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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 bedermded by eight Protocols, of which Iceland
has ratified the Protocol on Persistent Organic Pollutants. Furtbegmn 2009 the national emission
ceilings directive (NECD) 2001/81/EC imasrporatedto the EEA agreement, with national emission
targets sé for Iceland for S¢ NQ, NMVOC and NHor the year 2010

According to Article 8 of the Convention, Parsésll exchange information on emissions of
pollutants. To comply with this requirement and with the NECD, Iceland prepariformative
Inventory Report (IIR@¢ach yearThe IIR together with the associated Nomenclature for Reporting
tables (NFRtableg)d L OSf I yRQa& O2yGNROdziAzy G2 (GKA& NRdAzyYR
report emphasizes emissions of Persistent Organic Pollutariteknd has only ratified the Protocol
on Persistent Organic Pollutants (POig)er the CLRTAEmissions of #nindirect greenhouse
gases (N CO and NMVOC), bi&hd SQare provided in the NFR tables as they are calculated to
comply with the reportingequirements of the NEC&hd the United Nations Framework Convention
on Climate Change (UNFCCC). Emission ¢etirfaa particulate matter (PM), black carbon (BC) and
heavy metalgHM) are provided for several emission sources. A description of the tesmtithe
calculation method for the pollutants are given in this report. Further estimates farFsand
PMofor the volcano Eyjafjallajokull that erupted in 2010, the volcano Grimsvétn that erupted in
2011 andhe Holuhraun eruption in 2014 and 20&5e provided.

The IIR is written bgtaff atthe Environment Agency of Iceland (EA).
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ExecutiveBummary

1.1 Background

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 @anic Pollutants (POPs). The Protocol on Persistent Organic Pollutansdeinte force

in 2003. According to Article 8 of the Convention, Parties shall exchange information on emissions of
pollutants.In 2009, the national emission ceilings directid=CD2001/81/EC wamcorporatedto

the EEA agreement, with national emasstargets set for Iceland for SONG, NMVOC and NHor

the year 2010At the time of writing, work is underway at the EA and the Icelandic government to
evaluate and work athe incorporation of the new National Emissions Ceiling direcbe¢tive
2016/2284) into the EEA agreememt 2019, the EA concluded an contract witie International

Institute for Applied Systems Analydig\SAto obtainan analysis of reductiongpentials for Iceland

for NQ, SQ, NMVOCNH; and PM 5, to be done in a wagomparable to the analysis dotgy IIASA

for the EU Member States (see also TSAP Report o 16

To comply with the requirements of the Convention and of the national emissiings directive,
Iceland preparsan Informative Inventory Report (lIByirually. The IIR together with the associated
b2YSyOfl ddz2NE F2NJ wSLR2NIAY3 G adtSsioundmf@eporting 6  Sa 0
under theConvention andovers enssions in the period 19992018. This report emphasizes on
anthropogenic engsions of Persistent Orgie Pollutants (Dioxin, PAHACBand PCPB as Iceland has
only ratified the Protocol on Persistent Organic Pollutants. Anthropogenic emissions oflitteetin
greenhouse gases (NA@O and NMVOC) and %tk provided in the NFRhies as they are
calculated to comply with the reporting requirements of the UNF&@&{of the NECDFor this
submission emission estimates for ammonia {\particulate matter (PM}lack carbon (B@nd
heavy metals (HMare provided for emission soursavhere default emission factors are available
from the EMEP/EEA 2016 Guidebook

This report and the NFR tables are available orGbetre on Emission Inventories and Projections
(CEIP) webpage
http://www.ceip.at/ms/ceip_homel/ceip_home/situs reporting/2020 submissions/

1.2 Responsible institubn

The Environment Agenof Iceland (EA), an agency under the Ministry for the Environment and

Natural Resourcess resmnsible for the annual preparation and submission of the Icelandic

informative inventory report (IIR) and Nomenclature for Reporting tables (NFR tables) to the
Convention on Lor&ange Transboundary Air Pollution. E¥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 the guidelines
and methodologies on inventories.

1.3 Overview ofPOPs emissions

All sources of POPs emissidals underthe energy, the industry and the waste sector; activities
belonging to the agriculture sectandoccurring in Iceland do not generate POPs emissions.

1 http://www.iiasa.ac.at/web/home/research/researchPrograms/air/policy/TSAP_16b.pdf
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Dioxin (PCDD/PCDEjnissions decreasesuibstantiallyover the eported time periodFigure ESL),
due to a significant decrease in thecurrenceof open burning of wasteOpen burning of waste was
a common waste management practice in Iceland2004. Hovever, an increase ithe amount of
waste incinerated in incineration plants withoehergyrecovery occurred in 2004 while a reduction
of the amount of waste burned in the open occurred in that same Wwdilst open burning of waste
is still the second tgest contributor tothe national total n the most recent year of the time series
(after accidental firesthe amount emittedyearly in recent yearns less than one percent of the
1990 level.
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Figure ESL Trends in dioxin emissions by souiace 1990

PAH4(Benzo(a)pyreneBaP, Benzo(b)fluoranthereBbF Benzo(k)fluoranthene BkF, Indeno(1,2;3
cd)pyrene- IPy)emissions from 1990 tthe most recent year of the time seriatsodecreased
substantiallyFigure E), for the same reason as described above for dioxin emissibedargest
contributors of PAH4 emissions in Icelaimmdrecent yearsare open burning of wastéWaste sectoy
andthe metal industry(Industry sectoy.
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Figure EX Trends in PAH4 emissions by source, since 1990

Theestimatedhexachlorobenzem(HCB) emissiordecreasednarkedly over the reported time
series(Figure ES3). The largest contributasf HCB emissions in Icathin recent yeardas been
clinicalwaste incineratiorfollowed by emissions originating from fishienergy sector) and metal
production (IPPU sectaflCB emissions from the industry sector increased in 2004, following the
openingof a secondary aluminm plant Open burning of waste wascammonwaste management
practice in Iceland pr2004. However, an increase in the amount of waste incinerated in incineration
plants withoutenergyrecoveryoccurredin 2004 while a reduction of the amount of wasterbed in

the open occurredn that same yearThe increase in emissions from the waste sector in 2014 are
linked to an increased quantity of clinical waste incinerated.
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Figure ES3 Trends in HCB emissions by seioice1990.
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Polychlorinated biphenyl (PC&hissionshavedecreasedacross the time seriggigure ES.)4The
largest contributorof PCB emissions in Icelaimirecent yearss the fishing fleet The only sourcef
PCBestimated from industrial processes is secandsteel production (2C1yvhich 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 incitted in incineration plants

without energyrecovery occurred in 2004 while a reduction of the amount of waste burned in the
open occurred in that same year
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Interpretations of thetotal PCB trend analysis should badertakenwith care aemissiondactors
are not available for all sources
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1 Introduction

1.1 Background Information

The 1979 Convention on LoRange Transboundary Air Polluti@LRTARYas signed by Iceland on

13 November 1979 and ratified in Md983. The Convention entered into force in August 1983. One
of the requirements under the Convention is that Parties are to report theional emissions by
sources.

The Conventiondms been extended by eight Protocols, of which the Protocol on ParsiStganic
Pollutants (POfProtocol) was ratified by Iceland in May 2003 and egdieinto force in October
2003.

In 2009 Directive2001/81/ECwas incorporatednto the Agreementon the European Economic

Area (The EEA Agreemem)ith national emissionargets set for Iceland for SONQ, NMVOC and

NHs. The targets set were 90 kt, 27 kt, 31 kt and 8 kt, respectively, to be reached by 2010. In
December 201&irective (EU) 2016/2284National Emission Ceilings Directive, NECD) entered into
forcein the B, repealing the previouslE(irective 2001/81/ECThenew NECD includes the same
pollutants as thelirectiveit replaces, with the addition of CO, Cd, Hg, Pb, POPs (PAH, dioxins/furans
PCBs, HCB), PMPMyand BC if available as obligatory reportangl TSP, As, Cr, Cu, Ni, Se and Zn
as voluntary reporting. At the time of writing, work is underway at B#and the Icelandic

government to evaluate and wotkwardsthe incorporation of the new National Emissions Ceiling
Directive (2016/2284) into theEA agreement; Icelarspecific targets are yet to be determindd.

2019 the EA concluded an contract withe International Institute for Applied Systems Analysis
(IASAJo obtain an analysis of reduction potentials for Iceland fog,N8®, NMVOC, NHand PM s,

to be done in a way comparable to the analysis dopélASAor the EU Member States (see also
TSAP Report no 96Work is underway t@ssesshe report prodiced by IIASA.

The present report together with the associated NFR (Nomenclatui@dporting) tablesire
Icelands contribution to the2020 reporting under the Conventio descriptiorof the trends and
calculation methodis given. Anthropogenic emissi® of the indirect greenhouse gases (NCO,
NMVOC)NH and SQ@are provided in te NFR tables, as they are calculated to comply with the
reporting requirements of the UNFC@x of the NECLEmission estimates for particulate matter
(PM) black carbon (BC) and heavy metals (ldM)provided for a few emission sourcésshort
descripton of the trends and the calculation methedbrthose pollutants are given in this report.

Estimates for S@ PMsand PMg for the volcano Eyijafjajokullwhicherupted in 2010the volcano
Grimsvotrwhicherupted in 2011and Holuhran eruption in 2014nd 2015arealsoprovided
(Chapter7).

