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Preface

The Convention on Lorigange Transboundary Air Pollution (CLRTAP) was adopted in 1979 and
entered into force in 1983. The Convention has been extended by eight Protocols, of which Iceland
has ratified the Protocol on Persiste@tganic Pollutants. Furthermore, in 2009 tRational

Emissiors CeilingsDirective (NECD) 2001/81/EC was incorporated to the EEA agreement, with
national emission targets set for Iceland #@, NO, NMVOC andliH;, for the year 2010.

According to Article 8 of the Convention, Parties shall exchange information on emissions of
pollutants. To comply with this requirement and with the NECD, Iceland prepares an Informative
Inventory Report (IIR) each year. The IIR together with the associated Nomenclature for Reporting
GFrofSa obCw GFofSao Aa L OpdtihguRdarihe OohveritidhhThislzi A 2 y
report emphasizes emissions érsistentorganicpollutants as Iceland has only ratified the Protocol

on Persistent Organic Pollutants (POPs) under the CLRTAP. Emissions of the indirect greenhouse
gasesNQ, CO and NMVO),NH; andSQ are provided in the NFR tables as they are calculated to
comply with the reporting requirements of the NECD and the United Nations Framework Convention
on Climate Change (UNFCCC). Emission estimates for particulate matter (PM), blackB2)ylaoml
heavy metals (HM) are provided for several emission sources. A description of the trends and the
calculation method for the pollutants are given in this report. Further estimateS@rPPM.sand

PMo for the volcano Eyjafjallajokull that erugd in 2010, the volcano Grimsvétn that erupted in

2011 and the Holuhraun eruption in 2014 and 2015 are provided.

The IR is written by staff at the Environment Agency of Iceland (EA).
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Executive Summary

ES.1Background

The Convention on Lorgange Transboundary Air Pollution (CLRTAP) entered into force in 1983. The
Convention has been extended by eight Protocols, of which Iceland has ratified the Protocol on
Persistent Organic Pollutants (POPs). The Protocol on Petsisiganic Pollutants entered into force

in 2003. According to Article 8 of the Convention, Parties shall exchange information on emissions of
pollutants. In 2009, the national emission ceilings directive (NECD) 2001/81/EC was incorporated to
the EEA agreeeant, with national emission targets set for Iceland &B, NO, NMVOC andiH; for

the year 2010. At the time of writing, work is underway by the Icelandic government to evaluate and
work at the incorporation of the new National Emissions CedlDigective (Directivd EU)2016/2284)

into the EEA agreement. In 2020 the International Institute for Applied Systems Analysis (IIASA)
carried out an analysis of reduction potentials for Iceland\i@x, SQ, NMVOCNH; and PM 5, which

was done in a way comparablo the analysis done by IIASA for the EU Member States (see also
TSAP Report no 16).

To comply with the requirements @LRTAP and the NE@dland prepares an Informative

Inventory Report (IIR) annually. The IIR together with the associated NomeerdatiReporting
GFrofSa obCw GFrofSao Aa LOSTt | yRQthe QPAEINNStDRIZI A 2 Y
and covers emissions in the period 1392020 This report emphasizes on anthropogenic emissions

of persistentorganicpollutants (POPs: dixin, PAH4, HCB and PCB), as Iceland has only ratified the
Protocol onPOPsAnthropogenic emissions of theecursorgNQ, CQNMVOCNH andSQ) are

provided in the NFR tables as they are calculated to comply with the reporting requirements of the
UNFCC and of the NECEmission estimates for particulate matter (PM), black carbon (BC) and

heavy metals (HM) are provided for some emission sources.

This report and the NFR tables are available on the Centre on Emission Inventories and Projections
(CEIP) wapage:https://www.ceip.at/statusof-reporting-and-review-results/2022submission

ES.2Responsible institution

The Environment Agency of Iceland (EA), an agemdgr theMinistry of the EnvironmentEnergy

and Climateis responsible for the annual preparation and submission of the Icelandic informative
inventory report (IIR) and Nomenclature for Reporting tables (NFR tables) to the Convention en Long
Range Trarmundary Air Pollution. The EA participates in meetings under the United Nations
Economic Commission for Europe (UNECE) Task Force on Emission Inventories and Projections
(TFEIP) and related expert panels, where parties to the convention prepare tharmgsdahd
methodologies on inventories.
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All sources of POPs emissions fall under the energy, the industry and the waste sector; activities
belonging to the agriculture sector and occurring in Iceland do not generate POPs emissio
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Figure ESL Trends in dioxin emissions by source, since 1990

Dioxin (PCDD/PCDF) emissions decreased substantially over the reported time Fpigrioel ESL),

due to a significant decrease in the occurrence of open burning of waste. Open burning of waste was
a common waste management practice in Iceland2084. However, an increase in the amoont

waste incinerated in incineration plants without energy recovery occurred in 2004 while a reduction
of the amount of waste burned in the open occurred in that same year.
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Figure E Trends in PAH4 emissions by souricees1990

PAH4 (Benzo(a)pyren®aP, Benzo(b)fluoranthergeBbF, Benzo(k)fluoranthendBkF, Indeno(1,2;3
cd)pyrene- IPy) emissions from 1990 to the most recent year of the time series also decreased
substantiallyFigure ES), for the same reason as described above for dioxin emissions. The largest
contributors of PAH4 emissions in Iceland in recent yasrthe metal industry (Industry sectoand

road transport (Energy sectofhere are no emissions from open burning a@fste in 2020 as all

New Year$Eve fires were cancelled due ©OVIEL9.
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Figure ES3 Trends in HCB emissions by sector, since 1990.

The estimated hexachlorobenzene (HCB) emissions decreased markedly over the reported time
series Figure ES3). The largest contributor of HCB emissions in Iceland in recent years has been
clinical waste incineration followed by emissions originating froetal production (IPPU sectoand

from fishing Energy sector). HCB emissions from the industry sector increased in 2004, following the
opening of a secondary aluminium plant. Open burning of waste was a common waste management
practice in Iceland pr2004.However, an increase in the amount of waste incinerated in incineration
plants without energy recovery occurred in 2004 while a reduction of the amount of waste burned in
the open occurred in that same year. The increase in emissions from the wasteine2dd? are

linked to an increased quantity of clinical waste incinerated.
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Figure ESA Trends in PCB emissions by sector, since 1990.

Polychlorinated biphenyl (PCB) emissions have decreased across the timeFiguesKESt). The

largest contributor of PCB emissions in Iceland in recent years is the fishing fleet. The only source of
PCB estimated from industrial processes ioselary steel production (2C1), which occurred only for
three years (20142016). Open burning of waste was a common waste management practice in
Iceland pre2004. However, an increase in the amount of waste incinerated in incineration plants
without energy recovery occurred in 2004 while a reduction of the amount of waste burned in the
open occurred in that same year. Interpretations of the total PCB trend analysis should be
undertaken with care as emissions factors are not available for all sources.
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1 Introduction

1.1Background Information

The 1979 Convention on Loange Transboundary Air Pollution (CLRTAP) was signed by Iceland on
13 November 1979 and ratified in May 19€3.RTABntered into force in August 1983. One of the
requirements undeCLRTAR that Parties are to report their national emissions by sources.

CLRTARas been extended by eight Protocols, of which the Protocol on Persistent Organic Pollutants
(Protocol on POPRsvas ratified by Iceland in May 2003 and entered into force in Octoh@3.20

In 2009, Directive 2001/81/E@as incorporated into the Agreement on the European Economic

Area (The EEA Agreement), with national emission targets set for IcelaB@ {0, NMVOC and

NHs. The targets set were 90 kt, 27 kt, 31 kt and 8 kt, retipely, to be reached by 2010. In

December 2016, Directive (EU) 2016/2284ational Emission Ceilings Directive, NE&ered into

force in the EU, repealing the previous NEC Directive 2001/81/EC. The new NECD includes the same
pollutants as theDirective it replaces, with the addition of CO, Cd, Hg, Pb, POPs (Dioxins/furans, PAH,
HCB, PCBR9M: s, PMigand BC if avaible as obligatory reporting and TSP, As, Cr, Cu, Ni, Se and Zn
as voluntary reporting. At the time of writing, work is underway at the EA and the Icelandic
government to evaluate and work towards the incorporation of the new National Emissions Ceiling
Directive Directive (EU2016/2284) into the EEA agreement; Icelaspkcific targets are yet to be
determined. In 2020 the International Institute for Applied Systems Analysis (IIASA) carried out an
analysis of reduction potentials for Iceland fé@, SQ, NMVOCNH; and PM. 5, which was done in a

way comparable to the analysis done by [IASA for the EU Member States (see also TSAP Report no
16°).

The present report together with the associated NFR (Nomenclature for Reporting) tables are
Iceland's contribubn to the2022reporting underCLRTARA description of the trends and
calculation methods is given.

Anthropogenic emissions of threcursordNQO, COQNMVOC NH andSQ) are provided in the NFR
tables as they are calculated to comply with the repartiequirements of the UNFCCC and of the
NECDEmission estimates for particulate matter (PM), black carbon (BC) and heavy metals (HM) are
provided for all emission sources where an EF is provided in the 2019 EEAZGMEROK A short
description of the trends and the calculation methods for those pollutants are given in this report.

Estimates foSQ, PM: s and PMyo for the volcano Eyijafjallajokull which erupted in 2010, the volcano
Grimsvotn which erupted in 2011 and Holuhraun eruptiio 2014 and 2015 are also provided
(Chapter).

1 Directive2001/81/ECof the European Parliament and of the Council of 23 October 2001 on national emission
ceilings for certain atmospheric pollutants.

2 Directive (EU2016/22840f the European Parliament and of the Council of 14 December 2016 on the reduction
of national emissions of certain atmospheric pollutants, amendiingciive 2003/35/EC and repealing Directive
2001/81/EC

3 http://www.iiasa.ac.at/web/home/research/researchPrograms/air/policy/TSAP_16b.pdf
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1.2Protocol on Persistent Organic Pollutants

The Protocol on Persistent Organic Pollutants (POPs) was adopted ore2d03@n It entered into

force on 23 October 2003. It focuses on a list of 16 substances that have been singled out according
to agreed risk criteria. The substances comprise eleven pesticides, two industrial chemicals and three
by-products/contaminants. Téultimate objective is to eliminate any discharges, emissions, and

losses of POPs. The Protocol bans the production and use of some products outright (aldrin,
chlordane, chlordecone, dieldrin, endrin, hexabromobiphenyl, mirex and toxaphene). Others are
stheduled for elimination at a later stage (DDT, heptachlor, HCB, PCB). Finally, the Protocol severely
restricts the use of DDT, HCH (including lindane) and PCBs. The Protocol includes provisions for
dealing with the wastes of products that will be bannedal$o obliges Parties to reduce their

emissions of dioxins, furans, PAHs, and HCB below their levels in 1990 (or an alternative year
between 1985 and 1995). For the incineration of municipal, hazardous, and medical waste, it lays
down specific limit valug Aldrin, chlordane, chlordecone, dieldrin, endrin, hexabromobiphenyl,

mirex and toxaphene have never been produced in Iceland. Of these chemicals only aldrin has been
used in Iceland, though not since 1975. DDT and heptachlor have not been used ith $oetenl 975

and were banned with a regulation in 1996. Lindane (HCH) was used in Iceland until the early
nineties. Sales statistics exist for 1990 to 1992, and the use of lindane was banned in 1999. PCB was
banned in Iceland in 1988.

1.3Institutional Arrangements for Inventory Preparation

Article 36 of the Icelandic Act dlublic Health andPollution Gontrol no7/1988 (L6g um
hollustuheetti og mengunarvarnir) establishes the responsibility o&heironment Agency of
Iceland (EA), an agency under the auspices oMimistry of the Environment, Energy and Climate
for the annual preparation and submission of the national inventory to@hRTAP. This act also
authorises the EA to collect all nesasy data and information from authorities, institutions and
companiesFigurel.lillustrates the flow of information and allocation of responsibilities. The
methodologies and data sources used for different sectors are described in more details in the
respective sectoral chapters.
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Figurel.l Information flow and distribution of responsibilities in the Icelandic emissions inventory system for
reporting to the CLRTAP.

1.4Inventory Preparation

The EA collects the bulk of data necessary to calculate yearly emissions, i.e. activity data and
emission factors. Activity data is collected from various institutions and companies. In most cases,
the same activity data information is used both for the air pollutants inventory (as per this report)
and for the National Greenhouse gas Inventory. Daggikered according to Icelandic Regulation
No. 520/2017 on data collection for the greenhouse gas inventory, as well as provided by various
teams within the EA:

1. The National Energy Authority (NEA) collects annual information on fuel sales from the oll
companies. This information was until 2008 provided on an informal basis. From 2008 and
onwards, Act No. 48/2007 enables the NEA to obtain sales statistics from the oil companies.

2. Until 2011 the Farmers Association of Iceland (FAI), on behalf of the Minfigigrioulture,
was responsible for assessing the size of the animal population each year, when the Food
and Veterinary Authority took over that responsibility. On request from the EA, the FAI
assisted the development of a method to account for young arsritedt are mostly
excluded from national statistics on animal population. Animal statistics have been further
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developed to better account for replacement animals in accordance with recommendations
from the Expert Review Team (ERT) that came to Icelarahforcountry review in 2011.

Statistics Iceland provides information on population, GBBprts and exports of various
products domestic productiorand domestic usage

The EA collects various additional data through the annual emission reports repoided

the European Emissions Trading System (EU ETS (Directive 2003/87/EC) as implemented into
Icelandic legislation with Act No. 70/2012 on Climate Change), European Pollutant Release
and Transfer Register{#RTR (Regulation (EC) no 166/2006, as impiedento Icelandic
legislation with Regulation No. 990/2008), Green Accounting reports from industry

submitted under Icelandic Regulation No. 851/2002.

Data for using the transport model COPERT originates from EMISiAdS4sed for emission
estimatesfrom road transport (NFR 1A3b) (see more details in the energy sector).

Aviation emissions for 200%020are reported using the Eurocontrol dataset.

Emission factors are mainly taken from the EMEP/EEA Emission Inventory Gui@ishk
2016; 2013unless otherwise referenced.

The EA also collects activity data on waste amounts split by treatment pattandydant
specific emission factors based on measueats from the industry

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

Figurel.2 The annual inventory cycle.

A

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

*  Key category analysis
Recalculations

&- Documentation and Archivi’nﬁ/

4 PREPARING FOR SUBMISSION

Completing the NFR tables 3 INVENTORY EVALUATION
IIR *  Processing findings from ERT
Conclusions for future actions *  Possible recalculations

+  Verification

4 https://www.emisia.com/utilities/copertdata/
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A new annual cycle begins with an initial planrof@ctivities for the inventory cycle by the

inventory team and major data providers as needed, taking into account the outcome of the internal
and external review. 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 are calculated, and quality checks performed to
validate results.

A series of internal review activities are carried out annually to detect and reogfp@omalies in
the estimates, e.g. time series variations, with priority given to key source categories and those
categories where data and methodological changes have recently occurred.

1.5Key @Gtegory Analysis (KCA)

A key category is one that is priorét within the national inventory system becauséas a
AAIAYATFAOLYG AyFtdzSyOS 2y | O2dzyiNEBQa G20ttt Ay@Sy
of emissions, the trend in emissions, or both. Total emissions from the key categories am80f

of the total emissions included in the inventory. The KCA has been undertaken based on Approach 1
outlined in the 2019 EMEPEA GuideboakA KCA has been performed for each pollutant, calculating

both the level assessment for the base year (199@)the most recent inventory year (20) as well

as the trend assessment (192020). Memo items are excluded from the KCA.

Tablel.1, Tablel.2 andTablel.3 present the results of the key category analysis for main pollutants,
POPs and heavy metals, respectively, for the yed0.20he KCA for the abowveentioned pollutant
categories in 1990 as well as the 19820trend assessment are presentedAnnex2: KCA Results

for 1990 and Trends 1992020.
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Tablel.1 Key category analysis for reported main pollutant2020
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Component

Key categories
(Sorted from high to low from left to right and top to bottom)

NO National fishing Ferroalloy Road Aluminium 80.1%
production transport: production
Passenger cars
NFR 1A4ciii NFR 2C2 NFR 1A3bi NFR2C3
64.5% 6.7% 4.6% 4.3%
NMVOC Domestic Manure Manure Manure Food and 82.1%
solvent use managment: management  management beverages
including horses Non-dairy Dairy cattle industry
fungicides cattle
NFR 2D3a NFR 3B4e NFR 3B1b NFR3Bla NFR 2H2
16.7% 10.7% 9.1% 8.6% 8.6%
National fishing Coating Biological Distribution of Manure
applications treatment of oil products management
waste- Solid - Sheep
waste disposal
on land
NFR 1A4ciii NFR 2D3d NFR 5A NFR 1B2av NFR 3B2
8.3% 8.2% 5.5% 3.3% 3.2%
SQ Other fugitive Aluminium 95.3%
emissions from production
energy
production
(Geothermal
energy)
NFR 1B2d NFR 2C3
76.3% 19.0%
NHs Animal manure Urine and dung Manure Manure Manure 87.1%
applied to soils  deposited by = management  management  management
grazing animals Sheep Dairy cattle - Non-dairy
cattle
NFR 3Da2a NFR 3Da3 NFR 3B2 NFR 3Bla NFR 3B1lb
29.2% 19.0% 15.4% 13.6% 10.0%
PMs Aluminium National fishing Road Ferroalloy Construction  80.4%
production transport: production and
Automobile demolition
road abrasion
NFR 2C3 NFR 1A4ciii NFRLA3bvii NFR 2C2 NFR 2A5b
27.0% 20.6% 17.2% 6.6% 5.7%
Road transport:
Automobile
tyre and brake
wear
NFR 1A3bvi
3.4%
PMio Construction Aluminium Road Quarrying and National 81.9%
and demolition production transport: mining of fishing
Automobile minerals other
road abrasion than coal
NFR 2A5b NFR 2C3 1A3bvii NFR 2A5a NFR 1A4ciii
25.6% 15.1% 14.2% 13.6% 9.8%
Ferroalloys
production
NFR 2C2
3.6%
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Component

Key categories

(Sorted from high to low from left to right and top to bottom)
Aluminium

81.8%

TSP Construction  Road transport: Quarrying and
and demolition Automobile mining of production
road abrasion minerals other
than coal
NFR 2A5b NFR 1A3bvii NFR 2A5a NFR 2C3
43.7% 14.5% 14.2% 9.3%
BC Road transport: Agriculture/For ~ Other mobile  National fishing Road 84.8%
Passenger cars estry/Fishing: machinery transport:
Off-road Automobile
vehicles and road abrasion
other
machinery
NFR 1A3bi NFR 1A4cii NFRLA3eii NFR 1A4ciii NFR 1A3bvii
19.6% 11.4% 10.2% 8.9% 8.4%
Aluminium Road transport: Road Mobile
production Heavy duty transport: Combustion in
vehicles and Light duty manufacturing
buses vehicles industries and
construction
NFR 2C3 NFR 1A3biii NFR 1A3bii NFR 1A2gvii
7.7% 6.9% 6.0% 5.6%
CO Aluminium 95.2%
production
NFR 2C3
952%

Tablel.2 Key category analysis for reported POPZ0R0

Component

Key categories

(Sorted from high to low from left to right)

81.4%

DIOX Hazardous Industrial waste  Accidental
waste incineration fires
incineration
NFR 5C1bii NFR 5C1bi NFR 5E
46.1% 21.2% 14.1%
PAH4 Aluminium Ferroalloys Road Accidental fires Road 86.5%
production production transport: transport:
Passenger Heavy duty
cars vehicles and
buses
NFR 2C3 NFR 2C2 NFR 1A3bi NFR 5E NFR 1A3biii
25.9% 24.8% 20.1% 8.9% 6.8%
HCB Clinical waste Aluminium National 95.3%
incineration production fishing
NFR 5C1biii NFR 2C3 NFR 1A4ciii
60.5% 18.7% 16.1%
PCB Clinical waste  National fishing 95.3%
incineration
NFR 5C1biii NFR 1A4ciii
55.0% 40.3%
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Tablel.3 Key category analysis for reported heavy metaZ0i20

Component

(Sorted from high to low from left to right and top to bottom)

Key categories

Pb Other product use Road 84.6%
(Fireworks, tobacco)  transport:
Automobil
tyre and
brake wear
NFR 2G NFR 1A3bvi
69.2% 15.4%
Cd National fishing Ferroalloy Other Road 87.5%
production  product use  transport:
(Fireworks, Automobil
tobacco) tyre and
brake wear
NFR 1A4ciii NFR 2C2 NFR 2G NFR 1A3bvi
35.2% 26.8% 16.3% 9.1%
Hg National fishing Cremation Road 84.8%
transport:
Passenger
cars
NFR 1A4ciii NFR5C1lbv NFR 1A3bi
54.2% 16.9% 13.7%
As National fishing Road Ferroalloys 86.3%
transport: production
Automobile
tyre and
brake wear
NFRLAAciii NFR 1A3bvi NRF 2C2
67.8% 10.7% 7.9%
Cr Road transport: National Other 90.5%
Automobil tyre and fishing product use
brake wear (Fireworks,
tobacco)
NFR 1A3bvi NFR 1A4ciii NFR 2G
60.6% 15.2% 14.8%
Cu Roadtransport: Other 824%
Automobil tyre and  product use
brake wear (Fireworks,
tobacco)
NFR 1A3bvi NFR 2G
62.6% 19.8%
Ni National fishing 82.8%
NFR 1A4ciii
82.8%
Se National fishing 87.9%
NFRLA4ciii
87.9%
Zn Road transport: National Accidental Other 90.8%
Automobil tyre and fishing fires product use
brake wear (Fireworks,
tobacco)
NFR 1A3bvi NFR 1A4ciii NFR 5E NFR 2G
35.2% 23.1% 16.8% 15.6%
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1.6Quality Assurance & Quality Control (QAIC)

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

161 . F O1ANRdzyR AYF2NXIGA2Y 2y LOStlIYyRQa v! kv/

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

on air pollutant emissions.

The Hub is focused around three interconnecting elements:

i1 arecord of comments produced by previous review processes
{1 an area for planning and tracking improvement work; and
1 an area for fanning QA/QC activities.

The interaction of these elements is outlinedrigurel.3 below.

The logic of this design is that it will enable the inveptizam to link its ongoing review outcomes
and internal development ideas to its 'live’ improvements list and QA/QC activities. This should
ensure that over time, Iceland's inventory submissions continue to evolve in terms of quality.
Importantly, the inentory team will be able to provide transparent evidence to the way it handles
and prioritizes its inventory improvements and QA/QC activities.
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QA/QC Plan One to one — items become
- Cross-cutting QC Actions “Implemented" in

(tracking in compilation file improvement plan and
QA shests) copied into QASQC Plan if
. weakness is in QASQC

- Sector-specific QC Actions

- Implemented QA/QC related
improvement actions

Improvement Plan
- List of improvement items
- Prigritising improvements

- Unique link/reference to
previous or ongoing review
outcomes

Reviewer Comments
- Complete list of reviewer
comments

- Tracking back to original
review and implicated
report/submission

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

- Inclusion of M5 response
and suggested action(s)

- QA Activities .y -
-

Figurel.3 Schematic overview of the elements included inQi¥¢QCactivities

Reporting

aA/acC Plan view for
MNIR table

Improvement Plan
view for MIR/ |IR table
{cross-cutting)/
sectoral)

Review outcomes log
with implementation/

progress notes

The live improvements and QA/QC lists can be viewed and recorded at sectoral esuttmgslevel.
Crucially, all activities are designed to be tibwund and signed off as part of the annual inventory
cycle. This enables the inventdgam to provide an ongoing record of secpecific and cross

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

will lead to:

i enhanced transparency of inventory compilation and reporting

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

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

The QA/QC Hub alswts as a centralized document library for relevant training material (to identify
and track the engagement of key experts and stakeholders with the inventory team); and for the
storage of internal document templates and specific QA/QC guidance for ¢éagcalkection, review

and analysis.
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1.6.2 Roles and responsibilities overview

The same inventory team takes care of the greenhouse gas (GHG) inventory and the air pollutant
inventory. Sectoral experts thus calculate emissions from their respective sector bd@hiife and air
pollutants.

The overall responsability over the inventory lies whie team leader whohas overall responsibility
for the completion of QA/QC activitiesubmissionimprovements planningnd review coordination
There are two sectoral sgboups within the team, one Energy/IPPU group and one
Agriculture/Waste group. Data collection, processing, QC and improvements are conducted within
each groupin collaboration with the team leadefhe various roles within the inventory team are
describel below:

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

1 lIR coordinator responsible for leading the work on producing the air pollutants invento

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

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

1 Lawyerg responsible for all the legal aspects of the inventory work, such as examining new
legal texts, implementing EU regulation into domestic legstatas well as understanding
LOStFIYRWA @I NAR2dzA FANJ LRtfdziltyda FyR INBSYK2c

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

1.6.3 Quality Assurance (QA)

A % 4 A x

LOStfIFYRQ& AN LRtfdziyd AyOSyuz2NER ¢l & 4dzo2SO0SR
submitted several revised estimates whigkre allincluded inthe 2021submission.

In many caggories, activity data used for the air pollutant inventory are the same as those used for
the greenhouse gas inventories. Regular reviews of the GHG inventory thus also contributes to
increased quality of the air pollutant inventory.

Further Quality Asstiry OS Aa LINPOARSR o6& LOSflyRQa O2ffl 62N}
assist with and review sect@pecific methodological choices and calculations. As part of this

collaboration, the calculations for the Agriculture and Waste sectors wersegand improved in
recent years, whereas the calculations for the Energy sector were revised in 2018.

Furthermore, Iceland participates in a Nordic inventory experts workgroup, funded by the Nordic
Council of Ministers, where inventory compilers from Way, Sweden, Finland, Denmark and
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Iceland meet regularly (one physical meeting once agekrS y (i K S NBparkemyt dsiwell:
as several teleconferences) and discuss various aspects of the inventory compilation, with a strong
focus on harmonizing emissi factors used across the various Nordic countries.

1.6.4 Quality Control (QC)

The team uses standardised notation protocols in the calculation files to document changes, possible
AaadzsSa yR ySOSaalNE AYLNROSYSy(aowicKadlégwsthet R2Yy S
documentation of changes and flagging of issues by use of comments starting with hashtags

including the initials of the inventory compiler/QC reviewer, the date, and one or more flags

pertaining to the type of issue (such as, for instamatentially identified issue, transparency issue,

or reason for change). A summary of all comments can be generated for each calculation file,

enabling for instance someone performing QC checks to track and verify changes made to the file, as
well as chek the status of flagged issues. The issues can then either be marked as resolved,

addressed immediately or added to the improvement plan, depending on the type of issue. This tool

is an important source of information needed QC activities are performed.

Aether also assists Iceland in the development of QA/QC activities and provided Iceland with several
tools running checks on the latest inventory. Those checks include:

1 Recalculation checkcomparing the values reported in the current and previous vessiah
the inventory.
1 Negative and zero values checkto highlight the occurrence of negative values and zero
values in the inventory.
1 Notation keys checkto summarise the occurrence of each notation key to ensure
consistency and accuracy in the invemntor
1 PAHs sum checktio ensure that the sum of the four reported PAHs equals the reported
aiG2aGrFté¢ t!1 1 SYAaaArzyao
i1 Particulate Matter check to ensure that reported TSP emissions are greater than or equal
to PMho, and similarly that reporte®Mio emissions ee greater than or equal t®M, s.
In all cases, the findings of the checks are reviewed, not only to identify where corrections may be
required, but also to consider whether there are any steps of the inventory compilation process that
needimprovement. In addition, reviewing the results also provides information on whether the
individual checks are well designed and comprehensive. This ensures that all results from the QC
process feed back into the continuous improvement programme. Furtegild are available under
Annex Il.

Other QC activities includavestigating thefollowing:

1 Are appropriate activity data, methods, calculations, units, emission factors and notation
keys used?
1 Are all data sources well referenced/documented?
1 Are the emssion estimate files consistent with summary files and NFR outputs?
i Are there recalculations since the last submission, and if so, are they properly documented?
As the QA/QC procedure is still being implemented, seetiod subsector specific guidelines on
nature and frequency of QC checks are in the process of being developed.
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1.6.5 Planned improvements for QA/QC activities

Thefull operationalising of the QA/QC hub, as described in paragtapthabove is still being
implemented. A review and possible expansion of sesfmcific QA and QC activities is planned for
future submissions. In the future, it is also planned to fully document the results of QC activities for
each sector and providing eldnce of such activities by including screenshots of the Q Comments
tool discussed undet.6.4

Furthermore, it is planned to interlink QA/QC activities with the éatggory analysis and the
uncertainty analysis in order to prepare a prioritised improvement plan at the sectoral level as well as
for the inventory work in general.

1.7Uncertainty Evaluation

The uncertainty analysis is being developed and will be includfdure submissions.

1.8General Asessment of Completeness

The aim is to make, in the highest possible level of disaggregation, estimates of all known emissions
to air in the informative inventory report. The inventory is generally complete, however there a

some pollutants and/or categories that have not been estimated at all or only for part of the time
series. The activities/pollutants not included in the present submission were not estimated due to
lack of emission factors in tables provided in the EMER Guidebook, lack of data, and/or that
additional work was impossible due to time constraints in the preparation of the emission inventory.

1.8.1 Categories not estimated (NE)

In the 2020 Stage 3 review the ERT pointed out to Iceland that NE has a diffieraming in the
Guidebook and in the NFR tables and that NA is the correct notation key if it is not the responsibility
of Iceland that the emissions are not estimated. Therefamgation keys have been reviewed

Tablel.4 List of pollutants not estimated by sector

NFR code NFR category Pollutants not reported (NE) Reason

NFs, B(2)P, BIb), BT, Ipy No T1 EF in GB 2019

L . o - PAHs
1A3ai(i) International aviation LTO (civil) . From2005 Eurocontrol
19902004 : gip’ PMPMs  estimates TSP, RM PMys, BC
NFe. B(a)Plg'E':?f' B, Ipy. No T1 EF in GB 2019
1A3aii(i) Domestic aviation LTO (civil) . From 2005 Eurocontrol
19902004 : Eip PMPMs  osiimates TSP, AM PMbs, BC

Roadtransport: Automobile tyre and B(a)P, B(b)f, B(K)f, Ipy, PAH

1A3bvi o No T1 EF in GB 2019
brake wear dioxin
1A3bvii Road transport: Automoblle road B(a)P, B(b)f, B(K)f, Ipy, PAH No T1 EE in GB 2019
abrasion Heavy metals
5C1bi Industrail wastdncineration(2014- NHs, B(a)P, B(b)f, B(k)f, Ipy, C No EF in GB 2019

2020) Cu, Se, Zn

32



L Informativelnventory Report, Icelang022

NFR code NFR category Pollutants not reported (NE) Reason

. Hazardous waste incineratid2006 NHs, B(a)P, B(b)f, B(K)f, Ipy, C .
5C1bii 2020) Cu, Se, zn No EF in GB 2019
- . . i NHs, PMy.s, PMio, B(a)P, B(b)f, i
5C1biii Clinical waste incineratiof2001-2020) B(K, Ipy Se, Zn No EF in GB 2019
. Sewage sludge incineration (202817, NH;, B(a)P, B(b)f, B(K)f, Ipy, C .
5C1biv 20192020 Cu. Se, 7n No EF in GB 2019
5C1bv Cremation BC No EF in GB 2019
5D1 Domestic wastewater handling NMVOC No relevant activity data
5D2 Industrial wastewater handling NMVOC No relevant activity data
5D3 Other wastewater handling NMVOC No relevant activity data
5E Other waste (please specify in IIR) BC, Se, HCB, PCBs NoEF in GB 2019

1.8.2 Categories reported as Included Elsewhere (IE)

The table below indicates the categories where the notation key IE has been used in the reporting for
some or all pollutants.

Tablel.5 Categoriesncluded elsewhere.

Pollutants Reported under

NFR code NFR category included

elsewhere (IE) NFR code NFR category

Stationary combustion in manufacturin
1A2f industries and construction: Nen SQ 2A1 Cementproduction
metallic minerals (Cement)
1A2gvii Transport: Othef19902018) all reported 1A3eii Other nobile combustion
pollutants
1Adbii Residential: House_hold and gardenini  all reported 1A36ii Other mobile combustion
(mobile) pollutants
Agriculture/Forestry/Fishing: Ofbad all reported
1A4cii vehicles and other machine(§990 P 1A3eii Other mobile combustion
pollutants
2018)
. . all reported Chemical Industry: Other
2B1 Ammoniaproduction pollutants 2B10a (Fertilizer production)

1.9Recalculations

A recalculation file is used to identify and document all recalculations. This QC file compare8 Year x
(2019) and the base year (1990) for the current and previous submissions for all pollutants. The data
has been compiled to enable any changes in the data to be easily identified and justifications for
changes provided where required. As far as possible, tregelation check includes all reported
sectors.

The main sectespecific recalculations and improvements done for this submission are mentioned
below for each sector, and all recalculations are described in more details in each subsector in the
relevant hapter.
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1.9.1 Energy

The main improvements and recalculations in the energy sector are listed below.

T

1.9.2

Acorrectionin NCV for bidiesel was done which affects the whole sectorprevious
submissions the wrong NCV was applied which caused an overestimatiorssfans.

Petroleum coke used for mineral wool production in 1A2f was removed from the energy
sector. It is accounted for inn the IPPU sector and was therefore double counted for previous
submissions. This affected all pollutants reported for the year8-201.9.

For previous submissions all other-offad mobile machinery was reported under 1A2gvii

and is now reported under 1A3eii. What is now reported undri 1A2gvii was previously
reported as 1A2gv. This was changed according to a review comment fronNfF@QC.C

expert review team.

Emissions of all PMs from Road Transport have decreased over the whole timeseries after
the emission factor in COPERT was updated with version 5.5.1.

The NEA reallocated fuel between domestic navigation, international navigatgbfisining

for 19901994. Some of the fuel that was previously attributed to domestic navigation is now
attributed to international navigation and fishing.

Industrial processes and product use (IPPU):

The main recalculations and improvements for Induspriacesses and product use are:

T

1.9.3

In 2A5b, Construction and demolition, tAi@ornthwaite Precipitatiorevaporation Index was
recalculated for the whole timeseries. Recalculation was done for TSRaRH#IPM s.

In 2A6 Mineral wool production, newer factolyased CO measurements are now also used.

In 2C2, ferroalloy productiothe PMyand PMsratios to TSP were updated according to

the EMEP/EEA Guidebo@kEA, 2019Als0, data from one factory about the particulate

matter distribution was updatedRecalculations were made for RiMiPMs and BC

In 2C3, activity data was updated for the year 2019. Also, dioxin emissions are now based on
measurements ofsite for one factory. The dioxin emissions were therefore recalculated.

In 2D there was a tier update from tier 1 to tier 2b. NMVOC recalcuiatias done.

In 2H2 there was NMVOC recalculation since the subsector was revised and improved. Now
there is internal consistency between differend food/beverages types.

Agriculture

The main recalculation and improvements in the Agriculture sasttire fdlowing:

1 Anupdate of the livestock categorisation of poultry. A share of poultry previously categorised
as broiles should, in fact, be categorised as laying hens for the whole timeseries. This
updated categorisation resulted in some changes in the earissfrom manure management
andfrom animal manure applied to soils.

1.9.4 Waste

The main recalculatioand improvement in the Waste sector is the following

T
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1.10 Plannedimprovements

Various improvements are planned to increase the overall quality of the inventory and the report.
Those include:

1 Adding a comprehensive uncertainty analysis
1 Improving the workflow pertaining to keeping track and acting upon commmeatsived by
reviewers
1 Operationalizing the QA/QC huaind finalising sectespecific QA/QC
1 Reviewing and updating the overall workflow for preparing the inventory, including more
quality checks and croshecks between data sources
1 Adding projected emissiafor more pollutants.
Furthermore, several sectapecific improvements are planned. The main improvements are
mentioned below for each sector, and all planned improvements are described in more details in
each subsector in the relevant chapter.

1.10.1 Energy

Fa future submissions there is need to harmonize energy data processing between various
organizations (such as EA, the National Energy Authority and Statistics legidpddduce a

complete uncertainty analysisor future submissions it @soplanned,in collaboration with the
Icelandic Transport Authority, to develop procedures to obtain enhanced data on vehicle stock and
mileage data for COPERT.

Moreover, plans are underway to make emission calculations for national navigation, fishing and
aviation ter 2 for future submissions.

1.10.2 Industrial processes and product use

The main improvement planned for the IPPU sector consists of harmonising the reporting under
CLRTAP with the reports under th RTR Regulation-ARTR, according to Icelandic Regulation No
990/2008, which implements Regulation (EC) no 166/2006 concerning the establishment of a
European Pollutant Release and Transfer Register).

1.10.3 Agriculture

The main improvement planned for the Agriculture sector consisakihg the first steps to update

the method for calculating NMVOC emissions from manure management from Tier 1 toThes 2.
requires a detailed investigation into which data are easily available in Iceland and which data need
to be collected specifically for this task.

1.10.4 Waste

The main planned improvements in the waste sector are to review all emission factors for
incineration of waste fothe next submissiomnd to acquire and use facility data for the emissions
which are measured on site at the only waste incinerator curresigrated in IcelandFor future
submissions it is planned to add further information on the methodological information to the IIR,
improve activity data and estimates for wastewater handling and rettewmethodology to

estimate emissions from accidenfakes.
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2 Trends iremissions

2.1Emissiorprofile in Iceland

The emissions profile for Iceland differs from that of other European countries for a number of
reasons:

1 Emissions from the generation effectricity and space heatingre very low due to the use of
renewable energy sources. Almost all electricity in Iceland is produced with hydropower
(around 70%) and geothermal power (around 30%), with wind power and fossildtieed
power accounting for less than 0.1%.

1 Geothermal energys used for space heatirig over 90% of all homes. It should be noted,
however, that significant amounts of sulphur are emitted from geothermal power plants as
hydrogen sulphide (1%$).

1 Around 90% of the fuel used in the energy sector is usedddyile sourcegtransport,
mobile machinery and fishing vessels).

i Emissions fronmdustrial processesespecially from notfierrous metal production,
contribute a higher share of total emissions in Iceland than in most other countries. Around
75% of the electricity produced in Icelanch@wv used in the metal production industry. The
production capacity has increased considerably since 1990.

The emissions profile of Iceland is further influenced by the fact that Iceland was severely hit by the
economic downturn in 2008, when its three lagg banks collapsed. During the years prior to the

crisis the economy experienced a significant upswing, resulting, among other things, in an increase in
fuel consumption. The crisis resulted in a serious contraction of the economy and, as a result, oil
consumption decreased. The result of this can be seen in several pollutants associated with fuel
consumption, with a clear peak in 2007, or the year preceding the crisis. In recent years the economy
has been experiencing an upswing and the tourism sectoiritasased significantly, leading to rising

fuel consumption. During the outbreak of the covid pandemic in 2020 the economy had a fallback
again.

2.2Emissiortrends for SQ NQ, NH, NMVOC, Particulate Matter, BC and CO

The total amount of SONQ, NH, NMVOC, PMyb, PMvs, TSP, BC and CO emissions in Iceland in 1990
and the latest year is presented Trable2.1.

Nitrogen oxides (N£ ammonia (NkJ, nortmethane volatile oganic compounds (NMVOC),

particulate matter (TSP, R PM s) and carbon monoxide (CO) have an adverse effect on human
health and the environment. Iceland implemented the National Emissions Ceiling Directive (NECD)
2001/81/EC into its legislation in 2008ith emission target reductions for g®IQ, NH;, and

NMVOC to be reached by 2010. These pollutants are reported here. Furthermore, emissions of NO
CO, NMVOC, $@nd NH are also calculated to comply with the reporting requirements of the
UNFCCC. An overview of the emissions of these pollutants is provitiedl&2.1 for the base and
latest year. The emissions of S@ve increased significantly since 1990 levels. This includebdtn
geothermal plants all sulphur species emitted are to be reported as &quivalents. CO emissions
have approximately doubled since 1990. The magtitant decrease in emissions are NMVOC
emissions, which have roughly halved since 1990 levels.
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Table2.1 Emissions of SONG, NH, NMVOC, PM, BC and CO in 1990 and 2020.

SG NO Nt NMVOC PMs PMy TSP BC co
[kt SQ [kt NO] [kt] k] ki k] k] [k [k
1990 23.2 30.3 491 10.0 1.42 3.02 6.29 0.229 71.7
2020 51.5 19.3 4.41 5.37 1.08 2.42 4.73 0.087 104.7
Change 1992020 122% -36% -10% -46% -24%  -20% -25% < -62% 46%

For the current inventory year, the emissions of all pollutants included in the NECD 2001/81/EC were
below the emission maxima set by the 2001 NECD, as sholable2.2.

Table2.2 Emissions of SONQ, NH and NMVOC compared to their respective NECD 2001/81/EC target.

Pollutant Target

SQ 90 kt has not been exceeded during the reporting period
NO 27 kt emissions have been below the target since 2009
NHs 8 kt emissions have been stable between 4 and 5 kt since 1990

emissions have been decreasing steadily since 1992, when the maxim

NMVOC Lkt NMVOC emissions occurred (10 kt in that year).

