kg N input)

- ER = Emission factor for emissions from organic soil cultivation §kgN\vha-yr)

5.6.2 Synthetic Fertilizer Nitrogen (FSN)

Activity data comes from the Icelandic Food and Veteridarghority (IFVA) and consists of the
amount of nitrogen in synthetic fertilizer applied to soils with the exception of the amount of
fertilizer applied in forestryRigure 5.3). The amount has to be adjusted for the amount that
volatilizes as Nrand NQ. The IPCC default for volatilization of synthetic fertilizer N is 0.1.

5.6.3 Animal Manure Nitrogen (FAM)

Animal manure nitrogen is calculated by multiptyiNitrogen excretion rates per head and year for
livestock species/categories with the respective population sizes (see cha@e). The amounts

have to be adjusted for N that volatilizes assMHd NOx. The IPCC default for volatilization of animal
manure N is 0.2. The nitrogen amount from manure has to be further estlbg the amount

deposited onto soils by grazing livestock, which is accounted for separately. Activity data
development can be seen kigure 5.3.
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Figure 5.3 Amounts of nitrogen from synthetic fertilizer and animal manure application. Solid lines show nitrogen amounts
adjusted for volatilization. Total N amounts are shown in dashed lines of same colour.

5.6.4 Nitrogen incrop residues returned to soils (FCR)

There are four crops cultivated in Iceland: potatoes, barley, beets and carrots. After harvest crop
residues are returned to soils. The amount of residue returned to the soils are derived from crop
production data. Stistics Iceland has production data for the four crops. The amount of residue per
crop returned to soils is calculated using equation 11.6 for the 2006 GL.

Residue/crop ratio, dry matter fraction and nitrogen fraction are IPCC default values. Dry matter
fraction defaults, though, do not exist for potatoes and beet. By expert judgement, they are
estimated to be 0.2 for both crops. No defaults exist for carrots. Therefore beet defaults are applied.
It is estimated that 80% of barley residue is used as fodtieyp produce amounts are shown in

(Figure 5.4).
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Figure 5.4 Crop produce in kilotonnes for 192014.
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The amounbf nitrogen in crop residues returned to soils was lowest in 1993, when it amounted to
roughly 5 tonnes and highest in 2008 when it amounted to roughly 27 tonnes. It has to be noted,
however, that there is a difference in scale between amounts of nitragenop residues returned

to soils and N amounts in synthetic fertilizer and animal manure applied to soils. Whereas the first
amount ranges between 10 and 20 tonnes, the latter range from 5000 tonnes annually.

5.6.5 Cultivation of organic soils

Inresponse to a remark of the review of the Icelandic 2010 submission,fbeeiissions from

cultivated organic soils were included under the Agriculture sector. Data about the area of cultivation
of organic soils, including histosols, histic andosols,hyalic andosols, is supplied by the

Agricultural University of Iceland. The area estimate for cultivated organic soils in 1990 was 65 kha.
This area has decreased steadily since then and was estimated to be less 56.6 kha in 2014.

Emission Factors

The comnon emission factor for FSN, FAM, and FCR was the IPCC default value of 1.25%/kg N
N.

A country specific emission factor of 0.97 k@Ml per ha was used as organic soil emission factor. It
is based on measurements in a recent project whei® Bmisgns were measured on drained

organic soils. In this project, at total of 231 samples were taken from drained organic soils in every
season over three years. The results have shown that the EF is higher for cultivated drained soils
(0.97 kg MO-N per ha) han other drained soils (0.01 and 0.44 kepM per ha) and much lower than
the EF for tilled drained soils (8.36 kgoMNN per ha). This research was conducted in Iceland over the
period from 2006 to 2008 and is considered to be reliable. The resultsruaveen published in

peer reviewed papers, yet, but publication is in preparation. Results are available in a project report
to the Icelandic Research Council (Guédmundsson, 2009).

Emissions

The product of nitrogen amounts and respective emission factas subsequently transformed into

N>O emissions by multiplying units of nitrogen with 44/28 (molar massOfdivided by molar mass

of Np). Direct emission from agricultural soils amounted to 486 tonng3 iN 2014, which meant an
increase of 1.5% in compson to 1990 emissions. The main driver behind the increase was

increased amounts of synthetic fertilizer. A decrease is observed in animal manure applied to soils as
well as in the total area of cultivated soils. 52% of 2014 emissions originated fronesyrertilizer
application, 30% from animal manure application and 18% from organic soils. The contribution of N

in crop residues returned to soils is extremely low (0.1%). Annual fluctuations in emissions are mainly
caused by the amourdf fertilizer gplied to soilskigure5.5).
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Figure 5.5 Direct NO emissions from soilkt].

5.6.6 Uncertainties

Uncertainties frondirect soil emissions were estimated for the category as a whole. To this end AD
and EF uncertainties of fertilizer nitrogen, manure nitrogen, and area of organic soils cultivated
annually were first weighted with respective 2013 emissions and then cadltip multiplication in

order to result in combined uncertainty estimates for the emission category. The amount of N in
fertilizer applied was deemed to be known with an uncertainty-@0% mainly stemming from

possible differences between annual importcefinal application (expert judgement). The

uncertainty in the amount of nitrogen in manure applied to soils was with higher (54%) as a result of
multiplying NEX uncertainties (as described in chapter 6.5.4) with a livestock population uncertainty
of 20%.The area of cultivated organic soils was attributed with an uncertainty2tf% in

accordance with area uncertainty estimates for cropland in LULUCF. Total AD uncertainty for direct
N>O emissions from soils weighted with 2012 emission estimates wasftinergl%.

AD uncertainty, however, is overshadowed by emission factor uncertainty related to nitrogen
application to soils. According to the GPG the best estimate of the 95% confidence interval range

from one fifth to five times the EF of 1.25%, i.e. 4Q0%ertainty. Uncertainty for the country

specific value for N2O emissions from cultivated organic soils is 25%. EF uncertainty was weighted in
the same way as AD uncertainty resulting in a value of 326%. Combination of AD and EF uncertainties
for direct sal emissions yielded a value of 328%.

5.6.7 Planned improvements

For the next submission it is planned to update the emission factorAfordNch that the default factor
will be used.
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5.7 Indirect NO emissions from nitrogen used in agriculture
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5.7.1 Activity data an@mission factors
Indirect NO emissions originate from three sources:

- Volatilization of applied synthetic fertilizer and animal manure and subsequent atmospheric
deposition

- Leaching and runoff of applied fertiliser and animal manure and

- Discharge of humasewage nitrogen into rivers or estuaries

The last source is covered in chapter 6. The first two sources are covered here.

5.7.2 NoO from atmospheric deposition

Atmospheric deposition of nitrogen compounds such as nitrogen oxides (NOx) and ammoniyim (NH
fertilises soils and surface waters, which results in enhanced bioggDifolnat According to the

1996 guidelines, the amount of applied agricultural N that volatilizes and subsequently deposits on
nearby soils is equal to the total amount of synthetic fesiti nitrogen applied to soils plus the total
amount of animal manure nitrogen excreted in the country multiplied by appropriate volatilisation
factors (IPCC, 1996). That means that this emission source shares activity data with direct emissions
from agrialtural soils. Here, this includes manure deposited on pasture by grazing livestock. The
amounts of nitrogen that were subtracted from total N in order to adjust for volatilization from

fertilizer and animal manure applicationéhapter5.64 5 A NB Oy &8 YRANEBIW | 3 NR Odzf (i dzNJ
constitute activity data for pO from atmospheric deposition. That means that N amounts in fertilizer
are multiplied with 0.1 and amounts in animal manure with 0.2 in order to calculgdefitdm

atmospheric deposition. Thisssimmarized in equation 4.31 of the GPG. The IPCC emission factor for
estimating indirect emissions due to atmospheric deposition63 t¢ 0.01 kg XD-N/kg NH-N &

NOxN deposited.

EQUATION 11.9

N0 FROM ATMOSPHERIC DEPOSITION OF N (TIER 1a)
N2O(GIN = [Negr1w GND Ob (Tm ¢hﬂSbE WeadNg Ow ndnwm

Where:

- NObirect-N = Emission of # in units of Nitrogen

- Fsn= Annual amount of synthetic fertiliser nitrogen applied to soils adjusted to
account for the amount that volatilises as Nhd NQ

- Faw= Annual amount of animal manure nitrogen intentionally applied to soils adju
to account for the amount that volatilises as Ntthd NQ

- Fen= Amount of nitrogen fixed by-fixing crops cultivated annually

- FRer= Amount of nitrogen in crop residuesturned to soils annually

- Fos= Area of organic soils cultivated annually

- ER = Emission factor for emissions from N inputs (k@-N/kg N input)

- ER = Emission factor for emissions from organic soil cultivation §kgN\vha-yr)
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5.7.3 NO from leaching andinoff

A large proportion of nitrogen is lost from agricultural soils through leaching and runoff. This nitrogen
enters groundwater, wetlands, rivers, and eventually the ocean, where it enhances biogenic
production of NO (IPCC; 2006). To estimate the ammoof applied N that leaches or runs off,

amount of synthetic fertilizer and animal manure applied to soils (including manure deposited on
pasture by grazing livestock) is multiplied by the fraction that is lost through leaching and runoff.
Indirect NO emissions from leaching and runoff are calculated by multiplying the resulting nitrogen
amount with the 2006 GL emission factor for estimating indirect emissions due to leaching and
runoff of NO: 0.025 kg M{D-N/kg N leached & runoff.

National hventory Report, Iceland 2&

5.7.4 Emissions

The developrant of indirect NO emissions from 1992014- after conversion from nitrogen to
nitrous oxide- is shown irFigure 5.6 N.O emissions amounted to 458 tonnesONin 2014, which
meant a 0.4% increase from the 1990 value of 456 tonnes. The general slighwdmhtrend in
emissions was reversed from 2006 to 2008, when high amounts of synthetic fertilizer application
caused an increase of indirect®lemissions from agricultural soils above the 1990 level.
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Figure 5.6 Indirect NO emissions from agricultural soils.

5.7.5 Uncertainties

Uncertainties from indirect soil emissions were estimated for the category as a whole. To this end AD
and EF uncertainties of fertilizer nitrogen and manure nitrogen were first weighit&respective

2012 emissions and then combined by multiplication in order to result in combined uncertainty
estimates for the emission category. AD uncertainty consists of AD the uncertainty regarding the
amount of nitrogen in fertilizer and manure (chapter 6.6.5) combined with uncertainty regarding

the fraction of N that volatilizes, which is estimated by the GPG tc®@%4 (p. 4.75). Combined

weighted AD uncertainties of 67% are dwarfed by an order of magnitude uncertainty for the EF (GPG,
page 475). Combined uncertainties are estimated to be 1002%.
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6 LandUse, LandJse Changes and Forestry (CRF sector 4)

6.1 Overview

This sector covers emissions and removals related to land use, land use changes and forestry
(LULUCF). The land use is categoriz¢bddsix main land use categories defined by inventory
guidelines (IPCC 2006) and conversions between those categories. Emissions and removals of GHG
are reported for all managed land within these categories according to guidelines given in Volume 4:
Agricdture, Forestry and Other Land Use of the 2006 Guidelines (IPCC 2006), hereafter named
AFOLU Guidelines, and the 2013 Supplement to the 2006 Guidelines: Wetlands (IPCC 2014),
hereafter named 2013 Wetland Supplement. The Agricultural University of Icetenbtelandic

Forestry Research and the Soil Conservation Service of Iceland are responsible for preparing the
inventory for this sector.

More than 90% of the total area of Iceland is included in two land use categories i.e. Grassland and
Other LandFigue 6.1shows the relative division of the area of Iceland to the main six land use
categories reported.

m Forest land

1%
Cropland N 1%

Grassland
Wetland
m Settlement

Other land

39%

53%

0% 6%

Figure 6.1 Relative size of land use categories in Iceland according to IGLUD land use map 2Gh8rdadduse
estimates available for the reporting

Both emissions from sources and removals by sinks are reported for this sector. The net contribution
of the main land use categories is summarize#tig 62, Table €l.
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Figure 6.2 The net emission/removals of land use categories in keG@valents, according to this submission.

The sum of all emissions reported is 13,502 ki € and is dominated 87.0% by 11,747 kt E®
emissions related tordinage of organic soils, mostly of included under Grassland, Cropland and
small areas of Forest land. Another important emission component 12.0% or 1,626 &,G©
methane emission from managed wetlands. The remaining reported emissionsi@tg0o biomass
burning, application of Mertilizers, hydropower reservoirs (gQlosses of soil organic carbon (SOC)
from mineral soils, loss of biomass due to conversion of land to Settlements. The removal by sinks
reported is by sequestration of carbon tetlands 43.9 % or 708 kt €€xj, to biomass and SOC in
revegetation 34.8 % or 560 kt €€, to biomass and SOC in forest 17.6 % or 283 keG.ther
contributing components 3.7% include; increase in SOC of mineral soils in some Cropland, increase in
biomass and mineral soil SOC in Natural birch shrubland, increase in biomass of abandoned
Cropland.

/ 2YLI NBR (2 fFad &SIFINRa adomyiaaizy (GKS ySi Syiaa
or from 11,891 kt C&£eq to 11,890 kt C&£eq.

The CRFables are prepared through new version of the CRF reporter (version 5.12.0). The structure

of the information from last submission is maintained in all categories. T@eehission associated

GAGK GKS RNIAYFASS A& a AdndDLED DSABRAZ2F A0 YV RA M
RNIYAYyF3aS IyR NBgSOGGAYy3a | yR 20GKSNIForesfla@Sor Sy d 2F 2
Cropland it is reported under Agricultural sector as previously but for Grassland it is reported under
GnOoLLLOemANMBAY ab FNRY b aAy Swith thénothtinitiatyemissisry 2 0 A £ A T |
reported is of drained soils.

6.2 Land use practise and consequences

The present state of vegetation and soils is the result of past and present climatic conditions, volcanic
activity and land use history. The possible pattern of anthropogenic impact on the landscape and soil
erosion in southern Iceland has been stud{digmore, Gisladottir et al. 20Q9)here a two stage

process of soil erosion is suggested involving overgrazing causing patterns of damaged vegetation
cover in theuplands followed by soil erosion and rapid total denudation of large areas of relatively
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shallow soils before beginning of theléentury. Later the soil erosion on lowland areas started,
triggered by disruption in vegetation cover. At the time of sstient the natural birch woodlands
were widespread but by the end of the18entury it was mostly exhausted as result of land
clearance, intensive grazing, collection of firewood and charcoal mékérgrinsson 1974)

At the onset of the 20th century the country had suffered from extensive soil erosion and most of
the woodland lost. Cultivation was limited and large part of livestodklér was obtained from
uncultivated meadows and wetlands. In the 20th century cultivation was increased considerable
especially in the period 1930 to 199Bigure 6.3poth on naturally drained soils and also through
drainage of wetland soils. The draimagf wetlands was far more extensive than what was ever
cultivated leaving large areas as drained grassland.

At the beginning of the 20century the Soil Conservation Service of Iceland (SCSI) was established to
combat the progress of drifting sand threaing farmlands in many areas. The SCSI has ever since
been combating soil erosion and activelyvegetating land. The soil erosion was first mapped at the
end of the 2@ century showing still ongoing soil erosion and large areas of degraded land. The
highland areas have almost completely lost their soil mantle and large areas in the lowland regions
are impacted by erosion as well (Arnalds, E.F.Thorarinsdattir et al. 2001). At the beginning of 20th
century there was increased interest in protecting thenaéning birch forest and cultivation of new
forest. The Icelandic Forest Service was established in the beginning of'tieer#Qry and has since
worked on protection of remaining natural forest and cultivation of new forest.

The increased cultivatioalong with other factors was reflected in increased livestock. The number of
sheep reached a maximum in 1977 leading to gu@aduction of lamb meat and high grazing

pressure on many areas. This maximum in sheep number was followed by rapid decline @r numb

until 1990 when present winterfeed stock size level was reached (Figure 3). This decline is almost but
not entirely reflected in the decline in sheep numbers on the grazing areas as the average fertility has
increased in the period (Jonmundson and Egfdéttir 2013) and the time spent on highland grazing
areas is better managed than before also affecting the overall grazing pressure.
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Figure 6.3 Changes in number of winterfed sheep as officially recof@tdistic Iceland website 2014).

The land use history of Iceland is thus marked by losses and degradation of natural resources
including forest, other vegetation, soils and wetlands. According to new mapping effort of natural

birch forest and monitoringf afforestation, reforestation and deforestation by the Icelandic Forest
Research, forest is presently increasing in area and accumulating carbon. Area of land in revegetation
process is presently increasing and accumulating carbon both in vegetaticoéubait monitoring

of ongoing soil erosion and vegetation losses is fragmentary. The balance of soil formation and losses
is thus unknown. According to information presented in this report the area of wetlands drained

each year is still larger than theear rewetted. The drained wetland soil is in this inventory estimated

to lose much more carbon than is accumulated in thedusined wetlands.

The degradation of these resources in the past and those still ongoing holds in it potentials to
prevent ongoingdsses and restore their previous state. The degradation of these resources and their
restoration is tightly connected to the carbon stocks included. As clearly reflected in this report the
impact of the land use sector of Iceland is very large and consdigiu®lds opportunities to

drastically change the emission profile of the nation. Afforestation and revegetation are examples of
this restoration work already practised in Iceland and acting as carbon sinks. The impact of the
drainage of wetland soils ahe emission profile is in this submission larger than before as emission
factors have been revised and completeness of emission components improved. The potential for
changing the emission profile through wetland rewetting is likewise expanded by thisméesion
estimate. Ongoing losses of soil and vegetation is still not included in the emission profile and the
potential embedded in counter actions likewise unknown. The impact of these sinks and sources will
be discussed further in the following chapgesn the relevant land use category.
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6.3 Data sources
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The present CRF reporting is based on; land use as recorded in the Icelandic Geographical Land Use
Database (IGLUD), activity data and mapping on afforestation and deforestation from Icelandic

Forest Resaah (IFR), maps of natural birch forest and shrubland from IFR, activity data and maps on
revegetation from the Soil Conservation Service of Iceland (SCSI), time series of Afforestation,
Reforestation, Cropland and Grassland categories, including revemetdtainage and cropland

abandonment, and of reservoirs. Data on biomass burning is based on area mapping of the Icelandic
LYadAddziS 2F bl dGdzNIf | AaG2NE YR 2SaGdF22NRQA bl
relevant land categories obtaingdrough IGLUD field sampling as described in (Gudmundsson,

Gisladottir et al. 2010).

¢KS FT@FAfFofS 3AS2aANF LIKAOFE RFEGE YR AGQa O2YLACL |
described belowh. 6.3.1). The methodology of the compilation procesdeas described

elsewhere (Gudmundsson, Brink et al. 2013). For several land use categories other estimates than
IGLUD land use map exist. If these estimates are considered more accurate than the land use map
then that area estimate is used. This appées to the total area of cultivated forest, where the

maps compiled to IGLUD land use map is the area sampling points are selected from. Few of these
sampling points do not include cultivated forest and consequently the total area is estimated smaller
than the mapped area. As this decrease in area is not geographically identifiable, only the total area
can be corrected. The area mapped as cultivated forest in IGLUD land use map, but not reported in
the CRF has to be reported under other land use categesylh other cases the area reported is

larger than the comparable mapping unit, as with landiegetated before 1990, then the difference

in area has to be transferred from other land use categories to that category. These adjustments of
mapped area areescribed in chapter 6.3.5.

6.3.1 The Icelandic Geographic Land Use Database (IGLUD)

6.3.1.1 Introduction

The objective of the Icelandic Geographic Land Use Database (IGLUD) is to compile information on
land use and land use changes compliant to requirements of thé.lBFEidelines (IPCC 2006), and

the 2013 Supplement to the 2006 Guidelines: Wetlands (IPCC 2014). Second objective is to extract
from this information reliable land use map containing the land use categories applied in the national
inventory to the UNFCCBs first goal of this objective, all the six main land use classes defined in
AFOLU guidelines (IPCC 2006) should be geographically identified. Important criteria regarding
subdivision of land use categories is to recognise the land use practices motihgffee emission

or removal of greenhouse gasses. This subdivision can either be relative and thus not geographically
identifiable or it can be geographically identifiable at various resolutions. The relative division can be
known within a region or thevhole country. Relative division can be based on ground surveys or
other available additional information. To aid the geographical identification of land use categories
the definitions of each category need to take in account as much as possible if égecais

recognisable both through remote sensing and on the ground. This applies especially to those
categories not otherwise systematically mapped.

From the available map layers the land use map is extracted in such way that consistency is ensured
and overlapping avoided. The IGLUD database contains; map layers of diverse origin as explained
below, geographically referable datasets obtained through IGLUD field work, results of analyses of
the samples obtain in that field work, photographs taken at samgptioints, geographical data
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related to surveys on specific map layers or topics related to the database, metadata describing the
above data.

The sources of the map layers in IGLUD are described below. Description of field work for collecting
land informdion for the database and some preliminary results can be found in (Gudmundsson,
Gisladaéttir et al. 2010).

Provided below is a short description of the database, list of its main data sources, definitions of
main land use categories as applied in IGLUDpagskent structure of subcategories.

6.3.1.2 Definitions of IGLUD land use categories
Definitions of the six main land use categories as they are applied in IGLUD are listed below, along
with description of how they were compiled from the existing data.

Broad LandUse Categories

Settlements:!! £ f | NBF & Ay Of dZRSR 6AGKAY YILI fF@8SNR aG¢2g5y
the IS 50 v2013 geographical database. Also included as Settlement are roads classified with 15 m

wide road zone, including primary and saedary roads. Roads within forest land are excluded as

road zone does not reach 20 m.

Forest land:All land, not included under Settlements, presently covered with trees or woody
vegetation more than 2 m high, crown cover of minimum 10% and at least Oncloatinuous area
and a minimum width of 20 m and also land which currently falls below these thresholds but is
expected to reach them in situ at mature state.

Cropland:All cultivated land not included under Settlements or Forest land and at least @5 ha
continuous area and minimum width 20 m. This category includes harvested hayfields with perennial
grasses.

Wetland: All land that is covered or saturated by water for all or part of the year and does not fall
into the Settlements, Forest land, Cropthcategories. It includes intact mires and reservoirs as
managed subdivisions and natural rivers and lakes as unmanaged subdivision.

GrasslandAll land where vascular plant cover is >20% and not included under the Settlements,
Forest land, Cropland or Wand categories. This category includes as subcategory land which is
being revegetated and meeting the definition of the activity and does not fall into other categories.
Drained wetlands not falling into other categories are included in this category.

Cther land: This category includes bare soil, rock, glaciers and all land that does not fall into any of
the other categories. All land in this category is unmanaged. This category allows the total area of
identified land to match the area of the country.

Subcategories applied in IGLUD land use map
Ly GKS fFyR dz&aS YIFL) FLILX ASR F2NJ dKAa FyR fFad &8

Forest land is represented by two classes prepared through combination of available forest map
layersfromL Cw®d ¢ KS Of aaSa INB a/dzZ GAQFGSR F2NBadé |y

/I NBLX YR A& LINBaSyidSR a Gg2 OflFraasSa AdSod a/ NP LK
of these classes is based on total area of drained croplands estimated througbetirag on
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Cropland and delineation of area of same size by choosing lower limits for the density of the ditches
network, calculated as described in (Gisladéttir, Gudmundsson et al. 2010).

DN} aaftlyR Aad NBLINBaSYyGSR Ia A D3 NDKI &EKNUz0K f yRES |
LCw: awS@S3aSaliAz2zy o0STF2NB mppné FyR awS@S3ISial GAz2
RN AYSRé¢ +a ARSYGATASR 2y olaira 2F (GKS YI LI £ &SN
included as Grassland.

Wetly R Aa Ay GKS flyR dz&S YI LI NBLINBASYGSR |a (KNEB:
GhiGKSNJ 2SiGtl yRé®

{SGGtSYSyG A& Ay GKS fFyR dza$S YI LI NBLINRaSyiSR I a
20 KSNE o

Other land is represented astwo éléa S&a T aDf  OASNAE FyR LISNLISGdzZ £ &ay?2
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Table6.1 List of map layers used in compiling the IGLUD map showing the categorization of layers and order of compilation.