2 Directive 2001/81/EC of the European Parliament and of the Council of 23 Octobeo2d@tional emission
ceilings for certain atmospheric pollutants.

3 Directive (EU) 2016/228#f the European Parliament and of the Council of 14 December @ 1ite rediction

of national emissions of certain atmospheric pollutants, amending Directive 2003/35/EC and repealing Directive
2001/81/EC

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

The Protocol on Persistent Organic Pollutants (POPs) was adopted on 24 June 1998. It entered into
force on 23 October 2003. It focuses on adisl6 substances that have been singled out according

to agreed risk criteria. The substances comprise eleestigides, two industrial chemicals and three
by-products/ contaminants. The ultimate objective is to eliminate any dischamgasssionsand

losses of POPs. The Protocol bans the production and use of some products outright (aldrin,
chlordane, chlordecos, dieldrin, endrin, hexabromobiphenyl, mirex and toxaphene). Others are
scheduled for elimination at a later stage (DDT, heptachlor, HCB, Haaly, the Protocol severely
restricts the use of DDT, HCH (including lindane) and PCBs. The Protoco$ipohwions for

dealing with the wastes of products that will be banned. It also obliges Parties to reduce their
emissions of dioxins, furanBAHsand HCB below their levels in 1990 (or an alternative year

between 1985 and 1995). For the incineratiomainicipal,hazardousand medical waste, it lays

down specific limit values. Aldrin, chlordane, chlordecone, dieldrin, endrin, hexabromolgiphen

mirex and toxaphene have never been produced in Iceland. Of these chemicals only aldrin has been
used in Icadnd, though not since 1975. DDT and heptachlor have not been used in Iceland since 1975
and were banned with a regulation in 1996. Lindane (H&4$ used in Iceland until the early

nineties. Sales statistics exist for 1990 to 1992, and the use of lindan®anned in 1999. PCB was
banned in Iceland in 1988.

1.3 Institutional Arrangementsfor Inventory Preparation

Article 36 of heicelandicAct onpublic health and pollution contralo 7/1988 (L6g um hollustuheetti
0g mengunarvarnir) establishes the resporgipbf the Environment Agency of Iceland (EA), an
agency under the auspices of the Ministry for the Environment and Natural Resdorabg annual
preparation and submission of thetional nventoryto the UNECERTAP Conventiomhis actlso
authorises the EA to collect all necessary data and information from authorities, institutions and
companiesFigurel.l below illustrates the flow of information and allocation of responsibiliti€ee
methodologies and data sources used for different sectors are desdrnbmadre details irthe
respective sectoral chapte
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Figurel.l Information flow and distribution of responsibilities in the Icelandic emissions inventory system for reporting to
the CLRTAP.

1.4 Inventory Preparation

The EAollects the bulk of data necessarydalculate yearly emissionse. activity datand

emission factors. Activity data is collected from various institutions and companiesost cases,

the same activity data information is used both for the air pollutants inventory (as per this report)
and for the National Greenhouse gas Inventoncéasilie here). Data is gathereatcording to
IcelandicRegulation No. 520/201@n data collection for the greenhouse gas invent@y well as
providedby various teams withirthe EA

1. The National Energy Authority (NEA) collects annual information osdiegfrom 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 (FAlpeatralfof the Ministry of Agriculture,
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
assistedhe development ofh method toaccourt for young animals that are mostly
excluded from national statistics on animal population. Animal statistics have been further
developed to better account for replacement animals in accordance with recommendations
from the ERT that came to Icelarat fanin-country review in 2011.

3. Statistics Iceland provides information on population, GDP, food and beverages, imports of
solvents and other products, import of fertilizers and on import and export of fuels.
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4. TheEA collects various additional data thrgh theannual emission reports reported under
the European missions Trading System (EU HEJi&ctive 2003/87/EC) as implemented into
Icelandic legislation witiAct No. 70/2012 on Climate ChangEuropean Pollutant Release
and Transfer RegistéEPRTRReguléion (EC) no 166/2006, as implemented into Icelandic
legislation withRegulatiorNo. 990/2008, Green Accounting reports from industry
submitted undericelandicRegulatiorNo. 851/2002

5. Data for using the transport model COPERT originates EMISIA SAandused for emission
estimates from road transport (NFR 1A3b) (see more details in the energy sector).

6. Aviation emissions for 2008018 are reported using the Eurocontrol dataset.

Emissiorfactors are mainly taken from thiEMEP/EEEmissiorinventory Guidbook(2019;
2016;2013) the Standardized Toolkit for Identification and Quantification of Dioxin and
Furan Releasd®¥)NEP, 2005Annual Danish Infonative Inventory Report to UNEQEERI,
2016) Emissions of Black carbon and Organic carbon in Norway2@PI(Aasestad, 2013)
as well as the Norwegian repottislipp til luft as dioksiner i Norge Dokumentasjon av
metode og resultatér(Statistics Norway, 2002nd Utslipp til luft av noen miljégifter i Norge
- Dokumentajon av metode og resultatéBtatistics Norway, 2001)

TheEAalsocollectsactivity dataon wasteamountssplit by treatment pathways.

9. Dioxin was measured at several locations in Iceland in 2011, including waste incineration
plants, aluminium plants and the ferrosilicon plant. PAH4 wasmaéssured at one
aluminium plant ad the ferrosilicon plant. The results from dioxin measurements from the
waste incineration plant have been used for waste incineration emission estimates since the
2012 submission. Results from the measurements at indhidites have been used since the
2013 submission.

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

5 http://emisia.com/products/copertdata

6 Utslipp til luft av dioksiner i Norgéir emissions of dioxins in Norwgypocumentation of methods and results
7 Utslipp til luft av noen miljogifter i Noegg Dokumentasjon av metode og resultatéyir emissions of several
pollutants in Norway Documentation of methods and results
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_EE—

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
emission factors

Implementing QC checks
Uncertainty assessment

Key category analysis
Recalculations

Documentation and Archiva

-

4 PREPARING FOR SUBMISSION

* Completing the CRF tables 3 INVENTORY EVALUATION
« NIR *  Processing findings from ERT
*  Conclusions for future actions s Passible recalculations

*  Verification

Figurel.2 The annual inventory cycle.

A new annual cycle begins with an initial planning of activities for the inventory cycle by the
inventory team and major data providers as needed, taking into account the outcome of the internal
and external review. The tial planning is followed by a ped assigned for compilation of the

national inventory and improvement of the National System.

After compilation of activity data, emission estimates aadculatedand quality checks performed to
validate results.

A seies of internal review activiteeare carried out annually to detect and rectify any anomalies in
the estimates, e.g. time series variations, with priority given to key source categories and those
categories where data and methodological changes haventceccurred.

1.5 Key @tegory Analysis (KCA)

A key category is one that is prioritized within the national inventory system because its estimate has

' AAIYAFAOLI YOG AyFEdzsSyoOoS 2y | O02dzyiNERQa (20Ff Ay
level d emissions, the trend in esdions, or both. Total emissions from the key categories amount

to 80% of the total emissions included in the inventdigeKCA has been undertaken based on

Approach 1 outlined in the 2016 EMEP Guidelidds§CA has been perfmed for each pollutant,

calallating both the level assessmeiatr the base year (1990) and the most recent inventory year

(2018)as well as thérend assessmentLl9902018) Memo itemsare excludedfrom the KCA

Tablel.1, Tablel.2 andTablel.3 present the results of the key category analysisnfiain pollutants,
POPs and heavy metals, respectividy the year 2018The KCAfor the abovementionedpollutant
categories in 1990 as Wlaas the1990-2018trend assessment arpresented inAnnex Il KCAResults
for 1990 and Trends 1992018
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Tablel.1 Keycategoryanalysis for reprted main pollutantsin 2018.

Key categories

Component . . Total (%)
(Sorted from high to low from left to right and top to bottom)
Fishin Ferroalloy Road transport: Road transport: National
9 production Heavy duty vehicle Passenger cars navigation
NOx 81.77%
NFR 1A4ciii NFR 2C2 NFR 1A3biii NFR 1A3bi NFR 1A3dii
60.25% 6.08% 5.76% 4.87% 4.81%
. Manure Manure Manure
Domestic solvent . _—
management: management Fishing management
use ) .
horses Nondairy cattle Dairy cattle
NFR 2D3a NFR B4e NFR 3B1b NFR 1AA4ciii NFR 3Bla
11.67% 9.85% 8.91% 8.66% 8.63%
Food and Coating Solid Waste Distribution of oil  Road transport:
beverages oo ;
industry applications disposal orand products Passenger cars
NMVOC 81.70%
NFR 2H2 NFR 2D3d NFR 5A NFR 1B2av NFR 1A3b
7.27% 6.91% 6.14% 5.74% 4.59%
Manure
management
Sheep
NFR 3B2
3.34%
Other fugitive
emissions from .
. Aluminium
energy production -
(Geothermal production
0,
SOx energy) 88.48%
NFR 1B2d NFR 2C3
69.11% 19.37%
. Manure Urine and dung Manure
Animal manure -
; ) management deposited by management
applied to soils . . )
Sheep grazing animals Dairy cattle
NHs 80.10%
NFR 3Da2a NFR 3B2 NFR 3Da3 NFR 3Bla
35.38% 19.93% 15.07% 9.72%
- Mobile combustion Other product use
i Aluminium Ferroalloy . . .
Fishing . . inmanufacturing  (Fireworks,
production production . :
industries tobacco)
PM2.5 80.01%
NFR 1A4ciii NFR 2C3 NFR 2C2 NFR 1A2gvii NFR 2G
33.74% 28.96% 7.58% 5.75% 3.98%
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Key categories
Component . . Total (%)
(Sorted from high to low from left to right and top to bottom)