As ofFebruary2022, no emission targets have been set yet for Iceland for 2030 and the
incorporation of the new NECD (Directive 2016/2284) into the EEA is still pending.
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2.2.1 Trends in SQemissions Total emissions in latest
inventoryyear:51.5 kt
SQ (SQ)
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The main sources for $@clude:
Geothermal energy (1B2dJ5eothermal energy is the largest
source of sulphur emissions in Iceland. Emissions have
increased substantially since 1990 due to increasing
geothermal energy production. In recent years the SO
emissions have started decreasing, following the onset in 2020
2014 of a sulphur capture and storage project. Emissions
Metal production (2C)Emissions from industrial processes
are dominated by aluminium and ferroalloy production.SO
emissions were relatively stable until 1996, after which thet
has been a great expansion dktmetal industry. Sulphur
comes mostly from impurities in the carbon reductants use:

in the metal production process.
&
&

M Ferroalloys production (2C2) National fishing (1A4ciii) M Primary Al production (2C3)
M Geothermal energy (1B2) W Other

Change over thémeseries:
+122 %
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Volcanic eruptions contribute significantly to sulphur 11A - Volcanoes
emissions (11A, memo). Emissions from this source are

reported as a memo item and do not contribute to the

national total. The last three eruptions are:

20142015:Holuhrawn. A large eruption started on 29
August 2014 and ended on 27 February 2015 in the
north of the Vatnajokull ice sheet. It was the biggest
eruption in Iceland since 1783.

2011:Grimsvotn. The eruption lasted from 21 until 2
May. During that time the S@mitted was 12 times
more than total anthropogenic emissions in 2011.
2010:Eyjafjallajokull. The eruption lasted from 14
April until 23 May. The S@mitted was 71% more
than total anthropogenic emissions in Iceland in 201

SOz emissions [kt]
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The trendoverview for SQemissions is provided above. The main source QEBssion are
geothermal power plants. The overall trend in the emissions can mostly be explained by changes
within the emissions from the plants. Other sources are metal production ahoh§j ships. SO
emissions in Iceland are mainly from the subsectors described below. The emissions from these
sources can be seenTrable2.3.

1 Geothermal energy (1B2dGeothermal energy exploitation is the largest source of sulphur
emissions in Iceland. Sulphur is emitted from geothermal power plants in the foragof H
Emissions have increased substantially since 1990 due to electricity production at
geothermal powelplants, increasing approximately -f&ld since 1990. However, in recent
years the Seemissions have started decreasing following the onset in 2014 of a sulphur
capture and storage project (Sulfix) at one of the geothermal power plants (Hellisheidi Power
Plant). SulFix consists of separating ffom the steam and also reinjecting the gas into the
subsurface and mineralizing on contact with the basalt host rock.

i Aluminium production (2C3)Aluminium is currently produced at three primary aluminium
plants h Iceland. Sulphur emissions are due to the S content of alumina and electrodes in the
production processThe emissions rose slightly in 1998 due to the opening of a new facility,
and more significantly in the period 20@®08 due to an expansion of orecflity and the
onset of operations at a new facility. The emissions from primary Al production have been
relatively stable since 2008.

i1 Ferroalloys production (2C2€urrently, twofactories produce ferroalloys in Icelar@dne
company has been producing%i@&5 since 1979 and another one started production of
Xy Ppiz LIZNBE aAft A02y YSGlFE Ay Hamy @17 G KANR
producing silicon metal but has stopped production in 2@Jphur emissions are due to
the S content of the reducinggents in the production process.

i National fishing (1A4ciii)Emissions from the fishing fleet have decreased over the timeline.
The reduction is mainly due to lower sulphur content of the fuel and less fuel use.

Table2.3: SQemissions by main sources since 1990 [k} SO

SQemissions [kt S 1990 1995 2000 2005 2010 2015 2019 2020 Cnange Change Change

WYWhbH . WAaYH . WY M

Geothermal energy (1B2 13 11 26 30 59 42 42 39 +195% +30% -6%
P”mary(g(':psr)"d“c“o“ 13 14 29 34 99 115 105 98 +634% +187%  -6%
Fe"oa"(gég)r oduction 46 14 20 26 24 21 22 20  +6% 26%  -10%

National fishing (1Adcii) 40 54 22 26 24 19 10 029 93%  -89%  -73%

Other 27 28 21 14 08l 059 045 019 -93%  87%  -58%
Total [kt] 23 22 35 40 74 58 56 51  +122%  +28% 8%
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2.2.2 Trendsin NQ( emissions Total emissions in latest
inventoryyear:19.3 kt
NOx (NOy)

Agriculture

NOemissions are dominated by the energy sector, specifically 6% Waste

Fishing (1A4cii))Emissions from fisheries rose between 19¢ P 0.07%

and 1996 because a substantial portion of the fishing fleet

was operating in unusually distant fishing grounds. Since

1996, theemissions have generally been decreasing, with 2020

large annual variations due to changes in fish stock size ar

location. Emissions remain below 1990 levels.

Road Transport (1A3b):mEssions decreased rapidly after th

use of catalytic converters in all newhicles became

obligatory in 1995, even though fuel consumption has

significantly increased. However, the significant expansion

the vehicle fleet over the past few years has caused emissi

to rise again.

ll

W Ferroalloys production (2C2)  Off-road vehicles and other machine
M Road transport (1A3b) W National fishing (1A4ciii)
Aluminium production (2C3) m Other

Emissions

Change over the timeseries:

-36 %

=
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Other sources of Nf£emissions include:
Metal production (2C)Since 1990 the
production capacity of the metal factories
has seen a significant increase, and the
NO« emissions have increased accordingl
Agriculture (3):The majority of emisions
occur due to the applicationfarganic and
inorganic fertilisers on agricultual soils.
Waste (5):There are very low emisisons
from waste incineration, which have
steadily declined since 1990.

1990vs 2020 (% change)
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The trend overview for N@missions is provided above. The mainrsewf NQemissions is the

fishing fleet. As fuel is burned, nitrogen monoxide (NO) is formed when nitrogen and oxygen react. In

the atmosphere NO oxidises into nitrogen dioxide {N®he overall trend in the emissions can

mostly be explained by less flugsage witin the fishing fleet. Other significant sources are metal
production and road transport. N@missions in Iceland are mainly from the subsectors described

below. The emissions from these sources can be se€abie2.4.

i National fishing (1A4ciii)The decrease in emissions over the timline are mainly due to less
fuel use within the fishing fleet. However, emissions from fisheries rose from 1990 to 1996
becaise a substantial portion of the fishing fleet was operating in unusually distant fishing
grounds. Since 1996, the emissions have generally been decreasing, with large annual
variations, however, due to annual differences in fish stock size and locatiogsi&ms

remain below 1990 levels.

1 Road transport (LA3b)Emissions from Road transport have decreased significantly,

especially from passenger cars, due to the useatdilytic converters from 1995 onwards,
despite fuel consumption having significantlyressed over the timeline.
i1 Ferroalloys production (2C2Emissions of NGrom ferroalloys production follow the
production amount. Two factories produce ferroalloys in Iceland. One company has been
producing FeSi75 since 1979 and another one started gbddk 2y 2 F  x dy & p::
metal in 2018. A third company was operating between 22067 producing silicon metal

but stopped production in 2017.

1 Aluminium production (2C3)Emissions of N@missions from aluminium production follow
the production amout Aluminium is currently produced at three primary aluminium plants
in Iceland. The increase over the timeline mirrors the expansion of the industry.

i1 Off-road vehicles and other machinery (1A3eiDuring the economic upswing prior to 2008,
there was anricrease in fuel use of efbad vehicles and other machinery, which caused an

increase in emissions. After the economic crisis in 2008, fuel use and emissions decreased

significantly and have remained around the same level as in 1990. Note that emissibas i
years 2019 and 2020 are not directly comparable to other years in the timeline for this

subsector, see changeschapter3.4.1

Table2.4: NG emissions by main sources since 1990 [kiiNO

NO,emissions [kt N 1990 1995 2000 2005 2010 2015 2019

Change Change
W RYHH .

W MY

LJdzNB

National fishing (1A4cii) 18 22 22 18 17 15 13 12  -32%  -31%  -0.4%
Road transport (1A3b) 59 53 39 34 26 23 23 21  -65%  39%  -10.5%
Fe"oa"?%’(s:g)r oduction 66 079 120 122 112 130 1.35 130 +88%  +6%  -4.0%
A'”m'"'”(rzncgr)(’d”c“o” 0.088 010 023 027 082 086 083 083 +846% +205%  -0.4%
Off-road vehicles and 15 20 22 11 11 040 022 -82%  -90%  -45%
other machinery (1A3eii)
Other 40 40 34 30 27 25 33 24 39%  -18%  -26%
Total [kt] 30 34 32 28 26 23 21 19  -36%  -31%  -6.8%
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Total emissions in latest
year:4.4 kt

2.2.3 Trendsin NHs emissions

Ammonia (NE) emissions mostly originate from the agriculture
sector (3). Emissions have been fluctuating between 5 and 6 ki
NHs since 1990. The main driver behind the general trend and i
oscillations is the trend in livestock population. There is also a 2020
small amour of NHs from other sources, including: Emissions

Road transport (1A3b)catalytic converters cause a small
amount of NH emissionsEmissiongeaked in 2004iue to a
reduction of Euro 1 and 2 vehicles on the roads. Agriculture
Mineral products (2A)mineral wool production. 9%
Biological treatment of waste (5B)NH: emissions are
released during composting.
Change over the timeseries:

-10 %

— ™
(=] —
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NH; emissions [kt]
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B Animal manure applied to soils (3Da2a) B Manure management - Sheep (3B2)
Manure management - Dairy cattle (3B1a) m Urine and dung deposited by grazing animals (3Da3)
W Manure management - Non-dairy cattle (381b) M Other

—

(=]
 h G h (=]
— ™ o i~

Animal manure applied to soils 2020 Agriculture Emissions [kt]
(3Da2), manure management (3B)

andmanure deposition of grazing Organic fertilizers applied to

animals on pastures (3Da3) are the soils (3Da2)

main sources of NHn Iceland. Manure management - Cattle

. 3B1

Sheep and cattle are the livestock Ur g d( L cedb
. . . . rine and dung deposited by

which hav_e the p|ggest contr.|but|on grazing animals (3Da3)

to ammonia emsgons, causing ove Manure management - Sheep

80% of Nklemissions from manure (3B2)

management. Manure management - Other

NHs emissions from inorganic (384)

fertilizer application (3Dal) only Inorganic N-fertilizers (3Da1)

have a minor contribution to the

.. Manure management - Swine
overall emissions.

(3B3)
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The trend overview for ammonia (MHemissions is provided above. The main source gfitNtHe
agriculture sector (3Most of the emissions come from manureanimal manure applied to soils,
manure management and manure deposition of grazing animals on pastures. Emissions have been
fluctuating between 4 and 5 kt NKdince 1990The trend inNH; emissions is relatively steady which

is driven by relatively little overall variability in livestock numbers.

NH; emissions in Iceland are mainly from the subsectors described below. The emissions from these
sources can be seenfTiable2.5.

i Manure management (3BJThe main driver behind the general trend and its oscillations is
the trend in livestock population of sheep and cattle, as manure management practiges h
not changed significantly. The population of sheep and dairy cattle has been declining in the
past years and the trend in the population of Rdairy cattle is increasing.

1 Animal manure applied to soils (3Da2allhe main driver behind the general treadd its
oscillations is the trend in livestock population as for 3B.

9 Urine and dung deposited by grazing animals (3Da3)e main driver behind the general
trend and its oscillations is the trend in livestock population as for 3B.

Table2.5: NH emissions by main sources since 1990 [ki]

Change Change Change
WYWbH . WAYH . W M

NH emissions [kt] 1990 1995 2000 2005 2010 2020

Animal manure applied tc
soils (3Da2a)
Urine and dung depositec
by grazing animals (3Da
Manure managemert
Sheep (3B2)
Manure managemert
Dairy cattle (3B1a)
Manure management
Nontdairy cattle (3B1b)
Other 060 051 068 070 063 064 058 057 -5% -19% -1.8%

Total [kt] 491 449 462 448 459 475 449 441 -10% -1.6% -1.8%

144 128 129 122 127 134 131 1.29 -10% +5% -2.2%

091 089 088 088 091 092 084 0.84 -8% -5% -0.3%

094 078 0.79 077 080 080 0.70 0.68 -28% -12% -3.7%

068 065 060 057 059 064 061 0.60 -12% +5% -1.4%

035 037 038 034 039 041 045 044 +25% +32% -0.9%
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2.2.4 Trendsin NMVOC emissions

Total emissions in latest
inventoryyear:5.4 kt

Many sources contribute to NMVOC emissions in Iceland. Th

main sources are: Agriculture
35%

Manure management (3B)Horse and cattle manure

management systems are responsible for close to 30% of

NMVOC emissions in Iceland. The variations over the ye:

are mostly linked to livestock population fluctuations. 2020
Solvent and product use (2D3)he main sourcef NMVOC
linked to solvent use is domestic solvent use, which in tur
is linked to population size. The population in Iceland has
been increasing steadily since 1990.

Food and beverage industry (2H2YMVOC emissions are
released during the production of beer and other alcoholic
beverages. Emissions have increased in recent years.
National fishing (1A4ciii)Emissions in the lategtventory
year were around a third lower than the 1990 level. Annu:
variations are inherent to the nature of fisheries.

Solid waste disposal on land (5AEmissions have remaine(
fairly stable over the time series.

Road transport (LA3b)General decrease of emissions ove
the timelinedue to the renewal of the car fleet.

Emissions

Change over the timeseries:

-46%

IIIIII

NMVOC emissions [kt]

a
a

m Manure management (3B) m Solvent and product use (2D) m Food and beverages industry (2H2)
Road transport: Passenger cars (1A3bi) ® National fishing (1A4ciii) m Solid waste disposal on land (5A)
® Other
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The trend overview for nomethane volatile organic compounds (NMVOC) emissions is provided
above. NMVOC emissions come from a variety of sources across sectors. The decrease in emission
since 1990 is mainly due to the renewal of the car fleet.

NMVOC emissions in Iceland are mainly from the subsectors described below. The emissions from
these sources can be seenTiable2.6.

1 Manure management (3B)A significant reduction in emissions occurred between 2001
2003, which was mainly caused by a drop in the population of dairy cows, as the manure
management practises have not changed substantially.

1 Solvent and product use (2D)The emissions from solvent and product use have not changed
much over the timeline. Some increase is apparent, which can partly be explained by an
increasing population and consequent increased usage of solvents.

1 Food and beverages ingtry (2H2) The increase in NMVOC emissions from the food and
beverage industry is caused by growing spirit production. In the last years, the spirit
production has increased much, leading to an export of spirits.

1 National fishing (1LA4ciii)The decreasen emissions over the timeline is mainly due to less
fuel use within the fishing fleeEmissions from commercial fishing rose in the years 1990 to
1996 when a substantial portion of the fishing fleet was operating in distant fishing grounds.
Emissions ithe latest year were around a third lower than the 1990 level. Annual variations
are inherent to the nature of fisheries.

1 Solid waste disposal on land (5AThe declining trend in NMVOC emissions in this category
is due to a lower amount of waste beeingpaesited on land.

1 Road transport: Passenger cars (1A30ihe decrease in emissions since 1990 is mainly due
to the renewal of the car fleet with the introduction of more cars with higher emission
standards.

Table2.6: NMVOC emissions by main sources since 1990 [kt]

NMVOC emissions [ki] 1990 1995 2000 2005 2010 2015 poa) e G e

WYWhbH . WAaYH . WY M

Manure management

G8) 199 1.90 1.86 1.80 1.88 1.99 187 186  -6% +3%  -0.6%

SO'Ve”ta(”de';’md”Ct US€ 132 141 158 153 134 142 141 151 +15%  -1.0% 7%

Foodandbeverages 10 16 17 018 017 030 044 046 +201% +162% 6%
industry (2H2)

National fishing (1A4cii) 0.63 0.74 0.76 0.61 056 049 043 0.44 -29% -28% 4%

Solid waste disposal on
land (5A)
Road transport:
Passenger cars (1A3bi)
Other 163 157 162 118 083 0.77 085 0.64 -61% -45% -24%

Total [kt] 10.0 9.6 8.8 7.3 5.7 57 55 54 -46% -26% -3%

053 049 053 054 026 031 034 0.30 -45% -45% -13%

378 335 233 145 069 040 0.19 0.16 -96% -89% -19%
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2.2.5 Trendsin PMzsemissions
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Total emissions in latest
inven r:1.1 k
PMbs entoryyea t

Emissions of Pb4 are dominated by the energy and IPPU Agriculture
sectors, the main sources are: 3.4%

Metal production (2C)Production capacity in the metal ‘
production sector has increased substantially.

Road Transport (LA3bEluctuations in PM emissions

result from the combination of changes in the pollution 2_02_0
control standards and an increase in vehicle fleet size. Emissions
National fishing (1A4ciii)Emissions remain below 1990

levels, however there are large annual variations due to

the inherent nature of fisheries.

Construction and demolition (2A5b)fhe emissions from

this category are fromoad and buildingonstruction.

Open burning of waste (5C2Ppen burning of waste

resulted in PM emissions in the 1990s.

Change over the timeseries:

-24%

i
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o Road transport (1A3b) m Construction and demolition (2A5b)
m Off-road vehicles and other machinery (1A3eii) m National fishing (1A4ciii)

B Metal production (2C) Heat plants (1A1aiii)

M Open burning of waste (5C2) M Other

=
o
=

o
=}

Particulate Matter:

Emissions fromPMe | YR ¢ 2
Suspended Particulate (TSP) follow th
same trend a®Msand are

dominated by the same main sources.

PM emissions [kt]
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The trend overview for particulate matter BMemissions is provided above. RPiMemissions are
predominantly derived from metal production, road transport and fishing. The overall decrease in
emissions since 1990 can largely be explained by less fuel usage witin the fishing fleet.

PM. s emissions iniceland are mainly from the subsectors described below. The emissions from these
sources can be seenTrable2.7.

1 Metal production (2C)PM emissions from aluminium drierroalloys production follow the
production amount. The increase over the timeline mirrors the expansion of the industry.

1 Road transport (LA3b)Fluctuations in PM emissions result from the combination of changes
in the pollution control standards, ineased fuel usage and vehicle kilometres driven.

9 National fishing (1A4ciii)The decrease in emissions over the timeline is mainly due to less
fuel use within the fishing fleet.

i Construction and demolition (2A5b)fhe emissions follow the number lobuses built and
roads constructed. The main reason for the decrease in PM emissions over the timeline is the
reduction in road construction.

i Off-road vehicles and other machinery (1A3eiDuring the economic upswing prior to 2008,
there was an increase fuel use for offfoad vehicles and other machinery, which caused an
increase in emissions.

1 Open burning of waste (5C2Qpen pit burning was a common practice in the early nineties,
but is not practiced in Iceland anymore. Since 2018 ¢ | S I NX¥é&s, whichGre o 2 y T A
heavily restricted, have been the only source of emissions in the category. In 2020 there
6SNB y2 bSé ., SINRa -299S 02y FANBA RdzS (2 [/ 20AR

1 Heat plants (1Alaiii)\Waste incineration with energy recovery was occurring betweeds-

2013, which caused signifcant emissions.
Table2.7: PMe.semissions by main sources since 1990 [t]

PMs Change Change Change

1990 1995 2000 2005 2010 2015 2019 2020

emissions [t] WaghH . WAYH . W MEP

Metal
production (2C)
Road transport

(1A3b)
National fishing

(1AA4ciii)
Construction
anddemolition 117 145 128 93 185 29 58 62 -47% -33% 8%
(2A5b)
Off-road
vehicles and
other 80 98 130 143 70 70 26 14 -82% -90% -45%
machinery
(1A3eii)
Open burning
of waste (5C2)
Heat plants

119 135 216 248 396 490 365 363 +206% +46% -0.6%

229 246 247 307 290 266 297 262 +14% -15% -12%

469 622 475 450 585 472 326 222 -53% -51% -32%

159 111 67 10 7.6 7.1 7.1 NO -100% -100% -100%

(1A1aiii) 2.3 45 56 55 75 0.11 0.012 NO -100% -100%  -100%
Other 244 218 226 293 198 140 208 158 -35% -46% -24%
Total [t] 1420 1621 1545 1598 1806 1475 1286 1081 -24% -32% -16%
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Emissions of PMcan be seen iffable2.8 and Figure2.1. Emissions of TSP (total suspended
particles) can be seen ifable2.9 andFigure2.2. The trend descriptions above are also applicable to
PMyoand TSP trends.

Table2.8: PMwo emissions by main sources since 1990 [t]

PMo emissions Change Change Change

1990 1995 2000 2005 2010 2015

[t] WEhH . WAYH . W MigH

Construction
and demolition 1169 1454 1281 929 1849 287 575 619 -47% -33% 8%
(2A5b)

Road transport

0 20, -129
(1A3b) 327 350 364 460 452 439 513 451 +38% 2% 12%

Aluminium
production 73 83 145 199 401 410 392 366 +400%  +84% -1%
(2C3)

Quarrying and
mining of
minerals other 215 215 215 566 479 169 329 329 +53% -42% 0.0%
than coal
(2A5a)

National fishing

489 645 501 469 601 487 339 238 -51% -49% -30%
(1A4ciii)

Ferroalloys
production 85 97 141 128 108 232 69 87 +2% -32% 26%
(2C2)

Open burning

- 0, - 0, - 0,
of waste (5C2) 172 119 73 11 8.2 7.7 7.7 NO 100% 100% 100%

Other 491 513 610 680 519 381 400 330 -33% -51% -17%
Total [t] 3022 3477 3330 3442 4417 2413 2625 2420 -20% -30% -8%
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Figure2.1: PMwo emissions by sector, since 1990.
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Table2.9: TSP emissions by main sources since 1990 [t]

Informativelnventory Report, Icelang022

TSP emissions [t 1990 1995 2000 2010 2015 2019 Clheng  GREEE Cheige

WahH . WAYH . W MU

Constructionand 9, ja53 4083 3105 6185 960 1921 2066 -47%  -33%  7.5%
demolition (2A5b)

Roaaggg)smn 516 553 593 757 769 776 930 817  +58%  +8%  -12%
Quarrying and
mining of

minerals other
than coal (2A5a)
Aluminium 88 100 174 240 481 492 471 440 +401%  +83%  -6.6%
production (2C3)

National fishing

439 439 439 1155 977 345 671 671 +53% -42% 0.0%

(1A4ciii) 489 645 501 469 601 487 339 238 -51% -49% -30%
Other 844 844 956 956 765 736 558 495 -41% -48% -11%
Total [t] 6287 7444 6946 6682 9778 3796 4892 4728 -25% -29% -3.4%
12000
10000
o ) : .
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2000 e R RSN EEEEESEEEE
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o Road transport (1A3b) ® Quarrying and mining of minerals other than coal (2A5a)
M Construction and demolition (2A5b) M Other

Figure2.2: TSP emissions by sector, since 1990.
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2.2.6 Trendsin BQblackcarbon)emissions

50

BC emissions [t]

Total emissions in latest
inventoryyear:87 t

Black carbon contributes relatively few emissions compared

the NECD pollutants. Emissions of black carbon are heavily

dominated by theenergy sector. As with S@ere are no

emissions of black carbon associated with the agriculture

sector. The majority of black carbon emissions are from mob

sources: 2020

Emissions

Road transport (1A3b)

Off-road vehicles and other machinery (1A3eii)
Fishing (1A4cii

Off-road vehicles and other machinery (1A4cii)

After the energy sector, the next biggest source of black cark
emisisons is from primary aluminum production (2C3).
Emissions have increased with the expanision of the product
capacity of themetal factories.
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The trend overview for black carbon (BC) emissions is provided abmigsions of black carbon are
heavily dominated by the energy sector. As with ®@re are no emissions of black carbon

associated with the agriculture sector. The majority of black@aremissions are from mobile

sourcesThe overall decrease in emissions since 1990 can mostly be explained by less fuel usage and
changes in pollution standards.

BC emissions in Iceland are mainly from the subsectors described below. The emissiohe$eom t
sources can be seen Trable2.10.

1 Road transport (LA3b)Fluctuations in BC emissions result from the combination of changes
in the pollution control standards arath increase in vehicle fleet size.
i1 Off-road vehicles and other machinery (1A3eiDuring the economic upswing prior to 2008,
there was an increase in fuel use for-offad vehicles and other machinery, which caused an
increase in emissions.
1 National fishing (1LA4ciii)The decrease in emissions over the timline is mainly due to less
fuel use within the fishing fleet.
1 Aluminium production (2C3)Emissions of BC from aluminium production follow the
production amount. Aluminium is currently proded at three primary aluminium plants in
Iceland. The increase over the timeline mirrors the expansion of the industry.
1 Open burning of waste (5C2Qpen pit burning was a common procedure in the early
nineties but is not practiced in Iceland anymorec8i@01tb Sg , S NR& 90S 062y FA
are heavily restricted, have been the only source of emissions in the category. In 2020 there
6SNB y2 bSé ., SINNna -299S 02y FANBA RdzS (2 [/ 20AR
)l
Table2.10: BC emissiorisy main sources since 1990 [t]

Change Change
WAaYH . W midH |

Road transport (1A3b) 65 70 67 86 76 57 44 40 -38% -54% -9%
Off-road vehicles and
other machinery (1A3eii)

National fishing (1A4ciii) 13 16 14 126 140 116 89 7.7 -41% -39% -14%
Aluminium production

BC emissions [t] 1990 1995 2000 2005 2019 2020

50 61 81 89 44 43 33 24 -53% -73% -28%

2c8) 13 15 27 36 73 75 72 67 +398% +84% 7%

Open b”(',rsn(':“g ofwaste .24 466 283 41 32 30 30 NO -100%  -100%  -100%
Other 335 341 351 316 176 104 7.4 88  74%  -72%  19%

Total [ 220 229 228 227 161 133 103 87  -62%  -62%  -16%
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2.2.7 Trendsin carbon monoxide (CO) emissions

Informative hventory Report, Icelang022

COemissions in Iceland are mainly from the subsectors described below. The emissions from these
sources can be seenTrable2.11. Figure2.3 shows the sectoral emission trends since 1990.

1 Aluminium production (2C3)The main source of CO is primary aluminium production. The
varying increase in emissions from the IPPU sector corresponds to the expansion of
production capacity.

1 Road transport (LA3b)in the earlier part of the time series, more than half of the tot@l C
emissions originated from road transport. Emissions from road transport have been steadily
decreasing since 1990 due to advances in pollution control equipment in road vehicles, and
now they amount to a small percentage of the total emissions.

9 Aviation (Landing and Takeff): An apparent sudden decrease in CO emissions from the
energy sector between 2004 and 2005 is an artefact caused by the use of different data sets;
for the years 1992004, emissions are estimated using fuel sales statistics andehé Ti
emission factor from the 2019 EMEP/EEA Guidelines; for the years since 2005, emissions are
reported as provided by Eurocontrol.

1 Open burning of waste (5C2Qpen pit burning was a common procedure in the early
nineties but is not practiced in Icelamagiymore. Since 2010S 6 . S+ NDa 90S o062y FA
are heavily restricted, have been the only source of emissions in the category. In 2020 there
6SNB y2 bSé ,SINRa -299S 02y FANBA RdzS (2 [/ 20AR

Table2.11: CO emissions by main sources since 1990 [kt]

CO emissions 1990 Change Change Change

[kt 1995 2000 2010 2015 2019 2020 WaH | WAYH . Y M

Auminium 405 120 272 327 983 103 100 997  +846%  +205%  -0.4%
production (2C3)
Road transport
(1A3b)
International

aviation LTO 8.8 95 164 0.12 0.07 0.14 022 0.10 -99% -13% -54%
(civil) (1A3ai(i))
Domestic aviation
LTO (civil) 5.5 4.9 46 0.024 0.017 0.015 0.014 0.013 -100% -45% -6.8%
(1A3aii(i))
Open burning of
waste (5C2)
Other 3.0 3.1 35 3.4 2.3 2.1 1.8 1.8 -40% -47% -2%

Total [kt] 72 65 75 51 109 111 106 105 +46% +104%  -1.4%

418 336 225 151 8.7 5.7 3.9 3.1 -93% -79% -20%

2.1 15 090 0.13 0.10 0.095 0.095 NO -100% -100%  -100%
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Figure2.3 CO emissions by sector, since 1990.
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2.3Emission Trends for Persistent Organic Pollutants (POPSs)

The total amount of dioxins, PAH4, HCB and PCB emitted in Iceland in 1990 and 2020 is presented in
Table2.12. Emissions of all POPs have significantly decreased1€66e

Table2.12 Emissions of POPs in Iceland 1990 and 2020.

Vear Dioxin PAH4 HCB PCB
[9 FTEQ] [t] [ka] [kq]
1990 10.72 0.594 0.151 0.300
2020 0.74 0.061 0.068 0.015
Change 1992020 -93% -90% -55% -95%

2.3.1 Trends indioxin emissions

Dioxin emissions in Iceland have decreased by more than 90% since 1990. The main rehison for
largereduction of emissions is a significant decreasegen burning of wastéetween 1990 and

2004. In recent years the main contributors to dioxin emissions have been waste incineration (both
hazardous waste (5C1bii) and industrial waste (5C1bi)), accidental fires (reported under NFR 5E) and
bonfires (reported under NFR 5C2 opamning of waste).

Dioxin emissions in Iceland are mainly from the subsectors described below. The emissions from
these sources can be seenliable2.13 and Figure2.4.

1 Hazardous waste incineration (5C1bii), Industrial waste incineration (5C1bi) and Open
burning of waste (5C2Practices of waste disposal treatment have undergonadical
change in Iceland since 1990. This is one of the main reasons for the substantial decline in
dioxin emissions since 1990. Various factors that have influenced the dioxin emission profile
from the waste sector are described below:

o0 Open pit burningwhich used to be the most common means of waste disposal
outside the capital area, has gradually decreased since 1990. Open pit burning is
practically norexistent today, the last site was closed by the end of 2010;

o Inrecent years, smaller waste incintres, which had higher emissions, have been
closed. Currently, there is only one large incineration plant operating in Iceland. The
incineration plant is called Kalka and it does not recover energy.

0 9YAAdaAz2ya FTNRBY 02y FTANBA IsaRidzdyidedibtBes , S NWa
waste incineration sector. Emissions from bonfires have decreased since 1990, due
to the fact that bonfires are fewer and better controlled. Guidelines for bonfires,
published in 2000, include restrictions on size, burnout time aedtiaterial
allowed.

0 The total amount of waste being incinerated has decreased.

9 Accidental fires (5E)A peak in emissions from accidental fires occurred in 2004, when a
major fire broke out at a recycling company (Hringras). In the fire 300 tonnes s)fdimong
other separated waste materials, burned. A fire broke out in the same company in 2011
which was estimated to be 10% the size of the fire in 2004. In 2014, a major fire broke out in
an industrial laundry service when, among other materials, ardf80 tons of asphalt roll
roofing burned.

54



U

i Public electricity and heat generation (LA1a)aste burning with energy recovery occurred
in Iceland between 1994 and 2012. Other sources within the energy sector, contributing to
dioxin emissions since 2013, grassenger cars and fishing, but in general the emissions
from those sources are decreasing.

Informativelnventory Report, Icelang022

Table2.13: Dioxin emissions by main sources since 1990 EfJ].

Dioxin

emissions 2000 2005 2010 2015
[9 FTEQ]

Hazardous
waste
incineration
(5C1bii)

NO NO NO NO  0.09 0.26 0.44 0.34 -23%

Acc'dgg‘;" fires 0085 0085 0085 014 011 0069 011 010 +22% -25%  -9%
Industrial waste
incineration NO NO NO NO NO 0.04 0.30 0.16 -48%
(5C1bi)
Public
electricity and
heat generation

3.3E4 0.38 039 038 029 395 34E5 12E5 -96% -100% -65%

(1Ala)
Open burning ; UV
of waste (5C2) 1050 6.83 280 016 013 011 0.11 NO 100% 100% -100%
Other 0.14 016 017 020 021 0.22 039 014 0% -30% -65%

Total [g {TEQ]  10.7 7.4 3.4 0.87 0.83 0.70 1.35 0.74 -93% -15% -46%
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Figure2.4 Dioxin emissions by main sources since 1990 Ef]].
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Dioxins form a family of toxic chlorinated organic compounds that share certain chemical structures
and biological characteristics. Dioxins are members of two closely related families: the

polychloinated dibenzo(p)dioxins (PCDDs; 75 congeners) and polychlorinated dibenzofurans (PCDFs;
135 congeners). Dioxins biwcumulate in humans and wildlife due to their fat solubility and 17 of

these compounds are especially toxic. Dioxins are formed duringpestion processes such as
commercial or municipal waste incineration and from burning fuels like wood, coal or oil. Dioxins can
also be formed in natural processes such as forest fires. Dioxins also enter the environment through
the production and use ofrganochlorine compounds, chlorine bleaching of pulp and paper, certain
types of chemical manufacturing and processing and other industrial processes that create small
guantities of dioxins. Cigarette smoke also contains small amounts of dioxins.

Emission®f dioxins are presented iig FTEQ (International Toxic Equivalents). 2,3,7,8
tetrachlorodibenzep-dioxin (TCDD) is the most toxic of the dioxin congeners. Other congeners (or
mixtures thereof) are given a toxicity rating from 0 to 1, where TCDD ieXofal dioxin toxic
equivalence (TEQ) value expresses the toxicity as if the mixture were pure TCDD.

2.3.2 Trends inpolycyclicaromatic hydrocarbons (PAHS) emissions

Since 1990, total emissions of PAH4 in Iceland have decreased substantially. The maiforeéhson
significant reduction of PAH4 emissions is the significant decrease in open burning of waste between
1990 and 2004. In recent years the main contributors to PAH4 emissions have been Road transport
(1A3b), Aluminium production (2C3) and Ferroalloyaiuction (2C2).

PAH4 emissions in Iceland are mainly from the subsectors described below. The emissions from these
sources can be seenTable2.14 and Figure2.5.

1 Road transport (LA3b)Road transport is an important source of PAH4 emissions in Iceland.
PAH4 emissions from this sector are estimated to have rif@e doubled since 1990 due to
more vehicle kilometers travelled and consequent increase in fuel usage.

1 Metal production (2C)Since 2005 PAH4 emissions from industrial processes (Industry) have
increased due to substantially increased production capétitiie metal production sector.

The contribution of the sector to the total PAH4 emissions has been steadily increasing since
1990. The main increase in emissions happened in the years2l8#Bas well as in 2006

2008. Between 1998 and 2000 the increasetnissions was due to increased production
capacity both in the aluminium and the ferrosilicon industry. In the years-2008 the

cause was increased production capacity in the aluminium industry.

1 Accidental fires (5E)A peak in emissions from accidehfires occurred in 2004 when a
major fire broke out at a recycling company (Hringras). In the fire 300 tonnes of tires, among
other separated waste materials, burned. A fire broke out in the same company in 2011
which was estimated to be 10% the sizahd fire in 2004. In 2014, a major fire broke out in
an industrial laundry service when, among other materials, arounr80Gtdns of asphalt roll
roofing burned.

i Stationary combustion: Nosmetallic minerals (1A2f)Significant PAH emissions resulted
from the combustion of other bitunimous coal for cement production until 2012 when
production was stopped.

1 Open burning of waste (5C2RPAH4 emissions from waste incineration have decreased much
since 1990, partly because outdated incineration plants and ojdoupning have been
closed down. See a more detailed description of the decrease in waste incineration emissions
in section2.3.1on dioxin above.
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Table2.14: PAH4 emissions by main sources since 1990 [t].
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PAHE 1990 1995 2000 2005 2010 2015

emissions [t]

Road

transport ~ 7.6E3 7.6E3 7.8E3 0010 0.012 0015 0021 0019 +150% +82%  -8%
(1A3b)

Aluminium

production  1.7E3 1.9E3 4.3E3 0005 0016 0016 0016 0.016 +846% +205% -0%
(2C3)

Ferroalloys

producton 9.0E3 1.0E2 1.6E2 0016 0015 0.017 0014 0015 +66% 6%  +4%
(2C2)

'?Icrgfg‘é‘;" 7863 7.8E3 7.1E3 9.1E3 6.1E3 6.5E3 6.7E3 5.4E3 -30%  -40%  -19%
Stationary
combustion:

Nonmetallic 0.070 0.033 0.050 0.076 0.014 9.2E8 1.1E7 1.1E7 -100% -100% -2%
minerals

(1A2f)

Open burning

of waste 0.486 0.339 0.208 0.033 0.025 0.024 0.024 NO  -100% -100% -100%
(5C2)

Other 0.011 0.014 0.013 0.013 0.011 0.012 7.8E3 55E3 -50% -57% -29%

Total [t] 0.594 0414 0.306 0.162 0.099 0.090 0.089 0.061 -90% -63% -32%
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Figure2.5 PAH4 emissions by sector, since 1990.
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The polycyclic aromatic hydrocarbons (PAH) are molecules built up of benzene rings which resemble
fragments of single layers of graphite. PAHs are a groapmioximately 100 compounds. Most

PAHSs in the environment arise from incomplete burning of carbmmtaining materials like oil, coal,

wood or waste. Fires can produce fine PAH particles; they bind to ash particles and sometimes move
long distances througthe air. Thus, PAHs have been ubiquitously distributed in the natural
environment for thousands of years. The four compounds benzo(a)pyrene, benzo(b)fluoranthene,
benzo(k)fluoranthene and indeno(1,2¢8)pyrene are used as PAH indicators for the purpo$es
emission inventories, as specified in the POPtocol.

2.3.3 Trends inhexachlorobenzen€HCB) emissions

There have been significant changes in HCB emissions since 1990. The main reason for the significant
reduction of HCB emissions is a significant desedn open burning of waste between 1990 and

2004. The main sources of HCB emissions are Clinical waste incineration (5C1biii), National fishing
(1A4ciii) and Aluminium production (2C3). PAH4 emissions in Iceland are mainly from the subsectors
described lelow. The emissions from these sources can be se@abite2.15andFigure2.6.

9 Clinical waste incineration and hazardous waste incineration (5C1biii and 5CYWakte
incineration was responsible for the majority of HCB emissions in Iceland in recent years. The
increase in HCB emissions between 2013 and 2014 idureincrease in incineration of
clinical waste.

1 National fishing (1A4ciii)Emissions from commercial fishing rose in the years 1990 to 1996
when a substantial portion of the fishing fleet was operating in distant fishing grounds. Since
then, emissions®iave been following a generally decreasing trend, but with fluctuations due
to varying conditions in the fishing industry (renewing of fishing fleet, status of fish stocks,
etc), as well as different ratios of the use of marine gas oil versus heavylfuel oi

1 Aluminium production (2C3)The main HCB source within IPPU was the cement industry
until 2004, when a secondary aluminium production facility opened leading to an increase in
HCB emissions. From 2009, production started decreasing, until 2013 whédreanot
secondary production plant opened, reversing the decreasing trend. HCB emissions from
primary aluminium production are not estimated due to the fact that there is no emission
factor available in the 2019 EMEP/EEA Guidebook.

i Open burning of waste (5C2HCB emissions from open burning of waste have decreased
much since 1990, partly because outdated incineration plants and open pit burning have
been closed down. See a more detailed description of the decrease in waste incineration in
section2.3.1on dioxin above.
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Table2.15: HCB emissions by main sources since 1990 [kg].

HCB

emissions 1990 1995 2000 2005 2010 2015
(k]
Clinical waste
incineration NO NO NO 0.020 8.3E3 0.029 0.040 0.041 +110% +4%
(5C1hiii)

National

fishing 0.021 0.027 0.024 0.021 0.022 0.019 0.015 0.013 -40% -38% -13%
(1A4ciii)

Aluminium

production NA NA NA 0.011 0.010 0.011 0.011 o0.011 -2% +2%
(2C3)
Hazardous
waste
incineration
(5C1bii)
Open burning
of waste 0.128 0.085 0.048 384 29E4 15E4 15E4 NO -100% -100% -100%
(5C2)

Other 0.002 0.012 0.015 0.016 0.019 14E3 39E3 13E3 -48% -92% -68%

Total[kg]  0.151 0.124 0.087 0.067 0.061 0.061 0.072 0.068 -55% +1% 5%
Hexachlorobenzene (HCB) or perchlorobenzene is a chlorocarbon with the molecular formula C6CI6.
HCB is a fungicide that was first introduced in 1945 for seed treatment, especially for the control of
bunt of wheat. HCB is currently emitted as agrgduct n the manufacture of several chlorinated
solvents. Overall, processes resulting in dioxin formation also result in HCB emissions. HCB is
considered to be a probable human carcinogen. HCB is a very persistent environmental chemical due
to its chemical stality and resistance to biodegradation.

NO NO NO NO 54E4 15E3 25E3 19E3 -23%
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Figure2.6 HCB emissions by sector, since 1990.
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2.3.4 Trends inpolychlorinatedbiphenyl (PCB) emissions

In the early years of the time series, one of the main sourc®CGH in Iceland was open burning of
waste, following a decreasing trend between 1990 and 2004 as seen above for the other POPs. The
other main sources contributing to PCB emission trends are Clinical waste incineration (5C1biii),
National fishing (LA4cijistationary combustion: Nemetallic minerals (1A2f) and Heat plants

(1A1aiii). The only source of PCB estimated from industrial processes is secondary steel production
(2C1). The only secondary steel plant in Iceland started its activities in 2014sed iti 2016. PCB
emissions in Iceland are mainly from the subsectors described below. The emissions from these
sources can be seenTrable2.16 andFigure2.7.

The analysis of the trends in PCB emissions in Iceland must be interpreted with care as only a few
sources have been estimated, which reflects the lack of emission fanttive 2019 EMEP/EEA
Guidebook.

9 Clinical waste incineration (5C1biiWaste incineration was responsible for the majority of
PCB emissions in recent years, as clinical waste was burnt openly in earlier years and the
burning of clinical waste in Kalka gt=d in 2011.