Lem) use Sub categries Map layers included in land use category ID LS C)
categories map layers
Settlement towns = Towns and villages 101 | 4
1.Settlement Airports 102 | 5
Settlements other Roads with buffer zone 103 | 6
Forest cultivationd9081989 201 | 7
Forest cultivations 1992013 203 8
Forest cultivations mostly after 1990 but some older| 202 | 9

Cultivated forest Forest cultivations most probably planted before 19¢ 204 = 10
2.Forest land

Forest cultivations probably after 1990 208 | 12
Forest cultivationsincertain age 205 11
Natural birch Natural birch forestpotentially on drained soils 207 | 13
forest Natural birch forest 206 14
Cropland Cropland 301 | 16
SHECE O @ Cropland with ditch density 48 km kn? 302 | 17
drained soils
Other wetlands Semiwetland (wetland upland ectone) 401 | 38
Wetland 402 @ 39
Semiwetland/wetland complex 403 | 40
4.Wetland Lakes and rivers | Lakes and rivers 404 @ 15
Reservoirs Reservoirs 1 405 | 1
Reservoirs 2 406 2
Grassland (true grassland) 501 | 27
Richly vegetated heath land 502 @ 28
Cultivated land 503 | 36
Poorly vegetated heath land 504 @29
Mosses 505 | 30
Other grassland | Partly vegetated land (1) 506 @ 31
Shrubs and forest potentially on drained soils 508 | 23
Shrubsand forest 507 @ 27
Grassland, heattand shrubs and forest complex 509 | 34
5.Grassland Partly vegetated land (2) 510 35
Pasture 511 | 37
Land revegetated Farmers revegetation before 1990 512 19
before 1990 Revegetation before 1990 515 | 21
Land revegetated Farmers revegetation 1992013 513 20
since 1990 Revegetation activity 1992013 516 | 18
Grgssland on Drained land 514 24
drained soils
Natural birch Ngtural birch Woodland <2rgpotentially on drained 518 | 22
shrubland soils -
Natural birch Woodlan&2m 517 @ 25
Historical lava fields with mosses (1) 601 | 32
Historical lava fields with mosses (2) 602 @ 33
Sparely vegetated land (1) 603 | 42
Other land Sparely vegetated land (2) 604 @ 43
6.Other land Zone of recently retreated glaciers 606 | 41
Unclassified of IFD lakes and rivers origin 607 @ 43
Unclassified of revised border origin. 608 | 42
Glaciers Glaciers and perpetual snow 605 | 3

6.3.1.3 Main Data Sources compiled in IGLUD
The resulting classification of land use as presented in this submisdased on several sources,
the most important listed here.
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NYTJALANBIcelandic Farmland Database (IFD): Geographical Database on Condition of Farming
Land

The Agricultural University of Iceland and its predecessor the Agricultural Research Institute in
cooperation with other institutions constructed a geographical database (IFD) on the condition of
vegetation on all farms in Iceland.

Table6.2 The original land cover classes of the IFD showing the full scale classes and the coarser class aggregation.

IFD full scale Classe

(Icelandic name in Short description Coarse class name
brackets)
gﬁlél)vated I ((xe= e All cultivated landncluding hayfields and cropland. Cropland and pasture

Land with perennial grasses as dominating vegetat
Grassland (Graslendi) including drained peatand where upland vegetation ha
become dominating.
Heath land with rich vegetation, good grazing pla
common, dwarf shrubs often dominating, and moss
common.
Heath landwith lower grazing values than richly vegetat:
heath land. Often dominated by less valuable grazing pl:
and dwarf shrubs, mosses and lichens apparent.
Land where moss covers more thaf8 af the total plant Grassland, heattand shrubs
cover. Other vegetation includes grasses and dwarf shri and forest complex
Shrubs and forest (Kjar| Land where more than 50% of vertical projection is cove Grassland, heattand shrubs

Grassland, heattand shrubs
and forest complex

Grassland, heattand shrubs
and forest complex

Richly vegetated heath
land (Rikt mélendi)

Grassland, heattand shrubs
and forest complex

Poorly vegetated heath
land (Ryrt mdélendi)

Moss land (Mosi)

og skoglendi) with trees or shrubsigher than 50 cm and forest complex

Land where vegetation is a mixture of upland and wetle
Semiwetland-wetland- species. Carex and Equisetum species are common as :

- . . Semiwetland/wetland

upland ecotone | as dwarf shrubs. Soil igerally wet but without standing complex
(Halfdeigja) water. This category includes drained land whe

vegetation is not yet dominated by upland species.

Mires and fens. Variability of vegetation is high but tl Semiwetland/wetland
Wetland (Votlendi) class is donmated by Carex and Equisetum species ¢ complex

often shrubs.

Land where vegetation cover ranges between-5006.
Partially vegetated land Generally infertile areas often on gravel soil. This class
(Halfgroio) both include areasvhere the vegetation is retreating or il
progress.
Areas where less than 20% of the vertical projectior|
covered with vegetation. Many types of surfaces ¢ Sparselywegetated land

Partly vegetated land

Sparsely vegetated lanc

(Litgroid) included in this class.
Ié_lgkes AR, Lakes and rivers Lakes and rivers
Glaciers (Joklar) Glaciers and perpetual snows Glaciers

The full scale mapping was completed for approximately 60% of the country and 70% of the lowlands
below 400 m elevatin in Iceland. This geographical database is based on remote sensing using both
Landsat 7and Spot 5images, existing maps of erosion and vegetation cover and various other
sources. The categorization used in the full scale mapping divides the land élte tlasses, ten for
vegetation and two for lakes, rivers and glaciers. The classes used in IFD are Tisigld B.2The

area not covered by fulicale classification of IFD was classified by applying coarser classification
(seven classes) modifiedareding to CORINE requirements (Bossard, Feranec et al. 2000). Adding
these two levels of classification, i.e. one with seven classes and other with 12 classes, a whole
country map layer of this classification is available. This work is has recentlyuresragsed and

ground truth work analysed revealing 76% overall accuracy (proportion of correctly classiREL)
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for the whole picture applying clumped categories of the coarser classification for the full scale
classification (Gisladattir, Brink et 2014). This clumping is comparable to the merging of categories
applied in IGLUD Land use map.

The pixel size in this database is 15x15 m and the reference scale is 1:30,000. The data was simplified
by merging areas of a class covering less than 10 pixtie nearest larger neighbour area, thus
leaving 0.225 ha as the minimum mapping unit.

Before compiling the IFD classes into IGLUD each land cover class is converted to a separate map
layer thereby creating 18 map layers.

The two level IFD modified asstribed above is the primary data source of IGLUD.
IS 50 V2013

The 1S 50V2013 geographical database of the National Land Survey of Iceland (NLSI) includes eight
YFEL) £t 8SNBE® CNRY GKFG REGEFEOFAS FAQ@S YIL £F&8SNE |
G! ANL2NIG & daw2l Raéx yR aDfFOASNAB | YR LISNLISG dzt f
linear features representing the centreline of the road. To allocate area to roads a buffer zone,

defined according to road type, was added. In last yearségion the buffer zone applied in

previous submissions was revised to better reflect the actual land cover of the roads rather than
administrative boundaries of the roads. The buffer applied on the roads was decreased accordingly.

In this submission thakevised buffer zone is maintained. This buffer zone was compared with the

map layer of Forest land and overlapping area removed from the buffer to avoid reduction of forest

land by excluding treeless land less than 20 m wide. These map layers are irforecairand

before entering the IGLUD they are converted to raster format and resampled to 15x15m pixel size.

Maps of Forest and Other Wooded Land

All known woodland (synonym for forest and other wooded land) including both the natural birch
woodland and he cultivated forest has been mapped at the IFR on the basis of aerial photographs,
satellite images and activity reports. This map forms the geographical background for the National
Forest Inventory (NFI) carried out by IFR. The control and correcttbisohap is part of the NFI

work. The IFR has completed the revision of the map layers on birch forest and shrubland based on
field mapping. The revised maps of these categories are applied in preparing the IGLUD land use map
for this submission. The catexy Forest Land in IGLUD map is based on the IFR maps. The maps of
natural birch forest and natural birch shrubland were split to two layers one with the area
overlapping with the buffer on the drainage ditches and remaining area in the other layer. 8ne ar
overlapping with the buffer is defined as potentially drained area. The maps are in vector format
including classification attributes connected to each mapping unit. Before entering the IGLUD
database they are converted to raster format and resampleti®o15m pixels and then divided to
seven separate map layers according to their feature attributes. In this submission, updated version
of the IFR map layers on cultivated forest is applied.

Maps of Land being reegetated

The SCSI collects information r@vegetation activities. The majority of revegetation activities since
Mmpopn FNB FfNBFRe YIFLIWLISR YR F@FAfFotS -Ay @S0OG2NJ
@S3ASHF UGS GKS flFryRé o6Cw[0 KFa y2¢g 0SSy isa2YLi SGSR
cooperative revegetation activity between SCSI and voluntary participating farmers. These maps
F2N)Y GKS 3IS23ANI LKAOFET oF O13INRdzyR 2F (KS abl A2yl
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carried out by SCSI. The recorded activities, which arermtlymot mapped are not included in the

NIRA but will be added consequently as their mapping proceed. Unmapped activities are included as
activity in CRF and the difference in maps and activity is balanced against othaséafse chapter
6.3.6). The GSI has revised the maps of laneregietated since 1990, and that revision is applied in
preparing the IGLUD land use map for this submission. The revegetation taking place before 1990 is
presently far less mapped. The documentation of the activitiebait time focuses more on site of

the activity rather than its geographical delineation. Efforts are currently being made to locate and
delineate currently udocated activities prior to 1990 based on available information and data. The
activities before 190 already mapped are available in vector format. The categoneBetated land

in IGLUD is based on these maps.

National hventory Report, Iceland 2&

Maps of Drained land

The extensive drainage that took place mostly in last century was not recorded geographically. Some
of the ditches werericluded though in the NLSI topographical maps. All ditches recognizable on
satellite images (SPOT 5) were digitized 2008 in a cooperative effort of the AUI and the NLSI.

¢CKS YIFLI £F8SNJ a5NFAYSR fFyRé gl a LINEepWwaldBR o6& ! | L
attach a 200 m buffer zone on every ditch. From the area such included the overlap with following

YL tFe@SNa SEGNI OGSR F2N¥Y LC5 61 a& SEOf dZRSRT a{ LI}
@SASGIGSR t 1 yRé 0O0L5Y N#néc OLyBRY pnminovss aof {F K NSao a yrR/ Rw A
IFR map layer Natural birch woodland <2 m (ID: 517). Additionally all areas where slope exceeded

10° or extended below seashore line were excluded. To exclude steep areas the AUI elevation model
(unpubished), based on NLSI elevation maps, was used. The map layer is in raster format. This map

layer of drained land was used in the IGLUD compilation process and further limited by the map

layers ranking higher in compilation order. The Grassland subcatégbril A Yy SR DN} a af | yR¢
identified in IGLUD on basis of this map. The map layers of potentially drained area; natural birch

forest (ID: 207), natural birch shrubland (ID: 518), and shrubs and forest (ID: 508) were prepared by
extracting the overlap of laye ID: 206, 517 and 507 respectively with the 200 m buffer zone (where

AAAAAAA

flyYyR 6AGK af2LS SEOSSRAY3 mnc FyR flFyR AyOf dzRSR
Maps of cultivated Land

The map layer Cropland was also produced in cooperation with NLSlighimation was completed

in 2009 by AUI. This map layer is the only source of identification of Cropland in IGLUD. The map

layers identifying Cropland in IFD are not included as Cropland in IGLUD land use map, as considered

far less accurate. Thearedo / NR LJX | YR 2y RNIAYySR St yR 0aG2NAL
land use map. The geographic identification of drained wetland soils within Cropland is ongoing

project of AUI. The area shown as Cropland on drained soil is estimated by GIS pgdogssi

adjusting density classes of the ditch network to the area of cropland drained soils estimated through

time series (see chapter 6.3.3).

Maps of reservoirs

Two map layers on reservoirs are available one with the reservoirs of Landsvirkjun whicharhe
hydropower company in Iceland, and a second layer prepared by AUI on basis of available
information (Sigurdsson 2002) and local knowledge. Included in this second layer are many smaller
reservoirs and reservoirs managed by others than LandsvirkijusinTap layer still needs to be

verified. These layers are available in vector format and are converted to raster and resampled to
15x15 m pixels before entering IGLUD.
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Map of zone of recently retreated glaciers.

The comparison of previous map of glaciensl perpetual snows included in IFD to the one from

IS50 V2013 reveals less area included in the IS 50V2013. This shrinkage of glaciers and perpetual
snows exposes land not previously classified. This land is included as a separate map layer in IGLUD.
Thi data is in raster format.

Map of pixels from the old layer of lakes and rivers with lost classification

In previous submissions two map layers were representing lakes and rivers, i.e. one from IFD and the
other from IS 50 v3.2. In the land use map fanegal for 2014 submission both these map layers were
replaced by a new layer from IS 50V2013. Small areas of land, which in the IFD was classified as lakes
and rivers but is not included in the new IS 50V2013 layer, are not identified to any of the other ma
layers included. This land is included as separate layer while no classification is available. This map
layer is prepared in raster format.

Map of unclassified land added through revision of outer boundaries.

In submissions prior to the year 2014 the euboundaries of Iceland were represented by the total
area classified in the IFD. In the 2014 submission the outer boundaries lines were extracted form 1S
50Vv2013. This revision resulted in an addition of many small islands and islets and the costal outli
changes. Through this revision some areas were removed from the IFD classes and new areas not
previously classified were added. These new areas were added as a separate map layer in the 2014
submission and that map layer is also included in this sulwniss

Map of historical lava fields covered with mosses

To separate land with almost full vegetation cover but less than 20% cover of vascular plant,

geological maps and vegetation maps were compared to identify areas of historical lava fields

covered withmosses. The map of historical lava fields is from the Icelandic Institute of Natural

History as well as vegetation maps identifying mosses in areas where only courser classification in IFD
is available. In areas of IFD full scale classification the gealogaps were compared to the IFD class
Gaz2aasSa¢ (2 OGKA& LWHzZN1LIR2AS® CNRY GKAA O2YLI NRaz2yYy

6.3.1.4 Compilation of map layers to land use map

The process of compiling the data to a land use map is described in more de{@udmundsson,

Brink et al. 2013). Before entering the database, all map layers, if not already so, were converted to
raster format and resampled to 15x15m pixel size. Layers in vector format were converted to raster.
The compilation process is done®y3 S NI | & | YArdGE &efsion 1dkd Aay2FF Gag | NB o Ly
process the hierarchy of the map layers plays an essential role, as the map layer higher in the
hierarchy replaces all overlaid pixels in a map layer of lower order with its own pixels..ghtnee
LAESta O02YY2y (2 GKS YILI f1F28SN awSaSND2ANE Mmé X

l.j

l.:.l

GKS YILI tF@8SNE é[1F1Sa&a YR NAGSNREE H6AGK KASNI NOKe@

applied to determine the hierarchical order of méayers and the compilation process is further
described in (Gudmundsson, Brink et al. 2013). Before entering the compilation all map layers are cut
by the outer boundaries lines were extracted form IS 50V2013, excluding all area outside these
boundariesThe layer of all area within the new boundaries is then included at the bottom of the
hierarchical order of map layers.

Each map layer is categorized to the relevant land use category considering its order in the
O2YLIAEFGA2Y KASNI NDKé®OR¢KISYy B¢ (ENRARY kil iz 83 FTNRY
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OFrGS3a2NRAT SR (2 2GKSNJ DN} &aathkryR a GKS &/ NRLX I yRE
cropland therefore excluded from what is left behind of that map layer in the compilation process.
The magayers used in compiling the IGLUD land use map are listBabile 6.1.

National hventory Report, Iceland 2&

The land use map resulting from the preparation of map layers and the compilation process is shown
in (Figure 6.4, Figure 6.5, Figure 6.6, Figure 6.7) and is also available at the website
http://ww w.Ibhi.is/vefsja
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Figure 6.5 Enlargement of land use map emphasizing the different Forest land subcategories.
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Figure 6.6 Enlargement of land use map emphasizing the Revegetation area mapped.
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Figure 6.7 Enlargement of land use map emphasizing the subcategory Grassland on drained soils

6.3.2 Changes in land use map
In this submission the land use map from last submission is applied unchanged.

6.3.3 Time series

Land use map does not provide thié information needed for estimating the area of each land use
category requested. The map summarize geographical data extending over long period and can
accordingly not be taken as accurate land use at a specific year nor can land use maps changes from
one year to the next be interpreted as land use changes unless relevant map layer was updated. To
estimate the changes in land use and separate the area within each category remaining in category
and land being converted to the category time series aredeele From available data independent

time series have been created for; afforestation, deforestation, expansions of natural birch forest
and shrubland, cropland converted to forest land, other land converted to forest land, wetland
drainage, land convertetb cropland, cropland abandonment, revegetation, settlements and
establishment of new reservoirs. All other reported time series on land use are derivatives from
these time series adjusted to the area of the category as emerging from the land use maye if

reliable estimates of total area is not available. All land use categories for which emission or removal
is reported are now represented by time series.

Most of the data the time series are based on, hold information about changes, i.e. new input or
output to or from the area of the respective category, without assigning the origin of the input or
destination of the output to certain other land use category. The time series for cropland are thus
constructed from data based on records of new cultivasi@ach year and available estimates of
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abandoned cropland at specific points in time. This data does not specifically state which land use
categories were turned to cropland or what became of the abandoned fields.

Extensive drainage of Icelandic wetladsk place in the period 1940985 and is still ongoing at a

lower rate. This drainage was aided by governmental subsidies. The outcome of this drainage effort
was that the larger part of the lowland wetlands in Iceland was converted to Grassland aar@iopl

Only a small portion of these drained areas was turned to hayfields or cultivated. Part of this land has
since been afforested or converted to Settlement. The governmental subsides involved official
recording of the drainage, kept by the Farmers Aggam. The subsidies of new drainage ended in

1987 (Gisladattir, Metisalemsson et al. 2007). Since then, the recording of drainage has been
limited, and no official recording is presently available and only one region updates its records
annually (Kristgf . 2F N}y RIFf Wsyaazy LISNER2YylIf O2YYdzyAOl A2y
drainage ditches of the year 2014 in that region were assumed to be the average of the two previous
years. These records are applied to estimate the new drainage in the colihrge records of

excavation of drainage ditches are applied to construct the time series of conversion of wetland soils
to other land use categories.

The evaluation of cropland origin as it appears in the time series is based on two assumptions. First
assumption is that land that has been converted to cropland originated mostly from either Grassland

on mineral soil or from wetlands. The second assumption is that the ratio of new cropland of wetland
origin has been constant. This ratio has in the constraabibthe time series been adjusted to ratio

of wetland originated hayfields evaluated in the period 19993 (bPorvaldsson 1994).

The destination of abandoned cropland is assumed as first approach to be all to the Grassland

category, and the ratio of orgamand mineral soil of abandoned cropland is the same as the ratio

within the cropland category on the year of abandonment. This time series is then corrected
FOO2NRAY3I (G2 Iy AYRSLISYRSydG GAYS aSNARSa 2F a/ NRL

The time seriefor settlements are prepared from total basal area of all buildings in towns and
villages. It is assumed that the ratio of total area of towns and villages and of other settlements to
the basal area of buildings has remained the same as in 2013, extfamtedhe 1S50 V2013 map.

The settlement area is then assumed to have changed proportionally to the basal area as recorded
officially by Registers Iceland. More detailed description of time series preparations is pending.

6.3.4 CRF subcategories and their relatio land use map
In the CRF tables land use categories are divided to subcategories. This division, and how the
subcategories are related to the categories of the land use map, is described below.

6.3.4.1 Forest land

Two subcategories of Forest land are defimedthe land use map, natural birch forest and cultivated
F2NBaGd ¢KS NBaztdziazy LI ASR Ay fFYyR dzaS YI LI 2
separation of individual map layers on the land use map applied in that submission. Both categories

are in the CRF tables divided further according to age of forest to land remaining forest land and land
converted to forest land. The IFR finished last year mapping of all natural birch forest and shrubland.

The mapping effort took five years (262014) anl the resulting area is reported as the area in the

year 2012. The total area of natural birch forest reported in this submission is bit larger than the

mapped area, representing the ongoing expansion of natural birch forests. Accordingly the land use
mapunit Natural birch forest represent all CRF categories of Natural birch forest except new

SELI yarzya Ay (GKS @SINE HamMo YR HaAamMn® LYRADARdzZ
related to specific mapping units.

127



‘éé]

National hventory Report, Iceland 2&

All of the cultivated forest negorted in the CRF tables is included in the mapping unit Cultivated forest
and as no further division of that mapping unit is applied the CRF subdivision are not tracked.

6.3.4.2 Cropland

¢g2 &adzoOlI GSAZ2NRSE 2F / NRLIX I YR | N/ RRITARIR I 2R (RK/S
RN AySR &a2Aafaéd 1a SELXFIAYSR 6208 G(KS YILWLAyYy3 d
the geographical location of drained soils assuming fixed ditch density to separate between the freely
drained soils and those drained thrdughe ditches network. Accordingly it is assumed that most of

the soils reported in CRF as organic are include in the land use map unit Cropland on drained soils

and the mineral soils likewise in the mapping unit Cropland. In the CRF tables Croplaoithés as

flyR dzaS OFGS3I2NE RAGARSR (2 &/ NRLX YR NBYIAYAYS:
OFrGS3a2NE a[lyR O2y@SNISR (2 / NRLXIYRE Aa Ay (GKS
O2y@SNILISR (G2 / NRLX I yREé Iy RThégegation ty'|1Rrd @RahidigaNdi SR (0 2
land converted to Cropland is not recognizable in the land use maps. Grassland and Wetland,
O2y@SNISR (2 /NRLXFTYR INB |adadzySR (2 0SS AyOf dzRSF
2y RNI Ay SR a8 énitsiECiopland& showYdrgkdlaika/than area reported in CRF tables

based on time series for Cropland. The excess area is considered as abandoned cropland and is

reported under Grassland.

6.3.4.3 Grassland

Grassland is represented by five subcategories ontffeRa dza S Y I LIz A ®Sd ah G KSNJ 3
@S3ASGHIIGSR o0ST2RBABDpEER iy P8 MBDPnéI aDNI aaftlyRr
OANDK &KNHzofFIYyRéd LYy /wC (6St3S tFyR dzaS &dz Ol
APSd GONPBBENIYRR (2 DNIraatlyRé FYyR a4/ NRBLXFYR 0
G2 GKS flyR dzAS YI L) dzyAG / NRLX FYR® ¢KS (62 / wC
8SINRE YR a2SGflyR O2y@SNISR (2 DhiedmapaifglupiRé | NB
Grassland on drained soil. Some part of the latter category is still to be found under the mapping
OFGS3I2NE GhiGKSNI gSGfl yRaé¢d ¢KS | NBE2{2RE UKR / wC C
bl (dzNI £ 0 ArdcENRy edpanbiddznt® G KB NI INF aaftl yRé Aa NBLINB&SYy
dzy A G abl GdzZNF £ oO0ANDK aKNHzof | yRES SEOSLII F2NJ aYlff
HamMo® wS@S3IShGlrGA2y Aa 2y (GKS fFyR dzaS- YI LJ NBLINEa
vegetated before 199 ¢ I YR @3 3SR NBR aAyO0S mpdné d ¢tKS / wC |
since 199 LINR 1 SOG SR FTNRY ANI T AYyIA&t ARYRIGEGRSANABAYHEHARY T ¢
FdzZ t & O2@SNBR 08 (KPSALIAIYETR Gl AlySERedddpeiargal 5y R SNBSI A
within the mapping unit. Only a small part of the area of the remaining two CRF categories of

NE @S 3SiHASASYIS G6BWRS f I YR 2f RSNJ GKIYy cn &SIFENEBE yR
NBLINBASYGSR o6& (G4KS YI L) dzy Arémaiding SrgaSshssintedith ey 06 ST 2 NB
F2dzyR gA0KAY GKS fFyR dz&aS YI L) dzyAG ahGKSNJ INF aaf
OFiS3I2NRSa Ay GKS /wCod ¢KS&S OFGS3a2NARAS& I NB |fyY?
& KNHz0 f | Y R ¢ 8ingis kh&expahsrt of stirkidand in 2013 and 2014. The CRF subcategory
hiGKSNJ DNl a3aflyR Aada NBLINSaASYGSR o0& (GKS fFyR dza$S Y
the claims of other CRF categories to that mapping unit as described above.

0 S
Ly
C

6.3.4.4 Wetland

Welif FyRaE INB Ay (GKS fFyR dzaS YI LI NBLINBaSyGdSR o0&
GWSASNP2ANEE YR GhGKSNI 680t yRaé¢d Ly /wCs 28G¢t!
OFrGS3I2NE a[l1Sa YR NAGSNREE A apping wiigwithisarfedzt @ NB LIN
YIEYS® hyte 2yS NBFAt{ESR tF1S Aa AyOfdzRSR Ay f I YR
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dzy Al awSaSNW2ANEE NBLINBaSydGa FdZ te GKS /wC dzyAda
O2y @SNIISR (2 NXGNU2A N\EEEESS NIZBR2SIRNBROEYE a[ 26 {h/ G2 NJ
GLYGFOG YANB&E Aa Fft AyOftdzRSR Ay (GKS fFyR dzAS Y
fr18a YR LR2YRaés Aa AyOfdzRSR Ay flyR EHzAS YI L) dzy
OFrS32NE awSgSGGSR ¢gSGflyR az2Aaté KFra y2 YIGOKAYS3
AyOf dzZRSR Ay (GKS YI L) dzyAGazX GhiGKSNI 6SiflyRaé¢ I yR

6.3.4.5 Settlement

{SGGtSYSyG A& NBLNBaSyiSR Ay (eBSGeby®&E HZABYRI L) 68
G{ SHOCBNVSYNE © LYy /wC {SGiGtSYSylda INBE NBELRZNISR dzy
{SGUtSYSyidaés aC2NBad O2y@SNISR G2 {SidfSYSyida¢s
{SGGtSYSyida¢g yR al tt NOKSRNIGRNI{ESAITlH SR SGTHG{ES I NAKSSA
not directly connected to either of the land use map units, but collectively their area matches the

area of the map units.