Aluminium Ferroallo Roadtransport
Fishing . oy Other product use Automobile tyre
production production
and brake wear
NFR 1A4ciii NFR 2C3 NFR 2C2 NFR 2G NFR 1A3bvi
28.03% 26.74% 5.91% 5.45% 4.97%
PM10 ) 81.92%
Mobile
L Farmlevel -
combustion in . National
- agricultural o
manufacturing . navigation
. . operations
industries
NFRLA2gvii NFR 3Dc NFR 1A3dii
4.39% 3.45% 2.98%
- Road transport: Other product use
Aluminium s A Ferroalloy .
roduction Fishing Automobile tyre production (Fireworks,
P and brake wear tobacco)
NFR 2C3 NFR A4ciii NER 1A3bvi NFR 2C2 NFR 2G
28.98% 24.35% 5.79% 5.25% 5.17%
TSP 81.17%
Road transport:  Mobile combustion Farmlevel
Automobile road  in manufacturing  agricultural
abrasion industries operations
NFR 1A3bvii NFR 1A2gvii NFR 3Dc
4.83% 3.81% 2.99%
Mobile combustion ) Road transport:
_— . ; Road transport: .
Fishing in manufacturing Heavy duty vehicle
. . Passenger cars
industries and buses
BC 81.73%
NFR 1A4ciii NFR 1A2gvii NFR 1A3bi NFR 1A3biii
46.11% 21.17% 8.37% 6.09%
Aluminium
production
Cco 93.98%
NFR2C3
93.98%
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Tablel.2 Key category analysis for reported POPs in 2018

Key categories

0,
Component (Sorted from high to low from left to right) Total (%)
. Road -
Accideral fires Openburning of transport: National fishing AIumlnlgm
waste Passenqer cars production
DIOX ger cars 84.06%
NFR 5E NFR 5C2 NFR 1A3bi NFR 1A4ciii NFR 2C3
28.19% 27.63% 10.71% 9.29% 8.22%
Open burning of ~ Aluminium Ferroalloys Road transport:
waste production production Passenger cars
PAH4 80.86%
NFR 5C2 NFR 2C3 NFR 2C2 NFR 1A3bi
27.40% 19.21% 19.02% 15.22%
Clinical waste _— Aluminium
S . Fishing .
incineration production
HCB 93.21%
NFR 5C1biii NFR 1A4ciii NFR 2C3
47 40% 23.07% 22.75%
Fishing _Cl|n|cal v_vaste
incineration
PCB 90.27%
NFR 1AA4ciii NFR 5C1biii
71.81% 18.46%
Tablel.3 Key category analysis for reported heavy metals ir8201
Key categories o
Component (Sorted from high to low from left to right and top to bottom) Total (%)
Road transport:
Ot_her product use Automobil tyre and
(Fireworks, tobacco) brak
Pb rake wear 89.95%
NFR 2G NFR 1A3bvi
77.43% 12.52%
Road transport:
Fishiry Ot'her product use Ferroalloy production Automobil tyre and
(Fireworks, tobacco)
brake wear
Cd NFR 1A4ciii NFR 2G NFR 2C2 NFRIA3bvi 81.26%
37.20% 20.30% 15.47% 8.28%
Fishing .C"T"Ca' vyaste Domestic solvent use Road trasport
incineration Passenger cars
Hg NFR 1AA4ciii NFR 2D3a NFR 2D3a NFR 1A3bi 86.70%
32.05% 31.74% 13.37% 9.54%
Fishing
As NFR 1A4ciii 80.92%
80.92%
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Key categories

0
Component (Sorted from high to low from left to right and top to bottom) Total (%)
Road transport:
Automobiletyre and  Fishing Ot.her product use
brak (Firewaks, tobacco)
Cr rake wear 89.23%
NFR 1A3bvi NFR 1AA4ciii NFR 2G
39.80% 36.12% 13.31%
Road transport:
Automobik tyre and Ot.her product use
(Fireworks, tobacco)
Cu brake wear 82.24%
NFR 1A3bvi NFR 2G
57.34% 24.90%
Fishing
Ni NFR 1Ad4ciii 85.92%
85.92%
Fishing
Se 85.22%
NFR 1AA4ciii
85.22%
Roadtransport:
) _— Other product use . )
Qutlt()moblbtyre and Fishing (Fireworks, tobacoo) Accidental fires
7n rake wear 87.64%
NFR 1A3bvi NFR 1A4ciii NFR 2G NFR 5E
31.28% 19.85% 19.09% 17.42%

1.6 Quality Assurance & Quality Control (QA/AC)

The objective 0QA/QC activities in national inventories is to improve transparency, consistency,
comparability, completeness, accuracy, confidence and timeliness.

1.6.1 Backge dzy R AYF2NXI GA2Yy 2y LOSftlIyRQa v! kv/

Quiality aspects of Icelanddimate Change and Air &lity Measurement, Reporting and Verification
(MRVj system are stored in the QA/QC Hub. The Hub is an online solution, and forms part of its Air
Quiality ard Climate Change Data Portal. The QA/QC Hub provides a centralized basis for the
inventory team to dsign, manage and record its QA/QC activitidse use of the QA/QC hub started

in the fall of 2019 and has not yet been fully operationalised; it is erpetiat it will be fully
implemented for the next submission. It is used for reporting on greenhgaseemissions as well as
on air pollutant emissions.

The Hub is focused around three interconneciitgments

9 arecord of comments produced by previousisv processes
1 an area for planning and tracking improvement work; and
1 an area for plannin@A/QC activities.

The interaction of theselementsis outlined inFigurel.3 below.

23



L Informative hventory Report, Icelad 2020

QA/QC Plan One to one — items become

- Crass-cutting QC Actions "Implemented" in
improvement plan and

copied into QASQC Plan if
weakness is in QA/QC Reporting

(tracking in compilation file
QA sheets)

- Sector-specific QC Actions

- QA Activities T —

- Implemented QA/QC related e
improvement actions

aA/acC Plan view for
NIR table

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

Improvement Plan

- Priaritising improvements

- Unigue link/reference to
previous or ongoing review Review outcomes |log
outcomes with implementation,

Reviewer Comments [l e e

- Complete list of reviewer
comments

- Tracking back to original
review and implicated
report/submission

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

- Inclusion of MS response
and suggested action(s)

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

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

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

The live improvements and QA/QC lists can be viewed and recorded at sectoral esuttgslevel.
Crucially, all activities are designed to be tibwund and signed off as part of the annual inventory
cycle. This enables the inventory tedo provide an ongoing record of sectepecific and cross
cutting activities through its national inventory reportir@nce fully operationalisedhe QA/QC Hub
will lead to:

1 enhanced transparency of inventory compilation and reporting

1 increased documenttion 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
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The QA/QC Hub also acts as a cerealid@ument library for relevant training materiétb identify

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

Informative hventory Report, Iceland020

1.6.2 Roles and responsibilities oveiew

The same inventory team takes care of the greenhouse gas inventory and the air pollutant inventory.
Sectoral experts thus calculate emissions from their respective sector both for GHG and air
pollutants.In the past, the Icelandic inventory team haseoated with sectoral lead individuals,
supported by an inventory manager. This has been effective at delivering a primarily complete
inventory to the required reporting obligations. During the 2018/19 cycléahtemade minor
alterations to its inventorgeam roles and responsibilities. The changes were made to reflect the
growing importance and prioritization of effectively managing and reporting on inventory QA/QC
activities. The ambition is to ensure that lewed's national inventory reporting be not pncomplete,
but shown to be timely, accurate and transparent, whilst future proofing the inventory against
known limitations e.g. due to loss of institutional memory (through staff turnover) and economic /
staff capacity.

At a simple level, the inventoryill now operate under the inventory QA/QC manager. The QA/QC
manager has overall responsibility for the completion of QA/QC activities and improvements
planning. It will also be the role of the QA/QC managegrtsure that sectoral leads and seconds
(seebelow definitions) have documented their assigned activities in accordance with the
requirements laid out under the QA/QC Hub. The roles and key responsibilities are outlined below:

1 QA/QC manageroverall respasibility for the annual design of QA/QC antbrovements
activities.

1 Sectoral lead the sectoral lead is the main knowledge holder on individual inventory
sectors. They are responsible for completion of-ttagay QC activities.

9 Sectoral secondeach irventory sector has an identified 'second' €Titwle of the second is
to provide support to the sectoral lead and to protect institutional memory. The second has
specific QC activities assigned to them at key milestones in the annual inventory cycle.