1 National fishing (1A4ciii)Emissions from commercial fishing rose in the years 1990 to 1996
when a substantial portion of the fishing fleet was operating in distant fishing grounds. Since
then, emissions have been following a generally dasireg trend, but with fluctuations due
to varying conditions in the fishing industry (renewing of fishing fleet, status of fish stocks,
etc.), as well as different ratios of the use of marine gas oil versus residual fuel oil. Those two
fuel types have verglifferent emission factors for PCB. Fishing is now the second largest
contributor of PCB.

1 Open burning of waste (5C2R.CB emissions from open burning of waste were the
dominating source of emissions in 1990. Open pit burning was occurring between 1990 an
2004. In 2004 the incineration plant Kalka opened and emission factors for PCB emissions
from incineration are smaller than from open burning, therefore there is a significant
decrease in emissions from waste from 2005.

i Stationary combustion: Nosmetallic minerals (1A2f)Significant PCB emissions resulted
from the combustion of other bitunimous coal for cement production until 2012 when
production was stopped.

i Heat plants (1Alaiii)Waste incineration with energy recovery, which caused signifcant
emissims, was occurring between 1928913.
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Table2.16: PCB emissions by main sources since 1990 [kg].

PCB

emissions 1990 1995 2000 2005 2010 2015
(k]
Clinical waste
incineration NO NO NO 0.004 0.002 0.006 0.008 0.008 +110% +4%
(5C1hiii)

National
fishing 0.028 0.041 0.022 0.026 0.046 0.035 0.020 0.006 -78% -77% -70%
(1AA4ciii)
Open burning
of waste 0.188 0.126 0.071 0.000 0.000 0.000 0.000 NO -100% -100% -100%
(5C2)
Stationary
combustion:
Non-metallic  0.082 0.038 0.058 0.088 0.016 NA NA NA -100% -100%
minerals
(1A2f)
Heat plants
(1A1aiii)
Other 0.003 0.005 0.004 0.004 0.004 0.012 0.004 0.001 -72% -82% -80%
Total [kg] 0.300 0.235 0.187 0.154 0.111 0.053 0.031 0.015 -95% -90% -52%

NA 0.025 0.032 0.032 0.043 NA NA NA -100%
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Figure2.7 PCB emissions by sector, since 1990.

61



L Informative hventory Report, Iceland022

2.4Emission trends for Heavy Metals

Emission estimates for 1990 and 2020 priority heavy metals (Pb, Cd and Hg) as well as additional
heavy metals (As, Cr, Cu, Ni, Seafashown ifTable2.17.

The main sectors contributing to the emissions of heavy metals are energy, industrial processes and
waste. According to the 2019 EMEP/EEA Guidebook, heavy metal emissions in the agriculture sector
only arise from the burning of crop residues. Since thivigtdoes not occur in Iceland, there are no
heavy metal emissions from the agriculture sector.

Table2.17 Estimated emissions of heavy metals, 1990 and 2020.

Pb Cd Hg As Cr Cu N Se Zn
[t] [t] [t] [t] [t] [t] [t] [t] [t]
1990 0.39 0.0088 0.139 0.031 0.070 0.544 1536 0.0089 1.59
2020 0.58 0.0047 0.015 0.0094 0.053 1.003 0.192 0.0031 0.83
Change 1992020 46% -47% -89% -69% -25% 85% -87% -66% -48%

2.4.1 Trends in priorityHeavyMetals (Pb, Cd, HQ)

Pb, Cd and Hg emissions in Iceland are mainly from the subsectors described below. The Pb emissions
from the main sources can be seeriliable2.16 andFigure2.7. The Cd emissions from the main

sources can be seenTrable2.16 andFigure2.7. The Hg emissions from the main sources can be

seen inTable2.16 and Figure2.7.

1 Fireworks (2G)A prominent contributor to the Pb trend is the use of fireworks @ntPPU).

The steady increase since 1990 reflects the growing popularity of fireworks in Iceland (mostly
FNRPdzy R bSg , SFNWa 9@0S0d ! LISFH1 Ay (GKS &St NJ Hy
year, before the economic collapse of 2008.

1 Road transport (A3b): Emissions from road transport are a part of the current Pb emissions.
The emissions have increased over the timeline due to more fuel use.

1 Accidental fires (5E)Accidental fires cause a part of the Pb emissions. A peak in emissions
from accidentalifes occurred in 2004 when a major fire broke out at a recycling company
(Hringrés). In the fire 300 tonnes of tires, among other separated waste materials, burned. A
fire broke out in the same company in 2011 which was estimated to be 10% the size of the
fire in 2004. In 2014, a major fire broke out in an industrial laundry service when, among
other materials, around 680 tons of asphalt roll roofing burned.

i Off-road vehicles and other machinery (LA3eiBmissions from offoad vehicles and other
machiney cause a part of the current Pb emissions. This is due tomore fuel use in the sector.

i Heat plants (1Alaiii)ln 1993, waste incineration with recovery of energy (included in the
Energy sector under 1Ala Public electricity and heat production) startedland, leading
to an increase in Pb, Cd and Hg. The amount of waste burned with recovery of energy peaked
in 2007, and after that decreased until 2013, after which year this activity stopped.

1 National fishing (1A4ciii)Emissions from commercial fishiage the largest contributor of
Cd emissions and the second largest of Hg emissions. Since 1995 the emissions have been
following a generally decreasing trend, but with fluctuations due to varying conditions in the
fishing industry (renewing of fishing flgetatus of fish stocks, etc.), as well as different
ratios of use of marine gas oil versus heavy fuel oil.
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i Ferroalloys production (2C2Ferroalloys production is the second largest source of Cd
emissions today. It has increased substantially over thelthe due to the expansion of the
industry.

1 Open burning of waste (5C2The main source of Hg emissions in the 1990s was open
burning of waste. It was also a large contributor of Cd emissions. Open pit burning was
mostly occurring between 1990 and 2004.

9 Clinical waste incineration (5CZ1biiiThe largest emission source of Hg in recent years is
Clinical waste incineration. Clinical waste was burnt openly, until 2011 when Kalka started
KFYyRtAYy3 Ittt 2F LOStlIyRWa Ot AyAOlIt gl adsSo

Table2.18: Pb emissions by main sources since 1990 [t].

Pb emissions e
. 1990 1995 2000 2005 2010 2015 2020 Whn Wap
WYHA WHnN

F"&""Go)rks 0.089 0.111 0296 0500 0.384 0472 0368 0.387 +334% -23%  +5%
Road
transport ~ 0.044 0.047 0.053 0.068 0074 0079 0.099 0.086 +97% +26% -13%
(1A3b)

?ﬁgfg‘g' 0.056 0.056 0051 0062 0041 0047 0045 0036 -36% -43% -21%
Off-road

vehicles and
other 0.085 0.105 0.139 0.153 0075 0.075 0.028 0.015 -82% -90% -45%
machinery
(1A3eii)

H(eﬁf;ﬁ;ts 0001 0484 0629 0619 0843 2585 5985 NO  -100% -100% -100%
Other 0.120 0.134 0.155 0.167 0.087 0.046 0.061 0.051 -57% -69% -16%
Total [t] 0.394 0937 1323 1569 1504 0.718 0601 0575 +46% -63%  -4%
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Figure2.8 Pb emissions by sector, since 1990.
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Table2.19: Cd emissions by main sources since 1990 [kg].

Cd emissions $
1990 1995 2000 2005 2010 2015
[ka] WahH J W AYH .
National
fishing 274 346 301 265 298 248 1.8 159  -42%  -40%  -16%
(1A4ciii)
Ferroalloys
production  0.046 0.052 0.077 0069 0058 013 209 121 +2529% +1647% -42%
(2C2)
F'r(ez"ve?)rks 017 021 056 094 073 089 069 073 +334% -23%  +5%
H(elaAtlpgi"iBtS 014 160 206 202 276 001 0020 NO  -100% -100% -100%
Open burning
of waste 381 265 161 023 018 017 017 NO  -100%  -100% -100%
(5C2)
Other 191 3.09 380 430 251 207 166 113  -41%  -74%  -32%
Total[kg]  8.81 254 296 284 340 574 651 466  -47%  -84%  -28%
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Figure2.9 Cd emissions by sector, since 1990.
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Table2.20: Hg emissions by main sources since 1990 [kg].

Hg emissions

1990 1995 2000 2005

(k]
Clinical waste

incineration NO NO NO 2.85 1.21 4.18 5.80 6.01 +110% +4%
(5C1hiii)

National

fishing 6.79 8.10 8.15 6.65 6.15 5.33 4.62 476 30%  -28% +3%
(1A4ciii)

Road

transport 1.30 1.37 1.49 1.80 1.85 1.94 2.17 1.89 +45% +5% -13%
(1A3b)
Open burning

of waste 126 84.1 47.3 0.20 0.17 0.017 0.017 NO -100% -100% -100%

(5C2)
Hflitf:i"“r)‘ts 004 131 169 167 227 19E3 0020 NO -100% -100% -100%
Other 471 403 523 702 316 187 238 211 -55% -70% -11%

Total [kg] 139 111 79.1 35.2 35.2 13.3 15.0 14.8 -89%  -58% -2%
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Figure2.10 Hg emissions by sector, since 1990.
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2.4.2 Trends inadditional Heavy Metals (As, Cr, Cu, Ni, Se, Zn)

The main sectors contributing to the emissions of As, Cr, Cu, Ni, Se and Zn are energy, industrial
processes and waste. Thrends are overall dominated by emissions from the energy sector. Fishing
causes emissions of all heavy metals; Arsenic emissions are influenced by open burning of waste and
heat plants, whereas Cr, Cu and Zn are influenced by automobile tyre and brakdmibe

industrial sector, the main source of As emissions is metal productionpNority heavy metals are

largely produced by fireworks, with a sharp peak in emissions in 2007 when fireworks sales reached
an alltime maximum. In the waste sector, hgametal emissions mostly derive from open burning of
waste and accidental fires. As open burning of waste decreased between the year2QBB(as

discussed above in the POPs trends), emissions of heavy metals associated with it also decreased, as
can beseen for As, Se and Zn.

As, Cr, Cu, Ni, Se and Zn emissions in Iceland are mainly from the subsectors described below. The
emissions can be seen in the tables and figures below.

1 National fishing (1A4ciii)Emissions from commercial fishing are the largesitributor of
As, Ni and Se emissions and the second largest of Cr and Zn emissions. Since 1995 the
emissions have been following a generally decreasing trend, but with fluctuations due to
varying conditions in the fishing industry (renewing of fishlagtf status of fish stocks, etc),
as well as different ratios of use of marine gas oil versus heavy fuel oil.

1 Road transport (LA3b)Road transport is the largest contributor of Cr, Cu and Zn emissions
and the second largest of As and Se emissions. Thesiems have increased over the
timeline due to more fuel use.

91 Ferroalloys production (2C2Ferroalloys production is a source of As emissions. Some
fluctuations have occured over the timeline.

1 Heat plants (1Alaiii)in 1993, waste incineration with recery of energy started in Iceland,
leading to an increase in As emissions. The amount of waste burned with recovery of energy
peaked in 2007, and after that decreased until 2013, after which year this activity stopped.

i Open burning of waste (5C2The mainsource of As emissions in 1990 was open burning of
waste. It was also a large contributor of Se and Zn emissions. Open pit burning was mostly
occurring between 1990 and 2004.

i Fireworks (2G)A contributor to the Cr, Cu, Ni and Zn trend is the use of firks/under
IPPU). The steady increase since 1990 reflects the growing popularity of fireworks in Iceland
ovyzaiufte FNRBdzyR bS¢g , SINWa 90S0vd | LISF]1 Ay GK¢
growth that year, before the economic collapse of 2008.

i Nationalnavigation (shipping) (LA3dii)A contributor to the Cr and Ni trend is national
navigation. This is due to fuel use for national navigation.

i Stationary combustion: Normetallic minerals (1A2f)Significant Cr, Se and Zn emissions
resulted from the combustion of other bitunimous coal for cement production until 2012
when production was stopped.

1 Off-road vehicles and other machinery (LA3eiEmissions from offoad vehicles and other
machinery case a part of the current Pb emissions. This is due to fuel use.

91 Public electricity and heat generation (LAl&missions from public electricity and heat
generation cause a part of the current Se emissions. This is because of diesel used for
electricity poduction.

i Accidental fires (5SEEmissions from accidental fires cause a part of Zn emission. A peak in
emissions from accidental fires occurred in 2004 when a major fire broke out at a recycling
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company (Hringras). In the fire 300 tonnes of tires, amathgr separated waste materials,
burned. A fire broke out in the same company in 2011 which was estimated to be 10% the
size of the fire in 2004. In 2014, a major fire broke out in an industrial laundry service when,
among other materials, around 680 tons of asphalt roll roofing burned.

Table2.21: As emissions by main sources since 1990 [kg].

Change

As emissions

[ka] 1990 1995 2000 2005 2010 2015 Wehn Wap ¥YMmd
YHn WYWHn WH
National
fishing 9.89 12.13 11.39 9.63 9.82 8.33 6.76 6.35 -36% -34% 6%
(1A4ciii)
Road
transport 0.55 0.58 0.66 0.84 091 0.97 121 1.05 +92% +24% -13%
(1A3b)
Ferroalloys
production 1.18 1.34 1.96 1.78 1.50 3.22 0.79 0.74 -37% -58% -T%
(2C2)
Hflitf:i"“r)‘ts 048 1045 1297 1276 17.35 0022 0026 NO  -100% -100% -100%
Open burning
of waste 15.60 10.85 6.60 0.96 0.75 0.70 0.70 NO  -100% -100% -100%
(5C2)
Other 2.87 2.88 3.59 4.76 2.54 1.52 1.75 1.25 -56% -714%  -28%
Total [kg] 30.6 38.2 37.2 30.7 329 14.7 11.2 94 -69% -69%  -16%
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Figure2.11 As emissions by sector, since 1990.
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Table2.22: Cr emissions by main sources since 1990 [kg].

Informative hventory Report, Icelang022

Cremissions 15995 1995 2000 2005 2010

(k]

Road

transport 17.3 18.5 20.9 26.9 29.2 31.3 39.6 34.4 +99% +28% -13%
(1A3b)

National

fishing 35.8 52.7 28.9 335 58.2 449 25.4 7.94 -78%  -76%  -69%
(1AA4ciii)

F'r(ez"ve?)rks 178 220 589 995 7.65 939 732 7.70 +334% -23%  +5%
National
navigation
(shipping)
(1A3dii)
Stationary
combustion:
Non-metallic 6.48 3.05 4.67 7.04 1.27 9.1E4 1.1E3 1.1E6 -100% -100% -100%
minerals

(1A2f)

Other 5.24 6.50 7.55 7.39 5.21 5.32 2.85 2.58 -51%  -65% -9%
Total [kg] 69.7 86.8 68.4 85.7 103.8 91.6 79.3 52.6 -25%  -39%  -34%

3.16 3.78 0.56 0.94 2.30 0.71 407 39E4 -100% -100% -100%
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Figure2.12 Cr emissions by sector, since 1990.

68



L Informativelnventory Report, Icelang022

Table2.23: Cu emissions by main sources since 1990 [t].

Cu emissions &
[t 1990 1995 2000 2005 Whn WYap Ymd
P0o YHA WH N
Road
transport 0.358 0.384 0.433 0.556 0.604 0.645 0.823 0.713 +99% +28% -13%
(1A3b)
F"FZ""GO;"S 0.051 0.063 0168 0283 0218 0267 0208 0219 +334% -23%  +5%
National
fishing 0.048 0.058 0.056 0.047 0.046 0.039 0.032 0.032 -33% -32% -2%
(1A4ciii)
Off-road
vehicles and
other 0.065 0.079 0.105 0.115 0.057 0.057 0.021 0.011 -82% -90% -45%
machinery
(1A3eii)
Other 0.023 0.017 0.015 0.016 8.4E3 7.2E3 0.036 0.028 +21% +70% -24%
Total [t] 0.544 0.601 0.777 1.017 0.932 1.015 1.122 1.003 +85% -1% -11%
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Figure2.13 Cu emissions by sector, since 1990.
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Table2.24: Ni emissions by main sources since 1990 [t].
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Niemissions e
: [t']' 1990 1995 2000 2005 2010

Yon Wap Wmd
YHn WHnN

National
fishing 1.343 2061 0969 1.244 2395 1.821 0964 0.159 -88% -87% -84%
(1A4ciii)
F"fz""Go)rkS 0.003 0004 0011 0019 0015 0018 0014 0015 +334% -23%  +5%
National
navigation 123 459 0021 0034 0092 0022 0166 7.8E3 -94%  -77%  -95%
(shipping)
(1A3dii)
Other 0.057 0054 0025 0025 0012 0014 0013 0011 -81% -56% -19%
Total [{] 1536 2278 1.027 1322 2513 1.875 1.157 0.192 -87% -85% -83%
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Figure2.14 Ni emissions by sector, since 1990.
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Table2.25: Se emissions by main sources since 1990 [kg].

S . Change
€EMISSIONS 1990 1995 2000 2005 2010 2015 Yan Wap Wmd
[ka]
WYun Wun WH
National
fishing 3.45 4.60 3.46 3.30 4.38 3.52 2.40 1.59 -54% -52%  -34%
(1AA4ciii)
Road
transport 0.44 0.48 0.53 0.66 0.72 0.76 1.02 0.89 +100% +35% -13%
(1A3b)
Public
electricity and
heat 0.63 0.63 0.39 0.09 0.39 0.36 0.46 0.16 -14%  +77%  -65%
generation
(1A1a)
Stationary
combustion:
Non-metallic ~ 0.87 0.42 0.64 0.94 0.17 0.00 0.00 0.00 -100% -100% -2%
minerals
(1A2f)
Open burning
of waste 2.66 1.85 1.13 0.16 0.13 0.12 0.12 NO -100% -100% -100%
(5C2)
Other 0.89 1.01 0.96 1.15 0.77 0.65 0.82 0.44 51% -62% -47%
Total [kg] 8.95 9.00 7.11 6.31 6.56 5.41 4.82 3.08 -66% -51% -36%
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Figure2.15 Se emissions by sector, since 1990.
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Table2.26: Zn emissions by main sources since 1990 [t].

Zn emissions Change

[t

Road

transport 0.16 0.17 0.19 0.24 0.26 0.27 0.35 0.31 +97% +29% -12%
(1A3b)

National

fishing 0.29 0.35 0.33 0.28 0.27 0.23 0.19 0.19 33%  -32% 2%
(1A4ciii)
Accidental
fires (5E)
Stationary
combustion:
Non-metallic 0.10 0.05 0.08 0.11 0.02 0.00 0.00 0.00 -100% -100% -2%
minerals
(1A2f)
Fireworks
(2G)
Open burning
of waste 0.67 0.46 0.28 0.04 0.03 0.03 0.03 NO -100% -100% -100%
(5C2)

Other 0.14 0.15 0.15 0.15 0.09 0.09 0.11 0.07 50% -54% -37%

Total [t] 1.59 1.43 1.32 1.22 0.96 0.97 0.98 0.83 -48%  -32%  -15%

= o W -
(2] (2] (=3 (=]
0‘1 0‘1 0‘1 c:

M National fishing (1A4ciii) Road transport (1A3b)

M Accidental fires (5E) W Stationary combustion: Non-metallic minerals {1A2f)
® Open burning of waste (5C2) m Fireworks (2G)

m Other

1990 1995 2000 2005 2010 Wohpn Wap WYmd
YHn WYHn WYH N

0.22 0.22 0.20 0.24 0.16 0.18 0.18 0.14 -36%  -43%  -21%
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Figure2.16 Zn emissions by sector, since 1990.
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3 Energy (NFR sector 1)

3.10verview

The energy sector in Iceland is unique in many ways. Iceland ranks first among Organisation for
Economic Goperation and Development (OECD) countries in the per capitaumption of primary
energy. However, the proportion of domestic renewable energy in the total energy budget is approx.
85%, which is a much higher share than in most other countries. The cold climate and sparse
population call for high energy use forage heating and transport. Also, key export industries such

as fisheries and metal production are energy intensive. The metal production industry uses around
three-quarters of the total electricity produced in Iceland. Iceland relies heavily on its geagher
energy sources for space heating (over 90% of all homes) and electricity production (approx. 30% of
the electricity) and on hydropower for electricity production (70% of the electricity). Thus,
atmospheric pollutant emissions in the energy sector aetg predominantly from mobile sources:

road transport, fishing and ofioad machinery including construction, as well as waste incineration
with energy recovery (occurring from 192812). One exception to this is the emission g ffom
geothermal poweplants, which is by far the largest key category in Iceland’s inventory for sulphur
(calculated a$Q-equivalent).

The EA has been working with a consulting company (Aéttigrsince 20130 improve the

Icelandic inventory, anioh 2018a complete review and restructuring of the Energy set¢tmk place

in collaboration with experts from Aethgincluding updating/redesigning calculation spreadsheets
as well azhecking all emission factors across the sector and replacing by default wddaps
appropriate. Further work is planned, in collaboration with the National Energy Authority, the
Icelandic Transport Authority and Statistic Iceland in order to harmonize all datasets used.

The energyhapteris divided into the following sudhapters

i Stationary CombustioNFR 1A11A2, 1A4 and 1A5
1 Transportand other mobile sourceNFRLA2,1A3and 1A4
1 Fugitive emission@\NFR 1B2jncluding emissions from geothermal utilization)

Table3.1 shows which subsectores in Energy are key categories for which air pollutaesy.

category is oe that is prioritised within the national inventory system because it is significantly
AYLRNIFYOG F2N 2yS 2N I ydzYoSNI 2F AN LRt tdzil yiaa
terms of the absolute level, the trend, or thmcertainty in emssiongEEA, 2019 ategories whose

cumulative percentage contribution is greater than 80% should be identified as key.
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Table3.1 Key categories for air pollutants within Energy

SQ, NG, NH, NMVOC, PM, BC and CO

1990 2020

1AZ Stationary combustion in manufacturing industrie

(Geothermal energy)

Persistent Organic Pollutants (POPSs)

1990

1A2f Stationary combustion in manufacturing industrie

and construction: Food processing, beverages and BC NQ, SQ, BC
tobacco
1A2fStationary combustion in manufacturing industrie
and construction: Normetallic minerals PMes PMes, PMo
1A2gviiMobile combustion in manufacturing industries
and construction NG, PMes, PMio BC PMio, BC
1A3ai(i)International aviation LTO (civil) CO
1A3bi Road transport: Passenger cars NG, NMVOC, BC, NG, BC NG, NMVOC, BC
CO CO
1A3bii Road transport:ight duty vehicles BC
1A3biii Road transportieavy duty vehicles and buses NG, PMs, BC BC PMs
1A3bvRoad transport: Gasoline evaporation NMVOC
1A3bviRoad transportAutomobile tyre and brake wear PM; 5 BC
. ] . . PMz.s, PMo, PM.s, PMio, TSP,
1A3bviiRoad transport: Automobile road abrasion PM s, PMo, TSP TSP, BC BC
1A3eiiOther mobile machinery BC BC NG, PMs, BC
1Ad4ciiAgriculture/Forestry/Fishing: Gfbad vehicles
) BC NO

and other machinery

. o NGO, NMVOC, SO NGO, NMVOC, NO, SQ, PMs,
1A4ciii National fishing PMps, PMio, TSP, BC PMes, PMio, BC  PMyo, TSP, BC
1B2awDistribution of oil products NMVOC
1B2dOther fugitive emissions from energy production sqQ e sqQ

and construction: Nometallic minerals PCB PAH4

1A3biRoad transport: Passenger cars PAH4 PAH4

1A3biii Road transportieavy duty vehicles and buses PAH4

1A4ciii National fishing HCB, PCB PCB
Heavy Metals (HMs)

1990 2020 Trend
1AlaPublic electricity and heat production Se
1A2fStationary combustion in manufacturing industrie Pb, Cd, As, Cr, S

s L Pb, Cd, Cr

and construction: Nometallic minerals Zn

1A29vuMob|Ie_ combustion in manufacturing industries Ph Cu Pb, Cu

and construction

1A3bi Road transport: Passenger cars Hg Hg

1A3bviRoad transport: Automobile tyre and brake wee Pb, Cr, Cu, Zn PDb, Cd, As, Cr, Cd, As, Cr, Cu, N
Cu, Zn Se, Zn

1A3dii National navigation (shipping) Ni

Cd, As, Cr, Cu, Ni,

1AA4ciii National fishing Se. 7n

Ni, Se, Zn

Cd, Hg, As, Cr, Cd,Hg, As, Cr, Cu

Ni, Se, Zn

74



)

Informativelnventory Report, Iceland022

3.2General Methodology

Emissions from fuel combustion activities are estimated at the sector level based on methodologies
suggested by the 2006 IPCC Guidelines and the 2019 EEA/EMEP Guidebook. They are calculated by
multiplying erergy 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
sales by sector.

Emissions from Roattansportationare estimatedusing COPERT 5.5.1. which follows the
methodology presented i2019 EEA/EMEP GuideboMore detailed description can be seen in
chapter3.4.3

For the 2020 submission a comprehensive review was performed on how the fuels sales data from
the NEA is attributed to IPCC/NFR sectors. For this submission the review only included the years
20032019 because the methodology used to collect the data kyNEA changed between 2002 and
2003.For the 2021 submissiothe same attribution of fuels to IPCC categories for 12002 was
performed with a review of the sales statistics. Consequently, the whole time series has been
reviewed and methodologies harmaeid from 1990 and onward¥he aim of the review of the fuel
sales data from the NEA was to make the adjustments from the sales statistics to the IPCC/NFR
categories more transparent. This is what was done for each category to achieve the following:

1 1Al Eergy Industrieg; sales statistics are used directly, and no adjustments are needed

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

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

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

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

1 Itis assumed that @en Accounting reportéRegulation 851/20023nd EU ETS Annual
Emission Reports from 2013 are correct for each company and that data is used for 1A2a,
1A2b, 1A2c and 1AZ2fthis is the known usage.

1 Because these fuels are purchased from domestic oil coiepathey will be subtracted
from the sales statistics received from the NEA.

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

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

known use from sales statistics does result in a negative number indicating that usage was more than
what was sold. It is considered more likely that some data is missing from salescstatind

therefore these values will be input as zero. This will cause more fuel used than what is in the sales
statistics, and a possible overestimate of emissions. This is however a very low amount compared to
the total energy emissions.

75



Informative hventory Report, Icelang022

Known use
Green accounting and ETS
for companies

Sale statistics
Data from the NEA

ejep |euidL0

Known use is
subtracted from
sale statistics

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

ejep indul [euly

Figure3.1 Description of adjustments in input data for IPCC category 1A2

In the sales statistics received from the NEA there are unspecified categories for all fuels, labelled as
GhiKSNE® ¢KSA&S ¥ dzZSHRR:atedoriNFBAS. IFdD DtRrdza0infsslonsttie A Willivork
with the NEA to aim to attribute these fuels to specific categories.

3.3Stationary CombustionNFR 1A1, 1A2, 1A4 and 1A5)

3.3.1 Electricity & heat (NFR 1Ala)

Energy Industries include emissions from electricity and heat production. Iceland has extensively
utilized renewable energy sources for electricity and heat production, thus emissions from this sector
are low. For dioxin, PAH8Q and NMVOC waste incindian with energy recovery is the main

source of emissions for this category. However, waste incineration with energy recovery has not
been occurring in Iceland since 2013. Activity data on fuel use for the energy industries are based on
data provided by th NEA and adjusted by EA, see chaftérActivity data on waste is collected by

EA directly from the plants.

The main sources of electricity in Iceland are hydrogoand geothermal energy. In recent years,
wind power development has taken place. As can be se&alie3.2, only a very small fraction of
electricity is produced wiit fuel combustion: electricity was produced with fuel combustion at two
locations that are located far from the distribution system (two sparsely populated islands, Grimsey
and Flatey); furthermore, some public electricity facilities have emergency bdecglipombustion
power plants which are used when problems occur in the distribution system. Those plants are,
however, very seldom used, apart from testing and during maintenance.

Table3.2 Electricity produdbn in IcelandGWH

1990 1995 \ 2000 2005 2010 \ 2015 2019 2020
Hydropower 4,159 4,677 6,350 7,015 12,592 13,781 13,462 13,157
Geothermal 283 290 1,323 1,658 4,465 5,003 6,018 5,961
Fuel combustion 4.6 8.4 4.4 7.8 1.7 3.9 2.7 3.1
Wind power - - - - - 10.9 6.6 6.7
Total[GWH 4,446 4,976 7,678 8,681 17,059 18,799 19,489 19,127
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Geothermal energisthe main source of heat production ineland Some district heating facilities,

that lack access to geothermal energy sources, use electric boilers to produce heat from electricity.
They depend on curtailable energy. These heat plants have backup folelstion in case of

electricity shortages or problems in the distribution system. Three district heating facilities burned
waste to produce heat and were connected to the local distribution system, however since 2013 no
more waste burning with energy receny is occurring in Iceland. Emissions from these waste
incineration plants are reported under Energy Industries.

3.3.1.1 Activity data

Activity data for electricity and heat production with fuel combustion and waste incineration are
given inTable3.3. The use of residual fuel oil for electricity production in 2007 was much higher than
in surrounding years. In 2007 a new aluminium plant was established amdc&ecause the
Kérahnjukar hydropower project (hydropower plant built for this aluminium plant) was delayed, the
aluminium plant was supplied with electricity for a while from the distribution system. This led to
electricity shortages for the district aéing system and industry depending on curtailable energy
leading to increased fuel combustion.

The different fuel composition from year to year (waste, fuel) effectdndied emissionfactor

(IEF) For example, the IEF for dioxin in this sector iBdtign years when fuel combustion is low and

the sector is dominated by waste incineration. The following years have been unusual: 1995 (issues
in the electricity distribution system caused by snow avalanches in northwest Iceland (the
Westfjords) and icingn the northern part of the country), 1997/1998 (unfavourable weather
conditions for hydropower plants during the winter) and 2007 (explained above).

Table3.3 Fuel combustion and waste incineratift] for electricity and heat production.

1990 1995 2000 2005 2010 2015 2019 2020

1Alai- Gas/Diesel oil 1.30 1.09 1.07 0.02 1.01 1.19 1.24 0.56
1Alai- Residual fuel oil NO NO NO NO NO NO NO NO
1Alai- Biomethane NO NO NO 0.29 NO NO NO NO
1A1lai- Biodiesel NO NO NO NO NO NO NO NO
1Alaiii- Gas/Diesel oil NO NO NO NO NO NO 0.33 NO
1Alaiii- Residual fuel oil 2.99 3.08 0.12 0.20 NO 0.14 NO NO
1Alaiii- Biodiesel NO NO NO NO NO NO 0.02 NO
1Alaiii- Solid Waste NO 4.65 6.05 5.95 8.11 NO NO NO

Emission factors are Tier 1 factors taken from the 2019 EMEP/EEA Guidebook (Chapter 1.A.1. Energy
Industries, Tables-8 (gaseous fuels),-3 (uel oil) and 36 (gas oiland biodiesé)). Emission factors

for the burning of waste with energy recovery are taken from TaHeo08chapter 5C1a of the 2019
EMEP/EEA Guidebook. Due to the lack of emission factors given in the 26&@Bddu the following
pollutants are not estimated:

1 Gas oilNH;, PCBs, HCB, BaP, BbF, BKF.
1 Residual fuel oiNH;, PCBs, BaP, HCB.
1 Gaseous fuels (biomethandyHs, PCBs, HCB.
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3.3.1.2 Recalculationgnd improvements
1Alai: Electricity Generation:

There was an error in calculation files and emissions from residual fuel oil were calculated using
emission factors for gas/diesel oil, even though emission factors are available for residual fuel oil. For
most pollutants ths change is minor. This affects all yearere residual fuel oil was reported and all
pollutants that are reported.

1Alaiii: Heat Plants:
No recalculations were done for this subcategory.

3.3.1.3 Planned improvements
No improvements are planned for this subogtey.

3.3.2 Manufacturing industries, stationary combustion (NFR 1Agcluding mobile
sources

3.3.2.1 Activity Data

The total amount of fuel sold to the manufacturing industries for stationary combustion was
obtained from the National Energy Authority (NEA). The sales statistics do not fully specify by which
type of industry the fuel is being purchased. This divisiomade by the Environment Agency (EA) on
the basis of the reported fuel use by all major industrial plants falling under Act 70/2012 and the EU
ETS Directive 2003/87/EC (metal production, fish meal production and mineral wool) and from green
accounts submied by the industry in accordance with regulation No 851/2002. All major industries
falling under Act 70/2012 report their fuel use to the EA along with other relevant information for
industrial processes. The difference between the given total for theosaad the sum of the fuel

use as reported by industrial facilities is categorized as 1A2gviii othespexified industry (see
Figure3.1). The total fuel consumptioper fuel typecan be seen iffable3.4.

Emissions from the cement industry (the single operating cement plant was closed down in 2011)
and the mineral wool production are reported under 1A2f. For PAH4, emissions from the mineral
wool production are not estimated, and for dioxin, emissions frbed¢ement industry are reported
under industrial processes (2A1).

Table3.4 Fuel usdgkt], stationary combustion in the manufacturing industry.

990 99 000 00 010 0 019 020
1A2a- Iron and steel
Gas/Diesel Oll 0.11 0.22 0.56 0.46 0.46 0.29 0.20 0.21
LPG NO NO NO NO NO 0.10 0.37 0.20
1A2b- Non-ferrous metals
Gas/Diesel Oll NO NO 0.55 5.37 1.35 0.046 0.62 1.72
Residual Fuel Oil 3.93 5.16 7.51 NO 3.31 1.40 1.80 NO
LPG 0.41 0.31 0.67 0.66 0.61 0.39 0.25 0.23
1A2c- Chemicals
Residual Fuel Oil 2.38 2.31 2.27 NO NO NO NO NO
1A2e- Food processing, beverages and tobacco (Fishnpeadiuction)
Gas/Diesel Oil NO NO NO NO 2.16 NO NO NO
Residual Fuel Oil 41.03 48.54 36.37 5.37 9.61 8.41 0.88 1.22
Waste Oll NO NO NO NO 1.36 1.59 0.70 0.37
Biodiesel NO NO NO NO NO NO NO NO
1A2e- Food processing, beverages and tobacco (Other)
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1990

1995 2000 2005 2010

2015 2019 2020

Gas/Diesel Oil NO NO NO NO 2.71 3.75 3.26 3.37
Residual Fuel Oil NO NO NO NO 1.71 0.33 NO NO
Gas/Diesel Oil NO NO 6.0E3 0.019 5.0E3 NO NO NO
Residual Fuel oil 0.06 NO NO NO NO NO NO NO
Petroleum Coke NO NO NO 8.13 NO NO NO NO
Waste Oll NO 4.99 6.04 1.82 NO NO NO NO
Other Bituminous Coal 18.60 8.65 13.26 9.91 3.65 NO NO NO
Gas/Diesel Oil NO 0.15 0.17 0.16 0.074 0.11 0.13 0.13
Residual Fuel Oil 0.59 NO NO NO NO NO NO NO
Petroleum Coke NO NO NO NO NO NO NO NO
Gas/Diesel Oil 4.96 0.76 7.64 9.19 NO 2.92 NO 2.13
Residual Fuel oil 7.91 0.16 1.0E5 19.64 0.30 0.0 NO NO
LPG NO NO 0.19 0.27 0.44 0.32 0.94 0.57
Other bituminous coal NO NO NO NO NO NO NO NO

3.3.2.2 Emission factors

Emission factors foall pollutantsare Tier 1 EF from chapter 1.A.2 of the 2019 EMEP/EEA Guidebook.
However, it is assumed that the PAH emission factors given in the Tdldbdild be in pug/GJ rather
than mg/GJ (after comparison with Tabl83, Volume 1.A.4).

Table3.5 Emission factors fgrollutantsfrom stationary combustion in manuf. industry.

Reference Exception

SQ emissions calculated based o
0.2 % suflur content
1.8 % sulfur content
0.5 % sulfur content

SQ emissions calculated based o
0.1 % sulfur content

SQ and dioxins:
Included in 2A1 in IPPU chapter

Gas/Diesel Ol
asibieset & Tier 1 EF foliquid fuels fromTable 34 from chapter

1.A.2 of the2019 EMEP/EEA Guidebook

Residual fuel oil
Waste Oil

Tier 1 EF fogaseous fuels froriable 33 from chapter
1.A.2 of the2019 EMEP/EEA Guidebook

Tier 1 EF fosolid fuels fronilable 32 from chapter
1.A.2 of the2019 EMEP/EEA Guidebook

LPG

Other Bituminous Coal

Petroleum coke

Due to the lack oémission factors given in the 2019 Guidebook the following pollutants are not
estimated:

1 Allliquid fuels and LPG: §HCB, HCB
1 Other bituminous coal: NH

3.3.2.3 Recalculations and improvements
Two reasons are for recalculations for stationeoynbustion in 1A2

i1 Petroleum coke used for mineral wool production in 1A2f was removed from the energy
sector. It is accounted for inn the IPPU sector and was therefore double counted for previous
submissions. This affected all pollutants reported forykars 2013019.

1 LPG use in 1A2gviii other industries was redistributed by the NEA for2Z20B7 which
caused recalculations for all pollutants.
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1 SQ emissions from cement production from residual fuel oil for 19904 is now reported
under NFR 2A1. Thsbecause S@missions in 2A1 are based on measurements from the
factory, which includes emissions for fuels.

3.3.2.4 Planned improvements
There are no planned improvements.

3.3.3 Commercial / Institutional, Residential and Agricultural Stationary Fuel Combustion
(NFR 1Ad4ai, 1A4bi and 1A4ci)

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 occurs in areas far
from public heat plants. Two waste incineratiplants used waste to produce heat. One of them

used the heat for heating a swimming pool and a school building (Skaftarhreppur, closed down in
December 2012), and the other one used the heat for heating a swimming pool (Svinafell, closed
down in 2010). Gomercial/Institutional fuel combustion also includes the heating of swimming

pools with gas oil, but only a few swimming pools in the country are heated with oil.

3.3.3.1 Activity data

Activity data for fuel use is provided by the NEA, which collects data osdigsl by sector. EA
adjusts the data provided by the NEA as further explained in ch&meActivity data for waste
incineration are collected by the EA direcihctivity data forstationaryfuel combustion and waste
incineration inlA4sector are given iffable3.6

Table3.6 Fuel we[kt] from stationary combustion from subsectorsNiFRLA4

1990 1995
1A4ai- Commercial/lnstitutional
Gas/Diesel Oil 1.80 1.60 1.60 1.00 0.30 0.30 0.65 0.53
LPG 0.78 0.83 0.46 0.50 0.17 0.37 0.59 0.41
Wasteg fossil NO 0.14 0.19 0.19 0.15 NO NO NO
Waste¢ Biogenic NO 0.31 0.39 0.39 0.20 NO NO NO
1A4bi- Residential
Gas/Diesel Oil 8.82 6.94 6.03 3.24 1.34 0.99 0.30 0.66
Biodiesel NO NO NO NO NO NO NO NO
LPG NO NO 0.72 0.93 1.42 0.93 1.14 1.10
1A4ci- Agriculture
LPG NO NO NO NO NO 4.0E3 6.0E3 8.0E3

3.3.3.2 Emissiorfactors

Emission factors (EFs) for stationary combustiontaken fromthe chapter 1A4 Small Combustion in
2019 EMEP/EEA Guidebook except EFs for dioxin from stationary combustion D&y taken
from Utslipp til luft av dioxiner i Norggtatistics Norway, 20029hichis 0.06 udt fuel for LPG
(Liquified Petroleum Gas)

Emissions from waste incineration with recovery, where the energy is used for swimming
pools/school buildings are reported here. The IEF for dioxin in the sector shows fluctuations over the
time series. From 199% 2012 (as stated above one plant was closed down in 2010 and the other
one in 2012) waste was incinerated to produce heat at two locations (swimming pools, school
building). The IEF for dioxin for waste is considerably higher than for liquid fuel.
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Table3.7 Emission factors for 1A4ai, 1A4ci & 1A4bi

1A4ai & 1A4ci
Gas/Diesel Oil Tier 1 EF fdiquid fuels fromTable 39 from chapter  SQ emissions calculated based o
1.A4 of the 2019 EMEP/EEA Guidebook 0.2 % suflur content
SQ emissions calculated based o
LPG Tier 1 EF fogaseous fuels frorffable 38 from chapter 0.1 % sulfur content
1.A4 of the 2019 EMEP/EEA Guidebook Dioxin emissions fror{Statistics
Norway, 2002)
Tier2 EF formunicipal waste incineration froffiable . .
Waste 3-2 from chapter5.C.1.a0f the 2019 EMEP/EEA NFt, Se &pY esltlmated with T1 &
. from Table 31 in same chapter
Guidebook
1A4bi
Gas/Diesel Oil Tier 1 EF fdiquid fuels fromTable 35 frqm chapter  SQ emissions calculated based o
1.A4 of the 2019 EMEP/EEA Guidebook 0.2 % suflur content
SQ emissions calculated based o
LPG Tier 1 EF fogaseous fuels froriiable 34 from chapter 0.1 % sulfur content
1.A4 of the 2019 EMEP/EEA Guidebook Dioxin emissions fror{Stistics
Norway, 2002)

3.3.3.3 Recalculationand improvements

1A4ai Commercial/lnstitutionalRecalculations in 1A4ai are due to a change in the NEA data on fuel
allocation between sectors in 1A4. Gas/Diesel oil was increased between submissi@¥bin the
year 2019 and LPG was increased 333%, 556% and 517% in the yead28 P Iréspectively. This
affects all reported pollutants in this subsector.