6.3.4.6 Other land

Ly G4KS flyR dz&S YILI ahiGKSN fI yRE yRaLKRBLISEB d6 ¢
YR ahGKSNI fFyRéd LYy /wC Fff 2F GKS | NBF Ay f
NEYIAYAYy3 hiKSNI fFyRED

(W)Y

i 2
y

Tk

6.3.5 Combining different estimates of land use area

For many of the land use categories information on area isabaifrom time series or through

direct estimates. For other categories the land use map unit is the only source of area estimate
available. To obtain as good estimate of the area of land use categories relying on land use map
estimate, it is necessary ttarmonize the area of land use map units to other estimates. For those
categories where the map unit coviarger area than the more reliable estimate used, some area has
to be transferred to other land use categories and vice versa where area estintatgeisthan the
relevant mapping unit. These area adjustment are summarizdalte 6.3 Area estimates

considered more accurate than relevant land use map unit are available for eight land use map units
listed in Table.3.

The IFR provides estimatesN® 0 KS OF 6 SA2NASAT a/ dzf GAGF ISR FT2NBad
OANDK &KNHzoflFyRéd ¢KS | NBI 2F Odz GAQFGSR F2NBai
annually updated. The IFR finished last summer revised mapping of all Naturdbbésttand birch

shrubland, and the resulting estimate is set as the area of theyexd of the mapping i.e. 2012.

The area of Cropland in use is estimated from time series prepared by AUI from official statistics on

annual new cultivations and availelbdlata on abandoned cropland. The ratio of drained Cropland

abandoned is also estimated by the Cropland time series. The excess area of the cropland map unit is
(NI YAFTSNNBR (12 4DN}AaaflyR RNIAYSR a2At&aé FyR a2

Drainage of Icelarid wetlands mostly in the period 1940990 was aided by governmental subsides

and included certain recording of the excavation. The time series of new drainage are constructed

from these records, plus additional data on drainage since 1990, drainedisdés other land use
OFGS3I2NASasE YR (y26y IINBIF 2F NBgSlOGGAyaId ¢KS 1y
underestimate compared to estimate of the time series. Both sources are based on conversion of

ditches length to drained area but the teseries include ditches excavated since 2008 when the

ditch network was digitized and also the drained area included in abandoned Cropland. Most of the
difference in area is clarified by drained soils of abandoned Cropland but remaining difference is

assr SR yS¢ RNIAYIFI3IS YR GNIYaFSNNBR (2 GKS OIFdGS3z
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The reported revegetation activities since 1990 is bit less than the comparative land use map unit.
¢tKS SEOSaa INBIF Aa RAQOARSR SlidZtyRédSHEAESSY I R HA
dzy Al awS@S3aASGlGA2y 0SF2NB mobppné Aa fFNBSE& dzy RSN
vegetated in that period. The revegetation activities are recorded as successful and should have
been detected as vegetated areative IFD. Accordingly the area lacking in the land use map unit is
GNF YAFSNNBR FNRBY (GKS fFyR dAS YILI dzyAd ahdKSNI DN

C
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¢KS fFyR dz&aS YIF L) dzyAlG a[F1Sa YR NADSNE 41 &
and one lake identified as nappearing in the land use map unit. The area of that lake was
F OO2NRAYy At & GNIYAFSNNBR FNRBY aDNI aatlryR 2y RNIAY

O«
w

K

¢tKS NBI 2F GKNBS flFyR dz&a$S YI L) dzyAG GDNJ &aatlyR h
through the above aa transfers. The resulting area estimates are reported for those land use
categories in the year 2014.

Table6.3 Land use map area transfer matrix showing area transfer between land use categories to #justapped
area to other estimates available. Lines shows area moved from category and columns area moved to category.

Land use ma
units _ 'Q E g o
2 i |z
Fromto = & o 5 S z o 0)
| ~ 5’:—:- & & o ,§ - § ri 8
) o | 5 2 & & S || 2 o & 3 & ° 3
FLC [ 7,521
FL NB [
cL B 1586 30,54¢
GL. drained - 49¢ 8
GL. Nb. shruk -
wt 057 [
wt &AY [ ]
0.GL 78¢ 75¢ 161,57« g4 23C 141
WL.O 7,98 [
WL. L&R Bl -
WL. Reserv. -
Settlements -
oL 84¢ 43¢ [
Other _
eost::'lrate 39,90¢ 96,69:126,16¢365,19( 54,93¢ 165,35¢105,62: 207,10¢
Map area 47,42¢ 95,90:172,581341,84. 54,18¢ 3,782103,9274,811,80!361,19¢ 207,10: 57,90127,46¢ 2,896,54( 1,086,61
Difference 7,521 -78¢ 46,41¢ -23,34] -75C -161,57: -1,69¢ -7
;‘;r;emed 39,90¢ 96,697 126,16¢365,19( 54,73¢ 165,35(105,62; 4,685,54(353,70¢207,10¢ 58,567 27,60¢ 2,895,26( 1,086,61
Total area [ha 10,268,28
FL C: Cultivated forest. w+ 0 ®evagtativn initiated before 1990 WL. Reserv.: reservoirs
FL NB: Natural birch forest. wt A0 apnY wS@SISGIl A2y Settlements: settlements
CL: Cropland O.GL: other Grassland OL: other land
GL. Drained: Grassland on drained scWL. O: other wetlands Glaciers: Glaciers and perpetual snow

GL Nb. shrub: Natural birch shrublancWL. L&R: Lakes and rivers

¢KS FNBF 2F GKS flyR dzAS YI L) dzyAd aDflF OASNEE Aa
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6.3.6 Land use changes

Land use changes are reported as land being converted from one category to another. For each land

use conversion a conversion period is defined as theget takes the ools of the land converted

G2 NBIFIOK adloftS tS@Stod [FyR O2y@SNISR adtrea Ay i
O2y@SNEAZ2Y LISNA2R (KSYy Al A& GNIyYyaFSNNBR (2 (GKS
conversion perioguggested in IPCC 2006 Guidelines (IPCC 2006) is 20 years. The land reported as
converted to a category is thus the cumulative area converted for the number of years defined as
conversion period of the category. In this submission 20 categories of lamweérsion involving

conversion between main land use categories, are reported. Beside those conversion four changes in

land use within main land categories are reported involving; expansion of Natural birch shrubland

into other grassland, conversion of igtamires to reservoirs, plantation in natural birch forest and

conversion of lakes and rivers to reservoirs. In available records of land use change the previous land

use of the land converted are in many cases not recorded. This applies e.g. to landexbive

Cropland and, Revegetated land and to some extent afforested land. Assigning the land converted to

these categories therefore is based on assumptions regarding the origin of the land. New Cropland is

thus assumed to come from either the Grasslgntld 4G KS 2 Sit I yR OIF iS32NR o LYy
fryRé YAIKG KI PGS 0SSy GUKS LINBGA2dza fFyR dz&a$S Ol G S
to estimate the proportion of these land use categories in land converted to Cropland at different

timed ® wS@S3aASGFGSR fFyYyR A& laadzySR (2 0S O2yOSNEA?Z2
land use category was not recorded at the initiation of the revegetation process. The conversion of
GhiKSNI I yRé (2 C2NBail f lFefdegdy RevedetatbdBandr Bhe &réa8fy S E C
Cropland converted to Forest land is based on data from the National Forest Inventory where

previous land use of the afforested sampling points is recorded. That recording does not differentiate
cropland in use andbandoned cropland at the time of afforestation. Abandonment of Cropland at

different times is not geographically identifiable and no support can be sought in that direction on

whether the afforested land was in use as Cropland or was already abandotietteme of

afforestation. The assumptions made regarding the categories of land use changes reported are

discussed in the chapters on land converted to each land use category.

In the new CRF Reporter v 5.12.0 and the reporting tables created by theeefiwte is a

RAAONBLI yOe Ay 6KIFG Aa AyOf dzRSR dzyRSNJ 4 KS OF GS3
[FYR ¢NIy&aAidAz2y YFAOINRE yR GKS RAGA&AZ2Y (2 da[ly
OFrGS3a2NE¢ Ay (KS Y he Vand Traysion dzatr and bpacily shale@dbing Ly
table created from it (CRF table 4.1) land converted to a category is supposed to include only land
converted the relevant year and land remaining in category is the area included the previous year

stit £ y20 O2y@SNISR (G2 2GKSNJ OFiGS3I2NRSad Ly GKS R
Gf FyR O2y@OSNISR (G2 (GKS OFdS3I2NRBé¢ Ay GKS YIAyYy f1
converted to throughout the defined conversion period when it isvetto the category. The

ongoing land use conversions are summarizetahble 6.4 The final area is the total area of the land

use category in that column in the inventory year. The initial area is area of land defined as remaining

in a category plus theumulative area of all conversion from the category over the conversion period
F2NJ GKS fFyR dzaS OIFGS3I2NE O2yOSNISR (20 ¢KS AYyAdl
year as the conversion period is variable.

2
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Table6.4 Summary of land use conversions in the inventory yesard is defined as being converted throughout the defined

conversion period. The final area is the total area of the land use category in that column in the inventorhe @aitial
area is area of land defined as remaining in a category plus the cumulative area of all conversion from the category over the
O2y@SNEAZ2Y LISNAR2R F2NJ (iKS

meaning decrease in the category at the column heading.

=
o
)
@
[
>

TO: =2
3
QD
>
QD
«Q
@
&

FROM: (kha)

Forest land 89.66

(managed)

Forest land NO

(unmanaged)

Cropland 0.92

Grassland 36.11

(managed)

Grassland NO

(unmanaged)

Wetlands IE

(managed)

Wetlands NO

(unmanaged)

Settlements NO

Other land 9.01

Total unmanaged
IE

land

. 136.5

Final area
9

Net change 46.89
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as the conversion period is variable. Net change is the difference between the initial and the final area negative values
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6.3.7 Uncertainties QA/QC of land usstimates
The bulk of the area in the land use map (80%) is classified on the basis of map layers from the IFD. A

report on the IFD was recently published, describing thoroughly the methodology applied its data
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145.28
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IE,NO
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sources and analyzing the resulting land aalassification (Gisladottir, Brink et al. 2014). The
overall accuracy of the classification as applied in the land use map is estimated as being 76 %. Many
factors contribute to the classification error observed, including the basic classificatiorproi

land cover being gradient rather than distinctive classes with clear boundaries. Large part of the

control points in IFD incorrectly identified is thus confusion between similar categories.

The classification of the area in the land use map natsifi@d from IFD data is based on map layers

originating through direct mapping in field, on screen digitation from satellite images or aerial

photographs, or through GIS processing of other map layers supported by additional data and
assumptions. The undainty of some of these map layers has been estimated but for others no
estimate is available. For some map layers like roads the location can be considered highly accurate

but the conversion of the vector data to raster data and estimate of area covmréige roads is not
as accurate. The compilation of the map layers and determination of its hierarchical order in that
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process can potentially both increase or decrease the area wrongly classified. The sampling points of
the IGLUD are presently 2,336, bete 72% are correctly related to the present land use map
according to preliminary results. That estimate is presently the only specific estimate available on the
land use map classification as presented. The area of most of the land use categoriasiapghke

CRF reporting is further affected by the transfer of area described above to adjust the land use map
estimates to other available data. The effects of these transfers on the uncertainty of area estimates
is not known. The uncertainty of area estta of one land use category has different impact on the
emission/removal reported depending on the emission/removal per land unit of the category. Small
uncertainty of e.g. drained Grassland has much more impact on the emission the relatively high
uncertanty of classifying land to e.g. other land or the less vegetated areas included as other
grassland.

6.3.8 Planned improvements regarding Land use identification and area estimates

As outlined above the uncertainty of the area estimate of reported land use @agsgs relatively

high. For other categories e.g. Natural birch forest and Natural birch shrubland new mapping effort is
assumed to have decreased considerably the uncertainty of the area estimates. A survey on the
drainage efficiency of the ditch netwloin Grassland was completed in 2014. The analyses of the

data is pending and expected to enable revision of the area estimate of that category. Besides those
specific improvements the land use identification is planned to be updated as new information
becomes available. Generally only abandoned cropland is afforested. In next submission the category
Cropland converted to Forest land will be changed to abandoned cropland converted to Forest land.

6.3.9 Completeness and method

The 2013 Supplement to the 2006 Guides: Wetlands (IPCC 2014) and the new CRF provided
methodology for estimation of emission and removal of many components previously not reported.
Off-site emission of CQria waterborne losses from drained soils, CH4 emission and removal from
drained sds including both the drained land and the ditches network. Emissions from intact mires,
rewetted soils and Grassland converted to Settlements are reported for the first time. Emission
factors have also been revised for many categories. The completeh#ss reporting of the

emissions and removals is thus increased from previous submissions. The completeness is further
explained and discussed in chapters on emissions/removals of individual land use categories.

The emission and removals for each main lasd category are separated to three groups in the CRF
NELR2NISNI FyR GKS /wC NBLRNIAY3 GlofSaT SYAaairzy
OFrGGS3a2NEe¢xr 2F aGa[lFyR O2y@SNISR G2 F OF(iS3A2NBEZT |y
managementoforlgy AO | YR YAYSNIf az2Afaédd ¢KS aSLINF¥GAZ2Y
notseltSPA RSy G ® ¢KS OFNb2y ait20] OKIFIy3aS Ay RNIAYySR
NBY2@Ffa FNRBY R N3itdgmissod from wateflderndickrion lasses ®2 dzf R 6 S
identified as additional carbon stock changes. In this submissiesitefémission of waterborne

carbon losses and methane emission from drained land and managed wetlands is included in the
OFGS3I2NER a9YAaarzy | yR Nibgyaddbthérinandgd@Bevt offorganis y F 23S |y
FYR YAYSNIf az2aftaé

Summary of method and emission factors used is providda@bie 6.5Table 6.6and Table6.7.
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Table6.5 Summary of method and emission factors applied opedission calculation, including area and calculated

emission/removals.

kt CO
Source/sink Area (kha) Method EF Emission(+)
/Removal €)

Forest Land remaining Forest Land _—
__
. peadwood | E | |
. Mineralsoil, 08 | NE | | |
__

. 1611

~ Deadwood | NE | | |
. lter N
 Mineralsoil| 8764 | NE | | |
~ Organicsol 008 T D 011
Plantations in natural birch forest | 106 | | | -940 |
. lvingbiomass T3 940
.~ Deadwood | E | |
. lter N
. Mineralsoil| | NE | | |
.~ Omganicsol . NO
Land converted o Forest Land | 4694 | | | 26461 |

Cropland converted to Forestland | 092 | | | 400

. Lingbiomass | T3 | | 291
. Lt/ | T2 | CS | 048
. Organicsoll 023 | T1 | D | 03

Afforestation Natural birch forest 1- 6.85 1776
50 years old

.~ Deadwood | E | |

Afforestation 150 vyears old -

. beadwood | NO | | |
26.46 -35.46
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kt CQ
Emission(+)
/Removal €)

Afforestation 1-50 years old
Cultivatedforest

Source/sink Area (kha) Method EF

|
 Deadwood | | E | |

Off-site emission via wa_terborn_e 357 157
carbon losses from drained soils

FL remaining FL Natural birck
forest older than 50 years 0.08 Uz 0.04

GL converted to Natural birch

forest o

T1 0.18

Carbon stock changes 2617 | . | 165321

 livingbiomass | | T | | NO |
6697 | NE | | NE

 iewre
_ landconvertedtoCropland | 526 | | | 9095 |
_
_
__
_ Deadorganicmatter | | &€ | | |
-_
! ! ! ! |
|
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Table 6.5 continued

_“__
. Mineralsoil | 1683 | NO | | |
__
-E___
-_

m-—_
__
—-m—_
-_
——
___
-_
—-m—_
. Mieralsol | NO | NA | |

. lingbiomass | T2 | €S | 152
|

Mineral soil T2 CS -2.89
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Table 6.5 continued

. lingbiomass | T2 | CS | 235 |
11.26 -21.18

.~ Organic soil |
Revegetation since 199(rotected from LA -- e
grazing

~ Deadorganicmater | ©E | |

! ! |
|
Carbon stock change: 61938 | | | |

 Deadorganicmater | ©E | |
. Organicsoll 099 | RAT2 | CS | 275 |
Other wetlands intact mires %321 | | | 71231

3321 | T | D | 71231
Table 65contnued | | |

Land converted to Wetlands  26.71 | | 621 |

Grassland converted to Reservois

Dead organic matter
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Emission(+)
/Removal €)

Grassland converted to Rewette 0.50 -1.00
wetland soil

. Deadorganicmater | IE | | |
_-_
 OtherLand converted to Wetlands 1890 090
. lowsSOCO2 1890 | RAT2 | CS | 090 |
.~ Lvingbiomass IE
. Deadorganicmater | I | | |

0%

Organicsoil | N0 | | |

_ Mires converted to ReservoirsHighsoC 099 | T | D | 029 |
-_
! | [ | |
 Carbonstockchange, | | |
__
. livingbiomass | NO | |
__

P

 lvgbomass | N0

. Mineralsoll | | NE | | |
__
___
_-E-__
. Hawestedwoodproducts NA | NE | | |

1 disaggregation to subcategories is in chapter on relevant category
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Table6.6 Summary of method and emission factors applied one@tission calculations, including area and calculated
emission.
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Area
Source/sink Method EF
kha

——-m
“ﬁ
-_-
“ﬁ
m—-ﬁ—
_-
Drainedsoilsof 5666 330 8251
Cropland remaining Cropland | 5393 | T1 | D | 315 | 7854
_Land converted t€ropland

o273 016 397
 Wetlandconvertedto Croplani 2.73 | T1 | D | 016 | 397 |
! ! | | | |
_-
mn
“
_-
“
! ! | | | |
e

Wetland remaining Wetland 35420, | | 6463 1,615.83
Flooded lanéMires converted to reservoir; 099 | RA/T2 | CS | 011 | 283

-—-——
nm
! ! ! I | |
-!E._-__

kt CH kt CQceq
Emission emitted
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Table6.7. Summary of method and emission factors applied gb &mission calculations
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. kt Emission /
Source/sink Area kha | Method EF Removal { kt CQeq

Forest land

soils

. Biomassbumingwildres | NO | | | |
| | |

Afforestation more than 50 yearsolc 005 | T1 | D | 000 | 007
\ | |

Landconverted toforestland | | . | |

| Orenomeeninimonl e om

Direct NO emission from N mineralization ; NE
immobilization

Drainedsoilsof

Croplandconverted to Forest landAfforestation 0.23 T D 0.00 0.35
1 to 50 years old

Grassland converted to Forest landfforestation 280 T1 D 0.01 4.19
1 to 50 years old
Direct NO emission from Nnput to managed NA IE NA NA NA

soils

.~ Bomassbuming NO | | | | |
| | |
Grassland remaining Grasslafd | | | | |

LandconvertedtoGrasslarld | | | |

_Biomassburning | |
| | |
wetand

Direct NO emission from N mineralization ;
immobilization
Continuation of table6.7 | | | |

 Floodedland | | | |
\ | |
 Grasslandconvertedtoreservoirl 719 | RAT2 | CS | NO |
\ | |
! |l { { [ |
Sefflements " [

Direct NO emission from Nnput to managed soils IE
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Direct NO emission from N mineralization

immobilization NE
Other land
Biomass burning wildfire NO

EF = emission factor, D = default (IPCC), CS = country specific, RA= reference approach, NA = not ldgplicalb
estimated, NO = not occurring, IE=included elsewhere, T1 = Tier 1, T2 = Tier 2 and T3 = Tier 3.

1) The emission of 4D from drained Grassland remaining Grasslands is reported here, as present versiorefCRF
(version 5.12.1) does natclude NO emission from Grassland on drained soils

2) Disaggregation to subcategories is shown under chapter on relevant category

6.4 Forestland

In accordance to the GPG arising from the Kyoto Protocol a cespégific definition of forest has
been adoped. The minimal crown cover of forest is 10%, the minimal height 2 m, minimal area 0.5
ha and minimal width 20 m. This definition is also used in the National Forest Inventory (NFI). All
forest, both naturally regenerated and planted, is defined as madageit is all directly affected by
human activity. The natural birch woodland has been under continuous usage for many centuries.
Until the middle of the last 19th century it was the main source for fuel wood for house heating and
cooking in Iceland (Mistry for the Environment 2007). Most of the woodland was used for grazing
and still is, although some areas have been protected from grazing.

Natural birch woodland is included in the IFR national forest inventory (NFI). In the NFI the natural
birch woodland is defined as one of the two predefined strata to be sampled. The other stratum is
the cultivated forest consisting of tree plantation, direct seeding or natural regeneration originating
from cultivated forest. The sampling fraction in the natural bincfodland is lower than in the
cultivated forest. Each 200 m2 plot is placed on the intersection of 1.5 x 3.0 km grid (Snorrason
2010). The part of natural birch woodland defined as forest (reaching 2 m or greater in height at
maturity in situ) is estimagd on basis of new map of natural birch woodlands mapped in-2014.

By analyzing the age structure in the natural birch woodland that does not merge geographically the
old map from the survey in 1981091, it is possible to restimate the area of natal birch

woodland in 19871991 and the area of birch woodland today. Preliminary results of these estimates
are that the area of birch woodland was 137.69 kha at the time of the initial survey in1P887

Earlier analyses of the 198B91 survey did redt in 115.40 kha (Traustason & Snorrason 2008). The
difference is the area of woodland that was missed in the earlier survey. Current area of natural birch
woodland is estimated to 150.65 kha. The difference of 12.95 kha is an estimate of a natural
expangon of the woodland over the time period of 1989 to 2012 (23 years) where the midyears of
the two surveys are chosen as reference years. In the new map ofZ¥Dthe ratio of the natural

birch woodland that can reach 2 m height in mature state andfisnieé a forest was 64% of the total
area. Natural birch forest is accordingly estimated 87.72 kha in 1989 and 95.97 kha in 2012, the
former figure categorizing the natural birch forest classified as Forest remaining Forest and the
differences between thewo figures (8.25 kha) as natural birch forest classified as Grassland
converted to forest land or Other land converted to forest land with mean annual increase of 0.36
kha.

In a chronosequence study (named ICEWOODS research project) where afforedtsiontsie four

most commonly used tree species of different age where compared in eastern and western Iceland,
the results showed significant increase in the soil organic carbon (SOC) on fully vegetated sites with
well-developed deep mineral soil profi{@jarnadottir 2009). The age of the oldest afforestation sites
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examined were 50 years so an increase of carbon in mineral soil can be confirmed up to that age. The
conversion period for afforestation on Grassland soil is accordingly 50 years. Convergidriqre
flyR dzaS OKIFIy3Sa G2 aC2NBaid tFyRE FNRBY GhiGKSNJI I

The area of cultivated forest in 2013 is estimated in NFI as 39.05 kha (+1.55 kha 95% CL) whereof;

28.74 kha (+1.66 kha 95% CL) are Afforestatib0 gearsoldy G DNJ daft F yR O2y @SNI SR
flYREZT ndPH 1 KF O0pndnuphKRSONE RER RNB aV NP 2NB §F RI
flryREZ Thdpn {KI 6pMOMH-pIIKIR SR 2R NS ahBKENSE § b Iy
C2NBaid f I y R45kha 3% Gl) ard Fanhtations in natural birch forests and 0.82 (+0.40 kha

95% CL) are Afforestation older than 50 years.

The total area of Forest land other than natural birch forest was revised on basis of new data

obtained in NFI sample plot measurentg from the year of 2014. In 2014 submission this area was
SaidAYlIGSR oyodnu 1KIF o0pmdco | KIF dps /[0 AY HAMH 0
38.19 kha (£1.57 kha 95% CL) reflecting the effect of the recalculation.