Tablel.4 below defines he key responsibilities of the three above roles in relation to inventory
planning, improvements and QA/QC. Specific, detailed QA/QC activitieteat#dieéd within the
QA/QC Hub. Detailed activities include completidinternal QC listsand other stadard
procedures that inventory compilers are expected to evidence as part of their compilation.
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Tablel.4 Key responsibilities for the various roles involved in the inventory preparation

Role Respongility

Collates review recommendations int
QA/QC Hub

Organises inventory team planning
meeting

Identifies budget constraints and

QA/QC Manager opportunities

Inventory sign off

Crosscutting improvements and

QA/QC

Implementing sectoral improvements

Draft compilation

Sectoral lead .
Sectoral uncertainties

Recalculations
QA/QC documentation
Implementing sectoral improvements

Draft compilation

Sectoral second .
Sectoral uncertainties

Recalculations

QA/QC documentation

1.6.3 Quality Assurance (QA)

Outcome

QA/QC Hub list of review outcomes
updated andremoved of duplicates

Review recommendations carried throug
to improvement plan and poritized

Improvement plan updated to reflect
feasibility ofactions. Completion deadline
revised

Ensures that all compilation files show
complete QA/QC documentation as
defined in theQA/QC Hub

Responsible for carrying through cress
cutting QA/QC and@nprovement items
that are promoted in the QA/QC Hub

Translates information in QA/QC hub intc
specifed actions for new / updated data
gathering

Completes and documents standard QC
activities as defined in the QA/QC Hub

Uncertainties values in uncertainties
calculator updated where sectapecific
improvementshave been made

All sectoral recalculation checks complet
with reasons focchange

QA/QC Hub maintained and documentec
for agreed sectospecific QA/QC activities

Gonducts detailed secondary QC where
improvements are implemented

Ensures that all QA/QC records within
compilation files are completed by
sectoral lead

Checks file for annual update

Sense checkand approves recalculations
and reasons for change

Conducts sectespecific QA/QC in
partnership with sector lead

L OS f airydludsdt inventoryis subjected to a Stage 3 review under CLRTAP evereds, with
the most recent review in 2016. A Stage 3 review is scheduled for the spring ofir2@28ny

categories, activity data used for the air pollutant inventory are the same as those usee for th
greenhouse gas inventories. Regular reviews of the @#ntory thus also contributes to increased

guality of the air pollutantnventory.

CdzZNIIKSNJ vdz- f Ade ! aaddz2N> yOS Aa LINRPOARSR o8
assist withand review sectospecific methodological choices andatdations. As part of this
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collaboration, the calculations for the Agriculture and Waste sectors were revised and improved in
recent years, whereas the calculations for the Energy sector were reni&gi 8

Furthermore, Iceland participatés a nordic hventory experts workgrougdunded by the Nordic
Council of Ministerswhere inventory compilers from Norway, Sweden, Finland, Denmark and
Iceland meetegularly (one physical meeting once a year, as well as several teleconferandes)
discuss various aspts of the inventory compilatigrwith a strong focus on harmoniziegission
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
issuéd YR ySOS&dalNE AYLINRPOSYSY(laoSYyHKAAVIAORRPR DA
documentation of changes and flagging of issues by use of comments starting with hashtags
including the initials of the inventory compiler/QC reviewer, the datej one or more flags

pertaining to the type of issue (such as, fostance, potentially identified issue, transparency issue,

or reason for change). A summary of all comments can be generated for each calculation file,
enabling for instance someone perfoing QC checks to track and verify changes made to the file, as
well as check the status of flagged issues. The issues can then either be marked as resolved,
addressed immediately or added to the improvement plan, depending on the type of issue. This tool
is an important source of information needed QC activities are pexdal.

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:

- Recalculatbn check- comparing the values reported in the current and previgassions of
the inventory.

- Negative and zero values check® highlight the occurrence of negative values and zero
values in the inventory.

- Notation keys check to summarise the occuence of each notation key to ensure
consistency and accuracy in th/éntory.

- PAHs sum checkio ensure that the sum of the four reported PAHs equals the reported
aGiG2aGFté¢ t!1 1l SYAaaArzyao

- Particulate Matter check to ensure that reported TSP emissions greater than or equal
to PM, and similarly that reported Pldlemissions are greater than or equal to PM

In all cases, the findings of the checks are reviewed, not only to identify where corrections may be
required, but also to consider whether theage any steps of the inventory compilation process that
need improvenent. 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
procesdeed back into the continuous improvement programrierther detailsare available under
Annex Il

OtherQC activities include the following:

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

1 Are all datasources well referenced/documented?
1 Are the emissiorstimate files consistent with summary files and CRF outputs?

1 Are there recalculations since the last submission, and if so, are they properly documented?
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As the QA/QC procedure is still being impleneehtsector and subsector specific guidelines on
nature and frequency of QC checks are in the process of being developed.

1.6.5 Planned improvements for QA/QC activities

The configuration of roles and responsili#g mentioned in sectiof.6.2above is still being
implemented, as well as the new QC procedureshtioned above. lthe year 2020 the inventory
team at the EA isxpected to grow, and more time will be spent on finalising and fully implementing
the new QA/QC procedures.r@view and possible expansion of seetpecific QA and QC activities

is planned for the 2021 submission. In the future, it is also plannedlfodatument the results of

QC activities for each sector and providing evidence of such activities by igchad@enshots of the

Q Comments tool discussed unde6.4

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

1.7 Uncertainty Evaluation

Theuncertainty analysigs beingdevelopedand wil be included in next submission.

1.8 General Asessmenbf Completeness

The aim is to make, in the highest possilgvel of disaggregation, estimates of all known emissions

to air in theinformative inventory reportThe inventory is generally complete, however there are

some pollutants and/or categories that have not been estimated at all or only for part of tiee tim

series. The activities/pollutants not included in the present submissEne not estimated due to

f1 01 2F SyYArAaairzy FILO02NB o6LRtfdzilydioao ftAaGSR I 3
in the EMEP/EE®Auidebool, lack of data, and/or tht additional work was impossible due to time

constraints in the preparatn of the emission inventoryceland uses the notation key NR for sources

which arenot estimatedfor all pollutants other thalPOPsnd thepollutantsthat are reported to

the UNFCC under the Kyoto Protocol.

1.8.1 Categories not estimated (NE):
The table b&w shows an overview of the subsectors and the pollutants not estimated. In general,

(KS y2iliAr2y 188 b2i 9&GAYFHGSR A& d&aSR Ay (KS OF
SAGAYFGSRE FASEIR 2F G(KS SYA&aA dook Whetedhe pllutadt 6 f Sa A
Ad YSYydAz2ySR Ay GKS abz2id LILXAOFofSE FASERT G(KS

Tablel.5 List of polluants not estimated by sector

NFR code NFR category Pollutants notreported (NE) Reason

1Ala Public electricity and heat production NHs, B(a)P, HCB, PCBs No T1 EF in GB 2016

Stationary combustion in manufacturing

1A2a industries and construction: Iron arstieel Nk, HCB, PCBs No T1 EF in GB 2016
Stationary combustion in manufacturing
1A2b industries and construction: Neferrous NH;, HCB, PCBs No T1 EF in GB 2016

metals
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NFR code NFR category Pollutants notreported (NE) Reason
Stationary combustion in manufacturing
1A2e industries and construction: Food process NH;, HCB, PCBs NoT1 EF in GB 2016
beverages and tobacco
Stationary combustion in manufacturing
1A2f industries and construction: Nemetallic NHs, HCB, PCBs No T1 EF in GB 2016
minerals
Mobile Combustion in manufacturing
1A2gvii industries and cortsuction: (please specify ir NHs, BKF, IPy, HCB, PCBs, Pb, H¢ No T1 EF in GB 2016
the IIR)
Stationary combustion in manufacturing
1A2gviii industries and construction: Other (please NHs, HCB, PCBs No T1 EF in GB 2016
specify in the IIR)
1A3ai(i) International aviation LTO (civil) Nk, B(a)P, Bn(]tgt;lg(k)f’ Ipy, Heav No T1 EF in GB 2016
1A3aii(i) Domestic aviation LTO (civil) Nk, B(@)P, '?T(]z)tglsB(k)f* Ipy, Heay No T1 EF in GB 2016
1A3bv Road transport: Gasoline evaporation Zn, B(a)P. ®)f, B (k.)f’ Ipy, PAH, No T1 EF in GB 2016
PCBsdioxins
1A3bvi Road transport: Automobile tyre and brake CO, B(a)P, B(b)f,_ B(_k)f, Ipy, PAF No T1 EF in GB 2016
wear PCBs, dioxins
1A3bvii Road transport: Automobile road abrasion B(@)P, BT, B, I§AH, HCB, No T1 EF in GB 2016
PCBs, Heavyetals
1A3dii National navigation (shipping) NHs, B(a)P, B(b)F, B(K)f, Ipy, PAI No T1 EF in GB 2016
1Adai Commercial: Stationary NHs No T1 EF in GB 2016
1A4bi Residential: Stationary NHs No T1 EF in GB 2016
1A4ciii Agriculture/Forestry/Fishing: National fishint  NHs, B(a)P, B(b)F, (B(k)f, Ipy, PA No T1 EF in GB 2016
1A5a Other: stationary NH;, HCB, PCBs No T1 EF in GB 2016
1B2av Distribution of oil products SOx, PCDD/PCDF No T1 EF in GB 2016
1B2d Otherfugitive emissions from energy Heavy metals No EFs in GB 2016
production: Geothermal industry
2AG Other mineral produpts (mineral wool NOx, NMVOC No EF in GB 2016
production)
2B12B10 Ammonia productioff-ertilizer production NHs Missing AD
2C1 Iron and steé production NHs, B(a)P, (B(K)f, Ipy No EF in GB 2016
2C2 Ferroalloys production NHs, Hg, Ni, Se No EF in GB 2016
2C3 Aluminium production NMVOC, Nk Heavy metals No EF in GB 2016
2D3a Domestic solvent use including fungicides PMes No EF irGB 2016
. . NOx,C0O,SOx, PCDD/PCDF, B(a) .
2D3 Road paving with asphalt B(b)f, B(K), IpyHCB No EF in GB 2016
2D3 Degreasing PMes No EF in GB 2016
2DF Dry cleaning PMes No EF in GB 2016
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NFR code NFR category Pollutants notreported (NE) Reason
NOx, SOXCONHs, TSP, PM10,
. PM2.5,BC,PCDD/PCRH B(a)P, .
2D3g Chemical products B(b)f, B(K)T, Ipy, PAH, HCB, PCE No EF in GB 2016
heavy metals
2D3h Printing PM2.5, BC No EF in GB 2016
NOx, SOx, CO, IRCDD/PCDF,
2D3i Other solvent use B(a)P, B(b)f, B(k)f, Ipy, PAH, HC No EF in GB 2016
PCBsheavymetals
2G Tobaccand fireworks HCB, PCB No EF in GB 2016
2H Food and beverage industry PM2.5, PM10, TSP, BC No EF in GB 2016
3Da2a Animal manure applied to soils NMVOC, SOx No EF in GB 2016
3Da2b Sewage sludge applied to soils NMVOC, SOx, No EF in GB 2016
3Da2c Otherorga_nlc fe'rtlllsers applied to soils NMVOC, SOx, NH Not estimated because it occurrs o
(including compost) a very small scale
3Da3 Urine and dung deposited by grazing anime NMVOC, SOx No EF in GB 2016