1A4bi Residential StationarRecalculations in 1A4bi occurred in the years 2PQY9 due to
reallocation of fuels by the NEA. This caused gas/diesel oil to become reduced in 2019 and LPG
reduced in 20172019.This affects all reported pollutants in this subsector.

3.3.3.4 Planned improvements
There are no planned improvements.

3.3.4 Other, Stationary(NFR 1A5a)

Forthe 2020submission sector 1Aasreported for the first time for the timeseries 202018 as

part of the review of the energy input dat&or the 2021 submission a review for the timeseries

19902002 was performed-or previous submissions these emissiaese reported underNFR

category 1A2gvii but after a review of the sales statistics no justification was found for that

attribution. TReNB F2 NB > | £t FdzSta OFiS3I2NAT SR Fa ahidKSNE
type of useare nowallocated to CRF category 1A5. For future submissions the EA will work with the
NEA to try to investigate where these fuels were used so they eatthbuted to the correct

categories.

The emissions from this sector are calculated by multiplying energy use with a pollutant specific
emission factofrom the 2019 EMEP/EEA guidebook.

3.3.4.1 Activity data

Activity data is provided by the NEA, which colle@tadn fuel sales by sectdill fuels categorized
asa h (i KrSshlds statistics without any explanation of which sector it is used in, was allocated to
NFR category 1A5.
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Table3.8 Fuel usgkt] from sector A5 Other

1990 1995 2000 2005 2010 2015 2019 2020
Gas/Diesel Oll NO 0.458 1.386 8.928 2.728 NO 0.393 0.084
Residual Fuel Oll 0.039 0.052 0.067 NO 1.629 NO 0.075 NO
Other Kerosene NO NO NO 0.151 0.047 0.029 0.064 0.030
LPG NO NO NO NO NO 0.032 NO NO
Biodiesel NO NO NO NO NO NO 0.022 0.044
Biomethane NO NO NO NO NO NO 0.091 0.111
Biogasoline NO NO NO NO NO NO NO 1.0E3

3.3.4.2 Emission factors
All emission factors are the same as for 1A2 which are presenfeabie3.5.

3.3.4.3 Recalculations and improvements
Recalculations in 1A5 are twofold:

91 Firstly, recalculations are due to a correction in the applied NCV fagdsioline. In previous
submissions the wrong NCV was applied to bio gasoline which caused an overestimation of
emissions.

1 Secondly, bio methane has now been allocated to the ye&a 20 the current submission of
activity data from the NEA. This had been reported as NO in the previous submission.

These recalculations affect emissions for all pollutants for the years-2012 and 201€019.

3.3.4.4 Planned improvements
For future submissias the EA will work with the NEA to try to investigate where these fuels are used
so they can be attributed to correct categories.

3.4Transport and other mobile sources (CRF 1A2, 1A3 and 1A4)

3.4.1 Mobile machinery (NFR 1A2gvii, 1A3eii and 1A4cii)

This section includes all nenad mobile machinery sources that are included under CRF 1A2, 1A3
and 1A4. What is in included in each subsector can be seBabie3.9

Table3.9 Information on subsectors reported as Mobile Machinery

CRF IPCC name Included

code

1A2qvi  Off-road vehicles and other IE (1992018, included in 12eii Off-road vehicles ad other
machineryin Construction machinery), Construction from 2019

1A3eii Off-road vehicles and other All off-road machinery for 1992018 (including fronconstruction
machinery andagriculture/forestry subsectorsOther machinery after 2019

1A4cii Agriculture/forestry/fishing: Off IE (19962018, included in 12eii Off-road vehicles and other
road vehicles and other machinery machinery) Mobile machinery used in agricultufeom 2019

For previous submissions all other-offad mobile machinery wagported under 1A2gvii and is now
reported under 1A3eii. What is now reported undri 1A2gvii was previously reported as 1A2gv. These
changes between sectors can be seeifiable3.10 This was changed according to a review comment
from the UNFCCC expert review team.
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Table3.10 Changes in allocation of fuels l-Rcategories from this submission

2021 submissior 2022submission

1A2gvg Construction - 1A2gviic Mobile machinery in Construction
1A2gvii¢ Mobile Machinery - 1A3eii¢ Other mobile machinery

3.4.1.1 Activity data

1A3ell: Other Off-road vehicles and machinerActivity data and information available from the NEA
for 19902018 do not allow the distinction between fuels sold to machinery in construction,
agriculture or other uses, but provides data on fuel sold from fuel delivery trucks (as opposed to fuel
sold d petrol stations). However, improvements were made in the data gathering by the NEA and it
waspossible to distinguish between affad vehicles in agriculture and construction from the
inventory yeas 2019andonwards.

For this submission, categoty3ei Other offroad vehicles and machineincludes all emissions

derived from fuels sold to offoad machinery for 199Q018, including/lobile machinery in

Construction (1A2gvii)Agriculture/Forestry/Fishing: Offoad vehicles and other machinery

(1LA4cii)as well as transport activities not reported under road transport such as ground activities in

airports and harbours (LA3eiJategories1A2gviiand 1A4cti NB Y I N]J SR & aL9¢ Ay
for 19902018 and are all included under 3dii. Fa 2019and onwardsMobile machinery in

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

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

as ground activitie in airports and harbourare still reported under 13eii.

Activity data for fuel combustion are givenTiable3.11.

Table3.11 Fuel usgkt], mobile combustion ithe construction industry (1A2gv), Agriculture (1A4cii) and other
(1A2gvii).

1990 1995 2000 2005 2010 2015 2019 2020
Gas/Diesel Oil IE IE IE IE IE IE 7.1 3.7
Biodiesel IE IE IE IE IE IE NO NO
Gas/Diesel Oll 38.0 46.7 61.9 67.8 32.2 33.1 12.3 6.4
Other kerosene NO NO NO 0.022 1.17 0.16 0.029 0.33
Biodiesel NO NO NO NO NO NO NO NO
Gas/Diesel Oil IE IE IE IE IE IE 54 7.6
Biodiesel IE IE IE IE IE IE 0.028 NO
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3.4.1.2 Emission factors

oYArAaaArzy Tl OU2NBR F2NJ RAZEAY& FTNRY (KA&a &aSOG2NJI |

(Statistics Norway, 2002Jhey are 0.1 pg/t fueBQ emissions are calculated from thec8ntent of
the fuels.All other emision factors are from TableBfrom the chapter 1A4 non road mobile
machinery in the 2019 EMEP/EEA Guidebook.

Table3.12 Emission factor information for nemmad mobile machinery (NFR 1A2gvii, 1A3eii, 1A4cii)

Reference Exception
SQ emissions calculated based o
0.2 % sulfur content
Dioxin emissions fror{Statistics
Norway, 2002)

Tier 1 EF foliquid fuels fromTable 31 from chapter
Gas/Diesel Oil 1.A.4 Non road mobile machinesfthe 2019
EMEP/EEA Guidebook

Same EFs as for gas/diesel oil as kerosene is most
used for similar engines as diesel engines
Same EFs as for gas/diesel oil as biodiesel is usec
diesel engines

Kerosene

Biodiesel

3.4.1.3 Recalclations and improvements

As can be seen ifable3.10 allocations of fuels to NFR categories were changed. This did not cause

recalculations for total emissions, only where those emissins are reported.

Recalculabns are reported here as if the categories had been the same for last submission as they

are now.
1A2gvii Mobile machinery in constructioflA2gv in last submission):

Gasl/diesel oil allocation for this category changed for 2019, it was 10.3 kt for theutamsission but

deacresed to 7.1 kt (31%). This was due to an error in our fuel allocation file, which has now been

corrected. This caused a 31% descrease in emissions for all pollutants reported for this sector.
1A3eii Other mobile machinery (1A2gvii last submission):

Gasl/diesel oil was reallocated by the NEA for two years, 2014 and 201Ba(sle8.13). These

reallocations caused a change in emission fopalutants by the same proportion as the change in

fuel.

Table3.13 Reallocations of fuels in 1A3eii

2014 2019

2021 submission [kt fuel] 40.5 7.12

2022 submission [kt fuel] 33.5 12.3

Difference (%) -17 % +73%

Reallocation Reallocated to 1A3b Road transpro  Reallocated from 1A4cii Agriculture

3.4.1.4 Planned improvements

For future submissions it is planned to extrapolate data regarding the distribution of fuel between

the three categories 1A2gvii, 1A3eii at@l4cii for 199e2018.
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3.4.2 Civil aviation (NFR 1A3a)

Emissions from aviation are divided into four groups: International Landing andOfaleT O)

(1A3ai(i)), Domestic LTO (1A3aii(i), International cruise (1A3ai(ii) and Domestic cruise (1A3aii(ii)). As
defirlSR o0& 9dzaNRPO2Yy iNRBf d&[¢hé AyOftdzRSa GFEA 2dziz
F LILINBF OK O0FNRBY | KSAIKG 2F onnn Fliod0X fFyRAYS
3000 ft. up to the cruise level, cruise, and descent dtava height of 3000 ft. Emissions occurring

during LTO of both domestic and international flights are included in national totals, whereas
SYAaaArzya 200dz2NNAYy3I RdAdz2NAYy3a GKS ONMzA &S LI NG 27
not counted in tke national totals.

Emissions for the yeassnce2005are taken directly from the Eurocontrol dataset for Iceland, which
differentiates between Domestic, International, LTO and Cruise emissions. The pollutants reported
from the Eurocontrol dataset includ¢Q,, SQ, CO, NMVOC, TR\ andPM.s.

For the years 1992004, emissions were estimated based on fuel type (jet kerosene vs. aviation
gasoline), and fuel use attributed to either LTO or Cruise using a ratio calculated from the
Eurocontrol dataset (seleelow), with sales data allowing the distinction between international and
domestic use.

Because of different methodologies being used for the two time periods, there are big changes in
emissions of some pollutants between 2004 and 2005.

3.4.2.1 Activity data

Activity data is provided by the NEA, which collects data on fuel sales by sector. This data
distinguishes between national and international usage. In Iceland, there is one main airport for
international flights, Keflavik Airport. Under normal circumstaradesost 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 from Reykjavik airport. Domestic flights sometimes
depart from Keflaw airport in case of special weather conditions. Qil products sold to Keflavik
airport are reported as international usage. The deviations between national and international usage
are believed to level out. Activity data stems from different data sourepedding on the year:

1 19902004: Use of jet kerosene and aviation gasoline is based on the NEA's annual sales
statistics for fossil fuels.

1 since 2005Fuel activity data is included in the Eurocontrol dataset. However, the dataset
only includes total amant of fuel burnt (in kt), without differentiating between jet kerosene
and aviation gasoline. Since these two types of fuel have slightly different NCV's (44.3 TJ/kt
for aviation gasoline, 44.1 TJ/kt for jet kerosene), in order to obtain total fuel gctlaia in
TJ, the NEA’'s annual sales statistics were used as an approximation of the ratio of aviation
gasoline to jet kerosene to calculate a weightigerage NCV, which was used to convert the
total burnt fuel reported by Eurocontrol into TJ.

Activity data for fuel sales for domestic and international aviation are giv@rabie3.14. Note that
these are the sales statistics provided by the NEA, and do not incluagematfon from Eurocontrol.
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Table3.14 Fuel salegkt], international anddomestic aviation.

1A3ai International Aviation

Jet Kerosene 69.4 74.6 129.2 133.2 1195 213.7 303.3 82.9
Aviation gasoline 0.20 0.18 0.022 0.40 0.010 9.0E3 NO NO
1A3aii Domestic aviation

Jet Kerosene 1.7 1.1 1.1 0.87 0.65 0.50 0.37 0.20
Aviation gasoline 8.9 8.4 7.9 7.4 6.1 6.0 8.4 4.0

3.4.2.2 Emission factors
19902004 Total emissions (LTO + Cruise) were calculated using following emissions factors:

1 Emission factors for dioxin were taken from the Standardized Toolkit for Identification and
Quantification oDioxin and Furan Releas@g$NEP,2003) Y R FNB Y & ! G at A LI G A€
RA 2 EA Y S KStatistick MoNEyS2002)

1 PAH4 emissions were not estimated as no emission factors are included in the 2019
BEMEP/EEA Guidebook, nor are those emissions estimated by Eurocontrol.

1 SQ,NQ, CO and NMVOC emissions were calculated using a tier 1 emission factor from table
3-3in the 2019 EMEP/EEA guidebook.

1 No emission factors are reported for particulate mattethie 2019 EMEP/EEA guidebook
and therefore these emissions are NE for this time period.

1 In order to allocate emissions to LTO and Cruise, respectively, a distribution factor was
calculated using the 2005 Eurocontrol data for fuel use, and this factor vpdieépo the
19902004 fuel sales statistics from the NEA. Emissions were then calculated from that fuel
for LTO and cruise.

20052020: Emissions were taken from the Eurocontrol dataset without further calculations, with the
exception of dioxin and BCrfarhich estimates were not provided in that dataset. Dioxin was
therefore calculated in the same way as for the period 12004. BC was estimated for 202620

using the fraction 15% of TSP, which is presented in the 2019 EMEP/EEA guidebook.

3.4.2.3 Recalculatiosand improvements
No recalculations were done for these sectors

3.4.2.4 Panned improvements
Planned improvements are to enhance this category to tier 2 in future submissions.

3.4.3 Road transport (NFR 1A3b)
Emissions from the road transport category is split into seghcategories:

1 1A3bi Cars

1A3bii Light duty trucks

1A3biii Heavy duty trucks and buses
1A3biv Motorcycles

1A3bv Gasoline evaporation

1A3bvi Automobile tyre and break wear
1A3bvii Automobile Road abrasion

= =4 -4 8 -8
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3.4.3.1 Methodology

The transport model COPERD.5(developed by Emisia SA) was used to produce emission estimates
for all pollutants for the whole timeseries. The following text is taken from the COPERT website
regarding the applied methodology

G¢KS /htowe¢ YSGK2R2f 238 Aantemlsshdiinventory GudSbosk40 t kK 9 9 !

GKS OFfOdzA FdA2y 2F FANI LRttdziltyd SYA&aaArzyaoé

Results from COPERT model was adjusted to calculate the eniésigrPMy, TSP and BC within
automobile road abrasion because of studded tyre use.

3.4.3.2 Activity data
Country specific data was used where it was available. That data is:

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

91 Vehicle stock numbers for 2022020 were obtained from the Icelandic Transport Authority.

1 Measurements collectedybthe EA for energy content, density and sulphur content were used where
available. Calculations of s€missions in COPERT are based on country specific sulphur content in fuels,
where it is assumed that all sulphur is converted te. &duntry specific sasurements are only available
from 2006, so for previous years the maximum allowed sulphur content according to European regulations
was used as an approximation.

i Total fuel sales were obtained from sales statistics collected by the NEA for the whdalettiese

1 Measurements of carbon content (%C/%H/%0) in gasoline and diesel oil used in road transport were done
from fuel samples from 2019. These values were applied960-2019 New measurements were done
for 2020.

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

Total fuels sales were obtained from sales statistics collected by the NEA for the whole timeseries

In Table3.15the total use of diesel oil, gasoline and biofuels can be seen. They are based on the
NEA's annual sales statistics for fuels in road transport.

Table3.15 Fuel usgkt], road transport.

1990 1995 2000 2005 2010 2015 2019 2020

Gasoline 67.1 117.6 142.6 156.7 148.2 132.5 118.7 91.6
Gasoline, leaded 60.7 18.0 NO NO NO NO NO NO

Diesel oil 36.6 36.9 47.5 83.5 106.4 126.4 180.9 167.9
Biomethane NO NO 6.0E3 0.039 0.595 2.18 1.49 1.44
Biodiesel NO NO NO NO NO 11.9 14.9 13.0
Biogasoline/Bioethanoll NO NO NO NO NO 1.93 6.24 11.0
Hydrogen NO NO NO 9.0E6 2.2E3 NO 8.7E4 4.2E4

Dataset about usage of studded tyres (Rivk.s, PMio, TSP and BC emissions within automobile road
abrasion) was obtained from the city of Reykjavik (for 2B009) and the city of Akureyri (for 1990
2019).

5 https://www.emisia.com/utilities/copert/
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3.4.3.3 Emission factors
All emission factors in COPER@ based on the Tier 3 methodology in the 2019 EMEP/EEA
Guidebook which are presented in chapter 3.4 in the guidebook.

Emission factors for automobile road abrasion due to studded tyres are based on a Swedish research
on studded tyre wear from pavemefGustafsson, et al., 2009 mission factors for studded tyres of
passenger cars and light duty trucks and 50 times higher than fosnmded tyres folPMo.

The same particle size fraction factors and BC fraction factoexloms 2019 EMEP/EEA Guidebook
are used for both studded and nestudded tyres.

The use of studded tyres of passenger cars and light duty trucks is 25% based on following
information and assumptions:

1 Studded tyres are banned from April 15th to October 3%sth year. During this period the
usage is assumed to be zero.

1 The usage during other times is based on studded tyres counting in two municipalities, one in
the capital area and one in Akureyri, in the north.

i Since 1990 the population living in thapital area has been 62% on average. The other 38%
are living outside the capital region. There, the studded tyre usage is assumed to be the same
as in Akureyri.

Studded tyre usage of heavy duty trucks, buses and motorcycles is very low and considered to
zero in this estimation.

3.4.3.4 Recalculation@nd improvements

The most extensive recalculation in road transport between the 2021 submission and 2022
submission is due to a reallocation of diesel oil in road transport in 2014. Review by the NEA of
allocationof diesel between sulsectors of mobile combustion revealed outliers which the NEA
corrected for this submission. Diesel oil utilized in mobile machinery waloeated to road
transport for 2014 which caused an increase of 295 TJ (+2,8%) for the selotde. This increased
the emissions of all pollutants calculated based on energy consumption.

Calculations of TJ of biomass were altered substantially due to an error found in the NCV for
biodiesel in previous submissions. NCV has now been corrected ahgned with the IPCC default
value. This decreased the energy use of biomassq#41TJ over the timeline. This effects all
pollutants reported for biodiesel, more in the most recent years due to increased use of biofuels.

Other subsector specific realculations are as follows:

Emissions of all PMs have decreased over the whole timeseries after the
emission factor in COPERT was updated with version 5.5.1. The decrease was in the range of 1.8
14.9 %.

Emissions of Nthave decreased over the whole timeseries
after the emission factor in COPERT was updated with version 5.5.1. The decrease was in the range of
69 ¢ 85 % for that subsector.

Emissions of BC hairereased between submissions for 1990
2001. This was because there was an error in the calculation file and these years the emissions were
not multiplied by 9.26 (multiplication factor for studded tyres), which they should have been.
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3.4.3.5 Planned improvements
Fa future submissions it is planned, in collaboration with the Icelandic Transport Authority, to

develop procedures to obtain enhanced data on vehicle stock and mileage data for COPERT.

3.4.4 National navigation (NFR 1A3dii)

Emissions are calculated by multiplyienergy use with a pollutant specific emission factor.

3.4.4.1 Activity data
Total use of residual fuel pdas/diesel oibnd biodiesefor national navigation is based on the NEA's

annual sales statistics for fossil fuels. Activity data for fuel combust®gigen inTable3.16.

Table3.16 Fuel usgkt], national navigation.
1990 1995 2000 2005 2010 2015 2019 2020

Residual fuel oil 3.94 4.76 0.54 0.88 2.61 0.44 4.82 NO
Gas/Diesel ol 6.40 7.04 3.43 6.20 8.46 7.89 11.88 7.83
Biodiesel NO NO NO NO NO NO 0.0010 NO

3.4.4.2 Emission factors
Emission factors for all pollutants are T1 emission factors fron2@1® EMEP/EEA Guidebook on

navigation (Shipping This chapter was updated in december 2021 andralircour calculation fils
have been updated accordinglymission factorgseferencesare presented imable3.17.

Table3.17 Emission factors for national navigation emissions.

. Reference  Excepton

Tier 1 EF fobunker fuel oil froniTable 31 from
Residual fuel oil chapter1.A3.d Navigationof the 2019 EMEP/EEA
Guidebook
Tier 1 EF fomarine diesel oil fronTable 32 from . _
Gas/Diesel Oil chapterl.A3.dNavigationof the 2019 EMEP/EEA  '11S @ssumed that TSP = gM
. PM s
Guidebook
L Same EFs as for gas/diesel oil as biodiesel is usec
Biodiesel . .
diesel engines

3.4.4.3 Recalculations and improvements
There are two main reasons for recalculations in this sector:

i1 The NEA reallocated fuel between domestic navigation, international navigation and fishing fet9%90
Some of the fuel that was previously attributed to domestic navigation is now attributed to international
navigation and fishing. This causese redakions for all reported pollutants for this sector for 192094.
As can be seen ifable3.18the fuel deacresed by 4567 %.
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Table3.18 Reallocation of fuels in Domestic navigation causing recalculations of all pollutants

... ole ole ole 004

2021 submission

Gas/Diesel Oil [kt] 11.7 10.0 10.7 12.4 14.1
Residual fuel oil [ki] 7.2 7.3 7.1 6.8 4.2
2022 submission

Gas/Diesel Oil [kt] 6.4 3.3 4.3 6.3 6.2
Residual fuel oil [ki] 3.9 4.0 3.9 3.7 2.3
Difference

Gas/Diesel Oil [%] -46% -67% -59% -49% -56%
Residual fuel oil [%] -45% -45% -45% -45% -45%

i The 2019 EMEP/EEA guidebook was updat&kcember 202With new emission factors for domestic
navigation. This caused recalculation offNCO, NMVOC, 0’ SP, PM, PMs, As, Cu and Se for the
whole timeseries.

3.4.4.4 Panned improvements
There are no planned improvements.

3.4.5 International navigation (memo item NFR 1A3di(i))

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 and national navigation
based vihether the vessel is sailing to an Icelandic or a fpréiarbor (regardless of flagjuel used

for international navigation can be seenTiable3.19.

Table3.19 Fuel usgkt], internationalnavigation.

1990 1995 2000 2005 2010 2015 2019 2020
Residual fuel oil 0.25 NO 2.00 0.44 0.080 13.2 19.3 NO
Gas/Diesel oil 8.53 1.05 15.0 0.12 NO 33.6 45.2 24.3

The emission factors used to estimate emissions from international navigation are the same as those
used for national navigation and can be found able3.17.

3.4.6 FHshing NFR 1A4ia)

Emissions from the fishing sector in Iceland are significant as the fishing industry is one of the main
industries and fish products are one of the main export products in Iceland.

3.4.6.1 Activity data

Total use of residual fuel oil amyghs/diesel oil for the commercial fishing is based on the NEA's
annual sales statistics for fossil fuels and includes both national and international fisbfivity
data for fuel combustion in the fishing sector are giveffidile3.20.

Table3.20 Fuel usgkt], fishing sector.

1990 1995 2000 2005 2010 2015 2019 2020
Gas/Diesel ol 35.6 57.2 22.3 32.6 69.9 52.4 25.8 NO
Residual fuel oil ~ 202.6 231.8 256.9 199.9 158.3 142.5 136.6 158.7
Biodiesel NO NO NO NO NO 0.094 0.034 0.075
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3.4.6.2 Emission factors
Emission factors for all pollutants afee same as for domestic navigation, and can be sedmalie
3.17.

3.4.6.3 Recalculations and improvements
Recalculations in the fishing sector were for the same reasofts @®@mestic navigationThere are
two main reasons for recalculations in this sector:

1 The NEA reallocated fuel between domestic navigation, international navigation and fishing fet9%80
Some of the fuel that was previously attributed to domesticigation is now attributed to international
navigation and fishing. This causese recalculations for all reported pollutants for this sector fekARR0
As can be seen ifable3.21 the fuel used in the fishing sector increased byd =83 % for the years 1990
1993, and there was a very minor decrease in residual fuel oil use in 1994.

Table3.21 Reallocation of fuels in fi;ng causing recalculations of all pollutants

.l. ole ole ole 004

2021 submission

Gas/Diesel Oil [kt] 199.9 174.2 196.8 218.0 212.7
Residual fuel oil [kt] 32.6 49.6 53.0 50.9 51.8
2022 submission

Gas/Diesel Oil [kt] 202.6 178.8 200.8 221.3 217.6
Residual fuel oil [kt] 35.6 52.9 55.6 53.2 51.6
Difference

Gas/Diesel Oil [%] 1.3% 2.7% 2.0% 1.5% 2.3%
Residual fuel oil [%] 9.3% 6.6% 5.1% 4.5% -0.2%

i The 2019 EMEP/EEA guidebook was updated in December 2021 with new emission fadtmmrsefiic
navigation. This caused recalculation of\NCO, NMVOC, 'SP, PM, PM:s, As, Cu and Se for the
whole timeseries.

3.5Fugitive Emissions (NFR 1B2)

In Iceland, fugitive emissions occur only from two sources: Distribution of oil products (1B2av) and
Geothermal energy production (1B2d).

3.5.1 Distribution of oil products NFR 1B2av)

NMVOC emissions from distribution of oil products are estimated by muitgptiie total imported
fuel with an emission factor.

3.5.1.1 Activity data
The calculations are based on yearly fuel import data provided by Statistics Iceland.

3.5.1.2 Emission factors
The emission factor is taken from Table 4.2.4 2006 IPCC Guidelines Tanker TruelisGardsRand
is 0.00025 Gg per 10006° total oil transported.

3.5.1.3 Recalculations and improvements
No recalculations were performed for this sector.

3.5.1.4 Planned improvements
No improvements are planned for this sector.
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3.5.2 Geothermal energyNFR 1B2d)

Iceland relies heavily on geothermal energy for space heating and to a significant extent for
electricity production (27% of the total electricity production in 2016). Geothermal energy is

generally considered to have a relatively low environmental imgattissions o£Q are commonly
considered to be among the negative environmental effects of geothermal power production, even
though they have been shown to be considerably less extensive than from fossil fuel power plants, or
19 times les¢Baldvinsson, 2011Yery small amounts of methane, but considerable quantities of
sulphur in the form of hydrogen supplied.&) are emitted from geothermal power plants. Th&H

values are stoichiometrically converted & and reported asuch.

3.5.2.1 Activity data and emissions

The HS concentration in the geothermal steam is site and tspecific and can vary greatly between
areas and the wells within an area as well as by the time of extraction. The total emissions estimate
of HS is based odirect measurements. The enthalpy and flow of each well are measured and the
H:S concentration of the steam fraction determined at the wellhead pressure. The steam fraction of
the fluid and its KIS concentration at the wellhead pressure and the geotheptait inlet pressure

are calculated for each well. Information about the period each well discharged in each year is then
used to calculate the annuab$ discharge from each well and finally the totgh b determined by
adding up the kB discharge fronmdividual wells.

The CarbFix project, located at the Hellisheidi Power Plant, has been pion€&iogpture and
reinjection on site into the basaltic subsurface, and has proven rapid and complete reaction to
calcium carbonate precipitatgdatter, et al., 2018)A sister project, SulFix, consists of separating
H.Sfrom the steam and also reinjecting the gas into the subsurface and mineralizing on contact with
the basalt host rocknjection ofH.Sstarted in 2014at Hellisheidi. This project has had a significant
impact on sulphur emissions from geothermal power production at Hellisheidi.

Table3.22 shows the &ctricity production with geothermal energy and the total Sulphur emissions
(calculated a$Q).

Table3.22 Electricity production and emissions from geothermal energy in Iceland.

1990 1995 2000 2005 2010 2015 2019 2020
Electricity productiofGWH 283 288 1,323 1,655 4,465 5,003 6,018 5,961
Sulphur emissiongkt SQJ 13.3 11.0 26.0 30.3 58.7 42.4 41.9 39.3

3.5.2.2 Recalculationgnd improvements
No recalculations were done for this sector.

3.5.2.3 Pannedimprovements
For future submissions the plan is to differentiate between emissions linked to electricity production
and those linked to district heating.
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4 Industrial Processes and Product Use (IPPU) (NFR sector 2)

4.10verview

As a result of the expansion of the industrial sector, the contribution of this sector to the total
emissions has been increasing since 1990. By far the main contributor to the emissions from this
sector is metal production (aluminium, ferrosilicon allagd silicon metal in recent years). The
emission trends of the various pollutants closely match the opening and closing of various facilities.

While most of the air pollutant emissions from the industrial processes sector can be traced back to
the metal poduction industry, exceptions include NMVOC, which mostly originate from solvents and
product use NH; which comes from the mineral wool industry, and most heavy metals that are
emitted during the use of fireworks and tobacco (2G Other solvent and pracagt

The Industrial Processes and Product Use (IPPU) sector is divided into the following subsectors:

Mineral Industry (NFR 2A)
Chemical Industry (NFR 2B)
Metal Production (NFR 2C)
Solvent and Product Use (NFR 2D)
Other solvent and product use (NFR 2G)
Other industry production (NRF 2H)

1 Food & Beverages Industry (NFR 2H2)
Table3.1 shows which subsectores in IPPU are key categories for which air pollutants. A key category
is one that is prioritised within the national inventory system because it is significantly important for
oneoranumbdld 2 F | ANJ LRftdzillyGda Ay | O2dzyGiNBQ&a yIGA2Y]
absolute level, the trend, or the uncertainty in emissigBEA, 2019 Categories whose cumulative
percentage contribution is greater th&0% should be identified as key.

E R N

Table4.1 Key categories for air pollutants within IPPU.

SQ, NG, NH;, NMVOC, PM, BC and CO

1990 2020
2A5 Quarrying and mining of minerals other than cc PMo, TSP PMy, TSP PMo, TSP
2A5b Construction and demolition PM.s, PMyo, TSP PMZ'.IS_’STDMO’ PM.s, PMio, TSP
2C2 Ferroalloys production SQ, PMes, PMio NQI‘D'\Z M, NG, PMzs, BC
10
NQ, SQ, PMs,
- . NG, SQ, PMes,
2C3 Aluminium production PMs, CO PMo, TSPBC, PMyo. TSPBC, CO
CO
2D3a Domestic solvent use including fungicides NMVOC NMVOC NMVOC
2D3d Coating applications NMVOC NMVOC NMVOC
2H2 Food and beverages industry NMVOC NMVOC

Persistent Organic Pollutants (POPSs)

1990
2C2 Ferroalloys production PAH4 PAH4
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2C3 Aluminium production PAH4, HCB PAH4, HCB
Heavy Metals (HMs)
1990
2C2 Ferroalloys production Cd As Cd, As, Zn
2G Other product use (Fireworks, tobacco) Pb Ph Cc;r(]:r, Cu, Pb, C,(\j“ Afn;r cu,

4.2General methodology

Methodology is generally based on the most recent EMEP/EEA air pollutant emission inventory
Guidebook EEA, 2019)n most cases, emissions are calculated by multiplying the quantity of
production or product use with pollutargpecific emissions factors. Emissions factors are also taken
from the Standardized Toolkit for Identification and Quantification of Releases of Dioxins, Furans and
Other Unintentional PORENEP, 2013Utslipp til luft av dioxiner | Norg&tatistics Norway, 2002)

the 2006 IPCC Guidelines for Greenhouse Gas Inven{tRie€, 200&)s well as planspecific

emission factas derived from direct measurements at the plants. Activity data is collected from data
reported under the EU ETS (as per Directive 2003/87/EC of the European Parliament and of the
Council), Statistics Iceland, Green Accounting or directly from the operddetailed, activity

specific methodology for emission estimates is described for each subsector. Work is underway to
harmonisethis reporting with data reported under theBRTR Regulation (Regulation (EC) No
166/2006).

4.3Mineral Industry (NFR 2A)

4.3.1 Cement production FR 2A1)

The single cement plant in Iceland produced cement from shell sand and rhyolite in a rotary kiln

using a wet process. The raw material calcium carbonate, which came from shell sand, was calcinated
in the production process. Thiesulting calcium oxide was heated to form clinker and then crushed

to form cement.

The production at the cement plant in Iceland slowly decreased after 2000. The construction of the
Kéarahnjukar hydropower plant (building time from 2002 to 2007) along initreased activity in the
construction sector (from 2003 to 2007) increased demand for cement, and the production at the
cement plant increased again between 2004 and 2007, although most of the cement used in the
country was imported. In 2011, clinkergatuction at the plant was 69% less than in 2007, due to the
collapse of the construction sector. Late 2011 the plant ceased operation.

4.3.1.1 Activity data
Process specific data on cement production, clinker production and amounts of coal were collected
by the EA directly from the cement production plant.

4.3.1.2 Emission factors

Emission factor for dioxin is taken from the Toolkit for Identification and Quantification of Dioxin and
Furan Releasd$JNEP, 2013)he factor applies for &t kilns, with ESP/FF temperature < 200°C and

is 0.05 ug-TEQ/t cement. The HCB emission factor is based on the chapter Sources of HCB emissions
from the Emission Inventory GuidebokEA, 2007 Emission factors for TSBYhoand PMy s are
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based on measurements and the BC emission factor (3#gd) is based on the 2019 EMEP/EEA
Guidebook. Emission estimates for.%@ based on measurements from the plant but include both
processrelated and combustiomelated emissions, anthe total SQ emissions are reported under
2A1 Cement production. EmissianfsPAHNQ,, CO and NMVOC originate mainly from combustion
and are reported under 1A2f (Stationary combustion in manufacturing industries and construction:
non-metallic minerals)processrelated emissions for those pollutants are not applicable. All
emission factors used are summarized in the table below.

Table4.2 Emission factors for cement production

Dioxin HCB TSP PMio PM:s BC

Mg/t I-TEQ] >3k  [kg/kt] [kg/kt] [kg/kt] % of PMs

Cement production 0.05%0 11 220 200 100 3.0%

4.3.1.3 Recalculations and improvements
No recalculations were made to cement production (2A1) for this submission.

4.3.1.4 Planned improvements
Noimprovements are currently planned for this subsector.

4.3.2 Lime production (NFR 2A2)

This activity does not occur in Iceland.

4.3.3 Glass production (NFR 2A3)

This activity does not occur in Iceland.

4.3.4 Quarrying and mining of minerals other than coal (NFR 2A5a)

4.3.4.1 Activity data

The activity data was retrieved from Statistics Iceland who provided a timeseries fror2Q004bf
aggregates with no further distinction of size, used by the Icelandic Road and Coastal Administration
for road construction and by the main wer company who uses material from quarries to build

dams for hydropower plants. Currently no data is available prior to 2004, so the data from 2004 has
been used for the years 199D03. Datasince2018 is also not available, therefore the value from
2017is used.

4.3.4.2 Emission factors

The methodology follows Tier 1 of the 2019 EMEP/EEA Guidebook and the applied emission factors
are taken from Table 3.1. Only particulate matter emissions, that isPPand PM, s arise from

this category.

4.3.4.3 Recalculations animprovements
No recalculations were made for this submission.

4.3.4.4 Planned improvements
For future submissions it is planned to improve the inventory by moving from tier 1 to tier 2 within
this subsection.
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4.3.5 Construction and demolition (NFR 2A5b)

4.3.5.1 Activity data

To retrieve activity data, the building stock per construction year, subdivided by the type of houses
(terraced, detached, sentietached, apartment buildings, nenesidential buildingsjs obtained from
Registers Iceland for the time sesi®ata about road¢onstruction is retrieved from the Icelandic
Road and Coastal Administration for the yesireee2003and for the remaining time series is
estimated as average 20@911.

4.3.5.2 Emission factors

The methodology follows Tier 1 of the 2019 EMEP/EEA Guidebook. Default values from the
Guidebook are used for the duration of construction (houses 0.5, apartment buildings 0.75, non
residential 0.83 and roads 1.00 years), for the control efficiency (houspsartment buildings, non
residential 0.5, roads 0.5), silt content is assumed to be 20% and the Thornthwaite Precipitation
Evaporation Index was calculated with precipitation and temperature data recorded at a weather
station in Reykjavik. Only pantilate matter emissions, that is T3 and PM s arise from this
category.

The implementation of a Tier 3 method it is not possible to source any of the required data. US EPA
provides methodologies with A®2 that require very detailed local data. TA@19 EMEP/EEA
Guidebook states that collection of such data is likely to be possible only for individual large point
sources. This data is not available for any construction and demolition sites in Iceland.

4.3.5.3 Recalculations and improvements

The ThornthwaitéPrecipitationevaporation Index was recalculated for the whole timeseries. It is
now based on monthly averages instead of yearly averages. This influences the particulate matter
emissions since soil moisture has a strong influence on soil dust sensithvityhanged in the PE
Index as well as the recalculations of TSPyRRd PM scan be seen ifable4.3.

Table4.3: Recalculations within 2A5b, Construction and demolition, due to changes in the calculations of the
Thornthwaite Precipitatiorevaporation Index.

2A5b, Construction and demolition 1995 2000 2005 2010 2015 2018 2019
2021 submission, PE index 126 96 121 107 79 159 158 122

2022 submission, PE index 66 52 63 57 42 85 79 64

2021 submission T3K] 2.05 2.64 2.23 1.65 3.26 0.52 0.73 1.00
2022 submission T3K] 3.91 4.86 4.28 3.11 6.18 0.96 1.46 1.92
Changeelative to 2021 submission TSP 91% 85% 92% 88% 90% 86% 101% 92%
2021 submission PM[kt] 0.61 0.79 0.67 0.49 0.97 0.15 0.22 0.30
2022 submission PM[kt] 1.17 1.45 1.28 0.93 1.85 0.29 0.44 0.58
Change relative to 202dubmission P 91% 85% 92% 88% 90% 86% 101% 92%
2021 submission P [kt] 0.061 0.079 0.067 0.049 0.097 0.015 0.022 0.030
2022 submission PM [kt] 0.117 0.145 0.128 0.093 0.185 0.029 0.044 0.058
Change relative to 202dubmission PMs 91% 85% 92% 88% 90% 86% 101% 92%
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4.3.5.4 Planned improvements
No improvements are currently planned for this subsector.

4.3.6 Storage, Handling and Transport of mineral products (NFR 2A5c)

This activity is currently not estimated. It is plannedrtdude this within the mineral production
chapter.

4.3.7 Mineral wool production (NFR 2A6)

There is one mineral wool production plant in operation in Iceland. Although it is an activity falling
under Annex | of Directive 2003/87/E (ETS Directive), it is extlooie the EU ETS scheme following
the conditions described in Article 27 of the ETS Directive. The operator submits annual emission
reports for GHGs to the EA, using the same template as the companies reporting within the EU ETS
scheme.

4.3.7.1 Activity data
Activity data for the mineral wool plant originates from the annual emission reports mentioned
above, as well as annual Green Accounting reports.

4.3.7.2 Emission factors

Emissions of dioxins are calculated from the amount (weight) of electrodes used in the production
process. The emission factor is taken from Utslipp til luft av dioxiner i NBtgéstics Norway,

2002) PAH emissions are not applicable. Emissio®pdire calculated using the S content of the
electrodes used. Emissidactors of CONH and TSP were calculated based on measurements at the
factory. In the case dfis and TSP, measurements were available every second year from 2009. For
those years the actual measurements were used to derive aggeeific emission factoFor the

years in between, the average of the emission factor of the previous year and of the following year
was used. For all years prior to 2009, the average of available measurements was used. Since 2018
yearly total emissions fddH; are communicatedrom company directlyPMi and PM; s were

calculated from TSP using the TSHPWio vs.PMsratios given in table 3.5 in chapter 2.An%he
EMEP/EEA Guidebo@kEA, 2019BC was calculated using the ratid®bt s given in the EMEP/EEA
Guidebook EEA, 2019NO, and NMVOC emissions originate from combustion and are reported
under sector 1AR Table4.4 shows the emission factors used for mineral wool production.

Table4.4 Emission factors for mineral wool producti@ andr'SP: Values are EF averages for 28%200.NHs:
Values are EF averages for 19411 7).

NH CO TSP PMo PM:s BC Dioxin

[Uki]  [Uk] [tUki] % of TSP %of TSP % of PMs  [ug/t I-TEQA]

Mineral woolproduction 2.65 1.64 2.44 88% 78% 2.0% 1.6

4.3.7.3 Recalculationsnd improvements

On site factory CO measurements from the year 2000 were previously used to calculate an implied
emission factor for CO (2.66 kg/t). On site factory CO measurements fropedn@009 are now

used for the year 2009 and onwards (5 mgMinror the period 2002009 a linear interpolation was
made between the two emission factorBable4.5 shows the effect of the change.
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Table4.5: Recalculations within 2A6, Mineral wool production, due to updated measurements of CO from the
factory.

2A6, Mineral wool production 2018 2019
2022 submission HRg/t] 266 244 177 154 092 060 052 050
CO emission 2021 submission [EJO 21.9 20.8 22.6 24.7 12.6 29.0 25.1 26.6
CO emission 2022 submission [0 21.9 19.0 16.1 15.3 4.8 4.9 5.2 5.3

Change relative to 2024ubmission CO 0% -84% -29% -38% -62% -83% -79% -80%

4.3.7.4 Planned improvements
No improvements are currently planned for this subsector.

4.4Chemical Industry (NFR 2B)

4.4.1 Ammonia production (NFR 2B1)

Ammonia was produced amongst other fertilizers duringpkeeod 19962001. The associated

emissions are marked as Included Elsewhere under 2B1 Ammonia Production and are included in the
emissions reported under 2B10a other: Fertilizer Production. The emission estimation methodology
associated with ammonia prodtion is also described there.

4.4.2 Nitric acid production (NFR 2B2)

This activity does not occur in Iceland.

4.4.3 Adipic acid production (NFR 2B3)

This activity does not occur in Iceland.

4.4.4 Carbide production (NFR 2B5)

This activity does not occur in Iceland.

4.4.5 Titanium dioxide production (NFR 2B6)
This activity does not occur in Iceland.

4.4.6 Soda ash production (NFR 2B7)

This activity does not occur in Iceland. Emissions from the use of soda ash in the silica (diatomite)
industry (NFR 2B10a; reported until 2004) ezported under that NFR code.