The area of Foresahd other than natural birch forest on organic soil was also revised according to

new data from NFI. The area of organic soil in the cultivated forest was for the inventory year 2012

reported 3.17 kha (£0.76 kha 95% CL) in 2014 submission but is estin@fekha (+0.75 kha 95%

/IO F2NIHnmH Ay GKA& &SIFNRa adomYAraairzy NBFESOUGAyY

The area of natural birch forest was revised according to the final results of the remapping project in

the period 201041 n Mmn @ b | G dzNI 6 A NIOKY AF2NBRAIND &0 6 CRINSS aTi2 NNB(V]
estimated to 85.58 kha in the 2014 submission. In this year submission it was estimated to 87.64 kha.
Expansion of natural birch forest in 2012 was estimated to 10.30 kha in last year submission but in

this year submigen 8.25 kha.

The area of natural birch forest on drained organic soil was also revised according to the new maps.

bl Gdz2NF £ O0ANDK F2NBad 2y 2NHIFIYAO az2ifa a acC2NBai
0.45 kha in the 2014 submission. Instlgear submission it was estimated to 0.08 kha. Expansion of

natural birch forest on organic soil in 2012 was not estimated in last year submission but in this year
submission it was estimated to 0.40 kha.

As the area estimate of natural birch forest igtieely built on in field mapping a sample error
propagation as for the cultivated forest is not applicable. It can be stated that areal errors of in field
mapping are much lower than systematic sample errors and not significant in an uncertainty
estimateof Gstock change.

The area of the cultivated forest used in land use class Forest Land in the CRF is based on the NFI
sample plot measurements and is updated with new field measurements annually. Maps provided by
IFR shows a larger area of cultivatedefsis than the NFI sample plot estimate. Map of cultivated

forest cover is built on an aggregation of maps used in forest management plans and reports that is
revised with new activity data annually. This overestimation of the area of cultivated forebesa t

maps is known (Traustason and Snorrason 2008) but the differences between these two approaches
decreases every year as the quality of the maps sources increase.

6.4.1 Carbon Stock Changes

Changes in-Stock of natural birch forest are reported for the fifthA YS Ay (KA & &SI NRa
Same method as was used in last year submission is used again. In 1987 a tree data sampling was
conducted to i.a. estimate the biomass of the natural birch woodland in Iceland (Jonsson 2004).

These data have now been usaeddstimate the woody Gtock of the natural birch woodland in
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1987. The new estimate take into account treeless areas inside the woodland that are measured to
be 35% for shrubland (under 2 m at maturity) and 19% for forest in the sample plot inventory of
2005-2011. The new estimate is built on same newly made biomass equations as used to estimate
current Gstock. Total biomass of birch trees and shrubs in natural birch woodlands was according to
the new estimates 1,025 kt C (615 kt 95% CL) with averagd4t C hel in 1987. A rough older
estimate from same raw data was only for biomass above ground 1,300 kt C with average of 11t C
ha-1 (Sigurdsson and Snorrason 2000). A new estimate of the cungtotk of the natural birch
woodland built on the sapie plot inventory of 2002011 is 1,159 kt C (325 kt 95% CL) with
average of 8.42 t C Hh The &tock in the forest and the shrub part of the natural birch woodland is
estimated to 758 kt C with an average of 8.64 t A laand 253 kt C with average ®06 t C hal.

Carbon stock changes in Forest land is recognized as key sources/sinks in level 2013 and in trend.

National hventory Report, Iceland 2&

Carbon Stock Changes in Living Biomass

Carbon stock gain of the living biomass of trees in the cultivated forest is estimated based on data
from direct sample plot field measurement of the NFI. The figures provided by IFR are based on the
inventory data from the first national forest inventocpnducted in 2002009 (Snorrason 2010). In

2010 the second inventory of cultivated forest started withmeasurement of plots measured in

2005 and of new plots since 2005 on new afforestation areas. In each inventory year the internal
annual growth rateof all currently living trees is estimated by estimating the differences between
current biomass and the biomass five years ago. Trees that die or are cut and removed in this 5 years
period are not included so the-€ock gain estimated is not a gross gain

Carbon stock losses in the living woody biomass are estimated based on two sources:

1 Annual wood removal is reported ass@ck losses using data on activity statistics of
commercial roundvood and wooeproducts production from domestic thinning of fate
(Gunnarsson 2010; Gunnarsson 2011; Gunnarsson 2012; Gunnarsson 2013, Gunnarsson
2014). Most of the cultivated forests in Iceland are relatively young, only 27% older than 20
years, and clear cutting has not started. Commercial thinning is taking placenie of the
oldest forests and is accounted for as losses-&oCk in living biomass. A very restricted
traditional selective cutting is practiced in few natural birch forests managed by the Icelandic
Forest Service. The volume of the wood from theunalt birch forest cannot be distinguished
from reported annual volume of cultivated forest.

2 Dead wood measurements on sample plots. (See description of dead wood definition and
measurements in next chapter: Net Carbon Stock Changes in Dead Organic NDather).
wood measured is reported assibck losses in the assessed year of death.
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In the natural birch forest only a netstock change in living biomass of the trees is estimated:

1 Inthe natural birch forest, classified as Forest remaining Foresbroparing biomass stock
of the trees in two different times and use mean annual change as an estimate for the annual
change in the Gstock. This method is in accordance to Equation 3.1.2 in GPG for LULUCF
(page 3.16).

2 Inthe natural birch forest expansi@nce 1987: by using a linear regression between
biomass per area unit in trees on measurement plots in natural birch woodland and
measured age of sample trees (N=147, P < 0.0001) to measure net arstaekChange.

In both cases all losses are includiedhe estimate of the net Gtock change.

In the already mentioned ICEWOODS research project, the carbon stock in other vegetation than
trees did show a very low increase 50 years after afforestation by the most commonly used tree
species, Siberian larcalthough the variation inside this period was considerable. Carbon stock
samples of other vegetation than trees are collected on field plots under the field measurement in
NFI. Estimate of carbon stock changes in other vegetation than trees will hebtdevfiiom NFI data
when sampling plots will be revisited in the second inventory and the samples will be analyzed.

6.4.1.1 Net Carbon Stock Changes in Dead Organic Matter

As for other vegetation than trees, carbon stock samples of litter are collected on fédupider

the field measurement in the NFI. Estimate of carbon stock changes in dead organic matter will be
available from the NFI data when sampling plots have been revisited in the second inventory and
samples analyzed.

In the meantime, results from tweeparate researches of carbon stock change are used to estimate
carbon stock change in litter. (Snorrason et al. 2000; Snorrason et al. 2003; Sigurdsson et al. 2005). In
the ICEWOOD research project carbon removal in form of woody debris and dead twigs wa

estimated to 0.083 t C ha yr-1. Snorrason et al (2003 and 2000) found significant increase in carbon
stock of the whole litter layer (woody debris, twigs and fine litter) for afforestation of various species
and ages ranging from 32 to 54 year. Thegenf the increase was 0.087213 t C hdl yr-1 with the
maximum value in the only thinned forest measured resulting in rapid increase of the carbon stock of
the forest floor. A weighted average for these measurements was 0.1991G/Hh

Dead wood isneasured on the field plot of the NFI and reported for the third time in this year
submission. Current occurrence of dead wood that meet the definition of dead wood (>10 cm in
diameter and >1 m length) on the field plot is rare but with increased cugatigity carbon pool of

dead wood will probably increase. Measured dead wood is reported ast@ck gain on the year of
death. As occurrence of dead wood on measurements plot is rare, reporting of dead wood is not
occurring every year. With rmeasuremets of the permanent plot it will be possible to estimate the
Carbon stock changes in this pool from one time to another as the dead wood will be composed and
in the end disappear.

6.4.1.2 Net carbon Stock Change in Soils

Drained organic soil is reported asas@ofGS YA daA 2y ® Ly GKAa &Sk NR& adzo
2NHFYAO a2Af A& NBLR2NISR Ay (KS-Afdredt&ich2m0E G DNJ aaf
yearsoldg/ dzf GADF G SR FT2NBalé¢ s &DNJAHoiebtatighR50Qeang @S NI SR G 2
bl Gdz2NF f O0ANDK FT2NBadés oAffcidtaiorly R O3SV RBNBRERET2 G C2
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NBYFAYAY3d @dpeBA {0 S[A2yNRE ! TF2NBaGEFGA2Y 2t RSN (K Yy
0ANDK FT2NBaidéd 5NI AY SnPother dhedosies ©poded. A f A& y20 2 0OO0dzN

Research results do show increase of carbon of soil organic mat&DK) in mineral soils (GBI t

C hal yr1) due to afforestation (Snorrason et al. 2003; Sigurdsson et al. 2008), and in a recent study
of the ICEWOOD#&ta a significant increase in SOC was found in the uppermost 10 cm layer of the
soil (Bjarnadottir 2009). The average increase in soil carbon detected was 134 gZ@2 fior the

three most used tree species. This rate efgquestration to soil was @fied to estimate changes in

soil carbon stock in mineral soils at Grassland and Cropland converted to Forest Land.

Research results of carbon stock changes in soil on revegetated and afforested areas show mean
annual increase of soil€ock between 0.40 0.9 t C hel yr1 up to 65 years after afforestation. A
comparison of 16 years old plantation on poorly vegetated area to a similar open land gave an annual
increase of €SOM of 0.9t C kA (Snorrason et al. 2003). New experimental research resut sho
removal of 0.4 to 0.65 t C Hayr-1 to soil seven year after revegetation and afforestation on poorly
vegetated land (Arnalds et al. 2013). Another chronosequence research with native birch did show a
mean annual removal of 0.466 t C-bhdo soil up ta65 years after afforestation of desertified areas
(KolkaJonsson 2011). All these findings highly support the use of a country specific removal factor of
the dimension 0.51 t C KAyr1 which is same removal factor as used for revegetation activities.

6.4.2 Emissions and removals from drainage and rewetting and other management of organic
and mineral soils

In the new CRveb Reporter (v 5.10.1) emissions and removals from drainage and rewetting and

other management of organic and mineral soils is includetessemission category compared to

previous submissions. The new 2013 Supplement to the 2006 Guidelines: Wetlands (IPCC 2014),

provides guidelines for estimation of emissions related to two factors not previously estimated.

These factors are the efiite decomposition of dissolved organic carbon (DOC) and emission and

removal of CH4 from drained soils.

6.4.2.1 Off-site CQemission via waterborne losses from drained inland soils

Off-site CQemission is calculated according to T1 applying equation 2.4. in thev&tizhd

Supplement (IPCC 2014). This emission is calculated for the five categories of Forest land reported
GAGK 2NHIFIYAO az2iAfasz AdSed a! FF2NBaldl A2y Y2NB (KI
8SINREZ G/ NRLX YR / Greb@iorNH SR 2 NBE2 RBERE >t GYPRI BATF | y
bl ddzN» £ O0ANDK C2NBailiézr aDNI aaflyR O2y@SNISR G2 /
1.57 kt CQfor organic soils of Forest land.

6.4.2.2 CH emission and removals from drained Forest land soils

The CHemission from drained land is calculated according to T1 applying equation 2.6 in 2013
wetland supplement (IPCC 2014). The equations separate the emission into two components, i.e.
emission from the drained land and the emission from the ditches.tdtal emission reported is

0.03 kt CH4 or 0.66 kt G€g. No estimate on the fraction of area covered by ditches is available and
the indicated value from table 2.4 in the 2013 wetland supplement (IPCC 2014) is applied.

6.4.2.3 N0 emission from drained soilsFafrest land

The NO emissions from drained soils under Forest land is estimated according to T1 applying
equation 2.7 in the 2013 wetland supplement (IPCC 2014). The total emission calculated for drained
Forest land is 0.02 kt N20 or 5.33 ki-EQ.

145



@

6.4.2.4 Reweted soils under Cropland

No rewetting of soils in land included as Forest land and no other source or sink of GHG related to
drainage or rewetting of Cropland soils is recognized and the relevant categories of 4(ll) reported
with notation key NO.

6.4.3 Other Enmssions (4(1), 4(111))

Direct NO emission from use of N fertilizers is reported for Land converted to Forest Land since
fertilization is usually only done at planting. Fertilization on Forest Land remaining Forest Land and in
Natural birch forest expansmis not occurring. The reported use of N fertilizers is based on data
collected by IFR from the Icelandic forestry sector. N20 emissions from drainage of organic soils are
also reported separately for forest land. Direct N20O emission from N mineralizatbilization is

not estimated as all-8tock changes estimates show increase in stock. Potential emission from
mineral soils is in the categories where changes are still not estimated.

National hventory Report, Iceland 2&

6.4.4 Land converted to Forest Land.

The AFOLU Guidelines define land useversion period as the time until the soil carbon under the

new land use reaches a stable level. Land converted to forest land is reported as converted from the
flyR dzaS OFGS3I2NASA AaDNIaatlyRET G/ NRLX toyRéE YR
Forest land is converted from Wetland, but this land is included as Grassland converted to Forest

land as data for separating these categories is unavailable.

6.4.5 Methodological Issues

One of the main data sources of the NFl is a systematic samplingtoogsif a total of around 1000
permanent plots for field measurement and data sampling. One fifth of the plots in cultivated forest
are visited and measured each year. Same plots are revisited at five year intervals for the cultivated
forest and at ten yars intervals for the natural birch forest. Currently the sampling is used to
estimate both the division of the area into subcategories areld€k changes over time for the
cultivated forest and the current-&tock of the natural birch forest as alreadysdribed in Chapter
0(Snorrason 2010). Preparation of this work started in 2001 and the measurement of field plots
started in 2005. The first forest inventory was finished in 2009 and in 2010 the second one started
with re-measurements of the plots measutén cultivated forest in 2005 together with new plots on
afforested land since 2005. The second forest inventory of the cultivated forest is now finalized. The
figures provided by IFR are based on the inventory data of the first forest inventory ofulbtated

and natural forest and the second inventory of the cultivated forest. The sample population for the
natural birch forest is the mapped area of natural birch woodland in earlier inventories. The sample
population of cultivated forest is an aggréige of maps of forest management plans and reports

from actors in forestry in Iceland. In some cases the NFI staff does mapping in the field of private
cultivated forests. To ensure that forest areas are not outside the population area, the populations
for both strata are increased with buffering of mapped border. Current buffering is 24 m in cultivated
forest but 32 m in natural birch forest.

Historical area of cultivated forest is estimated by the age distribution of the forest in the sample.

The biomas stock change estimates of thes©ck of cultivated forest are for each year built on five
years sample plot measuremeniBable 6.8. The most accurate estimates are for 2€0I¥12 as they

are built on growth measurement of; two nearest years before, hearest years after and of the

year of interest (here named midvalue estimates). In these cases biomass growth rate is equally
forwarded and backwarded. For the year 2013 the estimated is forwarded one year compared to the
midvalue for 2012. As relativgrowth rate decreases with age the 2013 estimate is an overestimate
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and was calibrated by 0.87, which is the relative difference between the midvalue and a forwarded
value of the period 2002012. Estimates for the year 2005 and 2006 are backwarded viauggo

and one year accordingly, from the midvalue for the field measurements of the period2I%h

They are calibrated with the relative difference between forwarded value and the midvalue of the
year 2008 which is 1.21. For later years (12905) aspecies specific growth model that is calibrated
towards the inventory results is used to estimate annual stock changes.

Table6.8 Measurement years used to estimate different annual estimates of biomass stock change.

Mid value estimates Forwarded estimates Backwarded estimates B E e Em !

years

2013 20102014

2012 20102014
2011 20092013
2010 20082012
2009 20072011
2008 20062010
2007 20052009
2006 20052009

2005 20052009

Changes in the area of natural birch forest is estimated by comparing estimated area in old surveys
with estimated area in newly finished remapping. As no historical data before 1987 exists, a time
series for changes in area ang©ck of natural birchdrest is only available since 1989. They are

built on interpolation between 1989 and the migkar of the remapping 2022014 and

extrapolations from 2012 with even annual increase in area.

A mean annual change in the area of the natural birch forest whaimated to 0.359 kha increase
between 1989 and 2012.

As for the area, the biomass stock change estimates of #teck of natural birch forest are built on
comparison of an estimate of historical biomass stock in the year of 1987 using a stock sampling
inventory conducted in 1987 and the NFI inventory of 200%1. The difference between these
inventories shows a slight increase in biomastdCk between 1987 and 2007. Same increase rate is
used for 2008013. The method used only gives a mean net ah@stock change in the period
19902013, not gains and losses.

6.4.6 Emission/Removal Factors
Tier 3 approaches is used to estimate the carbon stock change in living biomass of the trees in both
cultivated forest and the natural birch forest through the d&tam NFI and older surveys.

The losses reported in living biomass removed as wood are estimated by Tier 3 on basis of activity
data of annual wood utilization from Icelandic forest (Gunnarsson 2014).

Carbon stock change in living biomass in other vegatahan trees is currently not estimated.-In
country research results (Sigurdsson et al. 2005) did show small or no changes of carbon stocks in
these sources.
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Tier 2, country specific factors are used to estimate annual increase in carbon stock in soileral

and litter. The removal factor (0.365 Mg Ghar-1) for the mineral soil of the Grassland conversion

Aad GF1SYy FTNRBY (KS FfNBIFrRe YSyiGaAaz2ySR addzRe 2F . 2t
converted to Forest land the same removaitfa is used as for revegetation 0.51 t Clhgr-1 (see

chapter 0). Revegetation and afforestation on n@yetated soil are very similar processes, except

that the latter includes treglanting and tree layer formation. A removal factor of 0,141 Mg €1 ha

yr-1 which is an nominal average of two separate research (Snorrason et al. 2000; Snorrason et al.

2003; Sigurdsson et al. 2005) is used to estimate increase in carbon stock in the litter layer.

Tier 3 approach is used to estimate changes in dead wstmtk. As already described dead wood
meeting the minimum criteria of 10 cm in diameter and 1 m in length is measured in the field sample
plot inventory. Decay class and initiation year are also assessed. Dead wood is then reported in the
dead wood stoclat the imitation year. The changes in litter and dead wood stock are reported
together as changes in dead organic matter stock.

CASNI M FYR RSFldzZA G FIOG2NAR FNRBY (GKS ySg awnmo {d
Greenhouse Gas InventoriesQNi f | YR&¢ | NB dzASR F3NDank S FANRG GAY
emission on forested drained wetland. The emission factor of carbon stock changes of drained

organic soils is 0.37tCHayrm FTNRY (I 06ftS Hodm Ay -siteK@emissionisv o { dzLJILJKE
estimated applying emission factor 0.12tGlhgrm  FNRY Gl o€t S nwouw Ay GKS daun
default factor of NO emission from drained organic soils is 3.2 kg-N2@&1 yr-1. (Table 2.5 in the

GHnmMmo { dzLJLX SYSy (i é 0 d C2 Niof 71375 kSOHA Bhiirl i ysedW@rerthd? dzy R F I
default factor for the ditches is 217 kg £té&-1 yr-1 and for other part of the drained land 2.0 kgsCH

halyrm 6 ¢l 6fS HdPod YR Hdn AY dunmo { dzLJLX SYSyGé o o

For direct NO emission from N fertilization Tierahd default emission factor of 1.25% [kgONN/kg
N input] (GPG2000) is used.

In accordance to the Forest Law in Iceland, the Icelandic Forest Service holds a register on planned
activity that can lead to deforestation (Skégraekt rikisins 2008). Deforestattivities has to be
announced to the Icelandic Forest Service. IFR has sampled activity data of the affected areas and
data about the forest that has been removed. This data is used to estimate emissions from lost
biomass. Deforestation is reportedrfthe inventory years 2002007, 2011 and 2013. Two rather
different types of deforestation has occurred in these years. The first and most common type is road
building, house building and construction of snow avalanche defences. This type is occuliing in
years mentioned. In these cases not only the trees were removed but also the litter and dead wood,
together with the uppermost soil layer. These afforestation areas were relatively young (around 10
years from initiation) so dead wood did not occur.céwing to the 2006 IPCC Guidelines Tier 1
method for dead organic matter of Forest Land converted to settlements (\&lchapter 8.3.2), all
carbon contained in litter is assumed to be lost during conversion and subsequent accumulation not
accounted fo. Carbon stock in litter has been measured outside of forest areas as control data in
measuring the change in thestock with afforestation. Its value varies depending on the situation of
the vegetation cover. On treeless medium to fertile sites a migtam IC stock of 1.04 ton hd was
measured (n=40, SE=0.15; data from research described in Snorrason et al., 2002). Given the annual
increase of 0.141 ton C Haas used in this year submission, the estimated C stock in litter of
afforested areas of 10 yes of age on medium to fertile land is 2.45 ton Glhalreeless, poorly
vegetated land has a much sparser litter layer. Data from the research cited above showstathk C

of 0.10 ton hal (n=5, SE: 0.03). A litterstbck of a 10 year old afforestaticsite would be 1.51 ton C
ha-1. Using the same ratio between poor and fully vegetated land as in last year submission, i.e. 17%
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and 83%, accordingly, will give 2.29 tons €l lzs weighted Stock of 10 year old afforestation. As
with carbon in litter, s@ organic carbon (SOC) has been measured in research projects. SOC in the
same research plots that were mentioned above for poorly vegetated areas was 14.9 totis forha
fully vegetated areas with thick developed andosol layers it was 72.9 tond (hkd0; down to 30

cm soil depth). Annual increase in poor soil according to this year submission is 0.513 tary€lha
for poorly vegetated sites and 0.365 ton Chwgr-1 for fully vegetated sites. Accordingly, ten year

old forests will then have a-€ock of 20 and 76.6 tons Khon poor and fully vegetated sites,
respectively. Weighted-§tock of treeless land is then 66.9 tonshaAccording to the 2006 IPCC
guidelines Tier 1 method for mineral soil stock change of land converted to Settlemamishéea is
paved over is attributed a soil stock change factor of 0.8. Using a 20 year conversion period this
means an estimated carbon stock loss of 1% during the year of conversion, i.e. the annual emission
from SOC will be 0.67 ton C-lha These factarwere used to estimate emission from litter and soil in
this first type of deforestation.

The second type of deforestation is one event in 2006 were trees in an afforested area were cut
down for a new power line. Bigger trees were removed. In this ¢@sednd soil is not removed so

only the biomass of the trees is supposed to cause emissions instantly on the year of the action taken
and reported as such.

6.4.7 Uncertainties and QA/QC

The estimate of Gtock in living biomass of the trees is mostly basedesnlts from the field sample
plot inventory which is the major part of the national forest inventory of IFR. HtedR changes
estimated through the forest inventory fit well with earlier measurements in research project
(Snorrason et al. 2003; Sigusés et al. 2008).

The NFI and the special inventory of deforestation have greatly improved the quality of the carbon
stock change estimates. The same can be stated in the case of new approach to estimate the net
change of &tock in biomass of the naturbirch woodland. By comparing two national estimates
from two different times, errors caused by the difficulty of estimating natural mortality are
eliminated.

Because of the design of the NFI it is possible to estimate realistic uncertainties by caculatin
statistical error of the estimates. Error estimates for all data sources and calculation processes has
currently not been conducted but are planned in the near future. Currently, error estimates are
available for the area of forest, and the biomasst&k of the natural birch woodland at two

different times as already stated. As the sample in the cultivated forest is much bigger than the
sample in the natural birch woodland (769 plots compared to 210 plots in the natural birch
woodland) one should expeatrelative lower statistical error of the biomass©ck of cultivated

forest then for the natural birch woodland.

6.4.8 Recalculations

As described above the emission/removal estimate for forest land has been slightly revised in

comparison to previous submisss. The &tock changes are based on direct stock measurements
0¢CASNI o0 a Ay flLaid @SIFINRa &ddzoYA&aaraz2y odzi NBDASH
approaches used. Time series built on direct stock measurement is calculated and reported for

cultivated forest. Estimates for the natural birch forest are built on the same methodology as in last

year’s submission but recalculated according to the final results of the remapping project. As a result

of these recalculations the total reported remdVeas decreased fror267.24 kit C@equivalents for
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the year 2012 as reported in 2014 submissior241.94 kt CeS |j dzA @ t Sy Ga Ay GKAa &S
or a 9.0% decrease in removal. The changes in reported emission removal of the category reflect the
impNE @SYSyid Ay RIGFZ ySg 9CQa FyR SadAYlIGAzy 2F 7F
development in the methodology applied for estimating this category.

6.4.9 Planned Improvements regarding Forest Land
Data from NFI are used for the seventh time to est@maain sources of carbon stock changes in the
cultivated forest where changes in carbon stock are most rapid.

Sampling of soil, litter, and other vegetation than trees, is included as part of NFI and higher tier
estimates of changes in the carbon stoalsoil, dead organic matter and other vegetation than trees
is expected in future reporting when data frommeeasurement of the permanent sample plot will

be available.

New biomass functions for trees in natural birch woodland are planned to replacenspatary
biomass functions used in current estimate.

One can therefore expect gradually improved estimates of carbon stock and carbon stock changes
regarding forest and forestry in Iceland. As mentioned before improvements in forest inventories will
also inprove uncertainty estimates both on area and stock changes

6.5 Cropland

Cropland in Iceland consists mainly of cultivated hayfields, many of which are on drained organic soil.
A still small but increasing part of the cropland area is used for cultivatiornriefyb&ultivation of

potatoes and vegetables also takes place.