3Da4 Crop residues applied to soils NOx, NMVOGS0x, Nk No EF in GB 2016
3Db Indirect emissions from managed soils NMVOC, SOx, NH No EF in GB 2016
3De Cultivated crops NOx, SOx, NfHCO No EF in GB 2016
All pesticides mentioned in the
Guidebook have beerdmned in
3Df Use of pesticides NOx, NMVOC, SOx, NH Iceland for many years and before
that were used to a very small
degree.
5A Biological trea_tment of wasteSolid waste NH: No EF in GB 2016
disposal on land
5B1 Biological treatment ofvaste- Composting NOX, NMV?_;’DSS():(’ PVPMo, NoEF in GB 2016
5C1bii Hazardous waste incineration Nk, B(2)P, Béz)f’zi(k)f’ pgr, Cu, No EF in GB 2016
5C1biii Clinical waste incineration NHs, PMes, PMo, B(@)P, B(b)T, B(K)! No EF in GB 2016
Ipy; Se, Zn
5C1biv Sewage sludge incinerati¢®014-2017) NHs No EF in GB 2016
5C1bv Cremation BC No EF in GB 2016
5C2 Open burning of waste NHs No EF in GB 2016
5D1 Domestic wastewater handling NMVOC, Nk PMss, PMo, TSP, BC VO elevant %Cg";glcéata /'No EF ir
5D2 Industrial wastewatehandling NMVOC, NK PMs, PMo, TSP, BC No relevant g(gl\ggylgata/ No EF i
5D3 Other wastewater handling NMVOC, NK PM:s, PMo, TSP, BC No relevant g(gl\ggylgata/ No B
5E Other waste (please specify in lIR) BC, HCB, PCBs No EFRn GB 2016

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.
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Tablel.6 Categoriesricluded elsewhere

Pollutants Reported under
NFR code NFR category included
elsewhere(lE) NFR code NFR category

Stationary combustion in manufacturing
1A2f industries and construction: Nemetallic SQ 2A1 Cement production
minerals (Cement)

all reported Mobile combustion in manufacturing

1Aseil Transport: Other pollutants 1A2gvil industries and construction
- Residential: Household and gardening all reported - Mobile combustion in manufacturing
1A4bii ) 1A2gvii - ) -
(mobile) pollutants industries and constmetion
" Agriculture/Forestry/Fishing: Ofbad vehicles  all reported " Mobile combustion in manufacturing
1A4cii : 1A2gvii - . .
and other machinery pollutants industries and construction
all reorted Otherstationary combustion in
1A5 Other: stationary (199@002) P 1A2gviii manufacturing industries and
pollutants -
construction
oB1 Amonia production NOX 2B10a Chemical Industry; Other (Fertilizer
production)
5C1bi Industrial waste incineration Dioxin 5Cla Municipal waste incineration
5C1bii Hazardous wastmcineraton Dioxin 5Cla Municipal waste incineration
5C1biii Clinical waste incineration Dioxin 5Cla Municipal waste incineration
5C1biv Sewage sludge incinerati¢®0142017) Dioxin 5Cla Municipal waste incineration

1.9 Recalculations

A recalculation filés usedo identify and document all recalculation®his QC file compares Ye8 x
(2017) and the base year (1990) for the current and previous submissions for all pollutants. The data
has been compiled to enabny changes in the dato be easily identifiedrad justifications for

changes provided where reqged. As far as possible, the recalculation check includes all reported
sectors.

The main sectespecific recalculations and improvements done for this submissiomargioned
belowfor each sector, and lalecalculations are described in more details in each subsector in the
relevant chapter.

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

- A comprehensive review of all input @afor the energy sector for 2063018 was performed
which caused several recalculations for some subsedttawever, the changes included
mainlya re-attribution of fuel use to various subsectors, based on the newest available data
from the National EnesgAuthority, but total fuel use remaimaostlyunchanged.

- All pollutant emissions from road transport were recalculated with COPERT v5.3 fer 1990
1999. Now COPERT model is used for all calculations of pollutants for road transport for the
whole timeseries

1.9.2 Industrial processes and product uggPPU):
The main recalculations and improvements for Industrial processes and product use are:

- In 2C2, ferroalloy production, for the years 2eA@18 the TSP calculation changed by using
the implied emission factor agported by the factory. This leads tecalculations for
particulate matter and heavy metals.
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193

In 2G¢ Other product use (Tobacco) the activity data was updated as communicated by
Statistics Iceland for 2017; updated activity dftam Statistics Iceland aldead also to
recalculations fortte category Other product use (Fireworks) the years 1992007, 2009
2010 and 2013

Agriculture

The main recalculations and improvements in the Agriculture sector include:

194

Livestock populadn numbers were updated for dairy cattle and ndairy cattle turkeys

and geese for 1990991 to fill gaps in that years. Horse population numbers were updated
for the years 2014017; the livestock numbers affect nitrogen emissions (NOx anjla¢H
wellas NMVOC and PM.

Animal characterization data for cattle astleep was updated and together with an updated
calculation method of the Nex rate for dairy cattle for the whole timeseries there are
recalculations in 3B Manure Management.

A clarification irthe 2019 EMEP GB shows that the emission factors appliedr N
emissions do not require the conversion step anymore; recalculations occur therefore in 3B
and 3D for the whole timeseries.

To improve accuracy, livestock categories were aggregated separstich as PM emissions
from goats under 3B are now calculdtend were included in the category sheep before.

For the calculation of inorganic-fidrtilizer emissions (3Dal) the amount ofédtilizer used

in forestry is not deducted anymore followinganges in the GHG inventory. This leads to
recalculations of te emissions of NOx and dlid 3Dal and NMVOC in 3Dd.

Particulate emissions under 3Dc show recalculations for the whole timeseries due to changes
in the cropland areas and the update of the egion factors to the 2019 EMEP GB.

Waste

Following a query bihe secretariat of the CLRTAP2019LI2 A Y 1 A y 3 2 dzbmplidd&f I Y RQ&
with the protocol on Persistent Organic Pollutaetsissiondecause of the trend in HCB emissions

as was reported in the 2019 report, emissidran waste incineration (5C1) amgben burning of

waste (5C2) have beempdated and improved. The main recalculations include:

HCB and PCB emissions have been included for open burning of waste (not estimating these
SYAaarzya sla GKS YIAYy NBmngidghge wthdeNBORPsOSt | Y RQA
Protocol)

Emissions from wast@cinerated at the incineration plant Kalka have been separated from

other incineration sites and now abatement technologies at Katkaaken into account

Emission factors for waste incineration have been revieamdl updated as appropriate.

Other emismon factors for open burning of waste have also been reviewed and updated as
appropriate.

1.10 Planned improvements

Various improvements are planned to increase the overall quality of the inventory and the report.
Thosemclude:
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Adding a comprehensive uncentéy analysis

Improving the workflow pertaining to keeping track and acting upon comments received by
reviewers

Review and update all relevant emission factors with the 2019 EMEP/EEA Guidebook values
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- Reviewing and updeng the overall workflow for preparinthe inventory, including more
guality checks and croshecks between data sources
- Review thdayoutof the Informative Inventory Report

Furthermore, several sectapecific improvements are planned. The main improeats are
mentioned belowfor eachsector, and all planned improvements are described in more details in
each subsector in the relevant chapter.

1.10.1 Energy
For the next submission a review of all input data for 29002 will be done for timeseries
consistencwvith input data 2003 and onwardahich was reviewed for this submission.