4.4.7 Chemical industry: Other (NFR 2B10a)

The only chemical industry that existed in Iceland was the production of fertilizer and

silica/diatomite. The fertilizer production plant ceased its operations in 2001 and the diatomite
production plant was closed down in 2004. This industry is not considered to be a source of POPs nor
heavy metals.

Thefertilizer production plant was operational untilere was an explosion at the siit@ 2001. In the
early days of the factory, only onepiy of fertilizer was produced (a nitrogen fertilizer), whereas at
the end of its production phase it was producing over 20 different types of fertilig€dsaand CH
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emissions are considered insignificant, as the fertilizer plant usgudduced onsite by electrolysis.
MethodologyNQ and N>O emissions were reported directly by the factory to the EA.

4.4.7.1 Activity data

When the fertilizer production plant was operational it reported its emissiond@fandN,O to the
EA. At the diatomite production plantlisa containing sludge was burned to remove organic
material. Emissions &Q andNQO, were estimated on the basis of thed@ntent and Ncontent of
the sludge provided by the operator. Activity data for both industries are present&dbie4.6.

Table4.6 Production data for 1990, 1995 and 2000 for fertilizer and silica produjiipn

1990 1995 2000
Fertilizer production [kt] 63.7 58.5 41.5 Facility closed in 2001
Diatomite production [k] 26.1 28.1 27.6 Facility closed in 2004

4.4.7.2 Emission factors

For diatomite production, emissions 6Q andNQ, were estimated based on the¢ntent and N
content of the sludge provided by the operator. Aver&@. implied EF for the period 1992004
was 15.6 NQY/kt Si production. Other emissions from soda ash use were not estimated and are
considered to be smél

For the fertilizer production, the average implied EFN@X for the period 1992001 was 0.296 t
NOYkt fertilizer production. As there is no data readily available about the types of fertilizers
produced at the time, no other pollutants wesestimated for this industry.

4.4.7.3 Recalculations and improvements
No recalculations were made for this submission.

4.4.7.4 Planned improvements
No improvements are currently planned for this subsector.

4.5Metal Production (NFR 2C)

4.5.1 Iron and steel production (NFR 2C1)

From2014 to 2016 a secondary steelmaking facility was operating. It produced steel from scrap iron
and steel from the aluminium smelters. Carbonates and slags were added to the smelting process,
which occurred in an electric arc furnace.

45.1.1 Activity data
Activitydata used to estimate emissions from secondary steel production are total steel production,
which is obtained from yearly Green Accounting reports submitted by the facility to the EA.

45.1.2 Emission factors

All emissions are calculated using Tien@ission factors for electric arc furnaces (Table 3.15 in
chapter 2.C.Trom the 2019 EMEP/EEA GuidebdBEA, 2019)with the exception of HCB for which
there is no Tier 2 estimate. In this case we used the Tier 1 emissiton, fvhich is unrelated to
technology.

4.5.1.3 Recalculationsnd improvements
No recalculations were made for this submission.
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4.5.1.4 Planned improvements
No improvements are currently planned for this subsector.

4.5.2 Ferroalloys production (NFR 2C2)

Two factories producéerroalloys in IcelandOne company has been producing FeSi75 since 1979

FYR FY20KSNJ 2yS &aidl NISR LINE R dzO i tigdyompahy washy P p:"z  LIdzN
operating between 2012017 producing silicon metal but has stopped production in 28bih

active operators are under the EU Emission Trading Scheme (as per Directive 2003/87/EC).

In both factories, raw ore, carbon material and slag forming materials are mixed and heated to high
temperatures for reduction and smelting. For the productiorireBi75 electric (submerged) arc
furnaces with consumable Soderberg electrodes are used. The furnaces areosengd. Theother
factoryis using submerged arc furnaces usingipaked graphite electrodes.

Waste gases are cleaned via dry absorption ubistiouse filters). When the temperature inside

the units gets too high, emergency bypass of the-bagse filters is induced. The operating permit

for the ferrosilicon plant contains provisions on the maximal duration of such incidences (in percent
over the year).

45.2.1 Activity data

The consumption of reducing agents and electrodes are collected by the EA directly frptarttse
and providedby the plants through annual emission reports submitted within the E® Aflivity
data for raw materials and productse given infable4.7.

Table4.7 Raw materials usgkt] and productiorkt], ferrosilicon and silicoproduction.

1990 1995 2000 2005 2010 2015 2019 2020

Electrodes 3.83 3.88 5.73 6.00 4.79 4.86 4.59 4.82
Coking coal 45.1 52.4 73.2 86.9 96.1 115 142 129
Coke oven coke 24.9 30.1 46.6 42.6 30.3 30.9 21.2 23.5
Charcoal NA NA NA 2.08 NA NA 341 1.67
Wood 16.7 7.7 16.2 15.6 11.3 27.2 78.1 59.9
Limestone NA NA 0.47 1.62 0.50 2.19 1.83 0.95
Production (FeSi, S 63 71 109 111 102 118 119 116
Microsilica 14.0 15.9 22.7 25.8 18.1 22.2 20.8 20.3
Slag NA NA NA NA NA NA NA NA

4.5.2.2 Emission factors

FeSproduction:

In 2011, emissions of dioxin and PAH4 (BaP, BaF, BkF, IPy) were measured at the ferrosilicon plant.
These measurements were used to obtain plant specific emission factors per tonne of production
that were used for the whole time series. Emissiactors for CONO,and NMVOC were taken from
Table 8.18 of thdest Available Techniques Refere8REJFdocument for the norferrous metals
industries(Cusano, et al., 2017In the case where a range was given, tlighest value of the range

was chosen. The emission factors are presentethinie4.9. Sulphur emissions were calculated from
Scontent of the reducing agents for thene period 19962002 and were taken directly from Green
Accounting reports submitted yearly by the factory since 2003.
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Emissions of particulates for the period 198011 are calculated by adding up the emissions from
filtered exhaust and the amount ofypticulates that are released during emergency bypass of the
exhaust. Emission factor for filtered exhaust is taken from Table 8.12 of the BREF document for Best
Available Techniques for the ndarrous metals industrie€Cusino, et al., 2017)it is 5 mg/Mn®. This

factor is then multiplied with the plant specific yearly amount of exhaust id)NTo calculate the

bypass emissions, first the total Microsilica, fine (collected and sold e.g. to cement producers) and
coarse(cyclone dust) are added up and divided by the hours per year (8760 hrs.) to get Microsilica
production rate per hour. This is known for all years since 2005. The production rate is then
multiplied with the bypass time per furnace and the ratio of theifpe&duction per furnace of the

total FeSi production each year. The bypass rate is known since 2002 and taken from Green
Accounts, submitted in accordance with Regulation No 851/2002. The bypass rate for previous years
was calculated as the average of ears 2002 to 2006. Microsilica (fine and coarse) production rate
and production per furnace were extrapolated for the years 1990 to 2001 based on total produced
FeSi at the plant each year. Since 2012, TSP are obtained from the yearly Green Accquorting re
submitted to EAEmission factor of PMand PMsrelative to TSP are Tier 1 default values from the
2019 EMEP/EEA Guidebd®&®EA, 2019 he emission factor for BC is taken froivasestad, 2013h
accordance witlthe Norwegian lIRNorwegian Environment Agency, 2016)

Several heavy metals (As, Cd, Cr, Cu, Hg, Pb and Zn) were measured in silicon dust in therferrosilico
plant in 2014. These measurements were used in combination with the emitted TSP to calculate
heavy metals emissions since 1990. Hg was found to be below detection (i.e. <9 mg/kg silicon dust)
in all samples. The heavy metal contents in silica dustfarens inTable4.8.

Table4.8 Heavy metal contents in silica dust in 2Qd¥y metal / kg dudt
As Cd Cr Cu Hg Pb Zn

[mg/kg] [mg/kg] [mg/kg]  [mg/kg]l  [mg/kg]  [mg/kg]  [mg/kg]

Content in silicon dust 11.8 0.46 8.8 10.8 <9 8.7 25.2

Si production:

Emission factors for Particulate Mattare Ter 3 plant specifiand for BGire Tier 1 default values as
published in the 2019 EMEP/EEA Guidebook N®&mission factor is taken from the BREF
document on norferrous mineralgfCusano, et al., 201L.73Q emissionsas well as emission of the
heaw metals Pb, Cd, Cu and ahe reported by the operator to the EA in the annual Green
Accounting report. Emissions from the other pollutants are not estimated due to lack of available
information in the EMEP/EEA Guidebooks and in the BREF document ated ab

All emission factors used for calculating emissions from FeSi and Si production are preséatad in
4.9.
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Table4.9 2020 emission factors from FeSi and Si production.

Informative hventory Report, Icelang022

e ot lan gt o Fiks
FeSi 11 0.045 2.5 6.0E4 85% of TSP  60% of TSP
Si 13 NA NA 291 2.91 kgt 2.91 kgt
BC Dioxin B(a)P B(b)F B(k)F IPy
% of PM2.5  [ug/t FeSi] [mg/t FeSi] [mg/t FeSi] [mg/t FeSi] [mg/t FeSi]
FeSi 0.23% 0.114 2.79 102 29.7 9.39
Si 10% NA NA NA NA NA

4.5.2.3 Recalculationsnd improvements

Emission factor for PMand PMfor FeSi production were both 95% of TSP. It was changed into

85% and 60% of TSP, according to 2019 EMEP/EEA Guidebook (Table 3.1, chapter 2C2). Also, data
about particulate matter emission from the Si production is;BBut was regarded as TSP.

Furthernore, the PMoand TSP emissions are now estimated as the same asdebbrding to

information from the factory instead of using the ratios from the EMEP/EEA 2019 Guidebook.
Recalculations were made for RMPM.s and BC, se€able4.10.

Table4.10 Recalculation of PM, PMesand BC for 2C2, Ferroalloys production.

2C2, Ferroalloygroduction 1990 1995 2000 2005

2021 submission PM[kt] 95 108 158 143 121 259 86 74
2022 submission PM[kt] 85 97 141 128 108 232 78 69
Change relative to 2021 submission 8M -11%  -11%  -11% -11%  -11%  -11% -9% -7%
2021 submission P [kt] 95 108 158 143 121 259 85 71
2022 submission P [kt] 60 68 100 90 76 163 57 52
Change relative to 2021 submission M B7% 3% -37%  -37T%  -37% -37% -33% -26%
2021 submission BC [ki] 0.22 0.25 0.36 0.33 0.28 0.60 0.47 0.86
2022 submission BC [kt] 0.14 0.16 0.23 0.21 0.18 0.38 0.59 1.28
Change relative to 2021 submission BC B7%  -37%  -37%  -37%  -37%  -37% 25%  49%

4.5.2.4 Planned improvements
Work is underway to harmonise thigporting with the EPRTR reports.

4.5.3 Primary aluminiumproduction (NFR 2C3)

Aluminiumis currentlyproduced at three primary aluminium plants in Iceland. Best Available
Technology (BAT) is used at all plants, i.e. closed prebake systems with point feedimgiod,
efficient process control, hoods covering the entire pot and efficient collection of air pollutants.

Primary aluminium production results in emissions of dioxins, PNB4,CO, particulate matter and
SQ. Emissions originate from the consumptiohelectrodes during the electrolysis process.

4.5.3.1 Activity data
The EA collects annual process specific data from the three operators through EU ETS and Green
Accounting reports. The total production of the three aluminium plants is givéalite4.11.
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Table4.11 Primaryaluminium productiorkt].
1990 1995 2000 2005 2010 2015 2018 2019

Primary Al productiofkt] 88 100 226 272 819 857 834 831

4.5.3.2 Emissiorfactors

In 2011emissions of dioxin were measured at one of the aluminium plants. The same plant also
measured PAH4 in 2002 and in 2011, and the average emission factors from these two
measurements were calculated. The measurements were used to obtain plant specifimemiss
factors per tonne of production that were used for the whole time series. Of the total pot gases
98.5% are collected and cleaned via dry adsorption unit. Thus, 1.5% of the pot gases leak unfiltered
to the atmosphere. Both dioxin and PAH4 are below diébm limit in the cleaned gas. Emission

factors are derived from the concentration of dioxin and PAH4 in the raw gas. They are prasented
Table4.12and used for all three factories.

NO.and CCare Tier 2 ERaken from Table 3.2 ahe 2019 EMEP/EEA Guidebd&EA, 2019)

Particulate matter was calculated from information on particulates per tonne of produced aluminium
that the aluminium plants report in their Green Accounting reports submitted to the EA. Ratios of
TSPPMo:PM: s as well as the BC emission factor were also taken from the 2019 EMEP/EEA
Guidebook. Emissions 83 are estimated from $ontent of alumina anelectrodes for the time

prior to reporting ofSQ emission in the Green Accounts (262313, depending on the company),

and fromSQ emission calculations reported in the Green accounts in the later years. All emission
factors are presented iflable4.12.

Table4.12 Emission factors, primary aluminium production.

Dioxin PAH4 B(a)P B(b)F B(k)F =
[Hg/t Al] [/t Al  %of PAH4 9% ofPAH4 % of PAH4 % of PAH4

Emission factors 0.0329 0.0189 13% 61% 18% 8.0%

co NO, PMuo PMps BC
[kg/t Al] [kg/t Al] %of TSP %of TSP % of PMs

Emission factors 120 1.0 83% 67% 2.3%

4.5.3.3 Recalculationsand improvements

Activity data(production amount) for the year 2019 was updated for one of the plant due to error in
the calculation files. Primary aluminium production in 2019 is now 834.4 kt instead of 835.7 kt. This
recalculation leads to change in emissions within primary alumimitoduction from particulate

matter, NQ, SQ, CO, PAH4 and dioxin for the year 2019, Baigle4.13.

Table4.13 Recalculéions for 2019 for Primary aluminium production

2C3, Primary aluminium TSP  PMyp PMs BC NO, SQ CO PAH4 PCDD/F
production [t] [t] [t] [t] [t] [ki] [ki] [kdl [md]
2021 submission 468 390 312 7.17 836 1049 100.3 15.8 275
2022 submission 467 389 311 716 834 1046 100.1 1538 27.4

Change relative to 2021 submissio -0.21% -0.21% -0.21% -0.21% -0.16% -0.31% -0.16% -0.16% -0.16%
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4.5.3.4 Plannedimprovements
Work is underway to harmonise this reporting with thd®RTR reports.

4.5.4 Secondary aluminiunproduction (NFR 2C3)

Secondary aluminium production started in 2004. In 2012, a second facility opened. At the end of
2014 the facilities merged and only one production area is active now. The plant recycles aluminium
skimmings and scrap aluminium from tywdmary aluminium plants by melting scrap metal in

batches in a rotary kiln. The-meelt process is carried out under a layer of salt and the resulting salt
slag traps part of the contaminants. The scrap aluminium is not treated with organic materiassuch
paints, lacquers, oils, and greases prior to recycling and comes directly from the primary aluminium
plants.

4.5.4.1 Activity data
All activity data, consisting of produced secondary aluminium, is obtained in Green Accounting
reports submitted yearly to theA; seeTable4.14.

Table4.14 Secondary aluminium productidkit].

1990 1995 2000 2005 2010 2015 2019 2020

Secondary Al productiafit] NO NO NO 2.25 2.04 2.20 2.16 2.20

4.5.4.2 Emission factors

Emissions of dioxin, HCB and PM are estimated. The dglied emission factois based on four
on-site measurements at the factory in different years. The average of these four measurements
(0.45pg/t aluminium) is in accordance with the emissions fadram the Standardized Toolkit for
Identification and Quantification of Dioximd Furan Releas€sINEP, 2013pr production where

high efficiency controls are in plad@% pg/t aluminium)The plant only recycles scrap metal from
primary aluminium plants and no coated aluminium, so organic com@sin the input material is
minimum. Also, no chlorine is added in the process and furtheffwedyburners are used. The TSP,
PMo, PMsand BC emission factors are taken from frable 3.4 in th&EMEP/EEA Guidebo@kEA,
2019)

The emission factor for HCB was chosen as a value in the lower rangd@h@ft) given in Table-5

9 and Figure 88 of BiPRQ006) As the recycled scrap materiabisectly coming from the primary
aluminium smelters, contamination with organic substances in form of paintings or lacquers is
expected to be insignificant and subsequently emissions of organochloride are expected to be low as
well. A comparison across Mfic Countries shows that the used emissions factors are 1.365 mg/t in
Finland, 1.7 mg/t in Norway and 20 mg/t in Denmark (from the IIR of the respective countries).

Table4.15 Emission factors, secondary aliniom production.

Dioxin HCB TSP PMio PM:s BC

[Hg/t Al] [mglt Al] [kg/t] [kg/t] [kg/t] % of PMs

Emission factors 0.45 5.0 2.0 1.4 0.55 2.3%

4.5.4.3 Recalculationsnd improvements
The dioxin emission factor is now based on measuremensstenThe average of four
measurements from 2014, 2016, 2017 and 2018 is used to give the implied emission factor of 0.45
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pg/t aluminium Before a value of 0.5@0g/t aluminiumwas usedfom the Sandardized Toolkit for
Identification and Quantification of Dioxin and Furan Rele@dédEP, 2013) The recalculation was
made for the factory that started in 2012 and not for the factory that closed in 2014. Summidueg of
recalculations for the subsector 2C3 can be se€rainie4.16.

Table4.16 Recalculations within 2C3, Secondalyminiumproduction.

2C3, Secondary aluminium production 2012 2013 2014 2015 2016 2017 2018 2019
2021 submission dioxin [mg] 062 146 121 110 105 146 156 1.08
2022 submission dioxin [mg] 0.61 1.36 1.13 1.02 0.94 1.31 1.40 0.97
Change relative to 2021 submission -1.9% -6.8% -6.4% -7.6% -10.4% -10.4% -10.4% -10.4%

4.5.4.4 Planned improvements
No improvements are currently planned for this subsector.

4.6Solvent and Product Use (NFR 2D)

Activities related to 2D Solvent and product use mostly generate NMVOC. 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 andéloolds is an important source of

NMVOC evaporation. Emissions of other pollutants than NMVOC were only estimated from road
paving with asphalt (2D3tDioxin, PM and BC), and other solvent use (Creos@B8i- PAH). The
categoriesCoating Degreasingand Other NMVOC emissions from printing and other product use

have in common that their activity data consists of data about imported goods. This data was

received from Statistics Iceland.

Emission factors for 2D3a, Domestic solvent use are Tier 2b frerd19 EMEP/EEA Guidebook
(Table 3.5). All othermaission factors for subcategories of 2D3 are presentekhinle4.17.
References and more details about individuali€sion factors are included in the respective under
chapters.

Table4.17 Emission factors for sector 2D3.

NMVOC TSP PMo PM s =]®

[g/unit] [g/unit] [g/unit] [g/unit]  [% of PM]

2D3b Roagbaving with asphalt t asphalt 16 20 4.3 5.7 5.7%

2D3d Coating applications kg paint 230 - - - -
. kg cleaning

2D3e Degreasing product 460 - - - -
. kg textile

2D3f Dry cleaning treated 19.5 - - - -

2D3g Chemlcal productpaint kgproduct 11 i i i )

manufacturing

2D3h Printing kg ink 500 - - - -

2D3i Creosotes kg creosote 105 - - - -

2D3i Orggnlc solveriorne kg preservative 945 i i i )

preservatives

Dioxin BaP BbF BKkF

w>43 [mg/uni  [mg/un [mg/un by

[mg/unit ]

TEQ/unit] 1] it it]

105



b Informative hventory Report, Iceland022

2D3a Domestic solvent use head - -
2D3b Road paving with asphal t asphalt 0.000 -
2D3d Coating applications kg paint - -
2D3e Degreasing kg cleaning product - -
2D3f Dry cleaning kg textile treated - -
2D3g Chemlcal productpaint kg product i )
manufacturing
2D3h Printing kg ink - -
2D3i Creosotes kg creosote - 1.05 0.53 0.53 0.53
2D3i Organic solvettiorne .

- kg preservative - -
preservatives

4.6.1 Domestic solvent uséncluding fungicidesNFR 2D3a)

Domestic solvent use is calculated using a default per capita value, as per Tier 1, Table 3.1 Chapter
2.D.3.a of the GuidebodlEEA, 2019)

4.6.1.1 Activity data
Activity data consists of the Icelandiogulation and is given by Statistics Iceland.

4.6.1.2 Emission factors
The emission factor for NMVOC for western Europe was used, or 1.8 kg NMVOC/capita from Table
3.1, Chapter 2.D.3@&EA, 2019)

Hgis not estimated due to uncertaty around the releases according to the 2019 EMEP/EEA
Guidebook EEA, 2019 he Hg emissions may be accounted for elsewhere in the inventory since
emissions of Hg could arise from the use of fluorescent tubes.

4.6.1.3 Recalculationsnd improvements

Recalculation of NMVOC within the 2D3a subsefttothis submission is due to a tier change.
NMVOC emissions are now calculated based on tier 2b methodology instead of tier 1 (according to
the 2019 EMEP/EEA Guidebd&kiropean Environment Agency, 2019able4.18 shows the

emission change due to these recalculations.

Table4.18 Recalculationsf emission withirekD3a (Domestic solvent use Including Fungicidesyeen 202
and 202 subnissions

Domestic Solvent use Including Fungicic 1990 1995 2000 2005 2010 2015 2018 2019

2021 submission NMVOC [t] 461 482 510 540 573 599 643 655
2022 submission NMVOC [t] 625 657 687 723 782 810 858 879
Change relative to 2021 submission 36% 36% 35% 34% 36% 35% 34% 34%

4.6.1.4 Planned improvements
No improvements are currently planned for this subsector.

4.6.2 Road paving with asphalt (NFR 2D3b)

Asphalt road surfaces are composed of compacted aggregate and asphalt binder. Gases are emitted
from the asphalt plant itself, the road surfacing operations, and subsequently from the road surface.
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4.6.2.1 Activity data
Information on the amount of asphalt proded comes from Statistics Iceland until 2011, and directly
from the companies producing asphalt since 2012.

4.6.2.2 Emission factors

The emission factor for NMVOC is taken from Table 3.1 in Chapter 2.D.3.b, Tier 1, in the EMEP/EEA
Guidebook EEA, 2019Emissions factors for TSP are based on measurements from the second
largest asphalt production plant. BBV, s and PMo emission factors are then calculated by using the
same ratio to TSP as given in Table 3.1, chapter 2.D.3.b in the Guid&aa®ok2019Emissions of

dioxin are based on emission factor 0.Q@y TEQ/from the TwlKkit for Identification and

Quantification of Releases of Dioxins, Furans and Other Unintentional(BAE®, 2013Emissions

of SQ, NQ, and CO are expected to originate mainly from combustion and are therefore not
estimated here but accounted for under sector 1A2gvii

4.6.2.3 Recalculations and improvements
No recalculations were made for this submission.

4.6.2.4 Planned improvements
No improvements are currently planned for this subsector.

4.6.3 Coating applications (NFR 2D3d)

Theemissions in this category stem from paint applications. Only NMVOC emissions are estimated;
emissions from other pollutants are either considered minimal or-egistent.

4.6.3.1 Activity data

The EMEP/EEA Guidebd®EA, 2019rovides emission factors based on amounts of paint applied.
Data exists on imported paint since 1990 (Statistics Iceland) and on domestic production of paint
since 1998 from the Icelandic Recycling Fund annual répatandic Recyclirfgund, 2019)r via

direct communication. 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 produced
domestically. Therefore, the domestigapfroduced paint amount of 1998, which happens to be the
highest of the time period for which data exists, is used for the period from-1990.

4.6.3.2 Emission factors

The Tier 1 emission factor from the EMEP/EEA Guidefitiek, 2019efers to all paints applied, e.g.
waterborne, powder, high solid and solvent based paints. The existing data on produced and
imported paints, however, makes it possible to narrow activity data down to conventional solvent
based paints. Therefore, Tigremission factors for conventional solvent based paints could be
applied. The activity data does not allow for a distinction between decorative coating application for
construction of buildings and domestic use of paints. Their NMVOC emission facteevenpare
identical: 230 g/kg paint appliett is assumed that all paint imported and produced domestically is
applied domestically during the same year. Therefore, the total amount of solvent based paint is
multiplied with the emission factor.

4.6.3.3 Recalculéions and improvements
No recalculations were made for this submission.

4.6.3.4 Planned improvements
No improvements are currently planned for this subsector.
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4.6.4 Degreasing (NFR 2D3e)

Degreasing only generates NMVOC emissions. Emissions are estimated by Tier dn lzasednts
of cleaning products used.

4.6.4.1 Activity data

There is data on the amount of cleaning products imported provided by Statistics Iceland. Of the
chemicals listed by the EMEP/EEA Guidebook, activity data is available for: methylene chloride (MC),
tetrachloroethylene (PER), trichloroethylene (TRI) and xylenes (XYL). In Iceland, though, PER is mainly
used for dry cleaning (expert judgement). In order to estimate emissions from degreasing more
correctly without underestimating them, half of the imported®R®&as allocated to degreasing.

Emissions from dry cleaning are estimated without using data on solvents used (see below). The use
of PER in dry cleaning, though, is implicitly contained in the methddeland, xylenes are mainly

used in paint productioifexpert judgement). Furthermore, only half of the imported xylenes were
allocated todegreasing. Emissions from paint production are estimated without using data on
solvents used but xylene use is implicitly contained in the method.

In addition to the stvents mentioned above, 1,1-ftichloroethylene (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.

4.6.4.2 Emission factors
The amount of importd solvents for degreasing was multiplied with the NMVOC Tier 1 emission
factor from EMEP/EEA Guidebd®EA, 2019pr degreasing: 460 g/kg cleaning product.

4.6.4.3 Recalculations and improvements
No recalculations were made for trésbmission.

4.6.4.4 Planned improvements
No improvements are currently planned for this subsector.

4.6.5 Dry cleaning (NFR 2D3f)

Dry cleaning only generates NMVVOC emissions. Emissions related to dry cleaning were estimated by
Tier 2, based on the default amounttektile cleaned per capita.

4.6.5.1 Activity data

Emissions from dry cleaning were calculated using the Tier 2 emission factor for conventional closed
circuit PER machines with abatement efficiency provided by the EMEP/EEA Gui@lebaoR019)

Activity data for calculation of NMVOC emissions is the amount of textile treated annually, which is
assumed to be 0.3 kg/head, default value fr@gEA, 2019nd calculated using demographic data.

4.6.5.2 Emissiorfactors

The unabated NMVOC emission factor is 177 g/kg textile treated. Since all dry cleaning machines
used in Iceland are conventional closeiccuit PER machines, the emission factor was reduced using
the respective EMEP/EEA Guidebook reduction defeallte of—; 5 4 541 A @ PThe abated

emission factor is therefore

00 P p - t0o P p TP wtp X X p & XFTEC
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4.6.5.3 Recalculations and improvements

Recalculation of NMVOC within the 2D3f subsefitothis submission wasothe since the population
number was updated to ensure consistency within the inventory. Since NMVOC emissions are
calculated based on population data, there were recalculations for the whole timeline within the
subsector.Table4.19 shows the recalculations.

Table4.19 Recalculationsf emission withirRD3f (Dry cleaning)etween 202 and 202 submissions

Dry cleaning 1990 1995 2000 2005 2010 2015 2018 2019
2021 submission NMVOC [kg] 1495 1565 1655 1752 1860 1942 2085 2127
2022 submission NMVOC [kg] 1482 1559 1630 1715 1855 1922 2035 2085
Change relative to 2021 submission -08% -04% -15% -21% -03% -1.0% -24% -2.0%

4.6.5.4 Planned improvements
No improvements are currently planned for this subsector.

4.6.6 Chemical products (NFR 2D3g)

The only activity identified for the subcategory chemical products, manufacture and processing is
manufacture of paints. NMVC&nissions from the manufacture of paints were calculated using Tier
2 of the GuidebookEEA, 2019)

4.6.6.1 Activity data
The activity data consists of the amount of paint produced domestically as discussed above in
chapter 4.7.2oating Applications.

4.6.6.2 Emission factor
NMVOC emissions from the manufacture of paints were calculated using the 2019 EMEP/EEA
Guidebook EEA, 20190ier 2 emission factor of 11 g/kg product.

4.6.6.3 Recalculations and improvements
No recalculations were made for this submission.

4.6.6.4 Planned improvements
No improvements are currently planned for this subsector.

4.6.7 Printing (NFR 2D3h)

4.6.7.1 Activity data
Import data on inkvas received from Statistics Iceland.

4.6.7.2 Emission factors
NMVOC emissions for printing were calculated using the 2019 EMEP/EEA GuiggbapR019)
Tier 1 emission factor of 500 g/kg ink used.

4.6.7.3 Recalculations and improvements
No recalculations were made for this submission.

4.6.7.4 Planned improvements
No improvements are currently planned for this subsector.
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4.6.8 Other product use (NFR 2D3i)

Wood is preserved to protect it against fungal and insect attack and also against weathering. There

are three main types of preservative: creosote, organic sobkehta SR 62 Fi Sy NBFSNNBR
organicsolvend A SR LINBaASNWI 6ABSaQ o6[ h{to0v FyR &6l G§SNJ 062
distillation. Creosote contains a high proportion of muatic compounds such as polycyclic aromatic
hydrocarbons (PAHS). In Iceland, creosotes were used from 1990 to 2010, and have been banned

since 2011. Other wood preservation substances used in Iceland are organic-balkmant

preservatives.

4.6.8.1 Activity data

Activity data consists of annual import of creosotes and organic sehame preservatives, and the
assumption that all these products are applied during the year of import. Import data on both wood
preservatives was received from Statistics Iceland.

4.6.8.2 Emssion factors

Emission factors for PAH are taken from chapter 2.D.3.i, 2.G @0tt@ EMEP/EEA Guidebd&EA,
2019) They are 1.05 mg BaP pyof creosote, 0.53 migg creosote of the other 3 PAH: BbF, BkF
and IPy. NMVOC essions from wood preservation were calculated using20&@9EMEP/EEA
Guidebook Tier 2 emission factors for creosote preservative type (105 g/kg creosote) and organic
solvent borne preservative (945 g/kg preservative).

4.6.8.3 Recalculations and improvements
No recalculations were made for this submission.

4.6.8.4 Planned improvements
No improvements are currently planned for this subsector.

4.70ther solvent and product use (NFR 2G)

The two emission sources estimated in this category are use of tobacco and fireworks.

Tobacco smoking is a minor source of dioxins, PAH and other pollutants including heavy metals,
whereas fireworks are the most significant source of heavy metals imthestrial processes sector.
The yearly imported amount of tobacco shows a downward trend over the timeseries, which is
reflected also in the emission. Firework imports follow in general the economic development of the
country. A prominent peak around 20@¥due to a very sharp rise in the economy leading to the
financial collapse of 2008.

4.7.1.1 Activity data
Activity data consist of all smoking tobacco and all fireworks imported and are provided by Statistics
Iceland.

4.7.1.2 Emission factors

For tobacco use, tier 2naission factors for NQCO, N TSP, PM, BC, NMVOC, dioxin and PAH4
were taken from Table-35 in Chapter 2.D.3.i, 2.G in the 2019 EMEP/EEA Guid€bbaék 2019)
Emission factors for heavy metals are taken from the DarfigiNI€lsen, et al., 2021yvhich uses
emission factors derived from burning of wood.
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For firework use, tier 2 emission factors for,SCO, NQ TSP, PMnd heavy metals were taken from
Table 314 in Chapter 2.D.3.i, 2.G of the 2019 EMEP/EEA Guid€bBék 2019)t should be noted

that the heavy metal emission factors presented in the 2019 EMEP/EEA Guidebook (2019), in
particular that for Pb, might not represent the legislation currently in place, which generally bans
lead (Pb) in fireworks. For lack of a better emission factor value Iceland estimates the Pb emissions
using the available default value, however this might esent a substantial overestimation of Pb
emissions from fireworks. All emission factors are presentéthlyie4.20.

Table4.20 Emission factors for use of tobacco and of fireworks, per mass unit of imported goods

NO NMVOC SQ  NH TSP PMo  PMs BC co
[kg/t] kol  [ka/tl  [kg/l  [kg/t]  [kg/tl  [kgt] % of PMs  [kg/t]
Tobacco 1.80 4.84 NA 4.15 27 27 27 0.45% 55.1
Fireworks 0.26 NA 3.02 NA 110 100 51.9 NA 7.15

DS B(b)F B(KF
(g ¥ 08 [0/
TEQH]
Tobacco 100 0.111 0.045 0.045 0.045
Fireworks NA NA NA NA NA

Cr Cu

[o/t] [o/t]
Tobacco 0.64 0.020 0.010 0.159 0.152 0.354 0.030 0.010 1.61
Fireworks 784 1.48 0.057 1.33 15.6 444 30 NA 260

4.7.1.3 Recalculationsnd improvements
No recalculations were made for this submission.

4.7.1.4 Plannedimprovements
Heavy metakmission factor for firework use will be reassessed and revised where necessary.
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4.80ther industry production (NRF 2H)

4.8.1 Food & Beverages Industry (NFR 2H2)

The only other industry production occurring in Iceland is the food and beverages industry. The only
pollutant emitted in this industry is NMVOC.

4.8.1.1 Activity data
Production statisticor animal feed are available for 20@®13. The statistics were linearly
extrapolated for earlier and later years in the timeseries.

Production of bread, cakes/biscuits, nighsh, poultry, coffee, beer, malt/pilsner and spirits was
estimated as follows. The total consumption within the country was estimated by using results of the
surveyThe Diet of Icelande(Embeetti Landlaeknis, 201, IEmbeetti Landlaeknis, 200ZEmbaetti
Landleeknis, 1990The results give average consumption figures per person for the years 1990, 2002
and 2011. The consumption figures were interpolated forybars in between. The total

consumption was calculated by using the population (or adult population in the case of coffee,
beer/pilsner and spirits). A waste factor of 33% was also used when produced amounts were
calculated from consumption figurdsAO, 2011)in the case of bread, cakes/biscuits, meat, éisd
poultry, it is assumed that the total production in Iceland is for the domestic market. There is an
export of fish and meat but it is almost exclusively fresh or frozen and therefore not cooked in
Iceland. In the case of coffee, beer/pilsner and spithe import and export statistics were available
from Statistic Iceland. The net import (import minus export) was subtracted from the calculated
consumption to estimate the domestic production.

It is not distinguished between industry and householdssioins in these calculations. All NMVOC
emission from bread and cake baking and fish/meat/poultry cooking is therefore estimated.

4.8.1.2 Emission factors
Emission factor for NMVOC were taken from the 2019 EMEP/EEA Guid&ioak2019nd are
presented inTable4.21.

Table4.21 NMVOC emission factors for the production of variousd fmad beverage products

NMVOC
[kg/t produced

Meat, fish and poultry 0.30
Cakes, biscuits and breakfast cereals 1.0
Beer and malt 0.035
Bread (European) 4.5
Coffee roasting 0.55
Animal feed 1.0

4.8.1.3 Recalculationsaand improvements

This subsector was revised for this submission. The emission factors remain the same but the activity
data has been changed. Since production data was only available for part of the time series, now
most of the emissions are estimated the same way, basedomsumption figures. In some cases

also corrected for import and export figures (see aboVable4.22 shows the recalculation of the
subsector due to these changes.
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Table4.22 Recalculationsf emission withirPH2 (Food and beverages industogiween submissions
2018 2019

0.33 0.38 0.38 038 041 0.42

Food and beverages industry

2021 submission NMVOC [kt] 0.33 0.31
2022 submission NMVOC [kt] 0.15 0.16 0.17 0.18 0.17 030 0.46 0.44
Change relative to 2021 submission 53% -48%  -49%  -53%  -55% -22% 13% 5%

4.8.1.4 Panned improvements
No improvements are currently planned for tisisbsector.
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5 Agriculture (NFR sector 3)

5.10verview

Iceland is sel§ufficient in all major livestock products, such as meat, milk, and eggs. Traditional
livestock production is grassland based and most farm animals are native breeds, i.e. dairy cattle,
sheep, horses, and goats, which atkof ancient Nodic origin, one breed for each species. These
animals are generally smaller than the breeds common elsewhere in Europe. Beef production,
however, is partly through imported breeds, as is most poultry and all pork production. There is not
much arable crop qduction in Iceland, due to a cold climate and short growing season. Cropland in
Iceland consists mainly of cultivated hayfields, but barley and rapeseed are grown on limited
acreage.

The main pollutant emitted from the agriculture sector is ammonlBkj and the largest source is
manure managementNH; emissions from the agriculture sector repres@&5% of all of Iceland

NHs emissions across all sectors. Furthermore, one third of all NMVOC emissions come from this
sector. This can be seenTable5.1 below.

Table5.1 Contribution from the agriculture sector to the national total for the y2@20

National total[kt] 4.41 19.3 4.73 2.42 1.08 5.37
Agriculture totalkt] 4.34 1.08 0.26 0.20 0.037 1.86
Agriculture par{% 98.5 5.58 5.50 8.33 3.39 34.6

Emission estimates from the agriculture sector include emission estimates from the following
sources:

1 Manure Management (NFR 3B)
1 Crop Production & Agricultural Soils (NFR 3D)
91 Agriculture Other Including Use of Pesticides (NFR 3Df and 3l)

Each of these sources are described in more detagations 5.3 to 5.5.

Ammonia, nitric oxide, NMVOC and particulate matter emissions are estimated for animal husbandry
and manure management &} as well as crop production and agricultural soils (3D).

Dioxin, PAH4, HCB, PCB and Heavy Metals emissions are not applicable, not occurring or not
estimated.

.dzZFFLE 243 YdzZ Sa FYyR FaasSa IINB y2d FINX¥SR Ay LOSt
(not occurring) in the Icelandic inventory.

Table3.1 shows which sisectores in Agriculture are key categories for which air pollutants. A key

category is one that is prioritised within the national inventory system because it is significantly
AYLRNIFYG F2N) 2yS 2N I ydzYo SNI 2 Fry of airpdllutdhts i dzd | y ( &
terms of the absolute level, the trend, or the uncertainty in emissi@isA, 2019 Categories whose
cumulative percentage contribution is greater than 80% should be identified as key.
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Table5.2 Key categories for air pollutants within Agriculture.

SQ, NG, NH;, NMVOC, PM, BC and CO

1990
3Bla Manure managemenDairy cattle NMVOCNH; NMVOCNH; NMVOC
3B1b Manure managemeniNon-dairy cattle NMVOC NMVOCNH; NMVOCNH;
3B2 Manure managemeniSheep NHs NMVOCNH; NHs
3B3Manure managemert Swine NH;
3B4e Manure managementHorses NMVOC NMVOC NMVOC
3B4giManure mangement Laying hens NH;
3B4giiManuremangement- Broilers NH;
NFR 3B4Manure management Other animals NHs
3Da2a Animal manure applied to soils NH; NH;
3Da3 Urine and dung deposited by grazing animals NH; NH;
3DcFarmlevel agricultural operations including storagendling
and transport of agricultural products PMo
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5.2General Methodology

The methodology is based on chapters 3B and 3D cEMEP/EEA air pollutant emission inventory
GuidebookEEA, 2016; EEA, 20148l equations as well as the majority of emission factors and other
parameters stem from the Guidebook chapters correspondingly.

Ammonia, nitric oxide, TSP and PM, s emissions are estimated with Tier 2 methods. In the
absence of higher tiers for 3DIO and NMVQE@missions are estimated with Tier 1 e.g. horses in
solid storage.

For estimating emissions biHs and NG, in 3B manure management, the flow approach is used as
outlined in the2019 EMEP/EEBuidebook This considers the flow of total ammanal N (TAN)

through the manure management system. In @19 EMEP/EEBuidebookthis flow is modelled by

a series of equations that considers the amount of TAN and lessdkdifferent stages of the

manure management process. The set of equationsigex by the2019 EMEP/EEBuidebookwas
applied to more disaggregated livestock categories than the NFR methodology demands as can be
seen inTable5.3. The resulting emissions were then aggregated to the respective NFR categories.

NHs; and NQ emissions from grazing animals are part of this N flow approach antharefore,
calculated in this context, although they are reported under agricultural soils (3D). Similarly, the
manure that is available as organic fertilizer for applarato land is determined from the N flow
approach and is used as an input term in estimatingNkeandNQ.. Activity data, emission factors
and other parameters used in these calculations will be discussed in the following chapters.

The Tier 2 methodolyy for PM emissions consists of the multiplication of livestock populations with
default emission factors for slurry and solid manure applied to the time animals spent in housing.

5.3Manure Management (NFR 3B)

5.3.1 Activity data

Animal population numbers are dirig retrieved from the livestock databasen{w.bustofn.ig of

the Ministry of Food, Agriculture and Fisheries (MFa¥e) annual average populations (AAP) are
calculated according to IPCC Guidelirgsce the data from the annual censudMiFARepresents
livestock populations at a certain point in time (during winter) it does not reflect their seasonal
changes, e.g. amals with a life spanning only one summer. Also, for some livestock categories, it
does not include data on young animals, e.qg. fattening pigs. Therefore, the number of animals not
included in the census is estimated using information on fertility rates)ber of offspring, number
of animals slaughtered, etc. The inclusion of young animals leads to livestock populations being
considerably higher for some categories than the ones published bylE#g-or by other public
sources such as Statistics Icelarr the complete methodology of calculating the AAP and a
comparison with published livestock numbers please refdcétand’s 202 National Inventory

Report on Greenhouse Gas Emissions

6 https://hagstofa.is/talnaefni/atvimuvegir/landbunadur/bufeog-uppskera/
7 https://unfccc.int/documents/273420

116


http://www.bustofn.is/
https://hagstofa.is/talnaefni/atvinnuvegir/landbunadur/bufe-og-uppskera/
https://unfccc.int/documents/273420

L Informativelnventory Report, Icelang022

Livestock data is available on a more disaggregated level tliareséed by the reporting
requirements as can be seenTiable5.3. Therefore, the emissions are estimated on a more
disaggregated level and then combined to the NFR categories.