/' NP2y RAZEARS SyAraarzy
Fa 1Se a2daNOSkaiy]l Ay f
trend 2013.

& TNRBRY /INb2y &ai201] OKI ys3
S#St IyR GNBYR Aof Hamo |y

The Cropland map layer was digitized from satellite images supported by aerial photographs in 2008
by AUI and NLSI in cooperation. This map layer was then revised by AUl in 2009. The total area of
Cropland emerging from this map layer through the IGLURg®sing, taking into account the order

of compilation applied, is 172.58 kha. The mapped area includes both Cropland in use and
abandoned Cropland reported as Grassland. The area reported in CRF as Cropland is 126.17 kha,
whereof 56.66 kha is estimated asyanic soil. The reported area is a product of the primary time
series for new cultivation, drainage of wetland for cultivation, and Cropland abandonment. The time
series are prepared by AUl from agricultural statistics, available reports and unpulidistaed he
preparation of time series will be described in detail elsewhere. These time series are shown in
Figure 6.8.
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Figure 6.9 Time series of Cropland as reported. Area in hectares as estimatezl exid of the year.

151



@

National hventory Report, Iceland 2&

The area of Cropland organic soils is estimated through the time series available as described above
(chapter 0). The geographical identification of Cropland organic soils as appearing on IGLUD maps is
still preliminary based on ditclsenetwork density analyses. A special project in IGLUD aiming at
identifying cropland organic soils was started in 2011 and the fieldwork is still ongoing. The results of
this project is expected to improve geographical identification of Cropland orgaitsc s

No information is available on emission/removal regarding different cultivation types and subdivision
of areas according to the types of crops cultivated is not attempted.

6.5.1 Carbon stock changes

6.5.1.1 Carbon stock changes in living biomass

As no perennial wody crops are cultivated in Iceland, no biomass changes need to be reported.
Shelterbelts, not reaching the definitions of forest land, do occur but are not common. This might be
considered as cropland woody biomass. No attempt is made to estimate thercatock change in
GKA& 0A2YlLadad ¢AYS ASNASAE F2NIflFyR O2y@SNISR (2
extended to the present inventory year. Changes in living biomass in connection with conversion of
land to Cropland are, according to the Memethod, assumed to occur only at the year of

conversion as all biomass is cleared and assumed to be zero immediately after conversion. Changes
AY fTAGAY3I oA2YlLadaa 2F 1 yR O2y@SNISR (2 / NRBLX YR
losses anda@ns. Losses are estimated for the area converted in the year. The biomass prior to
conversion is estimated from preliminary results from IGLUD field sampling (Gudmundsson et al.
2010). Based on that sampling the above ground biomass, including littestamding dead, for

Grassland below 200 m height above sea level, is 1.27 k§ &neh for Wetland below 200m 1.80 kg

C m?. The losses in biomass following conversion of land to Cropland are estimated 4.06 kt C,
whereof 1.61 kt C is from Grassland congdrand 2.45 kt C from Wetland converted. The CO

emission is thus 14.89, 5.90 and 8.98 kit @&@pectively. Gains are estimated for the area converted

to Cropland the year before assuming biomass after one year of growth to be 2.1t Thieatotal

gainin biomass for land converted to Cropland is thus estimated as 0.55 kt C, with 0.27 kt C from
Grassland converted and 0.29 kt C from Wetland converted. The CO2 removal of the gain is 2.01,
0.99, and 1.06 kt G@espectively. The net loss is 3.51 kt C blaaad converted or emission of 12.87

kt CQ.

6.5.1.2 Carbon stock changes in dead organic matter

The AFOULU Guidelines Tier 1 methodology assumes no or insignificant changes in dead organic
matter (DOM) in cropland remaining cropland and that no emission/remfacadrs or activity data

are needed. No data is available to estimate the possible changes in dead organic matter in cropland
remaining cropland. The majority of land classified as cropland in Iceland is hayfields with perennial
grasses only ploughed oafrowed at decade intervals. A turf layer is formed and depending on the

soil horizon definition it can partly be considered as dead organic matter. This is therefore recognized
as a possible sink/source. Changes in DOM in the year of conversion andiist thear of growth

after conversion are included in the changes estimated for living biamass

6.5.1.3 Carbon stock changes in soils

bSi OFINb2y ait201 OKFy3daSa Ay YAYSNIft ONBLIFYR &2A
I NP LX FyRE IINB SadAYFGSR I OO0O2NRAY3a (2 ¢ASNI M YSiOK
perennial grasses, which are harvested once or twice during theiggoseason. Ploughing or

harrowing is only done occasionally (10 years interval). Many hayfields are also used for livestock
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grazing for part of the growing season (spring and autumn in case of sheep farming). Most hayfields

are fertilized with both syntétic fertilizers and manure. Changes in SOC for mineral soil are

calculated according to T1 using equation 2.25 in 2006 IPPC guidelines. Default relative stock change
factors considered applicable to hayfields with perennial grasses were selected froarbTabi

Hnnc Lt/ / 3AdARStEAYySa 6Lt /-RNBANCDP C2NPpby BRI dza 8§Si
the descriptions in Table 5.5 as best describing the hayfields in Iceland. For management and input,

FMG =1.10 no tillageemperate boreakdry ard FI =1.00 medium input, were selected. The SOCREF,

90.5t C ha, is the average SOG30 cm) from IGLUD field sampling for Grassland (AUl unpublished

data). The initial mineral soil organic C stock is accordingly SOC0 = 905 {C3841.10*1.00 =

92.6tChda® C2NJ G4KS wHn &SIFNJ O2y@SNEAZ2Y LISNAZIR (GKS | yy
Grassland converted to Cropland. The area of Grassland on mineral soil being converted to Cropland

is estimated from the above described time series as RizB8and the &tock of these soils as

increasing by 0.26 kt C in the inventory year. Consequently these soils are estimated as removing

0.97 kt C@from the atmosphere. No mineral soil is assumed under Wetland converted to Cropland.
Changes inGtockofmh Yy SNl f a2Af & dzy RSNJ &/ NRLX YR NBYlIAYAy3
information on changes in management is available.

Changes in SOC of organic soils are calculated according to T1 applying equation 2.3 in the 2013
Supplement to the 2006 Guidelinasfetlands (IPCC 2014). Organic soils of Cropland are reported in
two categories i.e. Cropland remaining Cropland and Wetland converted to Cropland 53.93 kha and
2.73 kha respectively. These organic soils are estimated to annually lose 426.07 kt C aktd @156

the same order. The consequent emission is estimated as 1562.26 far@@ganic soils of Cropland
remaining Cropland and 79.06 kt £30r soils of Wetland converted to Cropland. All soils of Wetland
converted to Cropland are assumed to be origan

6.5.2 Land converted to Cropland

The conversion of land to Cropland is reported in two categories. It is thus assumed that all mineral
Cropland originates from Grassland and Cropland on organic soil originates directly from Wetland.

Some of the Cropland orrganic soils may have been drained Grassland for some period before

converted to Cropland. Also, some areas of Cropland on mineral soil may have originated from other
fryR dzaS OIF GS3aA2NRARSA &adzOK & ahiKSNJ fislpiedently 2 NJ a C2 N
no data available for the separation of conversion into more categories and until then all conversions

are reported as aggregates area under the two categories. The default conversion period 20 years is
applied for Grassland converted to Crapdl and Wetland converted to Cropland.

6.5.3 Emissions and removals from drainage and rewetting and other management of organic
and mineral soils

In the new CRMReporter (v 5.10.1) emissions and removals from drainage and rewetting and other

management of orgaic and mineral soils is included as new emission category compared to previous

submissions. The new 2013 Supplement to the 2006 Guidelines: Wetlands (IPCC 2014), provides

guidelines for estimation of emissions related to two factors not previously estiindthese factors

are the oftsite decomposition of dissolved organic carbon (DOC) and emission and removal of CH

from drained soils.

6.5.3.1 Off-site CQemission via waterborne losses from drained inland soils
Off-site CQ@emission is calculated according to T1 applying equation 2.4 in the 2013 wetland
Supplement (IPCC 2014). For the two categories of organic Cropland soils the emission calculated is
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23.73 kt C@for organic soils of Cropland remaining Cropland and 1.20kfor soils of Wetland
converted to Cropland.

6.5.3.2 CH emission and removals from drained inland soils

The Chlemission from drained land is calculated according to T1 applying equation 2.6 in 2013
wetland supplement (IPCC 2014). The equations separatentisin into two components, i.e.

emission from the drained land and the emission from the ditches. The T1 default EF for drained land
under Cropland is zero and consequently the emission reported is only from the ditches. The
emission reported is 3.30 KtH or 82.51 kt C@eq. No estimate on the fraction of area covered by
ditches is available and the indicated value from table 2.4 in the 2013 wetland supplement (IPCC
2014) is applied.

6.5.3.3 Rewetted soils under Cropland

No rewetting of soils in land included@ &ropland and no other source or sink of GHG related to
drainage or rewetting of Cropland soils is recognized and the relevant categories of 4(ll) reported
with notation key NO.

6.5.4 Other emissions

6.5.4.1 N;O emission from drained inland soils

All NO emissions &m drainage of organic soils are reported under the Agriculture sector 3:D.1.6
Cultivation of Histosols.& emissions from disturbance associated with conversion of land to
cropland (4(I1lDirect NO emissions from N Mineralization/Immobilization) anelided there as
indicated by use of the notation key IE.

6.5.5 Biomass burning
No biomass burning of cropland occurred in the inventory year and reported as such. Method for
estimating area of biomass burneddescribed in chapter 6.13.

6.5.6 Emission factors

The @, emission from €stock changes in Cropland organic soil are calculated according to a Tier 1
methodology using the EF= 7.9 t&Dhalyr-1 from table 2.1 in 2013 wetland supplement (IPCC
2014).

The offsite CQemission via waterborne losses from draéhcropland soils is calculated according to
T1 using EF =0.12t Gha-1 from table 2.2 in 2013 wetland supplement (IPCC 2014)

The emissions of G@aused by conversion of land to Cropland is calculated on the basis of country
specific estimate of €tock in living biomass, litter and standing dead biomass 1.27 + 0.24 kg C m

and 1.80 * 0.51 kg C%for Grassland and Wetland respectively as estimated from field sampling.
Methods are described in (Gudmundsson et al. 2010). The Cropland biomassaftigar of

growth is 2.1 t C hafrom Table 5.9 in 2006 IPCC guidelines (IPCC 2006). The=S8DG +28.2t C

ha?, for mineral soils of Grassland converted to Cropland is country specific and based on preliminary
results from IGLUD soil samplingNBo 1 KS w1 8SFNJ O2y@SNEA2Y LISNA2RZ
Mineral = 0.10 t C hiafor Grassland converted to Cropland.

The CH4 emission and removal from drained cropland is calculated according to T1 applying
EFCHljana= 0 and EFGHich= 1165 kg CHha yr? from table 2.3 and 2.4 in 2013 wetland
supplement (IPCC 2014) respectively.
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6.5.7 Uncertainties and QA/QC

According to the time series for Cropland the cumulated area of cultivated land is in good agreement
with the area mapped as Cropland 172.5 kkesus 173.2 kha. Abandoned cropland is included in

both estimates.

The mapping in IGLUD has been controlled through systematic sampling where land use is recorded
in the sampling points. Preliminary results indicate that 91% of land mapped as Cropteslasnd

and that 80% land identified in situ as cropland is currently mapped in IGLUD as such (AUI
unpublished data). A survey of cropland was initiated the summer 2010 to control the IGLUD
mapping of cropland. Randomly selected 500*500m squares belown288.1. were visited and the
mapping of cropland inside these squares was controlled. Total number of squares visited was 383
with total area 9187 ha including mapped cropland of 998 ha. Of this mapped cropland 216 ha or
21% were not confirmed as croplduand 38 ha or 4% were identified as cropland not included in the
map layer. Uncertainty in area of Cropland is therefore set as 20%.

¢tKS INBIF 2F RNIAYSR / NRLXIYR A& Ay (GKA& &SI NDa a
series of land use corvsion as described above. The ratio of hayfields on organic soil was estimated

in a survey on vegetation in hayfields 198803 (Porvaldsson 1994) as 44%. The time series of

Cropland organic soil were adjusted to that ratio. In the summer 2011 a surv@yomfand soils was

initiated as part of the IGLUD project involving systematic sampling on 50x50m grid of randomly

selected polygons of the Cropland mapping unit. Preliminary results from this sampling effort show

similar ratio of organic soils. The untenty for the area of Cropland on organic soil is for this

submission assumed 20% or the same as for Cropland total area.

The emission/removal estimated for land converted to Cropland is based on factors estimated with
standard error of 2680%. The uncgainty of the calculated emission removal is accordingly in the
same range.

The emissions reported from drained organic Cropland soils are based on default EF from table 2.1 in
2013 wetland supplement (IPCC 2014) 95% confidence intervals + L&t@&yr, or
approximately 20%.

The oftsite CQemission via waterborne losses from drained cropland soils is calculated based on
default EF from table 2.2 in 2013 wetland supplement (IPCC 2014) with range + 50%.

Emission of CHrom drained Cropland onlyéludes emission from drainage ditches and is
calculated according to EF from table 2.4 in 2013 wetland supplement (IPCC 2014) with range * 70%.

6.5.8 Recalculations

No recalculations are done for this category in this submission. The new emission factor8 of 201

{ dzLJLJX SYSy G 6Lt/ / wnmnO YFERS Ay fFaid &SFNDa &adz YA
also applied in this submission.

6.5.9 Planned improvements regarding Cropland

Ly GKAa addzoYAaaizy lFa Ay flFaid &SI NDasediodzo YAZAA2Y
estimate the area of each category. Further improvements of the mapping and subdivision are still
needed as e.g. revealed through the cropland mapping survey described above. The area of land
converted to Cropland from other categories than Grasdlor Wetland needs to be determined.

Continued field controlling of mapping, improved mapping quality and division of cropland soil to soll
classes and cultivated crops is planned in coming years. As the introduction of time series revealed
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that a consi@rable area of the mapping unit Cropland is abandoned cropland. Identifying the
abandoned cropland within the mapping unit is considered of high importance. Information on soil
carbon of mineral soil under different management and of different origin mant to be able to
obtain a better estimate of the effect of land use on the SOC. Establishing reliable estimate of
cropland biomass is also important and is planned.
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Considering thatthe G YA aaA 2y FTNRY 020K &/ NBLX | yhirertdd®Y | A Y A Y :
I NBLX ' yRéE NB NBO23ayAlT SR Fa 1Se& az2daNOSaxr AdG Aa A
factor. Establishing country specific emission factors, including variability in soil classes, is already

included in orgoing research projectst the AUI. These studies are assumed to result in new

emission factors. Data, obtained through fertilization experiments, on carbon content of cultivated

soils is available at the AUI. The data is currently being processed and is expected to yield

information on changes in carbon content of cultivated soils over time.

The new emission components of offsite L&@ission and CHemissions from Cropland have not

gained much attention in Iceland. Data on that emissions and area involved is needed for Iceland e.qg.
the ratio of dich area. It is therefore considered important to promote the research needed and
improvethe estimate ofrelevant area.

6.6 Grassland

Grassland is the largest land use category identified by present land use mapping as described above.
The total area of the Grassland category is reported as 5,377.26 kha, making it by far the largest land
use category in Icelanrassland is a very diverse category with regard to vegetation, soil type,

erosion and management.

The Grassland category is divided into twelve subcategories in this year's submission. The Grassland
time series reported are prepared from three primamné seriesKigure 6.1), and an independent

time series for expansion of birch shrubland into other grassland. The time series of Other Grassland
is prepared from the Grassland mapping unit when all other mapping units of grassland
subcategories have bedaken into account. The backward tracking of area within that category was
done by correcting the area of the year after according to all area within other land use categories
considered originate from Other Grassland, including Forest land, Cropland ,Gthssland

subcategories, Reservoirs, and Settlement.
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Primary time series for Grassland
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Figure 6.10 Primary time series for Grassland: Total area of Cropland converted to other land uses at the end of the year,
Wetland converted to Gralssd at the end of the year, Revegetated land at the end of the year. All graphs showing
cumulative area at the end of the year from the beginning of time series.
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Figure 6.11 Time series of reported Grdaad categories with max area >20 kha: Grassland former Wetland remaining
Grassland organic soil, Wetland converted to Grassland T_20, Other land converted to Grassland T_60, Other land
converted to Grassland before 1990 T_60, Other land converted tol&ndssince 1990 T_60. All graphs showing the area
in hectares at the end of the year.
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Grassland time series with max area less than 20 kha
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Figure 6.12 Time series of reported Grassland categories with max area <20 kha: Cropland on mineral soil converted to
Grassland T_20, Cropland on organic soil converted to Grassland T_20, Grassland former Cropland remaining Grassland
mineral soil, Grassland former Cropland remaining Grassland organic soil, Grassland former revegetated Other land
remaining Grassland. Altaphs showing the area in hectares at the end of the year

6.6.1 Grassland remaining Grassland
The time series and conversion period applied enable keeping track of the area of different origin
under the category Grassland remaining Grassland. The subcategerigssaribed below.

6.6.1.1 Cropland abandoned for more than 20 years.

This category includes all previous cropland abandoned for more than 20 years still remaining under
the Grassland land use category. The area reported for this category is the area emengitigefr

time series and estimated as 22.90 kha whereof 6.06 kha is organic soil.

6.6.1.2 Natural Birch Shrubland

Natural birch shrubland is the part of the natural birch woodland not meeting the thresholds to be
accounted for as forest, but covered with birch (Batpubescens) to a minimum of 10% in vertical

cover and at least 0.5 ha in continuous area. The natural birch shrubland is included in the NFI and its
area and stock changes are estimated by the IFR. The estimates of total area and changes in carbon
poolsare based on the same methods and data sources as used to estimate the natural birch forest.

Similar to natural birch woodland, three subcategories of natural birch shrubland are reported here.

hyS A®PSd aGbl (dz8X R< 0 A BD K 2 HiKiliggrblb@ng iRclidng shEibfand

surveyed in the 19871991 inventory. As for natural birch forest, thestock of natural birch

shrubland has slightly increased between 1987 and 2007 although the mean annual net change is

very low (0.019tChayrl)d ¢ KS &aSO2y R adzo OF (1 S32 NicentlpSd ab |l { dzN
SELI yRSR FTNRBY hGKSNI DNI&aaflyRéE A& NBLNBaSydGAy3d a
change in vegetation cover does not shift the land between categories this land remains as

Grassland. Conversion period is set to 50 years as for natural birch forest and with same; in country
removal factors for biomass, dead organic matter and mineral soil and the IPCC default emission
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factor for organic soil. The third and the last subcatedo & b I i dzNJ f ¢cr@cetfO K & K NXzo f |
SELI YRSR FNRBY hiKSNI [l YyRéd ¢KIG A& SELIYyarzy 27
As no historical data before 1987 exists, a time series for changexkCof natural birch shrubland

only exist afterl987 and in &tock after 1989. They are built on interpolation between 1989 and

2007 and extrapolations from 2012 with even annual increase in area. Thestiicdtegory of

bl Gdz2NF f O0ANDK &aKNHzflyR A& NBLIR NI &Rhapsf REIN8) ¢ h G KS N

6.6.1.3 Other Grassland

The mapping unit Other grassland includes all land where vascular plant cover is 20% or more as
compiled from IGLUD and not included in the other Grassland subcategories. Accordingly, all land

within the land usecategories, higher ranked than Grassland in the hierarchy (table 1), are excluded

a priory. The map layers classified as Land converted to grassland are all ranked above the map layers
AyOf dzZRSR Ay (GKS OF §S32NE ah i K&dNheahds with dwdrRé @ ¢ K S
shrubs, small bushes other than birch (Betula pubescens), grasses and mosses in variable

combinations (respecting the 20% minimum vascular plant cover), fertile grasslands, and partly

vegetated land. The area mapped is theljuated to other Grassland categoriehépter 66.5) and

0KS GAYS &aSNASE LINBLI NSR a RSAaONAOSR 1062080 ¢KS
category is 4,655.04 kha.

Large areas in Iceland suffer from severe degradation where the atdggtover is severely

damaged or absent and the soil is partly eroded but the remaining Andic soil still has high amounts of
carbon. Recent research indicates that the carbon budget of such areas might be negative, resulting
in CQ emission to the atmodpere (AUl unpublished data). This land has not been identified in the
IGLUD maps, but is likely to be included in this category to a large extent.

Since the settlement of Iceland a large share of the former vegetated areas has been severely eroded
and lage areas have lost their entire soil mantle. It has been estimated that a totat26@9103 kt

C has been oxidized and released into the atmosphere in the past millennium (Oskarsson et al. 2004).
The estimated current ogoing loss of SOC due to erosie®m3100 kt C wl according to the same

study. That study only takes in account the soil lost through one type of erosion i.e. erosion
escarpments. This loss is comparable to-388 kt CQif all of this lost SOC is decomposed 01183

kt CQif 50% d it is decomposed as argued for in the paper (Oskarsson et al. 2004). This loss is at
present not included in the CRF, but the possible amount of C being lost is in the same order of
magnitude as C£yemoval reported as revegetation since 1990 (194 kf)CIhe revegetation of

deserted areas sequesters carbon back into vegetation and soil and thereby counteracts these losses.

The vegetation cover in many other Grassland areas in Iceland is at was noted to be increasing both
in vigor and continuity (Magn8sn et al. 2006). Tis increase has in another recent study been shown

to have slowed down or even turned to a decrease in some areas (Raynolds, Magnusson et al. 2015).
In these areas, the annual carbon budget might have been positive for a period withgC be
sequestered from the atmosphere. Whether these changes in vegetation are related to changes in
climate, management or a combination of both is not clear.

The subdivision of Grassland, according to land degradation or improvement is one of the IGLUD
objectives as described in (Gudmundsson et al. 2010). Through this subdivision estimates of both
ongoing losses and gains can be attempted. Subdivision based on management regimes, i.e.
unmanaged and managed and the latter further according to grazingsiteis pending but not
implemented.
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6.6.1.4 Revegetated land older than 60 years

. @& RSTFAYAYI | O2y@BSNBAZ2Y LISNA2R 2F cn @St NBRZI F2N
revegetation) which is shorter than the time revegetation has been practicegland, a small area

of revegetated land older than 60 years emerges as category. The total area of the category is in this
8SINRa addzo0YA&daAz2y HOydp (KFIDd ¢KAA FNBF Aa yz2d i
assumed to be included in the mappginnit Revegetation before 1990, despite currently limited area

of that mapping unit (see chapté:3.1.3- Maps of Land being reegetated.

6.6.1.5 Wetland drained for more than 20 years.

This category also appears as result of time series and application of default 20 years conversion
LISNA2R F2NJ a2SifFryR O2y@SNISR (G2 DNI aatlyRéod ! a
years the majority othe drained wetlands are now reported under this category. The total area
NELR2NISR Ay GKA&a &SIFNR& adzomYAaaizy Aad omcodPpdp 1KI
category is not at present identified as separate mapping unit, but togetharthe category

G2SGftlryR O2y@SNISR (2 DN}laaftlyRé Aa LINBASYUGSR I a
preparation of that mapping unit is described in (cha@e3.1.3¢ Maps of drained land

6.6.2 Land converted to Grassland

[ FYR O2y@SNISR (G2 DNI}IaatlryR Aa NBLEZ2NISR FT2N (KNE
DN} aaftlyReéz a2SiflyR O2y@SNISR DNIENI & §RIEYRE 21y yWR
of Forest land and Settlement to Grassland are reported as not occurring.

6.6.2.1 Cropland converted to Grassland

The area reported is as emerging from the time series available for Cropland using the default

conversion period of 20 yearshe category is at present not identified as a specific mapping unit but

is included in both the mineral and organic soil part of the Cropland mapping unit. The total area

reported for this category is 23.46 kha with 9.78 kha on organic soil.

6.6.2.2 Wetland onverted to Grassland

The area included under this subcategory includes the area drained for the last 20 years prior to the
inventory year. The total area reported for this subcategory is 33.36 kha and the whole area assumed
to be on organic soil. The areatimate is based on available time series and applies 20 years as the
conversion period.