For future submissions there is needharmoniz energy data processing between various
organizations (such as EA, the national Energy Authority and Statistics Icplaadice acomplete
uncertainty analysisaswell asupdate the lIRtext. Additionally, work is underway with the EA team
responsible for the surveillance of fuel imports in order to develop couspBcific fuel
specificationsin particular liquid fuels.

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 tB®RTR RegulatioBPRTRaccording tacelandicRegulation No.
990/2008 which implements Regulan (EC) nd66/2006 concernig the establishment of a
European Pollutant Release and Transfer Register

1.10.3 Agriculture

It is planned to revise and harmonise the estimation methodologies currently used with the
methodologies, parameters and emission factprsposed in the 2019 EMEP GB &ll the chapters
where such changes have not been performed this for the current submission.

1.10.4 Waste

The mairmplanned improvement# the wastesector are to addurther information on the
methodological informatiorio the IIR, update the uncertainty ahgis, mprove activity data and
estimates for wastewater handlirend review methodology to estimate emissions from accidental
fires.
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2 Trends in Emissions

2.1 Emission Bfile in Iceland

The emissions profile for Icelaniffersfrom that seen for other Eugean countries for aange of
reasons

9 Emissions from generation @lectricity and space heatingre very low owing to the use of
renewable energy sources. Almost all electricity in Iceland is produced with hydropower
(around70% and geothermal powefaround30%) with wind power and fossil fuelerived
power accounting for less thah1%.

1 Geothermal energyis used for space heating in over 90% of all homes. It should be noted,
though, that significant amountsf sulphuras tydrogensulphide(H:S) are emitted from
geothermal poweplants.

1 Around 90%f the fuel used in the energy sector is usedhgbile sourcegtransport,
mobile machinery and fishing vessels

9 Emissions fronmindustrial processesespecially fronmon-ferrousmetal production, have
higher share in Iceland than in most other countries. This can be seen in the faatabatl
75%o0f the electricity produced in Iceland in Z®was used in the metal production industry.
The production capacity hascieased conislerably since 1990.

The emissions profile in Iceland is further influenced by the fact that Iceland was severely hit by the
economic downturn in 2008, when its three largest banks collapsed. During the years prior to the
crisis the economy exgienced a gnificant 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, oll
consumption decreased. The result of this can be seen in several pollutaotiaed wih fuel
consumption, with a clear peak in 2007, or the year preceding the crisis. In recent years the economy
has been experiencing an upswiagd the number of tourists to the country has increased

significantly, leading to risinfigel consumpion.

2.2 Emissio Trends for N@Q NMVOC, S NH;, Particulate Matter, BC and CO

The total amount of SQNX, NH, NMVOC, CO, RMPM s, TSRand BGmissions in Iceland in
1990 and2018 is presented imable2.1, and an overview of all key eagories for these pollutants is
included in Annex Il

Nitrogen oxides (N£ nonmethane volatile organic compounds (NMVOC), carbon monoxide (CO),
ammonia (NkB) and particulate matter (TSP, RIMPMs) have an adverse effect on human health

and the envionment. Iceland implemented the National EmigsiCeiling Directive 2001/81/E&0

its legislation in 2009, with emission target reductions for NOx, S®VCAC and Nkl to be reached

by 2010. These pollutants are reported here. Furthermore, emissioN©gfCO, NMVOC and SO

are also calculated to comply with the reporting requirements of the UNFCCC. A short description of
the trends of those pollutants is @x in the following section.
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Table2.1 Emissios of SQ NQ, NH;, NMVOC, CO and PM in 1990 20d8.

NO« NMVOC  SG& NHs PM: s PMio TSP BC (6{0)
[kt] NO2 [kt] [kt] SG [kt] [kt] [kt] [kt] [kt] [kt]
1990 30.95 10.05 24.02 5.87 1.25 153 1.66 0.32 71.83
2018 22.39 5.51 54.71 5.25 1.15 151 1.74 0.19 111.86
Change 1992018 -28% -45% 128% -11% -8% -1% 5% -39% 56%

The emission trends of the total NONMVOC, SONH, CO, PMs, PMyo, TSFand BGmissions
relative to 1990 levels is shownkigure2.1. The emissions of $S@ave increased significantly since
1990 levelsThis includes 43 from geothermal plantsall sulphurspecies emitted are to be
reported, as Sgequivalents CO emissions hawapproximately doubledince 1990. The most
significant decrease in emissions &MVOC emissions which haxaighly halvedince 1990 levels
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Figure2.1 Trends in NQ NMVOC, SONH, PMbs, PMo, TSP, BC and CO emissions (% of 1990 emissions).

For the current inventory yeathe emisions of all pollutants included in the NECD 2001/81/EC were
below the emission maxima set by tBB01NECD: For SQhe target was 90 kt anldas not

exceeded during the reporting period; For NOx, the maximum allag2d kt, and the emissions

have beerbelow that value since 2008; For NMVOC, the maximum allas@&tdkt, and the

emissions have been decreasing steadily since 1994, where the maximum NMVOC emissions
occurred (15 kt in that yearThe NHemissions have been stable between 5 and $itkce D90,

below the maximum allowed of 8 ks ofApril 2020, no emission targets have been seit for

Iceland for2030andthe incorporationof the new NECKDirective 2016/2284into the EEAs still
pending

2.2.1 Trends in sulphur oxides (5 (SQ)) emissions

In 2018, total sulphur emissions in Iceland, calculated as 8@ includingall sulphurspecieqsuch as
H.9), were 128%above the 1990evel The keycategoriedor sulphur emissionare geothermal
energyandmetal production Figure2.2 shows the sectoral emission trends since 198 main
sources for SOnclude:
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1 Geothermal energfNFRLB2d): Geothermal energy exploitation is the largest source of

S0, [kt]

sulphur emissions in Iceland. Sulphur is emitted from geothermal power plattig iform of
H.S and the emissions have increasethstantiallysince1990 due to increased activity in
this field,with electricity production at geothermal power plants increasapproximately
15-fold since 1990However, in recent years the $€missims have started decreasing
following the onset in 2014 of a sulphuxpture and storage project (Sulfix) at one of the
geothermal power plantéHellisheidi Power Plant)

Metal production (NFR2O): Emissions from industrial processes are dominated by metal
production. Until 1996 industrial process Snissions were relately stable. Since then, the
metal industry has expanded which has ledtstantiallyincreased emissions of SO
Sulphurcomes mostly from impurities in the carbon reductants used @rtietal production
process.
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Figure2.2 SQ emissiondy sector, since 1990.

Volcaniceruptions contribute significantly to sulphur emissions, and emissions from this sanace
reported as a memdem for the years during which eruptioreccurred from 2010 onweds:

1 2010 Eyjafjallajokull. The eruption lasted frobd April until23 May. During that time 127 kt

36

of SQ were emitted or 71% more than totahthropogeniemissions in Iceland in 2010.

2011 Grimsvotn. The eruption lasted fro@l until 28 May. During that time 1000 kt of SO
were emitted or 12 times more than totahthropogenicemissions in 2011.

20142015: HoluhraunA large eruption started 089 August 2014 and ended @7

February 201%n the north of the Vatnajokull ice shedt was the biggest eruption in Iceland
since the Laki eruption 1783otal S@emission from this eruption was estimatéal be
around 1200(kt.
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2.2.2 Trends innitrogen oxides (NOx) emissions

In 2018, total NOx emissions inicelandwere 28%belowthe 1990 levelThe main sources of nitrogen
oxides (NQ) in Iceland ardishing, metal productiontransportandmobile combustion in machinery,
construction and other offoad vehiclesFigure2.3 shows he sectoral emission trends since 1990.

1 Hshing(NFR 1A4id): Emissions from fisheries rose from 1990 to 1996 because a substantial
portion of the fishing fleet was operating imusually distant fishing groundSince 1996, the
emissions have generallgén decreasing, with however large annual variations due to
changes in fish stock size and locatiBmissions remaitnoughbelow 1990 levels.

1 Transport(NFRLA3) NOx enissions fom transportcome mostly fronroad transport. These
emissions decreased rifly after the use of catalytic converters in all new vehicles became
obligatory in 1995even thoughfuel consumption hasignificantlyincreasedHowever, a
significant increas@ the vehicle fleet in the past few years has had a negative impact on
NOxemissions, with emissions again on the rise.

1 Metal production (NFR2O): Since 1990 the production capacity of the metal factories has
seen a significant increase, and the NEnissions have increased accordingly.
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Figure2.3 NOxemissiondy sector, since 1990.
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2.2.3 Trends in particulate matter (PM) and BC emissions

In 2018, TSP emissions were.&bhigherthanthe 1990 levelPMy decreased by 1%nd PM s
decreased by 8%, compared to 1990 levEle main sowes ofPMemissionsarefishing,metal
productionandtransport Volcanic activity is also a significant contributauif these emissions do
not count towvards the national totaland are reported under memo itemBigure2.4, Figure2.5 and
Figure2.6 show the sectoral emission trends in total suspended particulate (TSRyaR#IPM s
since 1990.

1 Fishing (NFR 1A4ciigmissions from fisheries rose from 1990 to 1996 becausestantial
portion of the fishing fleet was operating in unusually distant fishing grounds. From 1996, the
emissions decreased again reaching 1990 levels in Efiksions increased again by 10%
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between 2001 and 2002. In 2003 emissions again reached 9@ &9el. Emissions remain
below 1990 levels, however there are large annual variations due to the inherent nature of
fisheries.