Table5.3 Livestock as reported in NFR tables and as calculated in the Icelandic Inventory on a more
disaggregated level.

NFR code Disaggregation in Icelandic Inventory

3Bla  Dairy cattle Mature Dairy Cattle
BeefCattle
. Calves
3B1b  Nordairy cattle Heifers 1827 months
Steers for producing meat 127 months
Ewes
382 Sheep Young female 12 months
Rams
Lambs
3B3  Swine Piglets
Sows
3B4a  Buffalo NO
3B4d  Goats Goats
3B4e  Horses Horses
3B4f Mules and asses NO
3B4gi Laying hens Laying hen
. . Chickens
3B4gii  Broilers Pullets
3B4giii  Turkeys Turkeys
. Geese
3B4giv  Other poultry Ducks
Minks
3B4h  Other (fur animals) Foxes
Rabbits

Table5.4 shows the AAP of Icelandic livestock categories for selected years since 1990. The most
prominent trends in the development of livestock populations since 1990 are a decrease in the dairy
cattle and sheep populations and an increase in4dairy, swine and poultry population.

Table5.4 Annual average population of livestock according to NFR categorization in Iceland.

1990 1995 2000 2005 2010 2015 2019 2020

3Bla Dairy cattle 32249 30428 27,066 24488 25379 27441 26217 25763
3B1lb Nosdairy cattle 43299 42771 45078 41x482 47130 51,335 54,678 54,880
3B2  Sheep 860988 719530 729387 710953 748431 745832 632937 609419
3B3  Swine 29768 30,746 32242 39350 38032 42542 38314 39253
3B4a Buffalo NO NO NO NO NO NO NO NO

3B4d Goats 485 511 548 657 1,015 1,476 2,148 2,367
3B4e Horses 73867 80246 75630 76,629 78849 79429 72449 73584
3B4f Mules and asses NO NO NO NO NO NO NO NO

3B4gi Laying hens 506165 186295 284612 212795 164374 171161 267065 240853
3B4gii Broilers 163115 166919 247241 553065 465884 534906 643459 586,649
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1990 1995 2000 2005 2010 2015 2019 2020
3B4giii Turkeys 3,625 3,044 10,908 8,146 8,196 11,810 11,006 11,213
3B4giv Other poultry 5,806 5,270 2,498 1,772 1,347 1,057 835 581
3B4h  Other (fur animals) 49592 37,893 41431 37,093 39904 48038 14325 15849

5.3.2 Emission factors and associated parameters

NH and NO Tier 2 emissions depend on the total amounts of nitrogen and total ammoniacal
nitrogen (TAN) in manure. Total N is calculated by multiplying livestock AAP with the nitrogen
excretion rate per animal. TAN is calculated by multiplying total N witsttick specific TAN

fractions provided in th019 EMEP/EEBuidebook. Thaitrogen excretion (Nex) rate per livestock
category is calculated using default values fritve 2006 IPCGuidelines (Volume 4, chapter 1that
take animal weight andherefore, the smaller size of Icelandic breeds into acco#oi. most animal
categories the animal parameters are not changing over the timeseries, and the Nex rate is also
constant. Exceptions are mature dairy cattle, calculated by the Tier 2 approach, and timosé a
categories for which the Nex rate has been calculated on a more disaggregated level and reported as
a weighted average in relation to the population data (growing cattle, horses, poultry). The
calculation method for the Nex rate for mature dairy datiollows the Tier 2 methodology from the
2006 IPCC Guidelines (Volume 4, chapter 10) by applying Equation 10.31, Equation 10.32 and
Equation 10.33 for dairy cows. Detailed calculations and explanations can be found in the newest
edition of the Nationalriventory Report of Iceland.

Total N and TAN have to be allocated to either slurry or solid manure management. Fractions for
slurry and solid manure management are country specific and identical to the ones used in Iceland’s
National Inventory Report. Thame is valid for the fractions of the year spent insigesus outside

Two more parameters used in the calculation of TAN mass flow are the amount of straw used in
animal housing and the amount of N contained in it (only for solid mamameagement). Thes

amounts (for sheep, goats, and horses) are based on 2019 EMEP/EEA Guitbfaobldata (Table

3.7) of hay used per day adjusted for the time periods animals stay inside. As an example, sheep have
a default housing period of 3fays(Table 3.7 of the 2D EMEP/EEA Guidebook) but in Iceland it is

200 days. So, the default straw value of 20 kg/yr is multiplied by 200/30 to obtain 133.3 kg/yr. The
abovementioned parameters are summarizedTliable5.5 and Table5.6. All manure is assumed to

be stored before spreading. Emission factors for animal manitimeremanaged as slurry or solid

manure during housing, storage, spreading and grazing are given as shares of TAN by livestock
category in the 2019 EMEP/EEA Guidebook. In the absence of default values for sheep slurry, 2019
EMEP/EEA Guidebodkfault values for cattle were used instead.

Tableb5.5. Parameters used in the-fidw calculations.

Livestock sector (NFR) Mean NEX [kg  Prop. Fraction Fraction Housing Straw

headl yr-1] TAN(of slurry solid period [kalyr]
[days]

3Bla Dairy cattle 79 (6098) 0.6 1 0 265

3B1b Noslairy cattle 33 (1545) 0.6 1 0 30

3B2  Sheep 17 (%29) 0.5 0.35 0.65 200 133.3

3B3  Swindattening pigs 7.6 0.7 1 0 365

3B3  Swine&ows 23.0 0.7 1 0 365

3B4d Goats 20.3 0.5 0 1 200 133.3

118



Informativelnventory Report, Icelang022

Livestock sector (NFR) Mean NEX [kg  Prop. Fraction Fraction Housing Straw

head1 yr1] TAN(of slurry solid period [kalyr]
[days]

3B4e Horses 19 (636) 0.6 0 1 50.7 140.8

3B4gi Laying hens 1.4 0.7 0 1 365

3B4gii Broilers 0.4 (0.20.6) 0.7 0 1 365

3B4giii Turkeys 1.4 0.7 0 1 365

3B4giv Other poultry 1.2 0.7 0 1 365

3B4h Other (fur animals) 8 (512) 0.6 0 1 365

1 Range for time period due to increase in milk production; 2 Range given for subcategories (cows and steers
used for producing meat, heifers, and young cattle); 3 Range given for subcategories (ewesniraals,for
replacement, and lambs); 4 Range given for subcategories (mature horses, young horses, and foals); 5 Range
given for subcategories (ducks, chickens, pullets and geese); 6 Range given for subcategories (foxes, minks, and
rabbits);6Average givennondairy mature cattle 30 days, heifers 245 days, steers 330 days, calves 365 days.

Table5.6 Emission factors falHs, NO and\2:0 used in the Xlow methodology.

EF EF EF
Livestock sector (NFR MMS NH:-N NH:-N NH:-N EF NEN EF NO-N
. s storage storage
Housirg storage application
. slurry 0.24 0.25 0.55 0.0001 0.01
3Bla  Dairycatle  —_ 4 0.08 032 068 0.01 0.02
3B1b  Nondairy slurry 0.24 0.25 0.55 0.0001 0.01
cattle solid 0.08 0.32 0.68 0.01 0.02
slurry
382 Sheep solid 022 032 09 0.01 0.02
3B3 Swine- slurry 0.27 0.11 0.4 0.0001 0
fattening pigs solid 0.23 0.29 0.45 0.01 0.01
. slurry 0.35 0.11 0.29 0.0001 0
383 SwineSows —_ 4 0.24 0.29 0.45 0.01 0.01
3B4d  Goats solid 0.22 0.28 0.9 0.01 0.02
3B4e Horses solid 0.22 0.35 0.9 0.01 0.02
_ _ slurry 0.41 0.14 0.69 0.0001 0
3B4gi  Laying hens —_ L 02 0.08 0.45 0.01 0.002
3B4gii  Broilers solid 0.21 0.3 0.38 0.01 0.002
3B4giii  Turkeys solid 0.35 0.24 0.54 0.01 0.002
3B4giv Otherpoultry  solid 0.24 0.24 0.54 0.01 0.002
384h Other (fur solid 0.27 0.09 * 0.01 0.002
animals)

* The emission factor is zero in the Guidebook and Iceland does not have a country specific emission factor.

NMVOC emissions are calculated using the Tieethodology from the 2019 EMEP/EEA Guidebook,
applying the default emission factors from Table 3.4. When default emission factors with silage
feeding are available, these are used. All used emission factors are repofitall@d.7.
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Table5.7 Emission factors for NMVOC emissions, Tier 1, taken from Table 3.4 to the 2019 EMEP/EEA
Guidebook, when available emission factors with silage feeding are used.

. EF NMVOC
Livestock sector (NFR) kg AAPLa1
3B1la Dairy cattle 17.937
3B1b Othercattle (includes all other cattle) 8.902
3B2 Sheep 0.279
3B3 Swinefattening pigs 0.551
3B3 SwineSows 1.704
3B4d Goats 0.624
3B4e Horses 7.781
3B4gi Laying hens 0.165
3B4gii Broilers 0.108
3BA4giii Turkeys 0.489
3B4giv Other poultry (duckand geese) 0.489
3B4h Other (fur animals) 1.941
3B4h Other (rabbits) 0.059

Tier 2 calculations of particulate matter emissions are based on information on the amount of time
livestock spends in housing and the fractions of manure either managed as slurry or as solid manure
(seeTable5.5 above). The applied emission factors are reported@iable5.8 and derive from the

2019 EMEP/EEA Guidebatd fromthe 2013 EMEP/EEA Guidebookthie case of turkeys, thé&ier

1 emission factors are applied.

Table5.8 Emission factors used for calculating the particulate emissions, Tier 2.

EF EF

EF
Livestock sector (NFR) MMS | ToF PMo PMs Source
kg AAP kg AAP KaAARLAL
lal  1al 9
. slurry 1.81 0.83 0.54 .
3Bla Dairy cattle solid 0.94 0.43 0.28 Table A1.2019 EMEP/EEA Guidebo
slurry  0.69 0.32 0.21 .
3B1lb  Beef Cattlé solid 052 024 016 Table A1.2019 EMEP/EEA Guidebo
slurry 0.34 0.15 0.1 .
3Blb  Calves solid 035 016 01 Table A1.2019 EMEP/EEA Guidebo
slurry / / / .
3B2 Sheep solid 0.14 0.056 0.017 Table A1.2019 EMEP/EEA Guidebo
. . . slurry 0.7 0.31 0.06 .
3B3 Swine-fattening pigs solid 0.83 037 007 Table A4 2013EMEP/EEA Guideboc
. slurry 1.36 0.61 0.11 .
3B3 Swine-Sows solid 177 08 014 Table A% 2013EMEP/EEA Guidebog
3B4d  Goats solid  0.139 0.056 0.017 Table A1.2019 EMEP/EEA Guidebo
3B4e  Horses solid 0.48 0.22 0.14 Table A1.2019 EMEP/EEA Guidebo
3B4gi Laying hens solid 0 0 0 Table A% 2013EMEP/EEA Guideboc
3B4gii  Broilers solid  0.069 0.069 0.009 Table A3 2013EMEP/EEA Guideboc
3B4giii  Turkeys solid 0.52 0.52 0.07 Table 3.3 201EMEP/EEA Guideboo
3B4giv  Other poultry ducks solid 0.14 0.14 0.018 Table A1.2019EMEP/EEA Guidebod
3B4giv  Other poultry geese solid 0.24 0.24 0.032 Table A1.2019 EMEP/EEA Guidebo
3B4h  Other (fur animals)  solid 0.018 0.0081 0.004 Table A1.2019 EMEP/EEA Guidebo

1 Beef cattle and calves are calculated separately suizbequenthaggregated in the category 3B1b Ndxairy
Cattle
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5.3.3 Emissions

NH; emissions reported under 3B manure management exclude emissions from manure deposited
on fields by grazing animals, whicleaeported under 3D agricultural soils. Total ammoak]

emissions from manure management have decreased slightly, Zt8&kt in 1990 to 2.0kt in 2@0.

This decrease is mostly due to decreasing emissions from sheep. Sheep account for roughbf a third
total NH; emissions and cattle for approximately half. Around a third of emissions occur during
livestock housing, a quarter during manure storage and 2/5 after spreading of manure. The described
trends and fractions can be seenHigure5.1.
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Figure5.1 Ammonia NHs) emissions from animal husbandry and manure managertent

Nitric oxide emissions, in contrast to ammonia emissions, occur only during storage. They have been
decreasing fronb81tin 1990 to Ot in 2Q20, or by31%.This decrease is mainly due to the dease

in sheep population already mentioned above. NO emissions from sheep coné@fstef total NO
emissions from manure management. NO emissions from poultry amour®%od? total NO

emissions. Other livestock categories with considerable sharesiaemiimals 8%) and horse$o).

Cattle and swine emissions constitute negligible amounts due to the fact that their manure is stored
as slurry, which gives rise to considerably lower emissions than solid manure management systems.

NMVOGQGmissions in 199@ere 1.99 kt for manure management and have decreased slightly since
then and are now 1.86 kt. The largest source of NMVOC emissions are cattle 51%, horses 31% and
sheep 9%.

PMo emissionglecreasedrom 124 t in 1990 to 121 t in 20 (2%). Emissions weteghest in 2007
at 129 tt Both the general increasing trend since 1990 and the decrease since 2007 are almost
exclusively due to variations in theoiler populationwhich quintupled between 1996 and 2007.
Other livestock categories that emit substangakres of totaPMo emissions from animal
husbandry jesides broilers with 34) are laying hens4%), cattle (19%), swinel%) and sheep
(7%) in 2020.
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Over the times series, 199020, total PM:.s emissions varied between minimud8 t and 34 and
show no clear trend. In the latest year, emissions from cattle constitdf€dof total emissions
followed bylaying hens (17%) arimoilers (%) .

TSP emissions havaried between 139 t and 192 t frof®90 and 2020. This differentemostly
due tovariations in thepoultry and swingoopulations Biggest contributors are catt(@8%) followed
by broilers (2%6), swine (16%) and laying hen8%a).

5.3.4 Recalculations and improvements

5.3.4.1 Recalculationgor the 202 submission

Livestock parameters were sent for review by external experts to ensure their quality for the 2022
submission. Durinthis review an error in the categorisation of poultry was discovefeshare of

poultry previouslycategorised as broilers should, in fact, be categorised as laying hens for the whole
timeseries according to the poultry expert veterinarian at the Icelandic Food and Veterinary
Authority. Pullets and chickens are still reported under the broiler categbimg total number of

laying hens and broilers remained the saower the whole timeseries, except for 2018 and 2019, as
an updated parameter for age at slaughter was provided for chickens by the poultry expert
veterinarian at the Icelandic Food and Vetay Authority for the years 2018 to 2020

Table5.9 Annual average population chickensaccording to NFRategorisationin Iceland.

1990 1995 2000 2005 2010 2015 2019

354%'1‘:“"”9 214975 164402 193,097 152,217 144429 119,811 205,091
2021 o 684,757
submission  3BA4gil Broilers 454305 188,812 338,756 613,643 485829 586,256 '
Total 669,280 353,214 531,853 765860 630,258 706,067 889,848
3Bagilaying  oog 165 186205 284612 212795 164,374 171,161 267,065
2022 heng
submission  3B4gii Broilers 163,115 166,919 247,241 553,065 465,884 534,906 643,459

Total 669,280 353,214 531,853 765,860 630,258 706,067 910,524
LIn the 2021 submission, the NFR category broilers cons$igtaultry categorised as broilers, pullets and
chickens?In the 2022 submission, the NFR category Laying hens consists of laying hens and the hens previously
and erroneously categorised as broiléita.the 2022 submission, the NFR category broilemsists of poultry
categorised as pullets and chickens.

This updated livestock categorisation resulted in some changes in the emissions from manure
management, as the emission factors used for broilers and laying hens are ditiacketiterefore it
affectedthe NQ, NMVOC, NEIPM.s, PMoand TSP emissions

Table5.10 Recalculation for N@@missions form manure management for poultry due to the update of livestock
categorisation for 1992019.

1990 1995
2021 submission Laying hens 5.54 4.24 4.98 3.93 3.72 3.09 5.29
Broilers 9.27 1.45 4.03 5.28 2.82 4.00 4.79
2022 submission Laying hens 13.05 4.80 7.34 5.49 4.24 441 6.89
Broilers 0.77 0.81 1.36 3.52 2.23 2.50 3.06
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Table5.11 Recalculation for NMVOC emissions from manure management for poultry due to the update of
livestock categorisation for 199%019.

NMVO(Kkt] 1990 1995 2000 2005 2010 2015 2019
2021submission Laying hens 0.035 0.027 0.032 0.025 0.024 0.020 0.034
Broilers 0.049 0.020 0.037 0.066 0.052 0.063 0.074
2022 submission Laying hens 0.084 0.031 0.047 0.035 0.027 0.028 0.044
Broilers 0.018 0.018 0.027 0.060 0.050 0.058 0.069

Table5.12 Recalculation for Ndmissions from manure management for poultry due to the update of livestock
categorisation for 1992019

NHs[t] 1990 1995 2000 2005 2010 2015 2019
2021 submission Laying hens 67.61 51.71 60.73 47.88 45.43 37.68 64.51
Broilers 193.79 30.34 84.32  110.49 58.87 83.70  100.26
2022 submission Laying hens 159.20 58.59 89.52 66.93 51.70 53.83 84.00
Broilers 16.11 16.98 28.47 73.52 46.70 52.37 64.02

Table5.13 Recalculation for Pb emissions from manure management for poultry due to the update of
livestock categorisation for 1999019

PMs[t] 1990 1995 2000 2005 2010 2015 2019
2021 submission Laying hens 4.94 3.78 4.44 3.50 3.32 2.76 4.72
Broilers 4.09 1.70 3.05 5.52 4.37 5.28 6.16
2022 submission Laying hens 11.64 4.28 6.55 4.89 3.78 3.94 6.14
Broilers 1.47 1.50 2.23 4.98 4.19 4.81 5.79

Table5.14 Recalculation for PMemissions from manure management for poultry due to the update of
livestock categorisation for 1992019

PMuol[t] 1990 1995 2000 2005 2010 2015 2019
2021 submission Laying hens 25.58 19.56 22.98 18.11 17.19 14.26 24.41
Broilers 31.35 13.03 23.37 42.34 33.52 40.45 47.25
2022 submission Laying hens 60.23 22.17 33.87 25.32 19.56 20.37 31.78
Broilers 11.25 11.52 17.06 38.16 32.15 36.91 44.40

Table5.15 Recalculation for TSP emissions from manure management for poultry due to the update of livestock
categorisation for 199@019

TSHt] 1990 1995 2000 2005 2010 2015 2019
2021 submission Laying hens 25.58 19.56 22.98 18.11 17.19 14.26 24.41
Broilers 31.35 13.03 23.37 42.34 33.52 40.45 47.25
2022 submission Laying hens 60.23 22.17 33.87 25.32 19.56 20.37 31.78
Broilers 11.25 11.52 17.06 38.16 32.15 36.91 44.40
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5.3.4.2 Recalculations for the 2021 submission

For the2021 submissiorparameters, e.g. emission factors used in thiloM methodology were

updated from the 2016 EMEP/EEA Air Pollution Inventory Guidebook to its newest 2019 edition. In
particular, emission factors for tHeH-N emissions in the diffent stages of manure management
systems (housing, storage, application and grazing) and for the manure types slurry and solid
changed for some animal categories. Some emission factors increased, some decreased, and some
remained unchanged. In addition,glgross energy (GE) for mature dairy cattle was changed for the
years 20132017 to avoid a step change between 2017 and 2018 and affects all emissions connected
to the Nex rate of mature dairy cattle for those years.Regarding NMVOCSs the emission factor for
rabbits as per the 2019 EMEP/EEA Guidebook was used for the whole time series while in past
submissions these emissions were calculated using the emission factor of fur animals.

5.3.5 Planned Improvements

As suggested by the 2020 Step 3 review, it is planoath&nge from Tier 1 to Tier 2 calculation for
NMVOC emissions. As a first step, a detailed investigation will be made about which data are easily
available in Iceland and which data need to be collected specifically for this task.

5.4Crop Production & Agrigdtural Soils (NFR 3D)

5.4.1 Activity data

Activity data folNH;, NO and NMVOC emissions consists of the amount of fertilizer nitrogen applied
to agricultural soilsTable5.16). ForNH; this amount is divided into type of fertilizer N. Ttutal

amount of N in fertilizer is provided in the annual reports of the fEMA data exists that provides
information on the types of N fertilizer. However, it is known that

1 N infertilizer applied in Iceland is mainly contained in calcium ammonitrate)
1 The two other fertilizer types of importance are ammonium nitrate and othey NK
1 Less than one per cent of nitrogen is contained in urea (Bjarnason, written communication)

Calcium ammonium nitrate, ammonium nitrate and other NK hdeatical EF. Therefore, their
share of total fertilizer was set to 99%. Urea has a considerably higher EF. Its share was set to one per
cent.

Table5.16 Total amount of synthetic Jfertilizers applied to ageultural soils

1990 1995 2000 2005 2010 2015 2019 2020

N content in inorganic N fertilizefkt N] 12.47 11.20 12.68 9.78 10.88 11.65 10.38 1141

Activity data for particulate matter emissions consists of the areas of crops cultivated as can be seen
in Table5.17. The total amount of cropland is recorded in the Icelandic geographic land use database
(IGLUD), which is maintainég the Soil Conservation Service of Iceland. Data regarding the area of
barley fields comes from the Farmers Association of Icéland Bragason (written communication).

The area of grass fields is calculated by subtracting the area of barley fields from the total cropland

8 https://www.mast.is/is/um-mast/utgefid-efni/skyrslur
9 hitp://www.bondi.is/
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area. Barley fields are cultivated and harvested once a year and the produce is cleaned and dried.
Grass fieldsra cultivated about once every 10 years and hay is cut twice per year on average
(Brynjolfsson, written communication).

Table5.17 Areas of cropland in Iceland, distinguished by barley cultivation and gndsslahaymaking.

1990 1995 2000 2005 2010 2015 2019 2020
Area Barley cultivation (ha) 200 500 2,000 3,636 4,295 1,558 2,517 2,535
Area Grass cultivation (ha) 147,800 146,200 143,400 140,464 138,505 139,942 137943 137,925

5.4.2 Emission factors

NH; emission factors were taken from Table 3.2 in the 2019 EMEP/EEA Guidebook. These emission
factors depend on the mean spring air temperature, i.e. the mean temperature of the-thozth

period following the day when accumulated day degrees since 1 Jahaegyreached 400 °C.

According to this definition the mean spring temperature in Iceland is about 9 °C, therefore the
emission factors for cool climate and normal pH are applied as can be s€ahl@b.18.

Table5.18 Emission factors fdiHs emissions from fertilizers for cool climate and normal pH

EF NElg [NH/ kg N applied]

Ammonium sulphate 90

Ammonium nitrate 15

Calcium ammonium nitrate 8

Anhydrousammonia 19

Urea 155

Ammonium phosphates 50

Other NK and NPK 33 (average between NK mixtures and NPK mixtures)

The emission factors for NO, NMVOC &l are taken from the 2019 EMEP/EEA Guidebook and are
reported inTable5.19 with the respective sources and NFR codes.

Table5.19 Emission factors for NO, NMVOC &ttd in NFR category 3D.

NFR code EF Unit Source
. Annex 12019 EMEP/EEA
NH3 from sewage sludge 3Da2b 0.13 kg NH3 (kg N applied) Guidebook
NH3 from other organic . Table 3.2019 EMEP/EEA
wastes 3Da2c 0.08 kg NH3 (kg Mdpplied}1 Guidebook

NO from N applied in

fertilizer, manure, and 3Dal, 3Da2a, 3Da 0.04 kg NO2 (kg fertilizerand  Table 3.12019 EMEP/EEA

manure N applied] Guidebook
excreta

kg NO2 (kgewage Annex 2 A2.2019 EMEP/EEA
NO from sewage sludge 3Daz2b 0.04 sludge)1 Guidebook
NO from other organic kg NO2 (kg organic Table 3.12019 EMEP/EEA

3Da2c 0.04 :

wastes waste)1 Guidebook
NMVOC from standing 3De 0.86 kg hal Table 3.]2_019 EMEP/EEA
crops Guidebook

PM and PM, s emission factors for barley and grass were taken from Tables 3.5 and 3.72if18e
EMEP/EE&uidebookandare reported inTableb.20.
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Table5.20 Emission factors for agricultural crop operations,P&hd PM.sin wet climate conditions from the
2019 EMEP/EEA Guidebook.

Crop Soil Cultivation Harvesting Cleaning
P Mo [kg/ha] Barley 0.25 2.3 0.16 0.43
PMio [kg/ha] Grass 0.25 0.25 0 0
PM s [kg/ha] Barley 0.015 0.016 0.008 0.129
PM s [kg/ha] Grass 0.015 0.01 0 0

5.4.3 Emissions

TotalNH; emissions for crop production and agricultural soils varied betw&Bdand 219 kt

between 1990 and 2ZD. In202056%o0f emissions originate from animal manure applied to soils,
36%originate from manure deposited by livestock during grazing@®ifrom inorganic Nfertilizers.

Total emissions do not show any discernible trend over time, primarily because the size of (and thus
emissions from) the sheep population decreases with time, while the horse population increases.

The emission development of N@AANMVOC are linearly dependent on the application of fertilizer
and, therefore, show the same development with a peak2id04with 1.2 kt. In 2020NO emissions
amounted to 1kt and NMVOC emissions from crop production and agricultural soils &vege

Inthe 2021 submission, other organic fertilizers in the form of bone meal and compost were added
to the inventory. Research showed that the organic fertilizers have been applied since 2009
especially for land reclamation purposes carried out by the Soil Conservation Service of Iceland; the
resulting NHare between 5 and 16 t over this period and the NO emissions are between 2 and 8 t.

PMo emissions vary between8 tin 1990 and 80 t inG20.PM. s emissions are fairly steady over the
time series and wer8.2 t in 1990 and 3.4 t in 2020

5.4.4 Recalculations and improvements

5.4.4.1 Recalculationgor the 202 submission

Livestock parameters were sent for review by external experts to ensure theitygieailthe 2022
submissionDuring this review an error in the categorisation of poultry was discoveéesthare of

poultry previously categorised as broilers should, in fact, be categorised as laying hens for the whole
timeseries(see section 5.3.4.1)h& change in livestock numbers affected the emissions from Animal
manure applied to soils for N@nd NH as seen iTable5.21 and Tableb.22.

Table5.21 Recalculation for N@missions from manure management for poultry due to the update of livestock
categorisation for 1992019

NQ[kt] 1990 1995 2000 2005 2010 2015 2019

2021 submission Animal manure 0325 0283 0285 0274 0284 0293 0272
applied to soils

2022 submission Animal manure 0.013  0.005 0.007 0.005 0.004 0.004  0.007
applied to soils

Table5.22 Recalculation for Ndmissions from manure management for poultry due to the update of livestock
categorisation for 1992019

NH; [kt] 1990 1995 2000 2005 2010 2015 2019
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2021 Animalmanure 1406 1280 1279 1217 1269  1.334  1.307
submission applied to soils
2022 Animalmanure — jaq 4555 1988 1223 1271 1339 1314
submission applied to soils

5.4.4.2 Recalculations for the 2021 submission

In the 2021 submission the parameters used inhow methodology were updated from the 2016
to the 2019 EMEP/EEA Guidebo®kis also affectsubcategories i8D Agricultural SoilS his can be
seen in3D2a Animal manure applied to saiisd3Da3 Urine and Dung deposited from grazing
animals for NQand NH. In the category 3Da2b Sewage sludge applied to aoilpdate of activity
data for the whole time series lead to recalculations for s NH.

5.4.5 Planned Improvements

There are no planned improvements in this category.

5.5Agriculture Other IncludindgJse of Pesticides (NFR 3Df and 3I)

The PORrotocol focuses on a list of 16 substances, 11 of which are pesticides. A number of
pesticides, however, had already been banned in Iceland in 1996 in order to conform to EU
legislation (Iceland is part of the EBpean Economic Area). The only pesticide of the ones listed in
chapter 3Df of theeMEPEEA Guidebookot banned until 2009 is lindane, a gamma
Hexachlorocyclohexane (HCH). The last recorded sale of lindane took place in 1992 when 1 kg was
sold. In 1990 ath 1991, 2 and 16.2 kg were sold, respectively. It is assumed that the lindane sold was
applied during the same year. An EF of 0.5 as listed in Table 3.1 of the chapter 3Df of the 2013
edition of the EMEP/EEA Guidebook was applied to these values resultt@H emissions of 1, 8, 1,
and 0.5 kg for the years 199®92. HCH is no longer included in the reporting obligations which
explains the use of an emission factor from the 2EMEP/EEA Guidebadkable5.23 gives an

overview of the use of pesticides in Iceland.

Table5.23 Pesticide use and regulation in Iceland.

Pesticide Last recorded use Year of ban
Aldrin 1975 1996
Chlordane No recorded use 1996
DDT 1975 1996
Dieldrin No recorded use 1996
Endrin No recorded use 1996
Heptachlor 1975 1996
Hexachlorobenzene (HCB) No recorded use 1996
Mirex No recorded use 1998
Toxaphene No recorded use 1998
Pentachlorophenol (PCP) No recorded use 1998
Lindane 1992 2009
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6 Waste

6.10verview

During most of the 20th century solid waste disposal sites (SWDS) in Iceland were numerous, small
and located close to the locations of waste generation so thatthste did not have to be

transported far for disposal. In 1967 the waste disposal site in Gufunes started operating and most of
the waste of the capital’s population was landfilled there. Prior to that year, the waste of the capital
area was landfilled ismaller SWDS.

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 liawveeet specific requirements regarding

location, management and aftercare before 1990 and were often just holes in the ground. Some
communities also disposed of their waste by dumping it into the sea. Akureyri and Selfoss, two of the
biggest communitieswside the capital areasopened municipal SWDS in the 1970s and 1980s.

Before 1990 three waste incinerators were opened in Keflavik, Hasavik and isafjéréur. In total they
burned around 15,000 t of waste annually. They operated at low or varying tempesadnd the

energy produced was not recovered. Waste incineration in Iceland as such started in 1993 with the
opening of the incineration plant in Vestmannaeyjar, an archipelago to the south of Iceland. In 2004
the incineration plant Kalka located at theusbwest part of Iceland opened and this facility is
currently the onlyoperationalwaste incineration plant in Iceland. Open burning of waste was

banned in 1999. The last place to burn waste openly was the island of Grimisely stopped doing

so by the ed of 2010.

Recycling and biological treatment of waste started on a larger scale in the beginning of the 1990s.
Their share of total waste management has increased rapidly since then.

Reliable data about waste composition does not exist until recentsyéarl 991 the waste

management company Sorpa Itd. started serving the capital area and has gathered data about the
waste composition of landfilled waste since 1999. For the last few years the waste sector has had to
report data about amounts and kinds waste landfilled, incinerated, and recycled.

The special treatment of hazardous waste did not start until the 1990s, i.e. hazardous waste was
landfilled or burned like notazardous waste. Special treatment started with the reusing of waste as
an energy surce. In 1996 the Hazardous waste committee (Spilliefnanefnd) was 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 hazardotss egdigction

points. Hazardous substances collected included oil products, organic solvents, halogenated
compounds, isocyanates, dihsed paints, printer ink, batteries, car batteries, preservatives,
refrigerants, and more. After collection, these sulmgtas were destroyed, recycled or exported for
further treatment. The Hazardous waste committee was succeeded by the Icelandic recycling fund in
late 2002.

Clinical waste has been incinerated in incinerators either at hospitals or at waste incineratits plan
Kalka is currently the only incineration plant in Iceland.
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The trend in waste management practices has been toward managed SWDS as municipalities have
increasingly cooperated with each other on running waste collection schemes and operating joint
landfill sites. This development has resulted in larger SWDS and enabled the shutdown of a number
of small sites. Currently a large majority of landfilled waste is being disposed of in managed SWDS.
Recycling of waste has increased due to efforts made by thergment, local municipalities,

recovery companies and others. Composting started in theX8RDs and has increased since then.

A summary of the categories included in the waste sector by pollutant, including the Tier
methodology used, is presented Trable6.1 to Table6.3. Anaerobic digestion (5B2) and other waste
incineration (5Chvi) are identified as not occuring (NO) and emission estimates from wastewater
handling (5D) are not available (NA) due to lack of activity data.

Table6.1 Overview table NECD gases, PM and CO.

NECDyases PM
NO. NMVOC SQ N | PMos | PMiy TSP BC
5A Solid waste disposa T1 NA NA T1 TL T1I NA NA
on land
5B1 Composting NA NA NA T2 NA NA NA NA T2
5B2 Anaerobic digestion NO NO NO NO NO NO NO NO NO
scla Municipalwaste Lo Lo e T2 TUT2 TUT2 TUT2 TUT2 TUTR
Incineration
scipi ~ |Mdustrialwaste L, T1 T1 NA T1 TT T1 T1 T1
Incineration
scipj  Hazardouswaste L T1 T1 NA T1 TT T1 T1 T1
Incineration
scipii ~ Clinical waste T1 T1 T1 NA NA NA T1 NA T1
Incineration
scibiy ~ oewagesludge ., T1 T1 NA T1 TT T1 T1 T1
Incineration
5C1bv Cremation T1 T1 T1 NA T1 TIT T1 NA T1
scipvi ~ Otherwaste NO NO NO NO NO NO NO NO  NO
Incineration
5C2 Open burning T1 T1 T1 T1 T1 T T1 T1 T1
5D Wastewater NA NA NA NA NA NA NA NA NA
handling
5E Other waste T2 T2 T2 NA T2 T2 T2 NA T2

Table6.2 Overview table POPs

POPs

Dioxin PAH HCB PCB
5A Solid waste disposal on land NA NA NA NA
5B1 Composting NA NA NA NA
5B2 Anaerobic digestion NO NO NO NO
5Cla Municipal wastancineration T1/T2 TL/T2 TL/T2 T1/T2
5C1bi Industrial waste incineration T1 T1 T1 NA
5C1bii Hazardous waste incineration T1 Tl Tl NA
5C1biii Clinical wasténcineration T1 Tl Tl T1
5C1biv Sewage sludge incineration T1 T1 T1 NA
5C1lbv Cremation T1 Tl Tl T1
5C1bvi Other waste incineration NO NO NO NO
5C2 Open burning T1 T1 T1 T1
5D Wastewater handling NA NA NA NA
5E Other waste T2 T2 NA NA
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Table6.3 Overview table heavy metal

Heavy metals
Pb Cd Hg As Cr Cu Ni Se Zn

5A Solid waste disposal on lanc  NA NA NA NA NA NA NA NA NA
5B1 Composting NA NA NA NA NA NA NA NA NA
5B2 Anaerobic digestion NO NO NO NO NO NO NO NO NO

5Cla Municipal waste incineration T1/T2 T1/T2 TU/T2 TLT2 TUT2 TUT2 TLT2 TUT2 TLUT2
5C1bi Industrial waste incineration  T1 T1 T1 T1 NA NA T1 NA NA
5C1bii Hazardous waste incineratior T1 T1 T1 T1 NA NA T1 NA NA
5C1biii Clinical waste incineration T1 T1 T1 T1 T1 T1 T1 NA NA
5C1biv  Sewage sludge incineration T1 T1 T1 T1 NA NA T1 NA NA

5C1lbv Cremation T1 T1 T1 T1 T1 T1 T1 T1 T1
5C1bvi Other waste incineration NO NO NO NO NO NO NO NO NO
5C2 Open burning T1 T1 T1 T1 T1 T1 T1 T1 T1
5D Wastewater handling NA NA NA NA NA NA NA NA NA
5E Other waste T2 T2 T2 T2 T2 T2 T2 T2 T2

Each of these sources is described in more detail in sections 6.3 to 6.8. Emission estimates for waste
incineration without energy recovery are included in this section, while emission estimates for waste
incineration with energy recovery are reped under sector 1Anergy

Table3.1 shows which subsectores in Waste are key categories for which air pollutakes.

category is one that is prioritised within the national inventory system because it is significantly
importay i F2NJ 2y S 2NJ I ydzYoSNI 2F AN LRftdzillydga Ay
terms of the absolute level, the trend, or thmcertainty in emissionEEA, 2019 ategories whose
cumulative percentage contriltion is greater than 80% should be identified as key.

Table6.4 Key categories for air pollutants within Waste.

SQ, NQ, NH;, NMVOC, PM, BC and CO

1990
2ﬁll?;1ig(ljogical treatment of wasteSolid waste disposal NMVOC
5C20pen burning of waste PMs, PMio, BC

Persistent Organic Pollutants (POPS)

1990
5C1bilndustrial waste incineration dioxin dioxin
5C1biiHazardous waste incineration dioxin dioxin
5C1biiiClinical waste incineration HCB, PCB HCB, PCB
5C20pen burning of waste dioxin, Ppég4 HCB
5EAccidental fires dioxin, PAH4 dioxin, PAH4

Heavy Metals (HMs)

1990 2020 Trend
5C1aMunicipal waste incineration Se
5C1bvCremation Hg Hg
5C20pen burning of waste Cd, Hg, As, Zn
5EAccidental fires Pb, Zn Zn
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6.2General Methodology

The methodology is mainly based tihre EMEP air pollutant emission inventory Guidebook (EMEP,
2019). Emissions estimates are calculated by multiplying relevant activity data by source with
pollutant specific emissions factors. Emissions factors are taken from the Emissions Inventory
Guidebook EEA, 2019), the Standardized Toolkit for Identification and Quantification of Dioxin and
Furan Releases (UNEP, 2005), Annual Danish Informative Inventory Report to the UNECE (National
Environmental Research Institute, 2011) and measurements at incinefatots.

The activity data used for the emission estimates is mainly based on treated waste in Iceland which is
reported annually to the EA. This follows an exclusion of waste being treated outside of Iceland and
its associated emissions. In addition t@ta on treated waste in Iceland, activity data for accidental

fires, cremation and bonfires is used for estimating emissions from these sources.

6.3Sector specific QA/QC

The QC activities include general methods such as accuracy checks on data acquisition and
calculations as well as the use of approved standardized procedures for emission calculations,
archiving information and reporting. Further information can be found in Chapter 1.6 on Quality
Assurance and Quality Control.

6.4Solid waste disposal (NFR 5A)

Formost of the 20th century solid waste disposal sites (SWDS) in Iceland were numerous, small and
located close to the locations of waste generation so that the waste did not have to be transported
far for disposal. In 1967 the waste disposal site in Gufgtased operating and most of the waste
generated in the capital area was landfilled there. Prior to that year, the waste of the capital area
was landfilled in smaller SWDS.

The trend in waste management practices has been toward managed SWDS as nitiggdijzale
increasingly cooperated with each other on running waste collection schemes and operating joint
landfill sites. This development has resulted in larger SWDS and enabled the shutdown of a number
of small sites. Currently a large majority of latefl waste is being disposed 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 theX8RDs and has increased since then.

6.4.1 Methodology

The Tier 1 approach othapter 5Ain the 2019 EMEP/EEBuidebookis used for the emission
estimates for all estimated pollutants. Thus, the total mass of waste disposed of in all landfill sites in
Iceland is multiplied with its pollutant specific emissiootda.

6.4.2 Activity data

Total mass of waste landfilled in Iceland is used for the emission estimdesnvironment Agency

of Iceland (EA) compiles data on total amounts of waste generated since 1995. This data is published
by Statistics Iceland (2020). The data for the tipeeiod from 1995 to 2004 relies on assumptions

and estimation and is less relialthan the data generated since 2005. Data from 22054 was

received from most operators according to the EWC (European Waste Catalogue) categorization.
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Smaller operators did not submit data on waste amounts during that period, so sorféligap
estimations were performed by experts at the Environment Agency. From 2014 the Environment
Agency has received data according to the WStatR (Waste Statistic Regulation) categorization from
all waste operators in Iceland. Waste generation before 1995 was egtimesing a linear regression
with gross domestic product (GDP) from 19887 as surrogate data. The combination of these
different datasets was carried out with the help of an external consultant company, Aether LTD.
Further information on the annual mas$waste landfilled and the source of data can be found in
LY@Syid2NE wSLR2 NI

LOStyRQa

b A2yl €

6.4.3 Emission factors

2y DNBSYK?2 dza

Emission factors from th@er 1 approach oTable 31, Chapter5Ain the 2019 EMEP/EEA
Guidebookare used foestimating emissions from solid waste dispo&ahission factors are
assumedo be constant for all the years in the calculations. This section discusses the emission
estimates from solid waste disposal on land and covers the emissions of NMVO®3hh SRd

PMs.

The 2019 EMEP/EEA Guidebook mentions the possibility of small quantilés dfits and CO being
emitted from this activity. However, no emission factors are provided in the Guidebook and these
emissions have not been estimated in Iceland.e@ipollutants are considered not applicable in

accordance with that same table.

6.4.4 Emissions

From 1990the emissions from 5A were increasing in proportion wita increased amount of
landfilled waste. This amount peaked in 2005 ghédrefore, also the emisions. From 20Q6
emissions decreased but from 2013 they have slowly been increasing again.