6.6.2.3 Other Land converted to Grassland

This category is divided to four subcategories three of them originating from revegetation activities
APSOT awS@SaAPid A ARwWS @SF 2 NITG MRy 3 & A WNBS I MGipSR FNRY |
GwS@SASHI G ADY NBAVEOI AP t AYAGSR ANFT Ay Fff26SR:

O2y@SNILSR (2 bl Gdz2NF f O0ANDK AKNHz:t I yRéblarsiNAIAY L (S
noted in the NFlI

Revegetation

¢KS NB@SASGlraA2y | OGABGAGE G6KSNB y2 | FF2NBadlGAzy
O2y@SNISR (2 DNI}IAAflIYyRED ¢KS 2NAIAYIE @S3ISGIGAZY
where revegetatiornis started, according to the SCSI. Accordingly, this land does not meet the
RSFTAYAGA2Yy 2F DNraatlyRa FyR Aa Ittt Oflaaix¥ASR |

The SCSI was established in 1907. Its main purpose is the preventiogaihgram degradation
and erosion, the revegetation of eroded areas, restoration of lost ecosystem and to ensure
sustainable grazing land use. The reclamation work until 1990 was mostly confined to 170
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enclosures, covering approximately 3% of the total land afea.exclusion of grazing livestock from
the reclamation areas, and other means of improving livestock land use, is estimated to have
resulted in autogenic soil carbon sequestration, but the quantities remain to be determined. Record
keeping of soil conseation and revegetation efforts until 1960 was limited. From 1958 to 1990,

most of the activities involved spreading of seeds and/or fertilizer by airplanes and direct seeding of
Lyme grass (Leymus arenarius L.) and other graminoids. These activities daeg extent

recorded. The emphasis on aerial spreading has decreased since 1990 as other methods, such as
increased participation and cooperation with farmers and other groups interested in land
reclamation work, have proven more efficient. Methods tiee recording of activities have been
improved at the same time, most noticeably by using aerial photographs ang@zRi®ning

systems. Since 2002, GPS tracking has increasingly been used to record activities in real time, e.g.
spreading of seeds and/dertilizer. Since 2008 almost all activities have been recorded
simultaneously with GR&hits (Thorsson et al. in prep.).

The SCSI now keeps a national inventory on revegetation areas since 1990 based on best available
data. The detailed descriptiosf methods will be published elsewhere (Thorsson et al. in prep.). The
objectives of this inventory are to monitor the changes ist@ks, control and improve the existing
mapping and gather data to improve current methodology. Activities which started for 1990 are

not included in this inventory at present. The National Inventory on Revegetation Area (NIRA) is
based on systematic sampling on predefined grid points in the same grid as is used by the IFR for NFI
(Snorrason and Kjartansson. 2004) ant3hUD field sampling. The basic unit of this grid as applied

by SCSI and IFS is a rectangular, 1.0 x 1.0 km in size. A subset of approximately 1000 grid points that
fall within the land mapped as revegetation since 1990 was selected randomly and havedieszh
although all data from the survey is still not available. Points found to fall within areas where

fertilizer, seeds, or other land reclamation efforts have been applied, will be used to set up

permanent monitoring and sampling plots. Each pldids10 m. Within each plot, five 0.5x0.5 m
randomly selected subplots will be used for soil and vegetation samplingsftmrck estimation.

A conversion period of 60 year has been defined on basis of NIRA data sampling. The length of the
conversion perlods prellmlnary as the data remains to be analysed further. The categories
GwS@S3aAShl i ABNE BSAQUIOSBR vipNEY IANI T Ay 3 éimited/gRaziigw S @S 3 S |
Ffft26SRéE NBLINBaSyda | OlAGAGE aAyOS wmdagea | OO02dzy il
NELR2NISR a fFyR NBE@S3ISGHIGSR 0STF2NBE mpdpn Aad NBELR
GwS@S3SilFrGSR tIyR 2t RSNJ GKIy cn &SFNRBRéE GKS tFG0S
The subdivision of land revegetated since 1990 is based omatiffmanagement regimes as some

land has been opened up for grazing of limited intensity.

The area of Revegetation since 1990 reported for the year 2014 is 105.62 kha compared to 101.24
kha reported for the year 2013 in last year’s submission.

The area rported as Revegetation before 1990 is calculated from the best available data of

revegetation before 1990. The mapping of these areas is still subjected to high uncertainty and only

small portion of this land is presented in IGLUD map layer Revegetafiore d990. The area not

AyOf dzZRSR Ay GKFG YIFLI €tF@SNJ A& |aadzySR (2 o6S €20t
total revegetation area before 1990 is finished based on best available documentation and is

presented here, but mappinghas nddl6y FAYAAKSR i GKAA LRAYy(G odzi ¢
submission (Thorsson J. personal communication)
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6.6.2.4 Other land converted to Natural birch shrubland.

This category emerges from the expansion of Natural birch shrubland noted in the NFI mafpping

OANDK g22RflyRad ¢KS &AKNHzofFyR KFad O2YLI NBR G2
1.53 kha.

6.6.3 Carbon stock changes

Carbon stock changes are estimated for all subcategories included both under Grassland remaining
Grassland and Land converted@oNJ a8 & f F yR® / F Nb2y &aG201 OKlFy3aSa 27
DN} daflyRé FYR da[FyR O2y@SNISR (G2NJ DN} aatlkyRé | N
trend in 2014

6.6.3.1 Carbon stock changes in living biomass

The changes in living biomass of thelzo OF 1 S32 NA S& & b ¢2{ NI £l yoRA NoXd )i dZN& NX:
shrublandNB OSy i(if & SELI YRSR Ayid2 hdiKSNJ DN} &a&ftl yRé | NB

living biomass of these categories is estimated to have increased by 0.96 kt C and 0.97 kt C

respectvely removing 3.51 kt G@nd 3.55 kt C&from the atmosphere. Carbon stock changes in

fAGAY3 o0A2YlLada 2F 2GKSNJ) adzoOF G6S3I2NARSa 2F DNI aatt
cn @8SINRBRéEX a2SiGfFyR RNIYAYSR TR2Z2NISR2 N2 Ni RI2WEBH i K& §1
FYR GhGKSNI DN} daftlyRé NBE NBLEZ2NISR a yz2i 2 00dzNN
Grassland.

Carbon stock changes in living biomass are estimated for all categories of Land converted to
Grassland where conv@rA 2y A& NBLERNISR G2 200dz2N®» / 2y @SNBAZ2Y A
Grassland are reported as not occurring. Changes in living biomass in the category Wetland

converted to Grassland are reported as not occurring as vegetation is more or ledsitloedisas no

ploughing or harrowing takes place. Changes in living biomass in the category Cropland converted to
Grassland are estimated on basis of default Cropland biomass (Table 5.9. in 2006 IPCC guidelines

(IPCC 2006)) and average C stock in livimgdss, litter and standing dead biomass of Grassland as
estimated from IGLUD field sampling (st&pter 6.6.8. The living biomass of this category is

estimated to have increased by 12.41 kt C in 2013, consequently removing 45.51 kt CO

Thestockchange AY fAQ@AYy3 o0A2Ylaa 2F (GKS &ddzoO0OF GS3I2NASA
representing revegetation activities reflect the increase in vegetation coverage and biomass achieved
through those activities. The changes in biomass are estimated as radatitrébution (10%) of total
Gstock increase (Aradéttir et al. 2000; Arnalds et al. 2000). The tedtldR increase is estimated on
basis of NIRA sampling. The carbon stock in living biomass of the revegetation subcategories is
estimated to have increasl by 9.26 kt C, 5.38 kt C, and 0.64 kt C respectively for the categories
Revegetation before 1990, Revegetation since }9@Qected from grazing, and Revegetation since
1990limited grazing allowed, removing 33.95 ktLC00.72 kt Ce) and 2.35 kt Cgrom the
FOY2aLKSNBZ NBaLSOGAGSted ¢KS OFNbB2Yy adz20]
O2y@SNILISR (2 bl Gdz2N*f O0ANDK AKNHzmtlFyRE Aa Sai
removing 1.52 kt COrom the atmosphere.

6.6.3.2 Carbon stockhanges in dead organic matter

/ KIyasSa Ay OFNb2y aia201 2F RSIFIR 2NRAFYAO YIFGGSNI |
shrublandNB OSy it @8 SELJ}I yRSR Ayid2 hiGKSNJI DN} aatlyRé | yR
bl GdzNF f 0ANDK & Kbl iTheyeattion sioek inld&a8 orda@omatter/of tiiese
OFGS3I2NASE A& SaldAYIFIGSR (G2 KI @S Ayrechdy 3SR 608 nodp
SELI YRSR Ayi(2 hGKSNIDNI&aaftlyRé YR noun 104G /7 F2N
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in theyear 2014 and accordingly removing 1.85 kt @@ 0.79 kt Cerespectively from the
atmosphere.

The changes in dead organic matter are included$toCk changes in living biomass for the category

G/ NRLX ' yR O2y @S NASWR (clinptes B.XIThexiahggsRnédead &danic matter

FNB Ffaz2z AyOtdzZRSR Ay fAGAYy3 o0A2YFLaa 2F (GKS (KNBS
O2y@SNISR (2 DN}YaaflryRE O!NNRsUGOGANI SG Ffd wHnnnod

/ KFyasSa Ay RSFR 2NBHFYAO YI {0 S Niegifed @asn@ dcéutrifggR 02 Yy @ S
consequent with no changes in living biomass.

6.6.3.3 Carbon stock changes in soils
Mineral soll

/ KIyadasa Ay GKS OFINb2y aid201 2F GKS YAYSNIf &2Af
SELI YyRSR (2 hiKSNI Diving indrdasédrby 1.25&t Chdhé yext R0iSard |
thereby removing a total of 4.58 kt €f@rm the atmosphere. Changes in carbon stock in mineral
soils of land under other subcategories of Grassland remaining Grassland are reported as not
occurring in e with Tier 1 method. The Tier 1 methodology gives by default no changes if land use,
management and input (5 Fus, and B are unchanged over a period.

Q¢

The changes reported in mineral soil of Cropland converted to Grassland are assumed to be reversed
changes estimated for Grassland convertecCtopland ¢hapter 6.5.2. The loss from mineral soils of

Cropland converted to Grassland is reported as 1.42 kt C and consecqemitting 5.22 kt C® No

YAYSNIYt az2ift Aa AyOf dzRSR yIRE «a2 SGfFyR O2y@SNISR

C2NJ 6KS GKNBS adzoOF iS3I2NASa 2F ahiGKSNIfFyR 02y @S
changes in carbon stock in mineral soils are estimated applying Tier 2 and CS emission (removal)

factor. The carbon stock in mineral soils is estimatelave increased by 83.35 kt C, 48.41 kt C, and

podTty (10 / NBaLSOGA@Ste F2N) GKS OFGSI2NASE awS@S3
305.60, 177.50and 21.18 kt CQOrom the atmosphere in the same order. The changes in carbon

a0201 AY YAYSNIft az2iafa 2F GKS F2NIK &dzoOF 6§S32NE
O2y@SNISR G2 bl ddzNFf o6ANOK &K NHz0 remygvREfactdraas Sa G A Y I
used for revegetation categories. The increase in mineral soil of this sub category is estimated as 0.78

kt C and to have removed 2.89 kt Zf@m the atmosphere.

Organic sails

Organic soils are reported for the Grassland subcategdriesNE LJ F YR | 6 yYR2Yy SR T2 NJ
@SIENREZ abl (dzNaffR & NEOKI (BoENNLES fd AYNOK A KNHzf ' yR NBO
DN} aaflyReézZ a2SGftlFryR RNIAYSR F2NJ Y2NBE (GKFyYy Hn &S
G2 SifFyR 02y OSENG StRK S 20 1D\ 23ya 8 (y2RO1 OKIF y3Sa Ay 2NEH
categories are estimated applying Tier 1 methodology. Three soil types; Histosol, Histic Andosol and

Gleyic Andosol are included. The two organic soil types are Histic Andosol and HistiosodhA

Gleyic Andosol is not classified as organic, it is included here. The carbon stock in drained organic

soils included under the Grassland subcategories is estimated to have decreased by 2086.55 kt C in

the inventory year emitting 7,650.69 kt @Qte disaggregation of these numbers to the

subcategories involved is shownTable6.9.

Table6.9. Drainal soils, estimated C losses and on siteégb@ssion of Grassland categories/subcategories.
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Carbon stock

Drained |~ 1 ngesin | Emission [kt

Category/subcategory a2 NE | changesi sl

soils [khal] organic soils CQ]
[kt C]

Grassland remaining Grassland 32292 -184063 674899
Cropland abandoned for more than 20 yea 6.06 -34.56 126.70
Natural birch shrubland (N.b.spld 0.11 -0.63 2.29
N.b.s- recently expanded into Other Grasslan 0.15 -0.84 3.08
Wetland drained for more than 20 year: 316.60 -1804.61 6616.91
Land converted to Grassland 4314 -245.92 901.70
Cropland converted to Grasslan 9.78 -55.77 204.50
Wetland converted to Grasslanc 32.26 -190.14 697.20
Total 366.06 -208655 765069

6.6.4 Emissions and removals from drainage and rewetting and otheagement of organic
and mineral soils
¢tKS SyYAdaaizya yR NBY2@lta AyOfdzZRSR dzyRSNJ GKA& C
submission.
6.6.4.1 Off-site CQemission via waterborne losses from drained inland soils
The offsite emission of CQvaterborne organic matters from drained soils is estimated according to
equation 2.4 in 2013 wetland supplement (IPCC 2014) applying T1 methodology. -Site off
emission is reported for all Grassland subcategories with drained soils reported. The tosbamis

for Grassland is estimated as 161.07 kt.CThe disaggregation of these numbers to the
subcategories involved is shownTable6.10.

Table6.10 Drained soils, estimated-afite CQemission of Grassland categories/subcategories.

Drained . .
Category/subcategory a2NBIF Yy A ( g
[kt CQJ
[kha]
Grassland remaining Grassland 32292 142.08
Croplandabandoned for more than 20 year: 6.06 2.67
Natural birch shrubland (N.b.spld 0.11 0.05
N.b.s- recently expanded into Other Grasslan 0.15 0.06
Wetland drained for more than 20 year: 316.60 139.30
Land converted to Grassland 4314 18.98
Cropland converted to Grasslan 9.78 4.31
Wetland converted to Grasslanc 33.36 14.68
Total 366.06 161.07

6.6.4.2 CH emission and removals from drained inland soils

The Chemission from drained land is calculated according to T1 applying equation 2.6 in 2013
wetland supplement (IPCC 2014). The equations separate the emission into two components, i.e.
emission from the drained land and the emission from the ditches. No ation the fraction of

area covered by ditches is available and the indicated value from table 2.4 in the 2013 wetland
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supplement (IPCC 2014) is applied. In general the drainage ditches in Iceland are dedmlabh

EF for Grassland ditches selected adowly. The emission of I3 reported for all the Grassland
subcategories including drained soils. The total emission reported is 22.8% &t 645.25 kt C&eq.

Of this emission 22.32 kt ¢4 reported from the ditches while only 0.48 kt J$irepated from the
drained land. The disaggregation of these numbers to emission from drained land and ditches of the
subcategories involved is shownTable6.11.

National hventory Report, Iceland 2&

Table6.11 Drained soils, estimated @emission from drained land and ditches of Grassland categories/subcategories.

Drained , CH total

Category/subcategory G2 NEI [EtHCIa:IE ?k?gﬂis
soils [kha] [kt CH] [kt CQeq]
Grassland remaining Grassland 32291 0.43 18.81| 19.24 480.99
Cropland abandoned for more than 20 yeal 6.06 0.01 0.35 0.36 9.03
Natural birch shrubland (N.b.spld 0.11 0.00 0.01 0.01 0.16
N.b.s- recently expanded intaOther 015 0.00 0.01 0.01 0.22

Grassland

Wetland drained for more than 20 years 316.60 0.42 18.44 18.86 471.57
Land converted to Grassland 4314 0.06 2.51 2.57 64.26
Cropland converted to Grassland 9.78 0.01 0.57 0.58 14.57
Wetland converted toGrassland 33.36 0.04 1.94 1.99 49.69
Total 366.06 0.48 22.32| 2281 545.25

6.6.4.3 Rewetted soils under Grassland

The rewetting of Grasslands occurring is reported as Grassland converted to Wetland. No other
source or sink of GHG related to drainageewetting of Grassland soils is recognized and the
relevant categories of 4(Il) reported with notation key NO.

6.6.5 Other emissions

6.6.5.1 NO emission from drained inland soils

The emission of XD form drained Grassland soil is in CRF reported as sulgeategories, Grassland
remaining Grassland, Cropland converted to Grassland, and Wetland converted to Grassland under
an dl  -NO #od MGrassland drained se#éll) Emissions and removals from drainage and

rewetting and other management of organiccamineral soilsTotal Organic SoitDrained Organic
{2Afaed ¢CKAA SYAAaarAzy A& AyOfdzRSR da DNYaaflyR
the CRF tables.

The emissions are calculated according to T1 applying equation 2.7 in the 20a8d\&ipplement
(IPCC 2014). The total emission gDNeported under 4H is 5.47 kt® or 1628.50 kt G&q. The
disaggregation of this emission to subcategories is showalime6.12.
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Table6.12 Drained soils, estimated,® emission from drained soils of Grassland categories/subcategories

Drained Direct NO from N min/immob.
Category/subcategory a2NBI Y
soils [kha] [kt N2O] [kt CQ eq]
Grassland remaining Grassland 32291 4,82 1436,57
Cropland abandoned for more than 20 yeal 6.06 0,09 26,97
Natural birch shrubland (N.b.spld 0.11 0,00 0,49
N.b.s- recently expanded into Other Grasslan 0.15 0,00 0,66
Wetland drained for more than 20 year: 316.60 4,73 1408,46
Land converted to Grassland 43.14 0,65 187,04
Cropland converted to Grasslan 9.78 0,15 43,51
Wetland converted to Grasslanc 33.36 0,50 143,53
Total 366.06 5,47 1628,50

6.6.5.2 Direct NO emissions from N Mineralization/Immobilization

Conversion of Cropland on mineral soils to Grassland result in loss of SOC. Emission of associated
mineralization of N is calculated by assuming C:N of 15. The resulhgmission igstimated 1.5 t

N2O or 0.44 kt Cexq.

6.6.6 Biomass burning

Biomass burning on Grassland is reported for Grassland remaining Grassland. All subcategories are
reported as aggregate number but emission is estimated separately from estimated biomass of each
subategory. Only wildfires are included in the present estimate. The methodology for estimating the
biomass burned and the consequent emissions is explamelapter 6.13. Tharea of Grassland

burned in the inventory year in wildfires is estimated fromitalade maps of the burned area and
overlays of the IGLUD land use map as 44.9 ha of Grassland remaining Grassland. The emission
caused by these fires is estimated as 1.54 Mgplii$ 0.14 Mg bD for Grassland remaining

Grassland. This emission is equivatertotal 80.50 Mg C®

6.6.7 Emission factors

The C@emissions from &tock changes in Grassland drained soils is calculated according to a Tier 1
methodology using the EF= 5.7 t&Dhatyr from table 2.1 in 2013 wetland supplement (IPCC

2014).

The Gstock changes in living biomass of Natural birch shrubland is in the NFI applying T3
methodology of direct estimate of stock changes.

The changes in annual living biomass (including litter and dead organic matter) of Cropland
converted to Grassland asstimated from C stock in living biomass, litter and standing dead

biomass of Grassland as estimated from IGLUD sampling 1.27 + 0.24°K@Z 7 C h3d) and

default Cropland biomass 2.1 t C'feom Table 5.9 in 2006 IPCC guidelines (IPCC 200&)vétzge
annual increase in living biomass including dead organic matter is accordingly estimated as 0.53t C
ha' yr! with 20 years conversion period.
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The Soil Conservation Service of Iceland records the revegetation efforts conducted. A special
governmertal program to sequester carbon with revegetation and afforestation was initiated in

19982000 and has continued since then. A parallel research program focusing on carbon

sequestration rate in revegetation areas was started the same time (Aradéttir 20@0; Arnalds et

al. 2000). The contribution of changes in carbon stock of living biomass (including dead organic

matter) and soil were estimated as 10% and 90% respectively is based on these studies. The SCSI has
since 2007 been running National Inventam Revegetation area (NIRA), including sampling of soil

and vegetation. Emission factors for changes-stdCks are based on analyses of these samples

(Thorsson et al. in prep). The CS emission factors appliedstocicchanges in living biomass

(incdzZRAYy3 RSIFER 2NAFYAO YFGGSND YR YAYSNIf az2afa 2
G2 DNJ & &0t06 3niRas51 1 CB/yr respectively. All revegetated areas 60 years old or less are
assumed to accumulate carbon stock at the same rate.chhages in Sock of mineral soils of the
OFGS3I2NE ahdKSNIflYyR O2y@SNISR G2 Dbl Gdz2NF f 06 A NDK
revegetation activities.

TheGa 201 OKFIy3Sa Ay YAYSNIt azaft acgedntyédpshded dzo O G S
Ayidi2 hiKSNJI DNI &datlyREé | NB Saud aslfoirBirerallsdiBtof @ Ay I &l Y
afforested Grassland (Bjarnadaéttir 2009)

Carbon stock changes for mineral soil of Cropland converted to Grassland are estimated as the
reversal ofchanges in opposite land use changes i.e. Grassland converted to Cropland (see chapter 0)
EF=0.10t C ha

The oftsite CQemission via waterborne losses from drained Grassland soils is calculated according
to T1 using EF = 0.12 t Cipg* from table 2.2 in 2013 wetland supplement (IPCC 2014)

The CH4 emission and removal from drained Grassland is calculated according to T1 applying
EFCH4_land = 1.4 andckRice= 1165 kg CHat yr! from table 2.3 and 2.4 in 2013 wetland
supplement (IPCC 201eBspectively.

The NO emission from drained Grassland soils is estimated applying EF= 9G-Mghi yr! from
table 2.5 in 2013 wetland supplement (IPCC 2014).

6.6.8 Uncertainties and QA/QC

The uncertainty of area of the categories reported is estimate 208épt for Revegetation where

the currently estimated uncertainty in area is 10% according to SCSI. Uncertainties of the

ddz0 OF 6 SI2NASE 2F ahdKSNIflyR O2y@SNISR (2 DNIaaft
using data from the KP LULUCF sampiingram (see chapter 10.1.3 in (W6ll, Hallsdottir et al.

2014)). It indicates that revegetation areas prior to 2008 are overestimated by a factor of 1.3 (30%)

but after 2008 this error is assumed to be 10% due to GPSimsakracking of activities. Tharea of
GhiKSNI fFyR O2y@SNISR (G2 bl ddzNFf o06ANODK aKNHz2f | YR
birch woodlands and subjected to same uncertainty as other categories in that mapping effort.

QX

¢tKS &AT S 2F GKS RNJI A ysBrRestimh&ilfromAIGLUN a5 ddsdtibed ab&v& INNX &
the summer 2011 a survey of drained Grassland was initiated. The results of that survey have not yet
been analyzed, but subsample analysis indicate-a®@ area uncertainty. Many factors can

potentially cortribute to the uncertainty of the size of drained area. Among these is the quality of the
ditch map. Orgoing survey on the type of soil drained has already revealed that some features

mapped as ditches are not ditches but e.g. tracks or fences. Durirsgithmer 2010 the reliability of

the ditch map was tested. Randomly selected squares of 500*500 m were controlled for ditches.
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Preliminary results show that 91% of the ditches mapped were confirmed and 5% of ditches in the
squares were not already mappedeélwidth of the buffer zone, applied on the mapped ditches, is

set to be 200 m to each side as determined from an analysis of the Farmland database (Gisladottir et
al. 2007). The AUI launched in 2011 project to check the validity of this number. Thedikld/as

finished in 2014, but analyses of the data is pending. The map layers used to exclude certain types of
land cover from the buffer zone put to estimate area of drained land have their own uncertainty,
which is transferred to the estimate of the aef drained land. The decision to rank the map layers

of wetland, semivetland and wetland/semivetland complex lower than drained land most certainly
included some areas as drained although still wet.

It can be assumed that the area with drained soilrdases as time passes, simply because the

RN} AySR a2AiAf RSO2YLRaSa yR Aa aSIFGSyé¢ Rz2ey (2 0
again. On the other hand the decomposition of the soil also results in sloping surface toward the

ditch, which potentiallyincreases runoff from the area and less water becomes available to maintain

the water level. No attempt has been made to evaluate the effects of these factors for drained areas.

Changes in C stock of living biomass and dead organic matter of the ca@rgssland remaining

Grassland are reported as not occurring (Tier 1) except for living biomass of Natural birch shrubland.

The C@emissions from mineral soils of Grassland remaining Grassland are also reported as not

occurring following Tier 1 assumptiof steady stock. The uncertainty introduced by applying Tier 1,

is as such not estimated.