1 Metal production (NFR 2CRroduction capacity in the metal production sector has
increased substantially, leading to an incgean PM emissions.

1 Transport (NFR 1A3Fluctuations in PM emissions result from the combination of changes
in the pollution control standards witimcrease in vehicle fleet size
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2.0

Figure2.5 PMo emissiondy sector, since 1990.
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Figure2.6 PM, semissiondy sector, since 1990.

Black carbon emissions since 0%fve beerestimated for several subsectofseeFigure2.7), in
particular within the Energy sector (public electricity and heat production, aviation,
fishing/navigation, road transport) and within the Waste sector (Waste imatiwan). Forthe Energ
sector, commercial fishing is the dominant source of BC emissionsredthtransporta significant
contributor. BC emissions from waste have been decreasing since &33@ximately halving since

1990, due to thedecrease in opeburning of waste.
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Volcanic eruptions contribute significantly to particulate matter emissions, and emissions from this
source are reported a@ memo item for the yars during which eruptionsccurred from 2010
onwards:

1 2010 Eyjafjallajokull The eruption lasted from 14 April until 23 May. During that time

around 6,000 kt of PM were emitted or around 10,000 times more than total estimated
man-madeemissions in 2010.

2011 Grimsvotn The eruption lasted from 21 until 28 May. The eruption at Grimsvotn was
much larger than at Eyjafjallajokull, and it has been estimated that dthimdjrst day more
sulphur and particulates were emitted than dag all the Eyjafjallajokull eruption. An

estimate of the total particulates emitted has not been estimated but the EA has scaled the
emissions of particulates using the ratiosofphur emssions from the two eruptions
(1000/127). This gives an approxirastimate of around 47,000 kt Rb&and 13,000 kt of

PMs. As these emissions from volcanos are nafuhaly are not included in national totals.

2014-2015: HoluhraunA large eruptiorstarted on31 August 2014ndended on27
February 2015n the northof the Vatnajokull ice sheetinlike the eruptions in
Eyjafjallajokull and Grimsvétn, which werereatomagmatieruptions, theeruption in
Holuhraun wasneffusive eruption i.e. théava steadily flowd out of the volcano without
explosive activity. Asproduction was negligible and emissswf PMo and PM swere not
estimated.

2.2.4 Trends in ammonia (N§l emissions
In 2018, total NH; emissions iricelandwere 11%belowthe 1990 levelAmmonia emissions are
mostly from the agriculture sector (NFR Bigure2.8 shows the sectoral emission trends since 1990.

40

1 Agriculture(NFR 3)Animal manure applied to soilspanuremanagementndmanure

deposition of grazing animals on pastures are the main souksaissions have been
fluctuating ketween 5 and 6 kt Nésince 1990. The main driver behind the general trend and
its oscillations is the trend in livestock population. Sheep and cattle are thesoaines of
ammonia emissiongonstitutingaround two thrds of total NH emissions. NEemissions

from fertilizer application play only a minor role.
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Figure2.8 NH; emissiondy sector, since 1990.

2.2.5 Trends in noamethane volatile organic compounds (NMVO&@&hissions

In 2018, total NMVOQGmissionsn Iceland weret5% belowthe 1990 levelMany sources contribute
to the total emissions, anche mainsourcesare manure management, solvent usdomestic solvent
useand coating applicationfishing and food andeverage industryFigure2.9 shows the sectoral
emission trends since 1990.

1 Manure management (NFR 3BJorse and cattle manure management systems are
responsible for close to 30% of NMVOC emissions in Iceland. Th&owar@ver the years
are mostly linked to livesttk population fluctuations.

1 Solvent use (NFR 2D3)he main source of NMVOC linked to solvent use is domestic solvent
use, which in turn are linked to population size. The population in Iceland has beeasimgy
steadily since 1990.

1 Fishing (NFR 1A41i 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. From
1996 emissions decreased, reaching the 1@9@lk in 2001. Emissions rose again in 2002 but
have declined since with exception of 2009 due to less fuel consumption. Emissions in the
current emission year were around a third lower than the 1990 level. Annual changes are
inherent to the nature of fisaries.
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Figure2.9 NMVOGmissiondy sector, since 1990.

2.2.6 Trends in carbon monoxide (CO) emissions

In 2018, total COemissions in Iceland wespproximately doublehe 1990 levellndustrial Processes
werethe most prominent contributor to CO emissionslceland Figure2.10 shows the sectoral
emission trends since 1990

1 Metal production (NFR 2CYhe main source of CO is primary aluminium production. The
various increases correspond to expansions in production capacity.

1 Road tansport (NFR 1A3b)n the earlier part of the time series, more than half of the total
CO emissions&ve originating from road transport. Emissions from road transport have been
steadily decreasing since 1990 due to advances in pollution control equipmesad
vehicles, and in 2018 they amounted to less than 4% of the total emissions.

1 Aviation (Landingand Takeoff): An apparent sudden decrease in CO emissions from the
energy sector between 2004 and 2005 is an artefact of the use of different datdmsetse
years 1992004, emissions are estimated using fuel sales statistics and Tier 1 emission fact
from the 2016 EMEP/EEA Guidelines; for the years-2008, emissions are reported as
provided by Eurocontrol.
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2.2.7 Trends in S@ NQ, NH;, NMVOC, CO, PM and BCrhgin source sectors

1 Energysector:Figure2.11 showsemissiontrendsfor SQ, NOx, NMVOC, CO, PM andiiBC
the energy seor as a percentage of the 1990 levels. The contribution of the energy sector in
the total S@ emissions has, however, remained relatively stable at around 80% until 2012
due to a similar increase in the emissions in the industrial sester the same péod of
time. Since 2012, the S@missions from geothermal energy have decreased due to
reinjection of geothermal sphur into the subsurface. Emissions of NN@MVOCBCand CO
have beergenerallydecreasing in the energy sector sincé@shas thecorntribution of
this sector to the total emissions of these pollutariobile fuel combustion (fishing,
transport and machinery) is by far the largest pollutant source within the energy sector
(apart fromsulphuremissions from the geotherat industry)

1 NHsemission trendsThe trend of NElemissions from the energy sector can be seen in
Fgure2.12. These emissions increased significantly from 1990 aa#ed in 2004. Since
then they have been decreasing agdihis is due to high eissions factorgor Euro 1 and
Euro 2 vehicles the road transporsector.
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Figure2.12 Trends iMNH3 emissions from the energy sector (% of 1990 levels).
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9 Industrial processes and product ussector: Figure2.13 shows trends in the emissions of
SQ, NOx, N5l NMVOCCO, PM and B@ the industrial sector as a percentage of the 1990
levels. The industrial sector contributions to the total AB@Ps pollutants emissions 2018
are 10% for NQ 30% for NMVO Q3% for SQ 94% for CO41% for PMs, 40% for PMo,

40% for TSP and 4% for B@e large increase in CO emissions from the industrial sector
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(linked to the expansion in metal production capacitgys made this sector the dominant
contributor of CO emissions in Iceland. Emissions of all the reportedP@demissions
haveincreased in the industrial sector since 19@@h the exception of N¥which has
decreased Contributions of the industrial sector to the total emissions has also increased
over that same period.
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Figure2.13Trends in NQ NMVOC, SONH;, COBCPM: 5, PMioand TSP emissions frahe industrial secto(% of 1990
levels).

1 Agricultural sector Figure2.14 shows trends in the emissions 88, NOx, N&l NMVOC, CO
PM and B@ the agricultural sector as a percentage of the 1990 leVidis agricultural
sector contribution to the total emissions #2018 is5% for NQ, 34% for NMVOC, 98% for
NHs, 3% for PMs, 12% for PMo and 14% for TSP. The contribution of othesn-POPs
emissions to the total emissions is zero (not applicable or not estimated). Nficsigh
decrease in emissions hawecurredin this sector since 1990. N@&missions have been
fluctuating around the 1990 levels with a relatively high amplitudediill remains asmall
contributor (< 5%Yo the total NQcemissions throughout the period
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1 Waste sectorFigure2.15shows trends in themissions 065G, NOx, Nkl NMVOC, CO, PM
and BQn the waste sector as a percentage of the 1990 levidis waste sector contributio
to the total emissions i2018 is 6%for NMVOC; N SQ, NH; and CO emissions from the
waste sector contribute to less th&ah5%of the total emissions for each pollutarf@hanges
occurring in 2003 are due to thmove from operburning of waste tanunicipal waste
incineration.The prominent peakm SQ emissionsn 2004 and 2014 are due to major fires
in a recycling company (2004) and in an industrial laundry service (2014).
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Figure2.15Trends in in NQNMVOC, SONH;, COBC, PMs, PMoand T®emissions from the waste sect@b of 1990
levels).

2.3 Emission Tends forPersistent Organic Pollutants (POPSs)

The total amounof dioxins PAH4, HCB and PCB emitted in Iceland in 199Q@i1&is presented in
Table2.2. Dioxin aad PAH4 have decreased while HCB and PCB show a substantial increase

Table2.2 Emissionsf POPs in Icelarid®90and 2018.