Table6.5 Emissions from 5A Solid Waste Disposal

1990 1995 2000 2005 2010 2015 2019 2020
I[\i?]/IVOC 0.534 0.490 0.534 0.540 0.257 0.305 0.341 0.296
TSP [ki] 1.6E4 1.5E4 1.6E4 1.6E4 7.6E5 9.1E5 1.0E4 8.8E5
P Mo [kt] 7.5E5 6.9E5 7.5E5 7.6E5 3.6E5 4.3E5 4.8E5 4.2E5
PM s [kt] 1.1E5 1.0E5 1.1E5 1.1E5 5.4E6 6.5E6 7.2E6 6.3E6

6.4.5 Recalculations and improvements

No recalculations werperformedfor solid waste disposal (5A) for this submission.

6.4.6 Planned improvements

For future submissions it is planned to update the uncertainty analysis for the waste sector and add
further information on the methodological information regéing solid waste disposal by e.g. adding
details on sources of data.
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6.5Biological treatment of solid waste

6.5.1 Composting

6.5.1.1 Methodology

Recycling and biological treatment of waste started on a larger scale in the middle of the 1990s. Their
share of total waste management increased rapidly since then. Emission estimates are calculated by
multiplying waste amounts with relevant pollutant spic emission factors.

6.5.1.2 Activity data

Compost production as a means of waste treatment started in Iceland in 1995 and the EA receives

the amount of waste going to compost production facilities annu&Bliableactivity data for the

amount of waste compsted has however, onl\been reportedto the EAsince 2005. Therefore, the

amounts composted from 1998004 are estimated to be between 2 and 3 kt. Since 2005 this

amount has increased by roughly 2 kt per year and was 34 kt in 2020 The collected dat&orefet

weight and is transformed to dry mattefurther information on the annual mass of waste

compostedt YR G KS &a2dz2NOS 2F RIFEdGF OFly 0SS F2dzyR Ay L OS¢t
Greenhouse Gas Emissions.

6.5.1.3 Emission factors

For compostingTier 2 emission factors fronTable 31 and Table 2, Ghapter B1lin the 2019
EMEP/EEA Guideboake used for estimatinglH and CO emissions. Emission factors for other
pollutants are not provided in th2019 EMEP/EEA Guidebdbke emission factors are assumed
constant for all the years in the calculations.

6.5.1.4 Emissions
Emissions from composting have been increasing in propottidine increase irthe amount of
waste composted.

Table6.6 Emissions from 5B1 Composting

1990 1995 2000 2005 2010 2015 2018
[\ll(:]b NO 4.8E4 4.8E4 0.0012 0.0037 0.0051 0.0058 0.0057
B:(f]) NO 0.0011 0.0011 0.0028 0.0085 0.0119 0.0134 0.0134

6.5.1.5 Recalculations and improvements
No recalculations werperformedfor composting (5B1) for this submission.

6.5.1.6 Planned improvements
There are o planned improvements for this sector.

6.5.2 Anaerobic digestion at ingas facilities (NFR 5B2)

Anaerobic digestion at biogas facilities is currently a-aocurring activity in Iceland.

6.6Waste incineration and open burning (NFR 5C)

This section discusses the emission estimates from burning of welsiteh falls under the
subcategories; Waste incineration (NFR 5C1) and Open burning of waste (NFR 5C2). Waste
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incineration covers the emission estimates from waste incineration plants without energy retovery
and not from waste incineration with energy recovery. Emission estisfatewaste incineration

with energy recovery are reported in the relevant subsector under NFR sector 1A1 (Chapter 3.3.1).
Waste incineration is separated further into Municipal Waste Incineration (NFR 5C1a), Industrial
Waste Incineration (NFR 5C1bi), Hdpais Waste Incineration (NFR 5C1bii), Clinical Waste
Incineration (NFR 5C1biii), Sewage Sludge Incineration (NFR 5C1biv), Cremation (NFR 5C1bv) and
Other Waste Incineration (NFR 5C1bvi).

Open burning of waste covers the emission estimates from open pit burning facilities and bonfires.

The scope of this section does not include the emissions from waste incinerated outside of Iceland as
this would lead to double counting of the emissioniesttes in a common international emission
estimate inventory. Activity data on wasiehich is exported anthcinerated outside Iceland is

provided to the EA annually by the waste burning facilities. Data on waste generation and waste
management practices ipublished by Statistics Iceland.

6.6.1 Waste in¢neration (NFR 5C1)

6.6.1.1 Municipal waste incineration (NFR 5C1a)

Incineration of waste in incineration plants without energy recovery started in 2001 in Icé\éagle
incineration in incineration plants started in @® andfrom 2004 therehas beera single waste

incineration plant (Kalka)peratingin IcelandIn addition to the plant in Kalka, another plant, in
Talknafjordur, is included in this category which operated from 2001 to 2004. From around 1990
incinerators were built around the country with higher combustion temperatures but still no
satisfactory emission controls, especially regarding air pollutants such as dioxin. All these incinerators
are consideredsopen burning andreincluded in categry 5C2 due to the lack of emission

controls

Methodology

The total amount of waste incinerated in all waste incineration plants without energy recovery in
Iceland is multiplied with its pollutant specific emission factor as given ia@hé EMEP/EEA
Gudebook

Activity data

Activity data on incinerated waste from major incineration pladmisbeen collected by the EA since
2000.There is a sharp increase in the amount of waste incinerated (5C1) and corresponding decrease
in waste open burnt (5C2) in 20@4de to the opening of the Kalka plant. This trend is also seen in the
emissions.

Historic data which was not reported to the EA was estimated using the assumption of 500 kg of
waste per inhabitant in communities where waste is known to have been incatbrat

Emission factors

Emission factors (T1) for all pollutants for the incineration plant Kalka are takerilé&ble 31,
Chapter 5C1an the2019 EMEP/EEA Guidebobkwer emission factors were used for the Kalka
plant than for the other incineration pid. This is due to the followingbatement technologies
present at the plant

10 A quantitative definition of waste incineration with energy recovery isiftbin Annex IV of regulation 1040/2016 (1S).
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Dry cleaning process

Hydrated lime

Combustion is at approximately 1100°C

Particle abatement (bag filters with capacity 50 kg/hr)

= =4 -4 =

Forthe incineration plant in Talknafjorourier 2 emission factors froifable 32, Chapter 5C1la in the
2019 EMEP/EEA Guidebowskused for all pollutants except foiH:, Se and Indeno(1,2@&)pyrene.
As Tier 2 EFs are unavailableNbt, Se and Indeno (1,2@&1)pyrenethe Tier 1 emission factors from
Table 31, Chapter 5C1a in th2019 EMEP/EEA Guidebobkve beerused. The reason for this is the
lack of emission factors given for these pollutant3able 32 of the Guidebook.

From 2@4 only one incineratio plant (Kalka) handling MSW has been operating in Iceland. The
emission factor of 0.5 pug TEQ/t MSW was taken from Table 14 in Standardized Toolkit for
Identification and Quantification of Dioxin and Furan Releases (UNEP, 2005).

Recalculations
No recalculations werperformedfor this sector.

Planned improvements

For the next submission, it is planned to aquire and use facility data for the emissions which are
measured on siteFor future submissions there, fsirthermore, a need to acquire mordetailed
technology stratification to account for abatement technologies in the Tier 2 methodology of the
2019 EMEP/EEA Guidebodn uncertainty analysis, iirthermore, in progress.

6.6.1.2 Industrial Waste Incineration (NFR 5C1bi)

Methodology

Slaughterhouse waste is the only type of waste that is assumed to be constituting industrial waste
incineration for the year 220. Total reported slaughterhouse waste is multiplied by pollutant specific
emission factors to estimate these emissions.

Activity data
Activity data for this category has only been included for the years-202@while for allprevious
years it is included in 5Cla.

Emission factors
Emission factors are taken from Tabld Xhapter 5C1im the 2019 EMEP/EEA Guidebook2019.

Recatulations

The emisson factors for industrial waste incineration were updated for this submission. Previously,
the same emission factors were used for industrial waste incineration as for WiSK\2, emission
factors fromTable 32, Chapter 5C1la in th2019 EMEP/EEBuidebook They have been changed to
the emission factors specified for industrial waste incineration fiiable 31, Chapter 5C1im the

2019 EMEP/EEA Guidebodkis was done as it was estimated that the new emission factors are
more accurge. InTable 31, Chapter 5C1in the 2019 EMEP/EEA Guidebothe folowing pollutants
are not estimated: NE Cr, Cu, Zn, Se, BaP, Bp¥and PCB is not applicabtherefore these

pollutants are not included
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Table6.7 Recalculations within 5C1bi, Industrial waste incineration, due to changes in the emission factor

5C1bi Industrial waste incineration

2022submission K [kt] 6.365 1.14 2.54 7.1:4 7.54 7.54
Change relative to 2021 submissio®N 1.2% 1.2% 1.2% 1.2% 1.2% 1.2%
2021 submission NMV(Kkt] 4267 7.4&7 1.7&6 4.8E6 5.1E6 5.1E6
2022 submission NMVdKki] 5.364 9.364 2.1E3 6.05:3 6.453 6.463
Change relative to 2021 submission NMV'  0.001% 0.001% 0.001% 0.001% 0.001% 0.001%
2021 submissionGx [kt] 6.3E6 1.1E5 2.55 7.1E5 7.55 7.555
2022 submissionGxk [kt] 3.4E6 5.966 1.365 3.865 4.1E5 4.1E5
Change relative to 2021 submissidbxS 1.85% 1.85% 1.85% 1.85% 1.85% 1.85%
2021 submission NHkt] 2.267 3.87 8.57 2.4E6 2.666 2.666
2022 submission NHkt] NA NA NA NA NA NA
Change relative to 2021 submissionaNH - - - - - -
2021submission Pis [kt] 2267 3.867 8.567 2.4E6 2.6E6 2.6E6
2022 submission PM [kt] 2,957 5.087 1.1E6 3.366 3.566 3.566
Change relative to 2021 submission M 0.7%% 0.7%% 0.7%% 0.7%% 0.7%% 0.7%%
2021 submission PM[kt] 2.267 3.8&7 8.57 2.4E6 2.666 2.666
2022 submission P [kt] 5.087 8.867 2.0E6 5.7E6 6.0E6 6.1E6
Change relative to 2021 submission M 0.4 0.4 0.43% 0.4 0.4 0.43%
2021 submission TSR] 2287 3.867 8.57 2456 2.6E6 2.6E6
2022 submission TSR] 7.287 1.3E66 2.866 8.2E6 8.6E6 8.6E6
Change relative to 2021 submission TSP 0.3% 0.3% 0.3% 0.3% 0.3% 0.3%
2021 submission B&t] 7.569 1.368 3.0e8 8.6E8 9.1E8 9.1E8
2022 submission B&t] 1.088 1.868 4.0E8 1.1&7 1.2&7 1.267
Change relative to 2021 submission BC 0.7%% 0.7%% 0.7%% 0.7%% 0.7%% 0.7%%
2021 submission CRt] 2.966 5.1E6 1.265 3.3E5 3.5E5 3.565
2022 submission C&t] 5.0E6 8.866 2.0E5 5.7E5 6.0E5 6.1E5
Change relative to 202dubmission CO 0.5% 0.5% 0.5% 0.5% 0.5% 0.5%
2021 submission Pfi] 4.2E6 7.366 1.6E5 4.7TE5 5.085 5.085
2022 submission P[] 9.365 1.664 3.7T64 1.1E3 1.1E3 1.1E3
Change relative to 2021 submission Pb 0.0%% 0.0%% 0.0%% 0.0%% 0.0%% 0.0%%
2021 submission ddl] 3.3&7 5.8&7 1.366 3.8E6 4.0E6 4.056
2022 submission i 7.266 1.3E5 2.8E5 8.2E5 8.6E5 8.6E5
Change relative to 2021 submission Cd 0.05% 0.0%% 0.05% 0.0%% 0.0%% 0.05%
2021 submission Hg] 1.456 2.4E6 5.366 1.555 1.6E5 1.665
2022 submission Hg] 4.0E6 7.056 1.6e5 4.6E5 4.865 4.865
Change relative to 2021 submission Hg 0.3%% 0.3%% 0.3%% 0.3%% 0.3%% 0.3%%
2021 submission As] 4567 7.857 1.856 5.1E6 5.4E6 5.4E6
2022 submission As] 1.2E6 2.0E6 4,566 1.365 1.4E5 1.465
Change relative to 2021 submission As 0.3 0.3 0.3 0.3 0.3 0.3%%
2021 submission Tt] 1.266 2.1E6 4.6E6 1.365 1.465 1.465
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5C1bi Industrial waste incineration 2016 2017 2018 2019
Change relative to 2021 submission Cr - - - - - -
2021 submission (i 9.957 1.7E6 3.9E6 1.1E5 1.2E5 1.2E5
2022 submission i NA NA NA NA NA NA
Change relative to 2021 submission Cu - - - - - -
2021 submission ¢ 1.6E6 2.7E6 6.1E6 1.8E65 1.955 1.955
2022 submission J¢ 1.0&85 1.865 4.0E5 1.1E4 1.264 1.24
Change relative to 2021 submission Se 0.1%% 0.13% 0.1%% 0.13% 0.13% 0.1%%
2021 submission Ni] 8.4E7 1.566 3.3E6 9.6E6 1.0e5 1.0e5
2022 submission Ni] NA NA NA NA NA NA
Change relative to 2021 submission Ni - - - - - -
2021 submission Z] 1.856 3.1E6 6.956 2.0E5 2.1E5 2.1E5
2022 submission ] NA NA NA NA NA NA
Change relative to 2021 submission Zn - - - - - -
2021 submission PCDO&FTEQ IE IE IE IE IE IE
2022 submission PCDOGFTEQ 2.562 4452 9.962 291 3.0E1 3.061
Change relative to 2021 submission PCDI - - - - - -
2021 submission BdH 6.0E10 1.1E9 2.459 6.959 7.289 7.359
2022 submission BdH NA NA NA NA NA NA
Change relative to 2021 submission BaP - - - - - -
2021 submission BHH 1.359 2.269 5.1E9 158 158 1.58
2022 submission BHH NA NA NA NA NA NA
Change relative to 2021 submission BbF - - - - - -
2021 submission BKH 6.8E10 1.269 2.7T&9 7.869 8.2E9 8.2E9
2022 submission BKH NA NA NA NA NA NA
Change relative to 2021 submission BkF - - - - - -
2021 submission IpY] 8.3E10 1.569 3.389 9.559 1.0E8 1.088
2022 submission Ip[Y] NA NA NA NA NA NA
Change relative to 2021 submission IpY - - - - - -
2021 submission HGBg] 3.266 5.766 1.3e5 3.7E5 3.955 3.955
2022 submission HGBg] 1.47 2.567 5.7&7 1.6E6 1.766 1.756
Change relative to 2021 submission HCB  22.6% 22.6% 22.6% 22.8% 22.8% 22.68%
2021 submission PCBg] 2.4E10 4.3E10 9.6E10 2.869 2.959 2.9:9
2022 submission PCBs)] NA NA NA NA NA NA
Change relative to 2021 submission PCBs - - - - - -

Planned improvements

For the next submission, it is planned to aquire and use facility data for the emissions which are
measured on site-urthermore, it igplanned to acquire data for the years 192013, reviewthe
emission factorsvhich arecurrently ugd for air pollutants not measured on sigsd add emission
estimates for those pollutants where t12919 EMEP/EEA Guidebqmiovides emission factors.
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6.6.1.3 Hazardous Waste Incineration (NFR 5C1bii)

Methodology
Total amount of hazardous waste is multiplied by a pollutant specific emission factor from the Tier 1
approach of th2019 EMEP/EEA Guidebook

Activity data
Activity data for incinerated hazardous wasseavailabldrom 2006 and isallected bythe EA.

Emnission factors
Emission factors are taken frofable 31, Chapter 5C1in the 2019 EMEP/EEA Guidebook

Recalculations
No recalculations were done for this sector.

Planned improvements
For the next submission, it is planned to aquire andfasdity data for the emissions which are
measured on site.

6.6.1.4 Clinical Waste incineration (NFR 5C1biii)

Methodology
Total amount of clinical waste is multiplied by a pollutant specific emission factor from the Tier 1
approach of th2019 EMEP/EEA Guidebook

Activity data
Activity data for incinerated clinical waste under this sect@vigilablefrom 2001, when the first
incineration plant opened

Emission factors

Emission factors are taken from Tabl2 3Chapter 5Cbiih the 2019 EMEP/EEA Guidebook
Abatement technolodes(rotary kiln)arein place at the incineration plant Kalka and, therefore,
abatement efficiencies from Table43are used foNQ, COSQ, TSP, Cd, Cr, Cu, Hg, Ni from the year
2004 when Kalka opened. Prior to that no abatemiechnology is assumed.

Recalculations
No recalculations were done for this sector.

Planned improvements
For the next submission, it is planned to aquire and use facility data for the emissions which are
measured on site.

6.6.1.5 Sewage Sludge incineration (NFR1b®)

Methodology
Total amount of sewage sludge is multiplied by a pollutant specific emission factor from the Tier 1
approach of the EMEP/EEA Guidebook.

Activity data

Activity data for sewage sludge incineration was included in NFR sector 5C1a untiltz2eigd

becauseat was not possible to distinguish between the waste categories until thethhedSAhas
onlyreceival data according to the WStatR (Waste Statistic Regulation) categorization from all waste
operators in Icelangdince 2014
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Emission facts
Emission factors are taken from Tabl& ,3Chapter 5C1lim the 2019 EMEP/EEA Guidebook.

Recalculations
No recalculations were done to sewage sludge incineration for this submission.

Planned improvements

For the next submission, it is plannedaquire and use facility data for the emissions which are
measured on site. In addition, awiew ofthe data for this sector is necessary. Some historic data
exists for sewage sludge which nedd be extrapolateduntil 2014.

6.6.1.6 Cremation (NFR 5C1bv)
Methodology

The total number of bodies incinerated is multiplied by a pollutant specific emission factor from the
Tier 1 approach of th2019 EMEP/EEA Guidebook

Activitydata

Cremation is performed at a single facility located in Reykjavik where huenaains are incinerated
along with the coffinThe activity data, total number of remains incinerated, is provided by the
facility and available online

Emission factors
Emission factors are taken from Tabld 3Chapter 5C1bw the 2019 EMEP/EEA Guidelhoo

Recalculations performed between 2@2d 202 submission

No recalculations werperformedfor this sector.

Recalculations performed between 2020 and 2021 submission
Two recalculations werperformedfor this sectoiin the last submissian

1 Emissions for 2018 for all pollutants were recalculated, dugntopdated activity data value
for 2018. This caused a 70% incremsemission®f all pollutants from this sector.

1 In accordance with the 2020 Stage 3 review comnfehtWaste_2020_Q6_5C1ljeeland
submitted a revised estimate. There was a unit error in the calculations of emissions of IPy
which causd athousandfoldoverestimation of the emissions. This was corrected for this
submission for all years.

Planned imprvements
No planned improvements

6.6.1.7 Other Waste Incineration (NFR 5C1bvi)
Data for other waste incineration is not available for the time being.

6.6.2 Open burning of waste (NFR 5C2)

Open burning of waste includes combustion in nature and open duagpsell as combustion in
incineration devices that do not control the combustion air to maintain adequate temperature and
do not provide sufficient residence time for complete combustion. Incineration devices on the other
hand are characterized by creatiitonditions for complete combustion. Therefore, the burning of
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waste in historic incineration devices that did not ensure conditions for complete combustion is
allocated to open burning of waste. Open pit burning was a common procedure in the earlgsineti

In general, open pit burning results in poor combustion conditions due to inhomogeneous and poorly
mixed fuel material, chlorinated precursors, humidity or catalytically active metals, but all these
factors influence the dioxin formation. It can theoe¢ be hard to come up with reasonable emission
factors. In additionthe activity data is quite uncertain as well, as no official statistics are available.

LG A& | GONIXYRAGAZ2Y G2 fA3IKG dzL) 02y FANBA loit bSg
the country. In the early nineties, there were no restrictions and no supervision with these bonfires.

In the early nineties, some surveillance officers from the Environmental and Public Health Offices
(Local Competent Authority) started to control geefires, by informing the bonfire personnel. In

2000 the EA, Iceland Fire Authority and National Commissioner of Iceland Police published guidelines
for bonfires. They include restrictions on size, burnout time and the material allowed. Since that time
only wood and paper are allowed on bonfires. Also, the Environmental and Public Health Offices
supervise all bonfires. Now they are fewer and better organized.

6.6.2.1 Methodology

The total amount of waste incinerated in all openwésteburning facilities in Icahd is multiplied

with its pollutant specific emission factor as giveiCimapter 5C2n the 2019 EMEP/EEA Guidebook
This applies to most reported pollutants except for dioxin, where the emission estimates are based
on technology specific emissidactors from the Standardized toolkit for the identification of Dioxin
and Furan releases (UNEP, 2005). The same methodology is used for emission estimates from
bonfires, with dioxin being calculated differently. See more detailed descriptions in theifudio
sections.

6.6.2.2 Activity data

Historic data on open pit burning was estimated with the assumption that 500 kg of Washbeen
incinerated per inhabitant in the communities where waste is known to have been incineraiéag
estimate was made for the yemt 990, 1995 and 2000 and interpolatéat the yearsin between.
These communities were mapped by the EA in the respective yHaesEA has information on the
datesat which sites, where open pit burning has been perfornfeie been closed and other mean
of waste disposal have been found. Open pit burning is likebetstilloccuring at various rural
sites, but this has not been estimatadd no public statistics or estimations are currently available
The amount of waste burned in open pits has desed rapidly since the early 1990s, when more
than 30000t of waste were burned. Between 2005 and 2010 there was only one sitehéth was
burning waste openly, on the island of Grimsey. This site was closed by the end d8a€dd on the
population,it was assumed that around 50 t of wastasburned there annually.

Forb S¢ . S Ibdidirés, aBtiéity data is not easily obtained. In 2011 thedfkg with the
municipality of Reykjaviklecided to weigh all the material of a single bonfire. THea piled

material was photographed and its height, width and length measured. The weight was then
correlated to the more readily measurable parameters pile height and diameter. The Environmental
and Public Health Offices were asked to meashecheight ard diameter of the bonfires in their

areas, takephotosand sendhemto the EA. From this information the total weight of bonfires was
estimated for the whole country. The amount was further extrapolated back to 1990, in cooperation
with an expert from ondnvironmental and Public Health Office that has been involved with this
field of work for a long timeThis tradition as well as the number of bonfires has remained consistent
in Iceland and, therefore, the same estimate is used for all years since @4 ear 2020 is an
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exception because, due to the Cowidp LI YRSYA O Fff bSg , SFHNRa 9@S
year. Emissions from bonfires for 2020 are, consequently, not occurring.

6.6.2.3 Emission factors

For open pit burning, the dioxin emission factetaken fromTable 54 Standardized Toolkit for
Identification and Quantification of Dioxin and Furan Releases (UNEP, Z8@®mission factas

300 ugt waste (given for uncontrolled domestic waste burning). Tier 2 emission factors, from Table
3-2,5C1a, 2019 EMEP/EEA Guidebook, are usedNtdy; Hg, Ni, I(1, 2,-8d)P, HCB and PCB
emissionsEmission factors for theemainingpollutants are taken from Table B Chapter 5C2n the
2019 EMEP/EEA Guidebook.

For bonfires, the dioxin emissidactor has been estimated historicgllyased on assumptions. From
2003 onwards an emission factor of 60 pg/t is used. For 1990 to 1995 an emission fa0n.ajt
of burnt material was usedothfactors aretaken fromTable 11.6.5 Standardized Toolkfor
Identification and Quantification of Dioxin and Furan Releases (UNEPR, 20d 23 given for open
burning of woodandaccidental fires in house$his relates to the fact that thieurnt material was
very miscellaneous at that time. It was common piceto burn tiresdiscarded homenteriorsand
even boats at the bonfires. Furthermore, some busihessised the opportunity to get rid of all
kinds of waste. Thereforethis dioxin emission factawas considered suitable for open pit burnifog
the years 1990 to 1995The emission factor was then interpolated from 400 ug to 60 lpugrnt
material from 1996 to 2003. The emission factors for pollutaatserthan dioxin, are taken from
Table 31, Chapter 5C2n the 2019 EMEP/EEA Guidebook

6.6.2.4 Recalculations performed between 2021 and 2022 submission
No recalculations werperformedfor this sector.

6.6.2.5 Recalculations performed between 2020 and 2021 submission

During the 2020 Stage 3 review Iceland submitted a revised estimate for dioxin emissiorapen

pit burning for 199€2003. It was recommended that Iceland use an emission factor of 400 ug/t for
19901995 which is presented the Standardized Toolkit for Identification and Quantification of
Dioxin and Furan Releases from 2012. This causadcrdations for 199@ 1995, and also for 1996
to 2002 as those years are extrapolated from 1995.

6.6.2.6 Planned improvements
No planned improvements.

6.7Wastewater handling (NFR 5D)

According toChapter ® in the2019 EMEP/EEA Guideboulastewaterhandlingis an insignificant
sourceof air pollutants. However, in urban areas, NMVOC emissions from wastewater treatment
plants can be of local importance. Activities considered within this sector are biological treatment
plants and latrines (storage tanks of humarmmesta, located under naturally ventilated wooden
shelters).

In Iceland, most wastewater is discharged into the, either untreated or after primary treatment.
Only a small amount of wastewater is treated with secondary treatment and latrines are not
occuring. Therefore, nofGHG emissions have not been estimated from wastewater handling.
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6.7.1 Methodology

No methodology is used due to the lack of relevant activity data.

6.7.2 Activity data

No relevant activity data.

6.7.3 Emission factors

No emission factors used.

6.7.4 Recalclations and improvements

No recalculations werperformedfor wastewater handling (5D) for this submission.
6.7.5 Planned improvements

It is planned to contact the relevant companies and investigate if it is possible to get the relevant
data about thevolume of handled wastewatefl his would make it possible teport the NMVOC
emissiongrom wastewater handling

6.80ther waste (NFR 5E)

This section discusses the emission estimates from other whmstevhichlceland estimates
emissiondrom accidental hogse and vehicle burning. Emission estimates for all reported pollutants
are provided except forNH;, BC, Se, HCB and P@Rere emission factors have not been found or
are considered not applicable.

6.8.1 Methodology

For accidental house fires, emission estinsaéee calculated asllows:the number of fire events
multiplied witha pollutant specific emission factor from the Tier 2 approacthaipter 56n the
2019 EMEP/EEA Guidebantd thethe most recenDanish hformative Inventory Report (1IR)

For accidetal vehicle fires, emission estimates are calculated as the mass of vehicles burned
multiplied witha pollutant specific emission factor from tkiee most recenDanish [IRThe weight
of different types of vehicless used in the calculations and takerin Table 626 of thethe most
recentDanish IIR. The assumption is made that 70% of the total mass is burned.

6.8.2 Activity data

Activity data for vehicle and building fires were obtained for the years 20B320from the Capital District

Fire and Rescue Service (CDFRS). Building fires are classified by duration of response into small, medium and
large fires. The data is presentedTiable6.8. As 2/3 of the Icelandic population lives in the capital area, it is
assumed that the CDFRS serves 2/3 of the incidents in Iceland. In

Table6.9, dataon vehicle and building fires, extrapolated for Iceland, is presented. As the emission factors used
comply for full scale building fires, the activity data is scaled as a full scale equivalent where it is assumed that a
medium and a small fire leads to 5@#td 5% of a large fire respectively, and that a large fire is a full scale fire.
Table6.8 and

Table6.9 show the total scaled building fires. This scaling is similar to the scaling used in the 2011
DanishlIR although the scaling in Denmark is based on response activity rather than response time.
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It does however,seem appropriat¢o scale the fires in this way for the Icelandic data. It is further
assumed that 10% & I OK @& ifflihg\Nifes) aréimtdustrial building fires.

In 2004 a major industrial fire broke out at a recycling company (Hringras). In the fire 300 t of tires,
among other separated waste materials, burned. In 2Gifire broke out at the same company, but
that fire is assumed to have been about 10% of the size of the one in 2004.

In 2014 a major fire incident occurred when fire broke out in an industrial laundry se(Fiaen)
The house had a thick layer of asphalt roll roofing with an estimated weight of around 80 t.

For the yeas 1990 to 2002an average of the total scaled buildinges (38) and vehicle fires (60) was
used. The possibility to obtain better data for 1990 to 2002 has been further explored. However, the
reports on accidental fires for that period aredrompletely different fornat, making them both

difficult to obtainand interpret. As the extra information gained would not be of that much
importance it is nota priority to further explore this subject.

The yearly combusted mass is calculated by multiplfisghumber of different vehicles fires with
the average weighof the given vehicle type.

As the types of vehicldhat havecaught fire are not registered at the CDFRS, the average ratio of
vehicle type caught on fire are taken from tB@20Danish IIR. Motorcycles are excluded, as
motorcycle fires are very rara iceland. The ratios are:

i1 passenger cars 83%

1 buses 8%

1 light duty vehicles 3%

1 heavy duty vehicles 7%

The total amount of vehicle mass involved in fires is then calculated from the number of vehicle fires
and the average weights of the different vehigypés (weighis also taken from the Danish | &%

national datawas not available). It is assumed that 70% of the total vehicle mass involved in a fire
actually burns.
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Table6.8 Vehicle and building firesapital area

Vehicle fires Building Fires Total scaled

<60 min 60-120 min >120 min building fires
2005 43 141 24 11 29
2010 34 118 17 9 73
2015 37 88 14 3 75
2019 34 71 7 13 23
2020 27 69 13 13 -

Table6.9 Vehicle and building fires scaled for Iceland

vehicle fres —BuildingFires  Totalscaled

<60 min 60-120 min >120 min building fires
2005 65 212 36 17 43
2010 51 177 26 14 2
2015 56 132 21 5 37
2019 57 111 17 17 24
2020 51 107 26 20 57

6.8.3 Emission factors

The emission factor for undetached houses is used for all building, fiseseptfor industrial building
fires. This is because Icelandic regulasidemand more fire resistance than the regulationsiher
Scandinavian countries. Emission factorsuiagtetached building fires are taken fromable 34,
Chapter 5En the 2019 EMEP/EEA @ebook for all estimated pollutants provided in the Guidebook
except for dioxinwhich is taken from théhe most recentDanish IIR. Other neastimated sources

of the 2019 EMEP/EEA Guidebamie taken fromTable 6.2 inthe most recenDanish IIR. No
emission factors are provided for BC, Ni, Se, Zn, HCB antR@Bconsidered not applicable as the
2019 EMEP/EEA Guidebaalggests.

Similarly, for industriabuildingfires, emission factors fromable 36, Chapter 56n the 2019
EMEPEEA Guidebodk used except for dioxin which is taken from the most recenDanish IIR.
Other nonestimated sources of th2019 EMEP/EEA Guidebaae taken fronmTable 6.24 ithe
most recentDanish 1IR. No emission factors are provided for BC, NEnSEICB and POB: is
considered not applicable as t2019 EMEP/EEA Guidebaalggests.

For vehicle fires, the burned mass is multiplied with a pollutant specific emission factor taken from
Table 632 of thethe most recenDanish IIR.

For the majorndustrial fire at Hringras in 2004, an emission factor of 220 ug/t of, tiresy the
Standardized Toolkit for Identification and Quantification of Dioxin and Furan Releases (UNEP, 2005),
was taken. Using this factor, this single firas estimated to bette size of around 16 industrial

building firesand other emissions were scaled accordingly.

Asphalt roll roofingwhich burned in the 2014 industrial laundry fire (Fongs assumed to emit
dioxin levels comparable to scrap tirasd, therefore, the same emission factdor dioxin was used

as forthe industrial fire athe recycling companyHringra3. Dioxin emissions from other materials
that burned were included by assuming that theale of thefire was comparable to 5 industrial
buildings. Tius the emissions from this particular fire corresponds to 5 industrial building fires plus

GKS aLISOAlLt FaasSaayvySyid 2F GKS FaLKFEG NRtf NR2FA
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emission estimates were calculated by using emission factons Table 624in the most recent
Danish IRfor industrial buildings, scaled according to the estimation of corresponding industrial
building fires. Emission factors O, NMVOCSQ and CO are also taken frofable 624 inthe
most recentDanish IIR. tBer reported pollutants are taken fromable 36, Chapter5Ein the 2019
EMEP/EEA Guidebadko emission factors are provided for BC, Ni, Se, Zn, HCB arndHg GB.
considered not applicable as t2619 EMEP/EEA Guidebaalggests.

6.8.4 Recalculations and impvements
No recalculations were done for this submission.
6.8.5 Planned improvements

Review othe data used for 199@ 2002 for the number of accidental house and vehicle fires.

General data improvement needed. There were two larger fires in 2018, \whighyet to be

researched further. The Environment Agency has been in touch with the Capital’s Fire Department

FYR GKS fIFNAS FANB& INB AyOf dZRSR KSNB dzy RSNJ G KS
collaboration is being set up with the Iceland Bimg Authority with the aim of providing better

estimates of emissions from building fires.
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7 Natural Sources (NFR 11)

7.1Volcanoes (NFR 11A)

Volcanic emissions are frequent in Iceland aonth remote and ipsitu analyticatechniques allow a
good estimatiorof associated emissions. While the following chapters describe the three latest
eruptions (from 2010) in detail, th€able7.1 reports the emissions for the whole timerses and the
respective sources of information. As emissions from these eruptions are natural, they are reported
in this chapter and in the NFR Tables under Memo Item 11A but are not included in national totals.

Table7.1 Volcanic eruptions and associat8@ and particulate emissions from 1990.

Year Volcano Emissiongkt] Measurement method/ Source

PM.s PMuo
1991 Hekla 230 Satellite Nimbus’ TOMS,
https://volcano.si.edu/volcano.cfm?vn=372070
vtab=Emissions
1996 Grimsvotn 10 Satellite Aura OMI
https://volcano.si.edu/volcano.cfm?vn=373010
vtab=Emissions
2000 Hekla 183 Satellite Earth Probe TOMS
https://volcano.si.edu/volcano.cfm?vn=372070
vtab=Emissions
2004 Grimsvotn 30 Satellite Aura OMI
https://volcano.si.edu/volcano.cfm?vn=373010;
vtab=Emissions
2010 Eyjafjallajokull 127 1,673 5,970 SeeSection7.1.1

2011 Grimsvotn 300 13,184 47,039 Satellite Aura OMI
https://volcano.si.edu/volcano.cfm?vn=373010
vtab=Emissions
2014 Holuhraun 12,006 N/A N/A SeeSection7.1.3
2015

The last three volcanic eruptioiiByjafjallajokull eruption, AprMay 2010; Grimsvétn eruption, May
2011; and Holuhraun eruption, September 2€Adbruary 201pare reported in more detalbelow.

7.1.1 Eyjafjallajokull eruption 2010

The Eyjafjallajokull eruption lasted from 14 April until 23 May 2010. For this eruption emissions of
sulphur dioxide $Q) and particulate matter were estimated and reported. The emissions estimates
are based on sattile observation on a daily basis during the eruptfaand amounted to approx.

127 kt ofSQ, 6000 kt ofPMioand 1700 kt. oPM,s. These 6000 kt d?M.o were around 3500 times
more than total estimatednthropogenid®My emissions in Iceland in 2010.

11 https://wiki.met.no/emep/emep_volcano plume
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Figure7.1 Eyjafjallajokull eruption at its peak in April 20(hoto: pPorsteinn J6hannsson).

7.1.2 Grimsvotn eruption 2011

Grimsvotn volcano lays below the biggest glacier in Iceland, Vatnajokull in the southeast of the
country, and reaches 1725 m above sea level. Itis ohe®fS f mqétlééﬂ\é volcanoesnd has
erupted frequentlyin recent time(1934, 1983, 1996, 1998024 and 201}

The2011Grimsvotn eruption lasted from 21 May until 28 May. The eruption at Grimsvotn was much
larger than that of Eyjafjallajokull the year before, and it has been estimated that during the first day
more sulphur and particulates were emitted than durthg entire Eyjafjallajokull eruptionSQ

emissions from Grimsvotn have been estimated to be around 100thktotal mass ofparticulates
emitted has not been estimated but the EA has scaled the emissions of particulates using the ratio of
Sulphur emissions frotie two eruptions (1000/127). This gives an approximate estimate of 47,000

kt PMyo and 13,000 kt oPM:s. Figure7.2, a NASA MODIS satellite image acquired at 031G on 22

May, 2011 shows the plume from Grimsvotn casting shadow to the west.
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Figure7.2 Grimsvotn eruption in May 2011. (Photo NASA/GSFC/Jeff Schmaltz/MODIS Land Rapid Response
Team).

7.1.3 Holuhraun eruptian 2014- 2015

Holuhraun is located to the north of the glacier Vatnajokull, and is associated with the volcano
Bardabunga situated under Vatnajokull. Prior to the eruption, seismic measurements showed the
emplacement of a dike, originating from the Bardaba caldera and migrating to the noréast

over the course of a few weekEhe eruption in Holuhraun began on 31 August 2Qust to the

north of the northern edge of Vatnajokudnd ended on 27 February 2015. It was the biggest
eruption in Iceland sirecthe Laki eruption 1783.

Emission estimatefsom the Holuhraun eruption were done by the volcanic hazard team at the
Icelandic Met OfficélMO). According to information from Sara Barsotti and Melissa Anne Pfeffer
specialists at the IMQhe estimates wee done as follows: The emission rateS8p was calculated

using wind parameters provided by the HARMONIE numerical prediction model and column
concentrations o5Q detected with different types obifferential Optical Absorption Spectroscopy
(DOAPmMeasurements. The DOAS techniques used include two NOVAC scanning DOAS instruments
(Galle, et al., 2010pne installed 7 km from the main degassing vent, Baugur, but moved during the
eruption due to the advancing lava to 1 Krom the main vent; and a second scanning DOAS

installed 10 km from the main vent, but damaged by advancing lava two weeks after the start of the
eruption; campaign DOAS traverses, made as close to the main vent as conditions allowed; and ring
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road DOA%raversegGislason, 2015l measurements were analysed closely to remove the data
most impacted by scattering. For all techniques, the good quality measurements were used to
calculate daily averages 83 emission rate. Odays when good quality data was acquired from

more than one DOAS technique, the larger value was used, and then these daily values were used to
calculate the monthly averages. Some minor degassing from the cooling lava continued after the end
of the eruptbon (maximum 3 kg/s; Simmons et al., 2016); this contribution to the emissions is not
included here.

Total SQ emission from this eruption was estimated 12,006 kt, as communicated in 2016 by the
IMO. Divided on calendar years 10,880 k&) were emitted n the year 2014 and 1,126 kt 803 in

the year 2015. To put these numbers in in perspective it can be said that the&s@tamission from

all the European Union countries for the year 2012 was 4,578hk$. means thathe emissios from

the eruption inthe year 2014j.e. from 29 August 2014 to 31 December 20d:dre more than twice

the total SQ emission from all the European Union countries for whole year. For September alone,
during the most intensive period of the eruption, tB& emission from thesruption was similar to

the annualSQ emissiors of the European Union.

Because the eruption occured in an area free of iogiseions of ash were negligible. Further
information aboutSQ emissions from the eruption are ifable7.2 below. As these emissions are
natural they are not included in national totals.

Table7.2 Monthly emission rates (Pfeffer (Icelandic Meteorological Office), 2016, email communication).

Average monthly emission rates SQ per month
[kals] [kt]
August 2014 124 332
September 2014 1708 4427
October 2014 1051 2815
November 2014 1143 2963
December 2014 128 343
January 2015 304 814
February 2015 129 312
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Figure7.3 Monthly emission from Holuhraun during the eruption.

The eruption caused widespre&® pollution all over Iceland and also in other countries in Europe.
During the eruption, various institutions were in charge of disseminating information to the public.
The Icelandic Met Office used the CALPUFF modelling system to simulate and foredesstdtsal

and concentration of th&Q gas at ground level. The forecast was thd=y long and was updated
twice a daySQ dispersion during the whole eruption modelled by CALPUFF are preserfagline

7.4 as the frequency of hourly concentrations higher than the EU one hour limit val@Cfdinat is

350 pgm?. The values corresponding to each contour show how many times this concentrasion ha
been exceeded at each location during this period. During the eruption, gas pollution was extensive
across all of Iceland. The NE part of the country suffered the highest impact from the eruption. The
model suggests that the area within 50 km NE of thgodon site exceeded 350 pg? for up to 20

% of the time (about 30 days in total). The northern part of Vatnajokull and the eastern part of
Hofsjokull glaciers were frequently exposed to high grelawegl concentrations 0Q for up to 15

days.
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Figure7.4 SQ dispersion during the eruption modelled by CALPUFF, presented as frequency of hourly
concentrations higher than the 350 pg? health limit. The monitoring stations mentioned in the text and in
Figure7.5 are also showi(Gislason, 2015)

To inform the public about ground level concentratiorSép the Environmental Agency of Iceland
shared information fron§Q monitoring stations. At the beginning of the eruption the ambient air
concentration ofSQ was measured at 11 permanent stationgsass Iceland recording 10 and 60
minutes average concentration. Seven of the stations continuously streamed the results to the
website!? of the Environmental Agency of Iceland. By late January 2015 the number of these stations
had risen to 21. All thesestruments where trace level (ppl9Q analysers equipped with pulsed
fluorescence spectroscopy meters. In addition to these accurate measuring stations around 50 hand
held SQ meters was distributed throughout the country and they were usually operatetidyjocal

police. So, the total number &Q monitoring devices was 71, distributed in agglomerations all

around the country.