/' P NDp2y ai201 OKIy3aSa 2F tAQGAYy3 o0A2YlLaa Ay fFyR N
shrubland2 f R¢ | YR abl GdzNI f 0 A NDK (13KKSNzoT NI yaRstddwB/ARE Y (IGEKES
changes of these categories are estimated by IFR through NFI, and subjected to the same uncertainty

as other estimates obtained through NFI. These estimates shows that changes are occurring in the

living biomass of that categaromparable changes in other pools of that category are expected

until the area reaches a new equilibrium. As no specific actions have been taken to increase the living
biomass of that category, the observed changes indicate that this is the result efgemeral causes

e.g. changes in climate or management (grazing pressure). The same components would be likely to

act similarly on other categories. Considering the severe erosion in large areas included as Grassland,

this category could potentially be arfe source. These emissions might be counteracted or even

annulated by carbon sequestration in areas where vegetation is recovering from previous

degradation (Magnusson et al. 2006).

The changes in living biomass of land converted to Grassland is estifoat@ropland and Other

land and it’s subcategories. Thestbck changes in living biomass for the conversion of Cropland to
Grassland is based on factors estimated with standard error 3020. The uncertainty of the

calculated emission removal is acdimgly in the same range. Thes@ck changes in living biomass

in subcategories of Other land converted to Grassland is for the revegetation subcategories based on
estimate of total Gstock changes in all categories and estimate of average proportieegatation

in those changes being 10%. The uncertainty-$toCk changes in revegetation is estimated as *

10%. The@ 1201 OKIFy3aSa Ay tAGAYy3a 0A2Ylaa 2F ahiGKSNJI €
estimated by IFR in NFI and subjected to saneerainty as other estimates of€lock changes in

living biomass in that inventory.

The emissions reported from drained Grassland soils are based on default EF from table 2.1 in 2013
wetland supplement (IPCC 2014) 95% confidence intervals + 2.8Q 88yr?, or approximately
50%.
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The oftsite CQemission via waterborne losses from drained Grassland soils is calculated based on
default EF from table 2.2 in 2013 wetland supplement (IPCC 2014) with range + 50%.

Emission of CHrom drained Grassland ¢fudes emission from drained land and drainage ditches

YR Aa OFfOdzZ F ISR FOO0O2NRAY3I (G2 9CQa FTNBY (GlofS w
the 95% confidence interval is + 3.0 kg CH4 lyal (approx. 200%) and + 830 kg.Gaf yrt

(apprax. 70%), for drained land and ditches respectively.

The emission of XD from drained soils of Grassland categories is estimated by applying EF from table
2.5in 2013 wetland supplement (IPCC 2014) the 95% confidence intervall Kg6CH4 hayr?
(approx. = 50%).

LI @eAy3 GKS &alYS 9CcQa F2NJFff RNIYAYSR flyR |faz
according to age of drainage, e.g. due to changes in the quality of the soil organic matter, it can also

vary according to depth of the dradd soil and type of soil drained among other factors. This

uncertainty has not been evaluated.

6.6.9 Recalculations

No recalculations are done for this category in this submission. The new emission factors of 2013

{ dzLJLJ SYSy G 6Lt/ / wnAn wmrssion ahd el enlisgionfcdmadnents &¢ ilNtliss & dzo Y A
also applied in this submission.

6.6.10 Planned improvements regarding Grassland

The total emission related to drainage of Grassland soils is a principal component in the net emission
reported for the land use categgr The total emission reported from drained soils of Grassland is in

this submission 9,985.51 kt €€X. making that component the far largest identified anthropogenic

source of GHG in Iceland. The estimation of this component is still based on T1 megiyoalodi

basically no disaggregation of the drainage area. Improvements in emission estimates for the

AN aaflFyR FYR 20KSNJ OF{iS32NASa (2 | R2LIG KAIKSNI @

Improvements in ascertaining the extent of drained organic soils in &otdiwithin different land use
categories and soil types has been a priority in the IGLUD data sampling. In summer 2011 a project,
aiming at improving the geographical identification of drained organic soils, was initiated within the
IGLUD. This project ialved testing of plant index and soil characters as proxies to evaluate the
effectiveness of drainage. The data sampling in this project was finished in 2014, analyses of the data
is pending. The results of this project are expected to improve the argaastof drained land and

of effectiveness of drainage.

A pilot study on emission from different types of wetland soils indicate some difference in emissions
between wetland soil types. It is important to continue research on variability of emissiong&etw
and within different wetland soil types.

Data for dividing the drained area according to soil type drained has been collected for a part of the
country. Continuation of that sampling is planned and the results used to subdivide the drained area
into sal types.

Age of drainage can be an important component affecting the emissions from the drained soill, the
effectiveness of the drainage can also be assumed to depend on drainage age. Therefore
geographical identification of drained areas of different &gplanned in near future.
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The T1 emission factors for drained organic soils of Grassland have be revised since last submission.
The T1 EF for-€2ock changes of drained soils is comparable to new data from in country studies
(Gudmundsson and Oskarssorl2] Considering the amount of the emission from this category it is
important to move to higher tier levels in general and define relevant disaggregation to land use
categories and management regimes. That disaggregation is one of the main objectives®@ft)D
project and it is expected that analyses of the data already sampled will enable some steps in that
direction.
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Ly (G4KAa adoyYAdaarzy | ySg &adzo0FGS3I2NE Aa | RRSR Ad
Otherwise the subdivision remaidgy OKl y ISR® ¢ KS | NHS&ald &adz OF 6 S32 NI
DN} daflyRéT A& aGAff NBLR2NISR a 2yS dzyAdod { SGSN

of extensive erosion over a long period of time. Changes in mineral soil carbon stocks dfrdggra

land is potentially large source of carbon emissions. The importance of this source must be
emphasized since Icelandic mineral grassland soils are almost always Andosols with high carbon
content (Arnalds and Oskarsson 2009). Subdivision of that cgtegoording to management,

vegetation coverage and soil erosion is pending. The processing of the IGLUD field data is expected to
provide information connecting degradation severity, grazing intensity astb€ks. This data is also
expected to enable rative division of area degradation and grazing intensity categories. Including
areas where vegetation is improving and degradation decreasing (Magnusson et al. 2006). Processing
of the IGLUD dataset is expected to give results in the next few years.

Improvements in both the sequestration rate estimates and area recording for revegetation, aim at
establishing a transparent, verifiable inventory of carbon stock changes accountable according to the
Kyoto Protocol. Three main improvements are planned and ctlyré&eing carried out in part. The

first is the improvement in activity recording, including both location (area) and description of
activities and management. This is already being actively implemented and all data will be in
acceptable form beginning @012. Data on older activities started after 1990 are currently under
revision and are planned to be finished next years. Mapping of all activities since 1990 is verified by
visiting points within the 1x1 km inventory grid. Recording of activities iadidefore 1990 is also
on-going. The second improvement is gaetivity sampling to establish a zeagtivity baseline for

future comparisons of SOC. This has been implemented for all new areas established in 2010 and
later (Thorsson et al. in prep.). Ttierd improvement is the introduction of a sample based

approach, combined with GIS mapping, to identify land being revegetated, and to improve
emission/removal factors and quality control on different activity practices. The approach is designed
to confim that areas registered as subjected to revegetation efforts are correctly registered and to
monitor changes in carbon stocks.

When implemented, these improvements will provide more accurate area and removal factor
estimates for revegetation, subdivided@rding to management regime, regions and age.

6.7 Wetland

Wetland is the third largest land use category identified by present land use mapping as described
above. The total area of the Wetland category is reported as 619.37 kha. Wetlands include lakes and
rivers as unmanaged land and reservoirs and intact mires and fens as managed land. The Mires and
fens are included in the rangeland grazed by livestock and are grazed to some extent and accordingly
included as managed land. The total area of wetland hasedsed since 1990 from 642.26 kha or by
22.89 kha as new drainages exceeds land impounded by hydropower reservoirs. The net emission
from the wetland category is reported as 1026.70 kt EQ
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In submissions previous to the year 2015 only emission fromolppdver reservoirs were reported

FYR 0A2Ylaa odNYyAy3d gKSYy 200d2NNAy3Id Ly GKA& &SI N
F2N) F2ff26Ay3 fFYyR dzaS OF (S 32 NWiBsiconveitetto2 2 RSR f | yF
NEASNID2ANBES dGamidgOfhbdwetlSndd | Y Ba NEKR NAISNE O2y FSNI S
GhiKSN) ¢St yRa NBEXVAEYDOVIYANREKE g B8ONF fRE&EI YR 02y ¢
aSRAdzy {h/ G2 NBaASND2ANRES @&hik S(NG /f | iy2R N2y SONEMNZIASN:
& D Nand converted to other wetlandsy STAf f SR f11Sa | yR L2YyRaé¢ FyR «a
otherwetlandswS ¢ SGG SR gSGf YR &a2Af at¢o

6.7.1 Wetland remaining Wetland

The subdivision of Wetland remaining Wetland is described below. Contrary to other land use

categoh Say SEOSLI &dhiKSNIflFyRéE GGKAa OFGS3I2NE O2y il A
rivers which are according to AFOLU Guidelines included as unmanaged land. It can be argued that

some lakes and rivers should be included as managed land as thieypaeed in the sense that

their emission of GHG is affected. Examples of potential impacts on lakes and rivers are urban,

agricultural and industrial inputs of nutrients and organic matt@isannelingf rivers and other

alteration of their paths couldlso potentially affect their GHG profile. Although there is no attempt

made to separate potentially managed lakes and rivers from unmanaged, except the lakes used as
reservoirs. For the category wetland remaining Wetland four subcategories are repoded iea A NB &
O2y@SNILISR (2 NBaAaSNB2ANEBRESE a[lF1Sa YR NAGSNREI af
YANBA&E D ¢KS FANRG daiANBa O2yPSNISR G 2Fldedd SN2 A N
fIryR NBYIFIAYAyYy3a Cf 2ian&&R nofflboddr beforefit weks budnthted by Hé&
NEaSNB2ANP ¢KS 20iKSNI Ol (SArenNVettad rdmbiding QtBet 2 NII SR dzy R
2 S0t FyRE

6.7.1.1 Mires converted to reservoirs

Ly &dzoYAaadaAizya LINBGA2dza (2 H A wmponveriGdtdWebdndi SI2 NB 4 |
|l A3K {h/ é¢d ¢KS fFryR AyOfdzRSR A& RSTAYSR lao

Land with high soil organic carbon content (High SOC), or higher than 50-Rg Thim category

includes land with organic soil or complexes of peatland and upland soils. This landfieglassi

land converted to Wetland or as changes between wetland subcategories. The high SOC soils are in

most cases organic soils of mires and fens or wetlands previously converted to Grassland or Cropland
through drainage.

The total area of this categolyS LI2 NI SR A& nddd (K a Ay fFad &Stk
based on reservoir mapping and available data on inundated land.

6.7.1.2 Lakes and rivers
The area estimation of this category is describedhapter 6.7.2

6.7.1.3 Lakes and rivers converted toge®irs
This category represents the area of reservoirs previously covered by lakes or rivers. Lakes turned in
to reservoirs by building a dam in their outlet without changing the water level are included here.

6.7.1.4 Intact mires

In submissions previousto 205K A & f F YR gl & NBLR2NISR a ahiKSNJ 2 ¢
reported as classified as unmanaged. In the new 2013 wetland supplement (IPCC 2014) previously
unavailable guidelines are provided for estimation of emission from undrained wetlands. The

decisionto classify intact mires as unmanaged land had no effects on reported emissions as no T1 or
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higher tier methodology was available. With the available methodology for emission estimate
provided by the 2013 wetland supplement (IPCC 2014) the classificdtiotact mires as

unmanaged land was revised and the whole category included as managed land based on inclusion
under land used for livestock grazing.

6.7.2 Land converted to Wetland

Four categories of land converted to wetland are identified. Two are trackéketflooding of land

08 NBASNIW2ANE A PSP aDNIaASRA IR {Or/y AENIINRRA SIND ZFA NeER2 R
convertedtofloodedland 26 {h/ (2 NBASNI2ANRE®D® ¢KS NBYlIAYAY:
NEali2NI GA2y | Ol A étedi@otharev&landsvB MR & a SRY R QS| yR L2y
GDNJ aafltyR O2yOSNUSRSUIEBSR IKSND 9\6R f & 3y Raa ¢ o

6.7.2.1 Grassland converted to flooded land

This category contains inundated land of reservoirs with medium SOC content defined as:

Grassland ¥th medium soil organic content (Medium SOC). SBQ kg C r2. This land
includes most grassland, cropland and forestland soils except the drained wetland soils.

¢KS G2aGFrtf FNBIF 2F GKAA&A OF(GS3a2NE NBLRZ&IMRISAE T dyn
based on reservoir mapping and available data on inundated land.

6.7.2.2 Other land converted to flooded land
This category contains inundated land of reservoirs with low SOC content defined as:

Other land with low soil organic content (Low SOC). 18€Chan 5 kg C4& This category
includes land with barren soils or sparsely vegetated areas previously categorized under
GhiGKSNJ f I yRe ®

¢KS G2aGFf FNBF 2F GKA& OF(iS3I2NE NBLRNISR Aad wmydd
based on reervoir mapping and available data on inundated land

6.7.2.3 Grassland converted to other wetland

This category contains all land turned to wetland through wetland restoration activities. This
OFGS3I2NR A& NBLER2NISR T2N (KSwendnddsipratiohshdceldng® ( KA &
hitherto have been to restore habitats rather than as act of greenhouse gas mitigation. In some cases

the driver has been to get rid of unnecessary ditches even acting as traps for livestock. This category
isdividedtotv® adzo OF §S3I2NRASa RSLISYRAYy3a 2y (G(KS SyR NBa&dz
L2YyRaé¢>x 6KAOK AYyOf dzZRSR Ay GKS YIFLI tFr@SNIa[lF{1Sa
AyOf dzZRSR dzy RSNJ YI LI fF @ SNJ &h (i Ks8 dhlegniesis 0.1 khadnd ¢ KS |
nedpn 1KFE F2NJ awSTFAEESR f11Sa8 YR LRYRA&A£Z YR daws

6.7.3 Carbon stock changes

TheCONB Y2 @l t RdzS G2 OFNb2y &aiz201 OKIFy3aSa Ay Ol 4§S3:
gSGfFyYyRaEE Ad NE&yDPoHeval inSR4. & 1Se OF

6.7.3.1 Carbon stock changes in living biomass and dead organic matter

No changes of-6tocks in living biomass or dead organic matter are reported. For the land converted

to reservoirs changes in living biomass and dead organic mageaneluded in aggregate number
reported as changesinCi 201 a 2F ad2Aftad C2NJ GKS adzoOF 6S32NRS:
gSGftlryRa¢d (GKS OKIFy3aSa IINB y2id SadAYFGiSR a y2 RI
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6.7.3.2 Carbon stock changes in soils

CQemission fromreservoirs Ba G A Y G SR F2NJ 6KS GKNBS &dz OF 6§S32NAR
NBEaSNB2ANES aSRAdzyY {h/ (G2 NBaASNIDB2ANE:{I YR da[ 26
reported as aggregate numbers under carbon stock changes of organic and mineral soils.

The C@emissions from flooded land are estimated, either on the basis of classification of reservoirs

or parts of land flooded to these three categories, or on basis of reservoir specific emission factors
available (Oskarsson and Gudmundsson 2008). For the tee reservoirs established 2009 and

one established 2007 new reservoir specific emission factors were calculated according to (Oskarsson
and Guomundsson 2008) from the estimated amount of inundated carbon. The inundated carbon of
these reservoirs was @stated by (Oskarsson and Gudmundsson 2001) and (Oskarsson and
Gudmundsson in prep.). Reservoir classification is based on information, from thegowlen

companies using relevant reservoir, on area and type of land flooded.

The C@emission estimates akservoirs are then converted tostock changes of soils and reported
as such in CRF tables.

Nochangesin@ i201a 2F az2Afa 2NJ 20KSNJ LR22ta Aa Sadaylrd
LR2YR&E D

tKS OKIy3aSa Ay az2ifa 2FRIKBSOSUSSIRNESGf by RGE&DNT ¥
according to T1 applying equation 3.4 in 2013 wetland supplement (IPCC 2014). The total removal

reported is 712.31 kt G@nd 1.00 kt Cgxespectively.

6.7.4 Emissions and removals from drainage and rewetting and otimeagement of organic
and mineral soils
Included in this category is edite CQemission and CHemission from wet organic soils

6.7.4.1 Off-site CQemission via waterborne losses from wetland soils

Off-site CQemissions via waterborne losses form wet orgauds is reported for four wetland

ddzo OF 6 STI2NRASE ADPSd aaANBad O2yPBSNISR (G2 NBASNII2AN
YR awSFAfESR t11Sa&8 IyR LRYR&a¢éS YR awSgSGGSR 6 S
cases the emission istmated according to T1 applying equation 3.5. in 2013 wetland supplement

(IPCC 2014). The reported emission is 0.29 kt T133.61 kt C¢ 0.03 kt Cg and 0.15 kt C{or

these categories in the above order.

6.7.4.2 CH emission and removals from wetlands

TheCH emissions from reservoirs is estimated for reservoirs as in previous submissions. Emissions of

CH from reservoirs were estimated applying a comparative method as fee@@sions using either

reservoir classification or a reservoir specific emis&ator (Oskarsson and Gudmundsson, 2008). In

cases where information was available the emissions were calculated from inundated carbon.

Estimated CHemission from reservoirs is 0.41 kt{fH0.15 kt C@eq).

Ly GKAa &S| NédssichtoinYwh 3 A22¢a/ RPFT GKNBS OFGS3I2NRASa A
fl1 1S4 FYR LRYRaA¢é>X YR awSgSGGISR 2NAIFIYAO az2Aafa¢sx
is estimated according to T1 applying equation 3.8 in 2013 wetland supplement (IPCC 2014). The

reported emission is 64.52, 0.02, and 0.09 ki€ NJ a Ly G Ol YANBa&eés>s awSTAL S
GwSeSGGSR 2NBIFIYAO &a2AiAfaé NBAaLISOGADSE geq)indthA & A ada S
same order.
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6.7.5 Other emissions

6.7.5.1 N;O emission from weihd soils

Emission of D from reservoirs is considered as not occurring. Zero emissions were measured in a
recent Icelandic study on which the emission estimate of &81@ CHfor reservoirs is based
(Oskarsson and Gudmundsson, 2008).

The T1 approach @013 wetland supplement (IPCC 2014) emissiorp@fisl considered negligible
for rewetted soils and the same is assumed here to apply for intact mires.

6.7.6 Biomass burning

Biomass burning on Wetland is reported. All subcategories are reported as aggreggteil@fives

are included in the present estimate. The methodology for estimating the biomass burned and the
consequent emissions is explainecchapter 6.13The area of Wetland burned in the inventory year

in wildfires is estimated from available maps of the burned area and overlays of the IGLUD land use
map as 8.30 ha. The emission caused by these fires is estimated as 0.2Q phigs@-02 Mg bO.

This emision is equivalent to total 11.64 Mg €0

6.7.7 Emission factors

Reservoir specific emission factors are available for one reservoir classified as High SOC, three
reservoirs classified as Medium SOC and six classified as Low SOC. For those reservoirs, where
spedfic emission factors or data to estimate them are not available, the average of emission factors
for the relevant category is applied for the reservoir or part of the flooded land if information on
different SOC content of the areafided is availableT@able6.13).

Reservoirs emission factors include diffusion from surface and degassing through spillway for both

CQ and CHand also bubble emission for the latter.eramission factors of High SOC are applied for

GKS flyR dzaS OFGS32NE GaANBa O2y@dSNISR (G2 NBaSNIY
Selection of emission factors for other land use categories than those included as flooded land is

described below.

The C@emissions from Gtock changed y a2 At 2F aLy il OO0 YANBaé FyR &
calculated according to T1 using, EFS85tC@Chayr's & F2NJ d. 2NBIFf ydziNASY
table 3.1 in 2013 wetland supplement (IPCC 2014).
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Table6.13 Emission factors applied to estimate emissions from flooded land based on (Oskarsson and Gudmundsson 2001;
Oskarsson and Gudmundsson 2008; Oskarsson and Gudmundsson in prep.).

Emission factors for reservoir: Emission factor [kSHG ha d]

in Iceland

Reservoir category CQice free CQice cover CHiice free CHiice cover
Low SOC

Reservoir specific 0.23 0 0.0092 0
Reservoir specific 0.106 0 0.0042 0
Reservoir specific 0.076 0 0.003 0
Reservoir specific 0 0 0 0
Reservoirspecific 0.083 0 0.0033 0
Reservoir specific 0.392 0 0.0157 0
Reservoir specific 0.2472 0 0.0099 0
Average 0.162 0 0.0065 0
Medium SOC

Reservoir specific 4.67 0 0.187 0.004
Reservoir specific 0.902 0 0.036 0.0008
Reservoir specific 0.770 0 0.031 0.0007
Average 2.114 0 0.085 0.0018
High SOC

Reservoir specific 12.9 0 0.524 0.012

Theoffsite CQSYA aaA2y @Al 6l GSND2NYyS t2aaSa FTNRY GaAiNB
GWwSFAEESR fF18a FYR LRYR&éY YR awSoSGGiSR 6SGt Iy
t CQ-C ha'yr! from table 3.2 in 2013 wetland supplement (IPQC4).

TheCHSYAadaAz2y YR NBY2@Ft FNRY aGLydFOG YANBas&dzI aw
gSUf YR a2Afaé¢ A& O f OdzZ I (i SRCHaQORoMRBIG/3B ink@3 ¢ m | LI
gSUf YR &dzLJLX SYSy ( 06 Afront reservoimsiare dedcribeda®ov® CQa T2 NJ / |

6.7.8 Uncertainties and QA/QC

¢KS I NBF SadAyYrdS 2F GKS OFGS3I2NE aLydl OO0 YANBaE
adjustments based on other information. Both the hierarchy of the map layers used and the quality

of the original mapping can affect the accuracy of the area estimate of the IGLUD land use map. The
overall accuracy of the IFD mapping is estimated 76 %, and part of the area mapped is excluded by

higher ranked map layers. Therefore potentially the uncertairitthe area estimate of intact mires

is large. The higher ranked map layers only exclude some areas and the accuracy control of IFD

mapping also revealed underestimate of wetland classes.

The main uncertainty is associated with the reservoirs emissionriaaged and how well they apply

to reservoirs of different age. The emission factors fos &H estimated from measurements on

freshly flooded soils. The @@mission factors are based on measurements on a reservoir flooded 15
years earlier. The informain on area of flooded land is not complete and some reservoirs are still
unaccounted for. This applies to reservoirs in all reported categories. The same number of days for
the icefree period is applied for all reservoirs and all years. This is a souecebpin the estimate.

The uncertainty of the emission factors applied is estimated as 50%, and of area as 20%.
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6.7.9 Recalculations

No recalculations are done for this category in this submission. The new emission factors of 2013
Supplement (IPCC2014) mageif  ad &SI NDRa adzoYAaairzy FyR ySg SY
also applied in this submission.

6.7.10 Planned improvements regarding Wetland

Improvements regarding information on reservoir area and type of land flooded are planned. Effort
will be made to map@sting reservoirs but many of them are not included in the present inventory.
Introduction of reservoir specific emission factors for more reservoirs is to be expected as
information on land flooded is improved. Recording and compiling information oitcéfece period

for individual reservoirs or regions is planned. Information on how emission factors change with the
age of reservoirs is needed but no plans have been made at present to carry out this research.

The development of IGLUD in the comingrgda expected to improve area estimates for wetland
and its subcategories.

Mapping of wetland restoration activity is available in printed form but digitation of those maps is
pending and will be included in next compilation of IGLUD land use map.

6.8 Settlenents

The area of Settlement reported is revised. In submissions previous to 2015 a buffer zone was

applied on all roads representing the area administratively designated to the road. The width of the

buffer zone was revised in last submission to bettelefthe actual land cover of the roads rather

than administrative boundaries of the roads. Time series of the basal area of all buildings in towns

and villages is applied as index on changes in total area of towns and villages on one hand and all

other area included as Settlements on the other hand. It is assumed that both the ratios between

basal area and total area of towns and villages and basal area and other settlements have been

stable since 1990. Two time series of land converted to Settlemeritsale @I A f I 6f S A ®PS D ¢
O2y@SNILSR G2 {SGaGftSYSyGtaéd yR abl GdzNI £ 0ANDK &KN
series explain only a small portion of the increase in Settlement area. The remaining increase in area

of Settlements is forthet® 0 SAy 3 | a&ddzyYSR (2 6S O2y@dSNISR FNRY

AN} aaflFyRé YR NBLRNISR Fa &dzOK® b2 YI LA | NB I gl
category is reported but the estimated total area consist of two components repredentl GLUD

land use map i.e. towns and villages 15.18 kha and other settlements 12.42 kha in the inventory year.

The total area reported in this submission is 27.61 kha.

6.8.1 Settlement remaining Settlement
The area of Settlement remaining Settlement is sehagotal area of Settlement the year before
minus the recorded conversions from Forest and birch shrubland.

6.8.2 Land converted to Settlement

6.8.2.1 Forest land converted to Settlement

The area of this category is estimated by IFR as deforestation activitiestrAdlnEnt deforestation
reported to the Icelandic Forest service has been converted to settlements. It is assumed that all
deforestation is included in Settlements maps, although comparison of maps have not been carried
out.
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6.8.2.2 Grassland converted to settlenten

Time series for Natural birch shrubland converted to settlements are available but no maps have

been included for this conversion. The remaining area of annual increase in Settlement extent is
FdadzYySR 0SAy3 O2y@PSNISR FNRY OFGiS3I2NE ahdiKSNJ 3INI

6.8.3 Cabon stock changes

/' P Nb2y aiG201 OKFy3aSa FNB SaidAYFGSR T2NJ KNBS Ol i
GC2NBad fFryR O2y@SNISR G2 {SddGfSYSydGé¢ nonp (1 KIFX
Y20 NBLRNISR FT2NRGKSNE ONNEAAOMYRFI RO iSI2NARSa O2

0.14 kha.

6.8.3.1 Carbon stock changes in living biomass

The carbon stock changes in above ground biomass of Grassland converted to Settlement based on
average carbon stock of IGLUD field sampling pointamshbelow 200 m a.s.l. categorized to the
Grassland category, and the assumption that 70% of the original vegetation cover is removed in the
conversion. The estimation of ratio of vegetation cover removed is based on correspondence with
planning authoritis of several towns in Iceland. The changes of above ground carbon stock is
reported as aggregate number of changes in living biomass.

The carbon stock changes reported ate25 kt Cor459ktGE YA GG SR FNRBY (GKS OF (S3
grasslandconverted 2 { SG Gt SYSyilié¢ d b2 OKIy3aSa Ay fAGAYy3I 0OA:
{SGGt SYSyiGé¢ Aa NBLR2NISR a y2 ySé INBFLa sSNB 02y

6.8.3.2 Carbon stock changes in dead organic matter

Thechangesin-8G2 01 Ay RSI R 2 NBHLI y6dadd sWicaiegofidscohvwériedito f £ 2 (1 K S
{SGGt SYSyGaé¢ I NB AyOf dZRSR dzy RSNJ OKI y3Sa Ay fAQDAY
6.8.3.3 Carbon stock changes in soils

/' FNb2y &aid201 OKFy3aSa Ay az2iaf IINB 2yfe NBLR2NISR ¥
methodology for theestimate of changes in soil carbon stock is described in chapter 0 above. The

total changes in stock reported a+@.03 kt C causing emission of 0.11 kb.CO

6.8.4 Emissions and removals from drainage and rewetting and other management of organic
and mineral sds

No emission from this component is reported for Settlements in this submission. There is no data on

extent of organic soils or drainage within the Settlement category.

6.8.5 Other emissions
No other sinks or sources of removal/emission are recognized fdBdidlement category.

6.8.6 Biomass burning
No biomass burning is recorded for this category

6.8.7 Emission factors

The changes in living biomass of Grassland converted to Settlement is calculated according T2

applying EF= 8.88 t C-lidbased on estimate of Grasslasthck and ratio of vegetation cover

removed in conversion. The calculation of EF for changesici@ O1 Ay &a2Af 2F GC2NB:
G2 {SGGftSYSyd Aad RSAONAROSR Ay OKILWGSN no ¢tKS 9C
{ SGGt SY Syatadl fomANE| ediirhate of C stock in living biomass of Natural birch shrubland.
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6.8.8 Uncertainties and QA/QC
No quantitative estimate on uncertainty of the map layers is currently available.

6.8.9 Recalculations
No recalculations are done for this category in gudmission.

6.8.10 Planned improvements regarding Settlement

h@SNIle O2YLI NRazy 2F YILBA 2F acCc2NBaid O2yPdSNI SR
Settlement for improving estimates of both categories is planned. To refine the categorization of land
conveted to Settlements comparison of extent of some selected towns at different time to other

land cover information is planned.

6.9 Other land

b2 OKIy3aSa Ay OIFINb2y aita201a 2F ahdiKSNIfIyR NBYI A
AFOLU Guidelines. Cod@& A 2y 2F f I yR Ayd2 GKS OFGS3I2NE ahiGKS!
induced conversion in not known to occur. Potential processes capable of converting land to other

land are, however, recognized. Among these is soil erosion, floods in glacidhandivers, changes

in river pathways and volcanic eruptions.

¢KS NBIF NBLRZNISR F2NJ GhGKSNItFyRE A& GKS | NBI S
as the area of the map layers included in the category remaining after the compilatiorsprddee

YL fF8SNB AyOf dzZRSR Ay GKS OFGS3I2NER ahiKSNI fIyRE
with mosses.

6.9.1.1 Biomass burning
b2 0A2YlFaa o0dNYyAYy3a 2y AdhGKSNI fFyRé A& NBO2NRSR 7

6.10 The emission of 4D from N mineralization and iminidization

WSTSNE (2 YAYSNIEATFGAZ2YKAYY20ATtATIIGARZY 2F Db | a3
included in emissions from organic soils. For calculation of N mineralized or immobilized equation

11.8 in AFOLU guidelines should be appliéé. dquation request losses of C in mineral soil to be

estimated.

Forest land:No losses of C from mineral soils under Forest land is reportestoCk of several

Forest land categories is to the contrary considered increasing (see above). The emiss®@rirom

N mineralization/immobilization is as such not estimated in Forest land remaining Forest land or Land
converted to Forest land. Components to consider could be ploughing as part of the planting,
thinning of older forests. Until this is estimatéte notation key is NE for those categories where C
stock of mineral soil is not reported as increasing.

Cropland:Changes in C stock of mineral soil of Cropland remaining Cropland are not estimated and
likewise the associated® emission should be notexs NE. Land converted to Cropland is reported
as aggregate number of Grassland converted to Cropland atodck of mineral soils is reported as
increasing. The reporting of this emission is under 3.D. 1.5 in the Agricultural sector and not
requested in LUUCF CRF part.

Grasslandfor the category Grassland remaining Grassland changestatiCof mineral soils is only

NBLZ2NISR F2NJ 0KS &dzo0O0F GS32NE dabl GdzNF £ 6 ANOK aKNH
AYONBIF &S Aa NBLRZ NSRS NIKSR O 21 SCEANINEA fal[-stovkRf 1 KS 2 @S
YAYSNIf &a2Af&a Aa Iy AYyONBlIaSs 2¢6Ay3 (2 O2yOBSNRBRA?Z2
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involves loss of C of mineral soils, accordingly th® Bmission associated with that loss should be

estimated according to AFOLU equation 11.8. T4#@ &missions reported from N
mineralization/immobilization for the Grassland category are in this submissehiB emissions

from drained wetland soils as reporting those under 4(ll) is not an included option ire@@étter

(version 5.12.1) as for Forest land, in spite of EF available from table 2.5 in 2013 wetland supplement
(IPCC 2014). Where to include tleatission in the CRF reporting table is accordingly not obvious.

National hventory Report, Iceland 2&

Settlement: Area estimated in Emissions and removals from N mineralization/immobilization is the

area estimated as remaining vegetated. The mineralization of N of in those areas is notestimat

GKS FNBF gKSNB GKS @S3Sialridraz2y alyR az2até Aa NBY?2
the N mineralized (according to Eq 11.8. AFOLU). No information are available on removed soils or its
destiny.

6.11 Indirect NO emissions from managedils

¢tKAa O2YLRYySylia AyOfdRSa Syraaaa
un2FFE€d ¢KS O2YLRYSyid YIGaOKSa O
there.

6.12 Biomass burning

Accounting for biomass burning ifi Bnd use categories is addressed commonly in this section. The

Icelandic Institute of Natural History has in cooperation with regional Natural History Institutes

started recently to record incidences of biomass burning categorized as wildfire. Thidimgco

includes mapping the area burned. These maps are used to classify the burned area according to

IGLUD land use map. Based on this classification, biomass burning is in this submission reported for

GKS fFyR dz&aS OF 0SA2NASET yYREZINIDAND atilf ¥y W RNIBBINVA KV K F =
G FYyR O2y@SNISR (2 DNI}aaftlyRéd . A2Ylaa SadadAyYras
from the relevant land use category as identified in land use map. Emission ah@€NO is

calculated on accordg to equation 2.27 from AFULU guidelines (IPCC 2006).

0 0z0 20 20 zpm

Equationl. Equation 2.27 from AFULU guidelines (IPCC 2GR6}johs of GHG emitted, A= area burned [ha], MB=mass of
fuel availablgtons/ha], G=combustion factor, &= emission factor [ GHG/kg DM]

The area burned each year is according to the above described mapping and classification of the
burned area to IGLUD land use mapping units. Available biomass is for each land uss ¢ateg
calculated from the average of IGLUD biomass samples of each mapping category weighted against
the area of the relevant mapping category. The value of tl®Stant is assumed to be 0.5 for all
land use categories as no applicable constantsa@uad in table 2.6 of AFOLU guidelines=@ as
default values of Savanna and Grassland in table 2.5 in AFOLU guidelines. No emissian of CO
reported as biomass is assumed to reach itslpuening values within few years from the burning.
Available hmass range from 18.7 +3.8 to 29.9 +1.9 tons organic matter Dthigastandard error

for individual categories from-89%

Controlled burning of forest land is considered as not occurring. Controlled burning on grazing land
near the farm was common pracé in sheep farming in the past. This management regime of
grasslands and wetlands is becoming less common and is now subjected to official licensing. The
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recording of the activity is minimal although formal approval of the local police authority is needed
for safety and for birdlife protection purposes. Controlled burning of all land use categories is
reported as not estimated, except for forest land where it is reported as not occurring.

6.12.1 Planned improvements regarding biomass burning

Recording of the areahere controlled biomass burning is licensed is still not practiced. General
awareness on the risk of controlled burning getting out of hand is presently rising and concerns are
frequently expressed by municipal fire departments regarding this mattehiBitmn or stricter

licenses on controlled burning can be expected in near future. This development might involve better
recordkeeping on biomass burning.

6.13 Other

6.13.1 Harvested Wood products
Emissions/removals related to harvested wood products are not esti®@®R Ay GKA A& &SI NDa
Including the HWP estimate in next year submission is planned.

6.13.2 NeO from Grassland drained soils

The NO emission form drained Grassland soils is reported her because the CRF structure does not
allowthat emission reportedizy’ R S NJ D NJ &Erigsibng &d temobdlslfrdm drainage and

rewetting and other management of organic and mineral os ¢ KA & SYA&daA2Yy A& RA3
6.6.5.1

6.14 Key factors of no target within LULUCF

Three categories within LULUCF with land as source but no target land use category pinpointed are
recognized as key categories of level 2014, i.eaBHCQOf  AaAFASR 4 G9YAAdaA2y:
fromdray’ I 3S YR NBgSOGUGAY3a YR 20KSN) YIQtiBHidyd 27F 2
G5ANBOOYhAaAAZ2YE FTNRY b aAySNI ATl AR MR afthas@ 0 A€ AT |
categories are also recognized as key factors in trend.2014
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7 Waste (CRséector 5)

7.1 Overview

This sector includes emissions from solid waste disposal on land (5.A), biological treatment of solid
waste (5B), waste incineration and open burning of waste (5C), wastewater treatment and discharge
(5D), and other waste trément (5E).

For most of the 20 century solid waste disposal sites (SWDS) in Iceland were numerous, small, and
located close to the locations of waste generation. Therefore waste did not have to be transported
long distances for disposal. In Reykjavik, waste was landfilled in small¥s 8&ore 1967. That year
the waste disposal site in Gufunes was set into operation and most of the waste from the capital’s
population was landfilled there.

Until the 1970s, the most common form of waste management outside the capital area was open
burning of waste. In some communities, waste burning was complemented with landfills for bulky
waste and ash. The existing landfill sites did not have to meet specific requirements regarding
location, management, and aftercare before 1990 and were often juletshio the ground. Some
communities also disposed of their waste by dropping it into the sea. Akureyri and Selfoss, two of the
biggest municipalities outside the capital area, opened municipal SWDS in the 1970s and 1980s.

Before 1990, three waste incingoas were opened in Keflavik, Hasavik and isafjoréur. In total they
burned around 15,000 tonnes of waste annually. They operated at low or varying temperatures and
the energy produced was not utilised. Proper waste incineration in Iceland started in 1199(Biev
commissioning of the incineration plant in Vestmannaeyijar, an archipelago to the south of Iceland.
Six more incineration plants were commissioned until 2006. In the beginning of 2012, a total of four
waste incinerators were still operating. Somelwé incineration plants recovered the burning energy
and used it for either public or commercial heat production. By the end of 2012 all incineration plants
except one (Kalka in Reykjanesbeer) had closed; therefore emissions from the single plant are
reported for 2013. Open burning of waste was banned in 1999 and iristent today. The last

place to burn waste openly was the island of Grimsey which stopped doing so during 2010.

Recycling and biological treatment of waste started on a larger scale inethinning of the 1990s.
Their share of total waste management has increased rapidly since then.

Reliable data about waste composition does not exist until recent years. In 1991 the waste
management company Sorpa ltd. started serving the capital aredasndathered data on waste
composition of landfilled waste since 1999. For the last few years the waste sector has had to report
data for amount of waste landfilled, as well as amount incinerated, and recycled. Also, the Sorpa Itd.
reports data on wasteamposition each year.

The special treatment of hazardous waste did not start until the 1990s, i.e. hazardous waste was
landfilled or burned like noihazardous waste. Special treatment started with the reusing of waste oil

as energy source. In 1996 the Hadtaus waste committeeSpilliefnanefniiwas founded and started

a collection scheme for hazardous waste. The collection scheme included fees on hazardous
substances that were refunded if the substances were delivered to hazardous waste collection sites.
Hazardous substances collected include oil products, organic solvents, halogenated compounds,
isocyanates, aibased paints, printer ink, batteries, car batteries, preservatives, refrigerants, and

more. After collection, these substances were destroyed,alecy or exported for further treatment.

The Hazardous waste committee was succeeded by the Icelandic recycling fund in late 2002. In 2014,
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4911 tonnes of hazardous waste were landfilled, 538 tonnes were incinerated and 1555 tonnes were
recycled.

Clinicaaste has been incinerated in incinerators either at hospitals or at waste incineration plants.
In 2014, a total of 199 tonnes of clinical waste were incinerated in Kalka, the only incineration plant
In Iceland

The trend has been toward managed SWDS adgcipatities have increasingly cooperated with each
other on running waste collection schemes and operating joint landfill sites. This has resulted in
larger SWDS and enabled the shutdown of a number of small sites. In 2014, 82% of all landfilled
waste wadlisposed of in managed SWDS. Recycling of waste has increased due to efforts made by
the government, local municipalities, recovery companies and others. Composting started in the mid
1990s and has been gradually increasing since then. Over recent y@apsting has become a
publically known waste treatment option and a humber of composting facilities have been
commissioned.

In 2014, about 38% of all waste generated was landfilled, 54% recycled or recovered, 3% incinerated,
and 5% composted.

Wastewatertreatment in Iceland consists mainly of basic treatment with subsequent discharge into
the sea. The majority of the Icelandic population, approximately 90%, lives by the coast. The coast is
a nonproblem area with regard to eutrophication, as Icelandugounded by an open sea with

strong currents and frequent storms. This leads to effective mixing. About 64% of the population

lives in the greater Reykjavik area and most of the larger industries are located within the area,
mostly by the coast. In recégears, more advanced wastewater treatments have been

commissioned in some smaller municipalities. Their share of total wastewater treatment, however,
does not exceed 2%.

Aggregated greenhouse gas emissions from the waste sector amounted ki @&bequivalents in

2014, which is tantamount to a 52% increase since 1990. Between 2013 and 2014, emissions from
the waste sector increased by 11.6% mainly due to an increase of SWD emissions. Around 91% of all
emisgons from the waste sector (20)4re caused bgolid waste disposal, 1.5% by composting, 3.1%

by waste incineration without energy recovery, and 4.4% by wastewater treatment. The

development of greenhouse gas emissiamsrf the waste sector is shown in Figure.7.1
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Figure 7.1 Greenhouse gas emissions from the waste sector in Iceland the year R0COirq. CQ, CH, and NO emissions
were aggregated by calculating e€quivalents for CHand NO (factors 25 and 298, respectively).

7.1.1 Methodology

The calculation of greenhouse gas emissions from waste is based on the methodologies suggested by
the 2006 IPCC Guidelines for National Greenhouse Gas Inventories (2006 GL). Methodology for each
greenhouse gas source category within the waste sectorderiteed separately below.

7.1.2 Activity data

In recent years the data has been based on questionnaires sent to the waste industry, which returns
them with weighted waste amounts landfilled, incinerated, composted, or recycled. There can be a
time lag between rassessment of waste generation data and its publication and therefore,
inconsistencies between older published data and newer data used in the GHG inventory. Three
SEFYLX S& T2N) 1KSaS AyO2yaraiaSyoasSa | NB BvKS | Y2 dzy
the amount of landfilled manure, and waste from metal production. Until 2011 the amount of
material burned annually in bonfires had been estimated to be upkb Beginning with the year

2012 year the amount was calculated: first the material (dyaimpainted timber) that went into

one of the country’s largest bonfires was weight and its mass correlated with the height and
diameter of the timber pile. Then height and diameter for most of the country’s bonfires were used
to calculate their weight. #\a result the amount of timber burned in bonfires was estimated at 1,700
tonnes in 2014. The result was projected back in time using expert judgement.

Until the year 2011 the annual amount of landfilled manure was estimated at 10,000 tonnes. Closer
inquiries revealed that the amounts actually landfilled were much smaller. The remaining amounts
were so negligible that the waste category manure was suspended and allocated to the category
sludge. Waste from metal production was not included because the ataoanorded by the EA are
inconsistent between years. Estimation of waste from metal production started in 2002 and was
assumed to be between 10 and 11 kt annually until 2007. Since 2008 data collection is more
comprehensive and based on reports by the aléhdustry. Since then amounts are estimated to be

in excess of 100 kt. Because of the data inconsistency and that the material is inert (with regard to
CH production) and recycled, it is left out of the data used to estimate waste generation before
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1995 These are the main reasons that data reported here, deviates from data reported to, and
published by, Statistics Iceland.
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7.1.3 Key source analysis
The key source analysis performed for the 2016 submission revealed that in terms of total level
and/or trend unertainty the key sources in the waste sector are as follows:

Table7.1 Key surce categories for Was{excluding LULUCF).

IPCC source category tg;g' ;g\{il Trend

5.A SolidWaste Disposal ChH V Vv \%

7.1.4 Completeness
Table7.2 gives an overview of the IPCC source categories included in this chapter and presents the
status of emission estimates from gheenhousegas emission sources in the waste sector.

Table7.2. Waste sector, completeness (E: estimated, NE: not estimated, |E: included elsewhere, NO: not occurring).

Direct GHG Indirect GHG

s e e e e e

Guiogeal veamertorsoidwaste 02 | NE | £ | £ NE | NE | NE

| Vennaion 65 I EEE N

Wastewater treatment and discharge (5.D) _

S =) B2 KD = )
\ \

1: Data also submitted under CLRTAP; 2: included in 5D1

7.1.5 Source Specific QA/QC Procedures

The QC activities include general methods such as accuracy checks on data acquisition and
calculations as well as the useagprovedstandardised procedures for emission calculations,
estimating uncertainties, archiving information and reporting. Further informatiom lsa found in
the QA/QC manual.
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7.2 Solid Waste Disposal (CRF sector 5A)

7.2.1 Methodology

The methodology for calculating methane from solid waste disposal on land is according to the Tier
method of the 2006 IPCC Guideline and uses the First Order Decay method (FOD) for calculations.
The method assumes that the degradable organic carbon (DOC) in waste decays slowly throughout
the years or decades following its deposition thus producingharee and carbon dioxide emissions.
The method was expanded to include additional waste categories.

7.2.2 Activity data

7.2.2.1 Waste generation

The Environment agency of Iceland (EA) has compiled data on total amounts of waste generated
since 1995. This data is pudbled by Statistics Iceland (Statistics Iceland, 2014). The data for the time
period from 1995 to 2004 relies on assumptions and estimation and is less reliable than the data
generated since 2005.

Waste generation before 1995 was estimated using gross dtmeroduct (GDP) as surrogate data.
Linear regression analysis for the time period from 20867 resulted in a coefficient of

determination of 0.54. A polynomial regression of the 2nd order had more explanation potver (R
0.8) and predicted waste for[@s closer to the reference period, i.e. from 1990 to 1994, more
realistically Figure 7.2 Therefore the polynomial regression was chosen. More recent data were not
used because the economic crisis that began in 2008 had an immediate impact evh&BRs the
impact on MSW generation was delayed therefore reducing the correlation between the two.
Information on GDP dates back to 1945 and is reported relative to the 2005 GDP. It was therefore
used to estimate waste generation since 1950. The forrthdaegression analysis provided is:

Waste amount generated (t) =22.045 * GDP indé 7367 * GDP index

The waste amount generated was calculated for total waste and not separately for municipal and
industrial waste as was done in Iceland’s 2011 and 2012 submissions to the UNFCCC. The reason
behind this is that the existing data on waste amounts does ngparihis distinction. Waste

amounts are reported to the EA as either mixed or separated waste. Though the questionnaires send
to the waste industry contain the two categories mixed household and mixed production waste, the
differentiation between the twmn site is often neglected. Therefore they can be assumed to have
similar content. The fact that all other household and production waste is reported in separated
categories makes the use of the umbrella category industrial waste obsolete (more onGhiapter

7.2.2.
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Figure 7.2 Waste generation from 1952007. Blue rhombuses denote waste geaien between 1995 and 2007 and were
used to calculate waste amounts before 1995, which are shown as red squares in 10 year intervals along the trend line.

7.2.2.2 Waste allocation

The data since 1995 described above, allocates fractions of waste generated & B\diDeration,
recycling and composting. Recycling and composting started in 1995. For the time before 1995 the
generated waste has to be allocated to either SWDS or incineration/open burning of waste. In a
second step the waste landfilled has to be edited to SWDS types and the waste incinerated to
incineration forms. To this end population was used as surrogate data. It was determined that all
waste in the capital area, i.e. Reykjavik plus surrounding municipalities, was landfilled since at least
1950(expert judgement), whereas only 50% of the waste generated in the rest of the country was
landfilled. The remaining 50% were burned in open pits. Calculated annual waste generation was
multiplied with the respective population fractions. It is not impatite that more than half of the

waste generated in the countryside was burned openly. Nevertheless, in order to not underestimate
the emissions from SWDS this assumption was used until 1972. That year the SWDS in Akureyri
opened and all waste generatedtime town and, since 1990 in the neighbouring countryside, was
landfilled there. In response to this the fraction of the population burning its waste was reduced
accordingly, i.e. the 50% of waste that the population of Akureyri burned before the operiimg of

new landfill were allocated to SWDS. The same was done in response to the opening of another big
SWDS in Selfoss in south Iceland in 1981. The waste management system fractions fr@@®14950

are shown irFigure 7.3.
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Figure 7.3 Waste amount and allocation to incineration/open burning, solid waste disposal, recycling and composting.

In accordance with the 2006 GL the amount of waste landfilled was allocated to one of three solid
waste disposal site types:

Managedct VI SNE6AO 6FNBY KSNB 2y NBFSNNBR (2 | a 2dzd
Unmanaged; deep (>5 m waste, from here on sometimes referreitd 2dza G & RS S LI 0
Unmanageda K f £t 26 o0fp Y 61 a0ST TNRY KSNB 2y az2YSiAys

From 1950 to 1966 all waste landfilled went to shallow sites. The fraction of total waste landfilled
that went to shallow sites was reduced by the follogrevents.

In 1967 the SWDS Gufunes classified as deep SWDS was commissioned to serve Reykjavik.

In 1972 the aforementioned SWDS in Akureyri was commissioned. Based on two landfill gas
formation studies conducted there (Kamsma and Meyles, 2003; Jutiu@8ad1l) it was classified as
managed SWDS.

In 1981 the aforementioned SWDS site in Selfoss was commissioned and was classified as deep
SWDS.

In 1991 Gufunes was closed down and in its place the SWDS Alfsnes was opened, now serving the
capital and all swounding municipalities. Alfsnes is the biggest SWDS in Iceland today and was
classified as managed SWDS (thus reducing both shallow and deep SWDS fractions).

In 1995 a new SWDS in south Iceland was opened. It received the waste that before had gone to the
SWDS Selfoss plus waste of surrounding municipalities. Based on 2006 GL criteria it was classified as
managed SWDS (thus reducing both shallow and deep SWDS fractions)

In 1996 the SWDS bernunes in eastern Iceland was opened. Based on 2006 GL cetria it w
classified as managed SWDS.

In 1998 the SWDS Fiflholt in western Iceland was opened. It was classified as managed SWDS based
on 2006 GL criteria and landfill gas measurements (Kamsma and Meyles, 2003; Jaliusson, 2011).
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