Prior to the Holuhraun eruption, the grougkvel concentration of atmospher8Q in Iceland had
never been recorded as exceedithe 350 ugh?® hourly limit. During the eruption, predicted and
measured values repeatedly exceed this limit (B&pire7.4 and Figure7.5). Much higheiSQ peaks,
lasting shorter than one hour, were frequently measured on handheld sensors, the highest being
21,000 pgm?in Hofn (SE of the country). Continuous measurements st@&0ctober 2014 in

Ho6fn as shown ifrigure?7.5. There the hourly averaged concentration reached a maximum of 3050
ug/méon 11 January 2015. Over the monitoring periods showignre7.5, SQ exceeded the one

12 hitp://airquality.is
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hour 350 pgm?3threshold 2.0 % of the time at Myvatn (NE) (for 17 consecutive hours and a total of
86 hours), 1.4 % in Reydarfjordur (E) (for 10 consecutive hours and a total of 58 hours)) 1.4 %
Reykjavik (for 8 consecutive hours and a total of 59 hours) and 4.2 % of the time in H6fn (for 16
consecutive hours and a total of 124 hours). The last unambiguous detection of the volcanic plume
was at the Myvatn station on 18 February.
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Figure7.5 TheSQ concentration in air at four of the permanent gas monitoring stations presentEyjure
7.4. The 350 pgh?® health limit is shown by the red horizontal line. The grey vertical lines mark the eruption
period. Permanen8Q monitoring started at H6fn 28 October 20X&islason, 2015)

DFa SYAdaArzya FTNRBY (GKS | 2f dzKNJ dzy SSQizLJi A2y NBadzZ i
concentrations in the UK and Ireland during two occasions in September(36rhidt, 2015)

Examples of the highest peaks during these ev@mé shown from two monitoring stations in Ireland

in Table7.3 (Gislason, 2015along with examples from monitoring stations in thetiNglands,

Belgium, and Austria. These stations are equipped with pulsed fluorescence spectrometers with

similar detection limits and uncertainty as the Icelandic stations. During the 22 September the

groundlevel concentrations were highest in Austria2@5 pgim?®. The Masenberg station in Austria

is a background station at a high elevation and far away from local emission sources and rarely

recordsSQ concentrations in excess of 30 jagi. On this day unusually high concentrations were

measured at most ahe 30 monitoring stations in AustriéGislason, 2015)
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Table7.3 Highest one houBQ peak by countryGislason, 2015)

Country Station name Latitude  Longitude Height Distance Highest
above sea from the one hour

level eruption SQ peak

Ireland Ennis 52.84 -9 16 m 06.09.2014 1407 km 498 pgm3
Ireland Portlaoise 53.04 -7.29 98 m 06.09.2014 1420 km 343 pgm3
Netherlands Philippine 51.29 3.75 5m 22.09.2014 1905 km 82 pgim?
Belgium Ghent region 51.15 3.81 12m 22.09.2014 1931 km 87 pgim3
Britain Wicken Fen 52.3 0.29 3m 22.09.2014 1701 km 96 pgm3
Austria Masenber 47.35 15.89 1210 m 22.09.2014 2754 km 235 ugm3

Figure7.6 Holuhraun eruption in September 2014. The height of the lava fountains was around 100 m (Photo:
Olafur F. Gislason).
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8 Spatially Distributed Emissions on Grid

8.1Scope

The present document provides@anations about the methodology and the data sources used.
Gridded emissiongere reported in 202%or the years 2015 and 2019 and for the following
components: PCDD/PCDF (dioxins/furans), PAHs, HCB and PCB.

The gridded emissions were aggregated inte thilowing GNFR sectors: A_PublicPower, B_Industry,
C_OtherStationaryComb, E_Solvents, F_RoadTransport, G_Shipping, H_Aviation, |_Offroad, J_Waste.
POPs emissions do not originate in the Agriculture sector therefore no emissions are reported under
the GNIR codes K_AgriLivestock and L_AgriOther.

As a geographical basis the EMEP grid with resolution of 0.1°x 0.1° was used for the first time, as in
the 2016 submission the former 50 km x 50 km grid was used.

8.2Methodology

The methodology follows thapproach described in the EMEP/EEA air pollutant emission inventory
guidebook 2019. Following steps were carried out in order to provide a spatial allocation of the
emissions reported in the NFR tables:

- Understand type and origin of emissions (point ofudié source)

- Associate geographical locations

- Find proxy datasets for the emissions which could not be allocated to a location

- Assign to each grid cell of the EMEP 0.1°x 0.1° resolution grid a unique number (2273 grid
cells in total)

- Allocate the emissionto the grid cells subdivided per GNFR code

- Sum emissions within one grid cell to obtain total emission within that grid cell

- Consistency check: crosscheck sum of emissions of all grid cells with national total emissions
reported in NFR tables

The spatidy distributed emissions are based on the data collected for the Informative Inventory
Report with addition of geographical datasets which can be downloaded from the website of the
National Land Survey of IceldAdPopulation density maps, location of maports and airports were
extracted from these datasets with the help of a GIS software. Locations of point locations were
extracted from the EPRTR registry. Some statistical data (tonnage of fish landed, farm numbers per
region) was retrieved from Statiss Iceland. Flight statistics for international and domestic flights
were collected fromSAVIA, the operator of all airports and manager of air traffic in Iceldnd

some cases, expert judgement from the national inventory compilerapa$ied to ensure a correct
allocation of emissions.

The following table summarises source of the datasets and proxy spatial dataset used, if necessary.

13 https:/fiwww.Imi.is/
¥ https://statice.is/
15 https://www.isavia.is/en
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Table8.1 Summary of the source of emission allocatoi/or proxy spatial dataset used for the spatial
mapping of emissions.

NFR

GNFR code code Long name Source and proxy spatial dataset used

Energy Authority, two main areas in Iceland whe|
electricity is still produced by fossil fuels, 80%
assigned to Grimsey and 20% to Grimsstadir. Th
third area, Flatey, is an island which is not inhabi
all year round.

Public electricity and heat

A_PublicPower 1Ala .
production

Stationary combustion in
B_Industry 1A2a manufacturing industries and
construction: Iron and steel
Stationary combustion in
manufacturing industries and Fuel consumption of Aluminium producers knowt

Fuel consumption of Ferroalloy producers known
Energy Authorit NIR/IIR, EPRTR registry

B_Industry 1A2b constructian: Nonferrous Energy Authorit NIR/IIR, EPRTR registry
metals
Stationary combustion in These emissions stem from the fishmeal factorie
manufacturing industries and the oil consumption humbers were looked up frotr

B_Industry 1A2e - . . -
construction: Food processin¢ their annual Green reports and the emissions
beverages and tobacco distributed accordingly.
Stationary combustion in

B_Industry 1A2f manufact_uring industrie_s and Fuel consumption of mineral wool producers _

- construction: No-metallic known, Energy Authoritg NIR/IIR, EPRTR registry

minerals

|_Offroad 1A2gvii mggﬂ?ai?lﬂizgsitll%zlsl:ries and Population densi.ty used as proxy spatial dataset
construction dataset from National Land Survey of Iceland

This category is not very well defined and the orig
of emissions is not clearly stated by the Energy
Authority, so it was decided to split these emissic
onto all known big industries.
Flightstatistics published from ISAVIA, the opera
International aviation LTO of all airports and manager of air traffic in Icelanc
(civil) Exact location of airports from dataset from
National Land Survey of Iceland.

Flightstatistics published from ISAVIA, the opera
of all airports and manager of air traffic in Icelanc
Exact location of airports from dataset from
National Land Survey of Iceland.

Road transport: Passenger  Populationdensity used as proxy, dataset from
cars National Land Survey of Iceland

Stationary combustion in
B_Industry 1A2gviii manufacturing industries and
construction: Other

H_Auviation 1A3ai(i)

H_Auviation 1A3aii(i) Domestic aviation LTO (civil)

F_RoadTransport 1A3bi

Road transport: Light duty Population density used as proxy, dataset from

F_RoadTransport 1A3bil vehicles National Land Survey of Iceland

Roadtransport: Heavy duty  Population density used as proxy, dataset from

F_RoadTransport 1A3biii vehicles and buses National Land Survey of Iceland

Road transport: Mopeds &  Population density used as proxy, dataset from
motorcycles National Land Survey of leeld

This category comprises ferries, whale watching
boats and probably the coast guard, even thougk
there are no information on the latter. From NIR/I
data the annual fuel use was split between ferrie:

G_Shipping 1A3dii National navigation (shipping’ and whale watching (the consumption of the mail
ferry to Westman Islands is known). Expert
judgement from the energy sector compiler split
then the fuel to the rest of ferries/whale watching
ports.

F_RoadTransport 1A3biv
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NFR

GNFR code code Long name Source and proxy spatial dataset used

This category comprises pools heated by fdasils
Commercial/Institutional: and according to the Energy Authority there is or
Stationary one public pool left heated with fossil fuels

(Grundarfjorour and the school building as well).

Population density used as proxy, dataBem
National Land Survey of Iceland

A) farm numbers per region for sheep and cattle
farmers retrieved from Statistics Iceland, combin
percentage per region calculated. B) in @IS
houses located (no info about farm houses
Agriculture/Forestry/Fishing: available) and intersected with the regions. C) gr
Stationary cells with less than 10 houses excluded. D)
Percentage from A assigned to each grid cell witl
a region having >10 houses according to the hou
present inone grid cell. Geographical dataset fror
National Land Survey of Iceland
A) farm numbers per region for sheep and cattle
farmers retrieved from Statistics Iceland, comduxl
percentage per region calculated. B) in GIS all
houses located (no info about farm houses
available) and intersected with the regions. C) gr
cells with less than 10 houses excluded. D)
Percentage from A assigned to each grid cell witl
a region havig >10 houses according to the hous
present in one grid cell. Geographical dataset fro
National Land Survey of Iceland
Main ports defined from the tonnage landed,
dataset from National Statistics Iceland and
emissions split accordingly.

C_OtherStationaryComi  1A4ai

C_OtherStationaryComl 1A4bi  Residential: Stationary

C_OtherStationaryComi  1A4ci

Agriculture/Forestry/Fishing:
|_Offroad 1A4cii  Off-road vehicles and other
machinery

Agriculture/Forestry/Fishing:

|_Offroad LAdcil National fishing

C_OtherStationaryComl  1A5a Other stationary (including  Population density used as proxy, dataset from

military) National Land Survey &feland
B Industr 2AG Other mineral products Fuel consumption from the mineral wool produce
- y (please specify in the 1IR) are known, Energy AuthorityNIR/IIR
. Fuel consumption from the ferroalloysoducers
B_Industry 2C2  Ferroalloys production are known, Energy AuthorityNIR/IR
- . Fuel consumption from the aluminium producers
B_Industry 2C3  Aluminium production are known, Energy AuthorityNIR/IR
. . The asphalt production is known and tamissions
B_Industry 2D3b Road paving with asphalt distributed accordinglyc NIR/IR
E Solvents 2G Other product use (please Population density used as proxy, dataset from
- specify in the 1IR) National Land Survey of Iceland
J_Waste 5C1a  Municipal waste incineration All |n9|nerat|orpccurs in one incinerator in the
Reykjanes peninsula.
J_Waste 5C1bi  Industrial waste incineration All |n<_:|nerat|on_occurs in one incinerator in the
Reykjanes peninsula.
J_Waste 5C1bii Hazardous waste incineratior Al |n9|nerat|on_occurs in oniecinerator in the
Reykjanes peninsula.
J_ Waste 5C1biii Clinical waste incineration All |n<_:|nerat|on_occurs in one incinerator in the
Reykjanes peninsula.
J_Waste 5Cibiv Sewage sludge incineration All |n9|nerat|on_occurs in one incinerator in the
Reykjanes peninsula.
J_Waste 5C1bv Cremation Cremation occurs only in one crematory in

Reykjavik.
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GNFR code

Long name

Source and proxy spatial dataset used

¢KAa O2YLINRasSa (KS &St
Locations have been determined by searching

J_Waste 5C2  Open burning of waste newspapers and localews, 76 locations
determined; emissions split equally as no
information about size of single bonfires is knowr

J_Waste 5E  Other waste Population density used as proxy, dataset from

National Land Survey of Iceland
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8.3Emissions 2019

The following figures show the national total emissions of dioxin/furans, PAHs, HCB and PCB for the
year 2019.

PCDD/ PCDF (dioxins/ furans) [g I-TEQ]
10 -0.0089

[10.0089 - 0.0178
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Figure8.2 Emissions of PAHSs [t] in 2019.
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HCB [kg]
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Figure8.4 Emissions of PCBs [kg] in 2019.
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8.4Emissions 2015

The following figures show the national total emissions of dioxin/furans, PAHs, HCB and PCB for the
year 2015.

PCDD/PCDF (dioxins/ furans) [g I-TEQ]
10-0.0075
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Figure8.6 Emissions of PAHSs [t] in 2015.
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Figure 8.8 Emissions of PCBs [kg] in 2015.
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9 Projections

Air pollutant projections are now included in the IR for the first time. Projections will be made by the
EA on a regular basis in the future. Emissions of NQNMVOC, SONH, PMsand BC are

projected until 2030The projections are predominantly based on historical tredsummary of the
projected emissions for these pollutants is presentedale9.1. The projections are built on one
scenario, the with (existing) measures (W(E)M) scenario. The projections, therefore, include existing
measures based on current legislation. Additional measures to regluggsions are not included in

the projections. The trend by pollutant is presented in chagtdr The methodology and underlying
assumptions for the projections eipresented for each sector in the following subchapters.

Table9.1: Emissions of six air pollutants. Historical data for 2005 and 2020 and projected emissions for 2030.

Pollutant Unit 2005 2020 2030 Change2020-2030  Change?0052030
NOx [kt NOJ] 28.0 19.3 18.1 -6% -35%
NMVOC k] 7.29 5.37 5.17 -4% -29%
SQ [kt SQ] 40.4 515 40.8 -21% +1%
NHs k] 4.48 4.41 4.19 -5% 7%
PMys k] 1.60 1.08 1.11 +3% -30%
BC k] 0.23 0.087 0.079 -8% -65%

9.1Trend by pollutant

9.1.1 Nitrogen oxides NG

The projected decrease in emissions in the next decade is due to a decrease in fuel use and no
residual fuel oil use after 2026igure9.1 shows historical N&emissions and projected from 2021.
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Figure9.1: NG emissions by main sources. Historical data until 2020 and projections until 2030.
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9.1.2 Non methane volatile organicompounds, NMVOC

The decrease in emissions since 2005 is mainly due to less fuel use within road transport and due to
the renewal of the car fleet. This trend is projected to continue from 2021 to 2030. A further
decrease in NMVOC emissions is due to redumissions from waste. One reason for the projected
reduction in waste emissions is arbon landfilling organic waste the year 2023. An increase in the
emissions from food and beverages is due to increased production and export of Sjyine9.2

shows the historical NMVOC emissions from 2005 and the projected emissions frorf 2021.
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Figure9.2: NMVOC emissions by main sources. Historical data until 2020 and projections until 2030.

16 The figure include emissions from manure management (3B) and agricultural soils (3D) but these emissions
are not accounted for in the national emission reduction commitments (see Article 4, paragraph 3d of ®irectiv
(EV) 2016/2284)At the time of writing, work is underway by the Icelandic government to evaluate and work at
the incorporation of the new National Emissions Cedlibirective (Directive(EU)2016/2284) into the EEA
agreement.
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9.1.3 Sulfur oxides, S
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Geothermal energy exploitation is the largest source of sulphur emissions in Iceland. Sulphur is

emitted from geohermal power plants in the form ofzB Enissiondrom this source (shown as

ahGKSNJ FdzZ32AGA GBS SYAaAaaA 2y aFigareiB)YavSigteasEisubstiially dzOG A 2 y
since2005 due taan increase imlectricity production at geothermal power plamtHowever, in

recent years the S&missions have started decreasing following the onset in 2014 of a sulphur

capture and storage project (Sulfiat one of the geothermal power plants (Hellisheidi Power Plant).

Further capture and storage is planned at the Hellisheidi Power Plant and another geothermal plant
(Nesjavellir Power Plant). That explains the projected decrease in emissions over tdeca.
Figure9.3 shows the historical S@missions from 2005 and the projected emissions from 2021.
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Figure9.3: SO« emissions by main sources. Historical data until 2020 and projections until 2030.
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9,1.4 Ammonia, NH

Projected emissions of NHre expected to decrease over the next decade due to a decrease in
livestock numberdrigure9.4 shows historical Ndtmissions from 2005 and projected from 2021.
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Figure9.4: NH emissions by main sources. Historical data until 2020 aojégions until 2030.
9.1.5 Particulate matter (PMs)

Particulate matter emissions are projected to remain relatively constant the next deEaple#e9.5
shows the historial PM.s emissions from 2005 and the projected emissions from 2021.

2.5
2.0
15

1.0

PM, s emissions [kt]

0.5

0.0

2005 IIEENNNNNNEE D

2000 IENNNNNNEEE I
2007 NN N
plty B |
2009 NN
2010 I
2011 I I

2012 NN I
2013 NN .

2014 IEENENNNEEEE s

2015 NN .

2016 IINNNNNNNENEE

2017 NN

oty N |

2019 NN

2020 IENNNENNNE

2021 IENNNENNEE

plive iy B |

pliveyy B |

plavZy B |

2025 IENENEENES

2026 ININNEENEE

2027 NN

plivi:ly L B |

2029 ININNENNEE I

2030 NN .

M Road transport (1A3b) m National fishing (LA4ciii) W Aluminium production (2C3)

Ferroalloys production (2C2) M Construction and demolition (245b)  mOther

Figure9.5: PMbs emissions by main sources. Historical data until 2020 and projections until 2030.
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9.1.6 Black carbon (BC)
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Black carbon emigsis have decreased in the last years and are projected to decrease further. The
main reason for the expected decrease is that emission control systems in vehicle engines have
improved.Figure9.6 shows the historical BC emissions from 2005 and the projected emissions from

2021.
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Figure9.6: BC emission by main sources. Historical datd 2020 and projections until 2030.

9.2Energy

9.2.1 Methodology

The methods used in the emission projections follow the methodologies for emission inventory as
described in chapte?.

9.2.2 Activity data

Projections for the energy semtare based on fuel projections generated by the National Energy
Authority in the Fuel Use Projection 262060 (Orkustofnun, 2021)The Fuel Use Projection 2021
2060is based on existing projections and assumptions aboahomic development, energy

transition and oil use. The projection is as well based on existing laws and regulations which impact
oil use, such as a recent ban on the use of residual fuel oil within Icelandic territorial waters
(Orkustofnun, 2021)Fuel projections were available by fuel type and activity.
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Activity data for the geothermal energy (1B2d) is based on a geothermal energy consumption
projections by the National Energy AuthorifyThe main assumptions of the projection are

population growth, economic development, development of the total size of apartments, offices and
other heated space, and development of economic sectors using geothermal energy. Data from
individual geothermal pwer companies about projected amountssafiphur capture and stoed

was also collected for the $Emission projection.

Emissions from Roattansport (1A3bjre estimatecdusing COPERT 5.5.1. which follows the
methodology presented i2019 EEA/EMEP Guideik. Projected fuel use was obtained from thiae
Fuel Use Projection 2022060 whileactivity data on vehicle stock numbers by vehicle type and other
road transport activity data for COPERT was obtained from the SIBYL b¥seline.

9.2.3 Emission factors

The emision factors used in the emission projections are the same as in for emission inventory as
described in chapte? for the last historical year of the inventory.

9.3Indudrial Processes and Product Use (IPPU)

9.3.1 Methodology

The methods used in the emission projections follow the methodologies for emission inventory as
described in chapte?.

9.3.2 Activity data

For the ferroalloys (2C2) and primary aluminium (2C3), the projected production amount is
communicated from the individual companies. For activity within other subsectors (2A, 2D, 2G, 2H
and secondary aluminium (2C3)), thejected activity data is in some cases assumed to be the same
as the average of the activity data in the past (3, 5 or 10 year average). In other cases, where there is
good correlation in the past with proxy data, the projected proxy data is used asg for project

the activity data. The most common proxy data is population number and GDP. The projected
population is from Statistics Icelafdagstofa islands, 202ahd the GDP projection used by the

National Energy Authoritin the Fuel Use Projection 202060 (Orkustofnun, 2021)See more
RSGIAfTAa Ay OKFLIWGSNI Fo2dzi Ltt! Ay LOStFyRQa wSL2N
9.3.3 Emission factors

The emission factors used in the emission priajers are the same as in for emission inventory as
described in chapte? for the last historical year of the inventory. Communication between the EA

and the primarnaluminium and ferroalloys plants was made to examine if other emission factors are
expected in the future. That is not the case for this projection.

17 Orkustofnun, 2021, unpublished.
18 https://www.emisia.com/utilities/sibylbaseline/
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9.4Agriculture

9.4.1 Methodology

The methods used in the emission projections follow the methodologies for emissientory as
described in chaptet.

9.4.2 Activity data

The projections on how the Icelandic agriculture sector will develop have been based on historical
trends in the ativity data and expert judgment. The trend in livestock populations has been
predicted by extrapolation to 2040 based on the historical available data. The historical data is
collected from the Ministry of Food, Agriculture and Fisheries (MFAF) and asarnt®numbers

which are used for agriculture calculations in the latest IIR.

To assess the best possible trends considering the variability of the historical data, experts from the
MFAF, which has responsibility for the agriculture sector, were consUiteake experts determined

the most representative projections for each livestock category, based on their expectation of future
developments in each agricultural sector. Impacts of agricultural contracts, consumer behaviour and
the level of imports of agridtural goods were also taken into consideration. The agricultural

contracts will be reviewed again in 2023 and renegotiated in 2026, at which point the projections in
each livestock category may change.

The conclusion was that livestock numbers for cattire linearly projected based on the timeseries
19802020 and the composition of this category (dairy cattle, other mature cattle, growing cattle)
was calculated based on the average of the years ZD®. Horses were also extrapolated using

the availabé historical data (199Q2020), as were fur animals (incl. minks and rabbits). In the
category sheep (mature ewes, other mature sheep, animals for replacement, lambs), the livestock
numbers were projected using a4@ar trend (20132020) as the more recenears reflect the

actual development in sheep farming better. Swine, goats and poultry are also calculated using the
10-year trend.

All other parameters necessary for livestock characterization (such as pregnancy rates, days on
pastures/in housing, feedigestibility, weight, age at slaughter) were kept constant over the

projected time series and correspond to the values in the latest IIR submission, except for the milk
yield. Because the milk yield per dairy cow has historically been increasing, theéemilger dairy

cow was slightly raised to reach 6,500 kg per year and then kept constant as it is not known how the
development of feeding practices translates into milk yield.

Other sources of emissions, such as the use of organic and inorgéatidiikers, liming, and the use

of urea are predicted by linear interpolation of historical trends. The areas for the calculations of
emissions from drained organic soils are communicated from the Soil Conservation Service of Iceland
which is calculating projeicins for the LULUCF sector.

9.4.3 Emission factors

The emission factors used in the emission projections are the same as in the emission inventory as
described in chaptet.
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9.5Waste

9.5.1 Methodology

The methods used in them@ssion projections follow the methodologies for emission inventory as
described in chaptes.

9.5.2 Activity data

The projections in the waste sector, for the subcategosi@id waste disposabA), biological
treatment of solid waste5B) andincineration and open burning of waste(@ are based on the same
principle of a mass balance thie annual amount of wastproduced, projected in correlation with
populationprojections made available by the Energy Autharitiie historical waste generation data
as reported in the NIR (199D20) was correlated with the population data to calculate the overall
waste generation until 2030 his projectedannualwaste amount was conseently allocated to the
three subcategories, taking into account the existing policies and operation permits of waste
handling companies.

9.5.3 Emission factors

The emission factors and parameters used in the emission projections are the same as in the
emissioninventory as described in chaptér
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Annexego the national inventory report

Annex l:lceland QA/QC checks

A range of QAQC checks have been performed on the Icelandic inventory:

1 Recalculation checkcomparing thevalues reported in the current (2@2and previous
(2021) versions of the inventory for the base year (1990) and the most recent year covered
by both versions (203).
1 Negative and zero values chechs highlight the occurrence of negative values and zero
values in the inventory.
1 Notation keys checkto summarise the occurrence of each notation key to ensure
consistency and accuracy in the inventory.
1 PAHs sum checko ensure that the sum of the four reported PAHs equals the reported
dhG2GFt¢é tsl'l SYAaarzy
1 Particulate Matter checkto ensure that reported TSP emissions are greater than or equal to
PMug, and similarly that reporte®@M o emissions are greater than or equalRivb s.
In all cases, the findings of the checks are reviewed, not only to igientiére corrections may be
required, but also to consider whether there are any steps of the inventory compilation process that
need improvement. In addition, reviewing the results also provides information on whether the
individual checks are well desighand comprehensive.

This ensures that all results from the QXC process feed back into the continuous improvement
programme.

Recalculation Check

A recalculation file has been used for the 2021 submission. THRQMe compares the emissions
between the current and previous submissions, for 9@hd 1990 (the base year). The data has been
compiled to enable changes in the data to be easily identified and justifications for change provided
where required. The current recalculation check considers #éfleofeported pollutants and activity
data.

The recalculations check calculates the actual difference between the current and previous
submission. If one or both values are notation keys, and are not the same in both submissions, then
this is highlightedlf the values in both submissions are numeric but not equal, then the difference in
submissions as a percentage of the current submissions is also shown. In addition, where differences
occur the cells are highlighted for ease of reference. This procederffying recalculation changes

and the documentation of changes is in line with Chapter 4 of th® EMEFEEA Guidebook

regarding the reporting of recalculations. Where a recalculation change occurs, it is hecessary to
check that the underlying reasoase understood and considered reasonable.

At present, the recalculations QAC check only considers the base year and latest year included in
both the current and previous submissions. Iceland recognises that the inclusion of additional years
as an improement which will be implemented in subsequent submissions.
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Negative and Zero Values Check

Checks were performed to identify whether any negative or zero values occur in the NFR Annex |
submission file. No negative or zero values occurred and thereforertitef action was needed.

Notation Keys Check

The number of occurrences of notation keys (NA, NE, NO and IE) in the NFR Annex | submission file
are presented. This @AC check is used to ensure that notation keys are applied consistently and
accurately wihin the inventory. The occurrence of notation keys is presented as a count for each NFR
code with highlighted cells for ease of reference.

A more complete check of the entire time series will be considered for future versions of the
inventory.

PAH Sum Ché&c

This is a sum check to identify whether the sum of the reported emissions for benzo(a) pyrene,

benzo(b) fluoranthene, benzo(k) fluoranthene and Indeno (1¢2)3pyrene equals the reported
SYraarzya F2N ad20l t & F2 dzNJreportedNPR eode/ard yeakdBBg A a L
OdZNNBy (i &adzoYAaarzyd 2KSNB GKS &adzy 2F GKS t!l1 & R2
ease of reference and where required the cause for differences are documented.

Particulate Matter Check

This check ideiifies any categories where the emissions reported for TSP are lesPhan

emissions and wherBMy emissions are less thdiVk s emissions. This enables the identification of
SNNENB Ay NBLER2NISR ta SYAaahiPWiakPNed: BhiS ¢hecRiy (G KS | & a
performed for each reported NFR code and year for the current submission. Where errors in

reported PM emissions are identified, cells are highlighted for ease of reference and where required
documentation is provided.
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Annex2: KCA Results for 1990 and Trends 12420

NQ, NMVOCSQ, NHs, PMz s, PMyo, TSP, BC and CO:
Table A21 Key categories falQ, NMVOCSQ, NHs, PMes, PVho, TSP, BC and CO, 1990

Component Key categories
(Sorted from high to low from left to right and top to bottom)
NGO National fishing Road Mobile combustion Road 83.3%
transport: in manufacturing transport:
Passenger industries and Heavy duty
cars construction vehicles and
buses
NFR 1A4ciii NFRLA3bi NFR 1A2gvii NFR 1A3biii
60.6% 15.2% 4.1% 3.5%
NMVOC Road transport: National Domestic solvent Manure Manure 80.2%
Passenger cars fishing use including management management
fungicides Horses Dairy cattle
NFR 1A3bi NFRLA4ciii NFR 2D3a NFR 3B4e NFR 3Bla
37.7% 6.3% 6.2% 5.7% 5.7%
Biological Coating Road transport: Manure
treatment of applications Gasoline management
waste- Solid evaporation Non-dairy
waste disposal cattle
on land
NFR 5A NFR 2D3d NFR 1A3bv NFR 3B1b
5.3% 5.1% 4.3% 3.8%
SQ Other fugitive National Ferroalloys 82.5%
emissions from fishing production
energy
production
(Geothermal
energy)
NFR 1B2d NFRLAA4ciii NFR 2C2
57.5% 17.0% 8.0%
NH; Animal manure Manure Urine and dung Manure 80.6%
applied to soils management deposited by management
- Sheep grazing animals Dairy cattle
NFR 3Da2a NFR 3B2 NFR 3Da3 NFR 3Bla
29.2% 19.1% 18.6% 13.8%
PM s National fishing Open burning  Construction and Road Mobile 80.3%
of waste demolition transport: combustion in
Automobile manufacturing
road abrasion industries and
construction
NFR 1A4ciii NFR 5C2 NFR 2A5b NFR 1A3bvii NFRLA2gvii
33.0% 11.2% 8.2% 6.8% 5.6%
Ferroalloy Aluminium Stationary Road
production production combustion in transport:
manufacturing Heavy duty
industries and vehicles and
construction: Non buses
metallic minerals
NFR 2C2 NFR 2C3 NFR 1A2f NFRLA3biii
4.2% 4.1% 3.7% 3.4%
Component Key categories Total (%)
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(Sorted from high to low from left to right and top to bottom)
PMio Construction  National fishing Quarrying and Road Open burning of  81.6%
and mining of transport: waste
demolition minerals other Automobile
than coal road
abrasion
NFR 2A5b NFR 1A4ciii NFR 2A5a NFRLA3bvii NFR 5C2
38.7% 16.2% 7.1% 5.9% 5.7%
Ferroalloy Mobile Farmlevel
production combustion in agricultural
manufacturing operations
industries and  including storage,
construction handling and
transport of
agricultural
products
NFR 2C2 NFR 1A2gvii NFR 3Dc
2.8% 2.6% 2.6%
TSP Construction  National fishing Quarrying and Road 82.6%
and mining of transport:
demolition minerals other Automobile
than coal road
abrasion
NFR 2A5b NFR 1A4ciii NFR 2A5a NFR 1A3bvii
62.2% 7.8% 7.0% 5.7%
BC Open Other mobile Road transport: Road Stationary 85.5%
burning of machinery Heavy duty transport: combustion in
waste vehicles and Passenger manufacturing
buses cars industries and
construction: Food
processing,
beverages and
tobacco
NFR 5C2 NFRLA3eii NFR 1A3biii NFR 1A3bi NFR 1A2e
29.2% 21.6% 10.4% 10.4% 8.1%
National
fishing
NFR 1A4ciii
5.7%
CO Road Aluminium International 81.5%
transport: production aviation LTO
Passenger (civil)
cars
NFR 1A3bi NFR 2C3 NFR 1A3ai(i)
54.5% 14.7% 12.3%
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Table A22 Key categories fakQ, NMVOCSQ, NHs, PMe.s, PMio, TSP, BC and CO, Trend 12D

Component Key categories
(Sorted from high to low from left to right and top to bottom)
NO Road transport: Ferroalloy Aluminium National fishing ~ Other mobile  82.2%
Passenger cars  production production machinery
NFR 1A3bi NFR 2C2 NFR 2C3 NFR 1A4ciii NFRLA3eii
29.5% 12.4% 11.2% 10.9% 8.2%
Stationary Agriculture/For
combustion in  estry/Fishing:
manufacturing Off-road
industries and vehicles and
construction: other
Food machinery
processing,
beverages and
tobacco
NFR 1A2e NFR 1A4cii
6.3% 3.57%
NMVOC Road transport: Domestic Food and Manure Manure 81.1%
Passenger cars  solvent use beverages management managment:
including industry Non-dairy cattle horses
fungicides
NFR 1A3bi NFR 2D3a NFR 2H2 NFR 3B1lb NFR 3B4e
41.1% 12.4% 8.3% 6.2% 5.8%
Coating Manure
applications management
Dairy cattle
NFR 2D3d NFR 3Bla
3.7% 3.5%
SQ Other fugitive  National fishing Aluminium Stationary 85.8%
emissions from production combustion in
energy manufacturing
production industries and
(Geothermal construction:
energy) Food
processing,
beverages and
tobacco
NFR 1B2d NFRLAAciii NFR 2C3 NFRLA2e
29.4% 25.8% 20.8% 9.8%
NH; Manure Manure Manure Manure Manure 80.4%
management  management mangement management mangement
Sheep Nontdairy cattle Laying hens Other animals Broilers
NFR 3B2 NFR 3B1lb NFR 3B4gi NFR 3B4h NFR 3B4gii
28.0% 21.5% 11.6% 7.2% 7.0%
Manure
management
Swine
NFR 3B3
5.2%
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Component Key categories
(Sorted from high to low from left to right and top to bottom)
PMs Aluminium National fishing Road transport:  Other mobile Stationary 80.6%
production Automobile machinery combustion in
road abrasion manufacturing
industries and
construction:
Norrmetallic
minerals
NFR 2C3 NFR 1A4ciii NFR 1A3bvii NFR 18eii NFR 1A2f
30.2% 16.5% 13.7% 5.7% 4.9%
Construction Ferroalloys Road transport:
and demolition production Heavy duty
vehicles and
buses
NFR 2A5b NFR 2C2 NFR 1A3biii
3.3% 3.3% 3.1%
PMuo Construction Aluminium Roadtransport:  National fishing Quarrying and 80.3%
and demolition production Automobile mining of
road abrasion minerals other
than coal
NFR 2A5b NFR 2C3 NFRLA3bvii NFR 1A4ciii NFR 2A5a
20.7% 20.0% 13.1% 10.2% 10.0%
Mobile Stationary

combustion in combustion in
manufacturing ~ Manufacturing

industries and  'ndustries and
construction:

construction Nonmetallic
minerals
NFR 1A2gvii NFR 1A2f
3.2% 2.9%
TSP Construction  Road transport: Aluminium Quarrying and 834%
and demolition ~ Automobile production mining of
road abrasion minerals other
than coal
NFR 2A5b NFR 1A3bvii NFR 2C3 NFR 2A5a
34.1% 16.4% 14.6% 13.3%
BC Other mobile  National fishing Road transport: Aluminium Roadtransport:  84.1%
machinery Passenger cars  production Automobile
road abrasion
NFRLA3eii NFR 1A4ciii NFR 1A3bi NFR 2C3 NFR 1A3bvii
15.0% 14.9% 12.0% 9.3% 8.8%
Mobile Stationary Ferroalloys Road transport:
combustionin ~ combustion in production Automobile
manufacturing ~ Manufacturing tyre and brake
industries and 'ndusmes. an_d wear
. construction:
construction Food processing,
beverages and
tobacco
NFR 1A2gvii NFR 1A2e NFR 22 NFR 1A3bvi
7.3% 7.0% 5.1% 4.7%
Cco Aluminium Roadtransport: 84.2%
production Passenger cars
NFR 2C3 NFR 1A3bi
50.8% 33.4%

Persistant Organic Pollutants (POPSs)
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Table A23 Key categories for POPs, 1990

Component

Key categories

Total (%)

DIOX

Open
burning of
waste

(Sorted from higho low from left to right)

97.9%

NFR 5C2

97.9%

PAH4

Open
burning of
waste

81.9%

NFR 5C2

81.9%

HCB

Open
burning of
waste

84.4%

NFR 5C2

84.4%

PCB

Open
burning of
waste

Stationary combustion
in manufacturing
industries and
construction: Non
metallic minerals

89.8%

NFR 5C2

NFR 1A2f

62.7%

27.2%

Table A24 Keycategories for POPs, Trend 198120

Component Key categories Total (%)
(Sorted from high to low from left to right)
DIOX Hazardous Industrial Accidental fires 82.3%
waste waste
incineration  incineration
NFR 5C1bii  NFR 5C1bi NFR 5E
47.1% 21.6% 13.6%
PAH4 Aluminium Ferroalloys  Road transport: Stationary Accidental fires 82.8%
production  production ~ Passenger cars Ccombustion in
manufacturing
industries and
construction:
Non-metallic
minerals
NFR 2C3 NFR 2C2 NFR 1A3bi NFR 1A2f NFR 5E
24.2% 22.0% 18.2% 11.2% 7.2%
HCB Clinical Aluminium 89.9%
waste production
incineration
NFR 5C1biii NFR 2C3
71.0% 18.9%
PCB Clinical National 95.7%
waste fishing
incineration
NFR 5C1biii  NFRLA4ciii
61.2% 34.4%

Priority heavy metals (Pb, Cd, Hg) and additional heavy metals (As, Cr, Cu, Ni, Se, Zn)
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Table A25 Key categories for heavy metals, 1990

Component Key categories Total (%)
(Sorted fromhigh to low from left to right and top to bottom)
Pb Other Mobile Stationary Accidental Road 85.9%
product use  Combustionin  combustion in fires transport:
(Fireworks,  manufacturing  manufacturing Automobile
tobacco) industries and  industries and tyre and
construction construction: brake wear
Nonmetallic
minerals
NFR 2G NFR 1A2gvii NFR 1A2f NFR 5E NFR 1A3bvi
22.8% 21.7% 16.3% 14.1% 11.0%
Cd Open National fishing Stationary 84.1%
burning of combustion in
waste manufacturing
industries and
construction:
Nonmetallic
minerals
NFR 5C2 NFR 1A4ciii NFR 1A2f
43.2% 31.1% 9.8%
Hg Open 90.7%
burning of
waste
NFR 5C2
90.7%
As National Open burning 86.4%
fishing of waste
NFR 1A4ciii NFR 5C2
58.3% 28.1%
Cr National Road transport: Stationary 83.5%
fishing Automobil tyre  combustion in
and brake wear manufacturing
industries and
construction:
Nonmetallic
minerals
NFR 1A4ciii NFR 1A3bvi NFR 1A2f
51.3% 22.9% 9.3%
Cu Road National fishing Mobile 87.6%
transport: Combustion in
Automobil manufacturing
tyre and industries and
brake wear construction
NFR 1A3bvi NFR 1A4ciii NFR 1A2gvii
48.1% 30.6% 8.9%
Ni National 87.4%
fishing
NFR 1A4ciii
87.4%
Se National 80.5%
fishing
NFR 1A4ciii
80.5%
Zn Open National fishing Accidental fires Road 82.8%
burning of transport:
waste Automobil
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Component Key categories Total (%)
(Sorted fromhigh to low from left to right and top to bottom)
tyre and
brake wear
NFR5C2 NFR 1A4ciii NFR 5E NFR 1A3bvi
42.0% 18.0% 13.7% 9.2%

Table A26 Key categories for heavy metals, trend 12920

Component Key categories ~ Total (%)
(Sorted from high to low from left to right and top bmttom)
Pb Other Mobile Stationary 80.0%
product use Combustion in combustion in
(Fireworks, manufacturing manufacturing
tobacco)  industries and industries and
construction  construction: Non
metallic minerals
NFR 2G NFR 1A2gvii NFR 1A2f
44.9% 19.4% 15.8%
Cd Ferroalloy  Other product Stationary Road transport: National 83.2%
production use (Fireworks,  combustion in Automobil tyre fishing
tobacco) manufacturing and brake wear
industries and
construction: Non
metallic minerals
NFR2C2 NFR 2G NFR 1A2f NFR 1A3bvi NFR 1A4ciii
35.7% 19.4% 13.3% 9.2% 5.6%
Hg National Cremation Road transport: 82.0%
fishing Passenger cars
NFR 1A4ciii  NFR 5Clbv NFR 1A3bi
51.2% 17.4% 13.5%
As Road National Other product use Ferroalloys Stationary 88.2%
transport: fishing (Fireworks, production combustion in
Automobile tobacco) manufacturing
tyre and industries and
brake wear construction:
Nonmetallic
minerals
NFR 1A3bvi NFR 1AA4ciii NFR 2G NRF 2C2 NFR 1A2f
24.2% 23.6% 17.4% 14.4% 8.6%
Cr Road National Other product use Stationary 88.2%
transport: fishing (Fireworks, combustion in
Automobil tobacco) manufacturing
tyre and industries and
brake wear construction:
Norrmetallic
minerals
NFR 1A3bvi NFR 1A4ciii NFR2G NFR 1A2f
34.9% 33.5% 11.2% 8.6%
Cu National Road Other product use Mobile 92.1%
fishing transport: (Fireworks, Combustion in
Automobil tyre tobacco) manufacturing
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Component Key categories Total (%)
(Sorted from high to low from left to right and top bmttom)
and brake industries and
wear construction
NFR 1A4ciii  NFR 1A3bvi NFR 2G NFR 1A2gvii
30.9% 25.0% 22.0% 14.2%
Ni Other National National navigation Road transport: 81.6%
product use fishing (shipping) Automobil tyre
(Fireworks, and brake wear
tobacco)
NFR 2G NFR 1A4ciii NFR 1A3dii NFR 1A3bvi
31.9% 19.8% 19.3% 10.6%
Se National Road Stationary Municipal Public 84.4%
fishing transport: combustion in waste electricity and
Automobil tyre manufacturing incineration heat
and brake industries and production
wear construction: Non
metallic minerals
NFRLAA4ciii NFR 1A3bvi NFR 1A2f NFR 5C1la NFR 1Ala
42.1% 17.0% 14.3% 5.8% 5.2%
Zn Road Other product Stationary National fishing  Ferroalloys 81.6%
transport:  use (Fireworks,  combustion in production
Automobil tobacco) manufacturing
tyre and industries and
brake wear construction:Nor+
metallic minerals
NFR 1A3bvi NFR 2G NFR 1A2f NFR 1A4ciii NRF 2C2
39.1% 20.6% 9.1% 7.7% 5.0%
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