Dioxin PAH4 HCB PCB
vear [g FTEQ] [ [ko] [ka]
1990 11.59 0.59 0.15 0.30
2018 0.37 0.09 0.07 0.04
Trend -97% -85% -55% -88%

2.3.1 Trends in @bxin emissions

In 1990, the total emissiord dioxins in Iceland wergl.59y FTEQ. 112018 total emissions were
0.37g FTEQ. Thiamounts toa decrease ofore than90% over that time péod. Figure2.16 shows
the dioxin emissions by souré@®m 1990.

Dioxins form a family of toxic chlorinated organic compounds that share certain chemical structures
and biological characteristics. Dioxins are menstof two closely related families: the

polychlorinated dibenzp)dioxins (PCDDs; 75 congenensdl polychlorinated dibenzofurans (PCDFs;
135 congeners). Dioxins biwcumulate in humans and wildlife due to their fat solubility and 17 of
these compoundsra especially toxic. Dioxins are formedringcombustion processes such as
commercial or municigl 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 lm&mtironment through

the production and use of organochlorine compounds, chlorine bleachipglpfand paper, certain
types of chemical manufacturing and processing and other industrial processes that create small
guantities of dioxins. Cigarette smokéso contains small amounts of dioxins.
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Emissions of dioxins are presented inTgeK)InternationalToxic Equivalents). 2,3,7,8
tetrachlorodibenzep-dioxin (TCDD) is the masixic of the dioxin congeners. Other congeners (or
mixtures thereof) are givent@xicity rating from 0 to 1, where TCDD is 1. The total dioxin toxic
equivalence (TEQRglue expresses the toxicity as if the mixture were pure TCDD.
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Figure2.16 Dioxin emissionky sector, sinc&990

The main reason for the significant reduction of dioxin emiss®asignificantdecrease in waste
incinerationbetween 1990 and 2004n recent yearghe main contributosto dioxin anissionshave
beenaccidental firegreported undemNFR5E) and bonfies (reported undeNFR5C2 open burning of
waste), and, to a lesser exit, transportand fishinglenergy sectorandaluminium production
(industry).

1 Waste secto{NFR 5)Practices of waste disposal treatment have undergone a radical
change in Icelandrsie 1990. This sne ofthe mainreasondor the substantialdecline in
dioxinemissionssince1990 Below are described various factors that have influenced the
dioxinemission profile from the waste sector:

0 Open pit burning that used to be the most commmeans of waste disposal outside
the capital ar@, has gradually decreased since 199f0en pit burning is practically
non-existent today, the last site was closed by the end of 2010;

0 Inrecentyears those incineration plants have beetosed Currently thereisonly
one incineration planbperating n Iceland. The incineration plant is called Kalka and
it does not recover energ¥gmissions from bonfires around New Year celebrations
are included in the waste incineration sector. Emissions from bortimge
decreased since 1990, due to the fact thanbices are fewer and better controlled
Guidelines for bonfires, published in 2000, include restrictions on size, burnout time
and the material allowed.

0 The total amount of waste being incinerated has desed
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0 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 of tires, among other
separated waste materials, burned. A fire broke out in the same company in 2011
and was stimatedto be 10% the size of that in 2004. In 2014, a major fire broke out
in an industrial laundry service when, among other materials, arour806@ns of
asphalt roll roofing burned.

1 Energy secto(NFR A): Over the time series, the main soerof doxin emissions were from
waste burning with energy recovery, which occurred in Iceland between 1994 and 2012.
Other sources within the energy sector contributing to dioxin emissions since 2013 are
passenger cars and fishing, but in general the donissflom those sources are decreasing.

2.3.2 Trends inpolycyclic aromatic hydrocarbons (PAH=nissions

In 1990, the total emissions of PAH4 in Icelamde 590 kg. In2018 total emissionavere 86 kg. This
showsa decrease 085% over the time periodrigure2.17 shows the emissions by source from 1990
to 2018.

The polycyclic aromatic hydrocarbons (PAH) are molecules buwolt lognzene rings which resemble
fragments of single layers of graphite. PAHs are a group abziopately 100 compounds. Most
PAHSs in the environment arise from incomplete burning of cartmmtaining materials like oil, coal,
wood or waste. Firesanproduce fine PAhparticles;they bind to ash particles and sometimes move
long distances through thair. Thus,PAHs have been ubiquitously distributed in the natural
environment for thousands of years. The four compounds benpgg(ahe benzo(bfluoranthene
benzo(kjluorantheneand indeno(1,2,2d)yyreneare used as PAH indicators for the purposes of
emission inventories, as specified in the R®Rotocol.
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Figure2.17 PAH4 emissiortsy sectoy since 1990

The main reason for the significant reduction of PAH4 emissions since is a significant diecrease
waste incineration between 1990 and 2004, as discussed abowofidn. The key sectorkeading to
PAH4 emissiorsre waste, metal productionaccidental fies androad transport.
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1 Waste (NFR 5PAH4emissions from the waste incineration have decrahbg around32%
since 1990, partly because alattedincineration plants and open pit burning have been
closed downSee a more detailed description of the decrease in waste incineration in section
2.3.1on dioxin aboe.

Informative hventory Report, Icelad 2020

1 Metal production (NFR 2CBince 2005 PAH4 emissions from industrial processes (Industry)
have increased due tsubstantiallyincreased production capacity in the metal production
sector.The contribution of the sectdo the total PAH4 emissions hasdresteadily
increasing fron2%in 1990 to aroun®@8%in 2018. The main increase in emissions happened
in the years 1992000 as well as in 20a808. Between 1998 and 2000 the increase in
emissions was due to increased production capacity both in the alumiand tte
ferrosilicon industry. In the years 20@808 the cause was increased production capacity in
the aluminium industry.

1 Transport(NFR 1A3)Road transport is also an important source of PAH4 emissions in
Iceland. PAH4 emissiofrem this sectorare estimaed to haveincreased byapprox.68%
since 1990.

2.3.3 Trends in lexachlorobenzene (HCB)missions
Total HCEmissionsn 2018 are 68 g compared tdl51g in 1990. There ha beensignificantchanges
in HCB emissions during the period 198118, ascan be seen ifrigure2.18.

Hexachlorobenzene (HCB) or perchlorobenzene is a chlorocarbon with the molecular fog@ula C
HCBis a fungicide that was first introduced in 1945 for seed treatment, especially for control of bunt
of wheat. HCB is currently emitted as agnpduct in the manufacture of several chlorinated
solvents.Overall processes resulting in dioxin formation alseuk in HCB emissiondCB is

considered to be probable humararcinogen HCB is a very persisteanvironmental chemical due

to its chemical stability and resistance to biodegradation

Analysis of trends in HCB emissions in Iceland muisttéepreted with care as only few sources have
been estimatedwhich reflects the lack of emission factorshie 2016 EMEP/EEA Guideboeér
instance open pit burningwvasoccurring between 1990 and 2003 kibe 2016 EMEP/EEA Guidebook
does not provideemissionfactors forHCBfor open burningthusHCB emissions estimates from the
waste sector are almost neexistent until 2003 In 2004 the incineration plant Kalka opened and
emission factors for HCB emisssainom incineratiorare reported in the 2016 MEP/EEA Guidebook,
and are therefore reported from 2004 and onwards.
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Figure2.18 HCB emissiorsy sector, since 1990

The main sources @stimatedHCB emissions andinical wastencineration, incineration with
energy recovery (occurring in the years 1998 2, and reported under Energy production 1Ala),
fishing and secondary aluminium production.

1 Wasteincineration (NFR &): As shown irFigure2.18, waste was responsibleif52% ofthe
estimated HCB emissions in Icelan@®18. Emission decreased from 1990 to 2005 because
of a redution in waste incineration, as discussed for dioxin and PAH4 above. The increase in
HCB emissions between 2013 and 2014 is due to an increase in incineration of clinical waste.

1 Fishing (NFR 1A4ciifimissions from commercial fishing rose in the years 18990096
when a substantial portion of the fishing fleet was operating in distant fishing gro&Gmuise
then emissions have been following a generally decreasing trend, but with fluctuations due
to changed conditions in the fishing industry (renewingisiing fleet, status of fish stocks,
etc), as well as different ratios of use of marine gas oil versus heavy fuel oil.

1 Waste incineration with energy recovery (NFR 1ATBhis activity occurred in l@nd
between the years 1993 and 2012, and contributedHtoB emissions for those years.

1 Metal production (NFR 2CA sudden increase in HCB emissions from industrial processes is
seen in 2004 when a secondaiyminiumproduction plant was establisheéran 2009,
production started decreasing, until 2013 whexreother secondary production plant
opened, reversing the decreasing trend

2.3.4 Trends in polychlorinated biphenyl (PCB) emissions
Analysis of trends iRCB emissions in Iceland mustib&erpreted with care as only few sources have
been estimatedwhich reflets the lack of emission factors in the 2016 EMEP/EEA Guidebook.
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In the early years of the time series, one loé tmain source of PCB in Icelamalswaste incineration,
following a @&creasing trend between 1990 and 2004 as seen above for the other Piadesher
main sources contributing to the PCB emission trends are within the energy sector (1A2
manufacturing and construction, 1A1 energy industries (waste incineration with emecgyvery)
and 1A4 fishing)The only sourcefd®CB estimated from industliprocesses is secondary steel
production (2C1)The only secondary steel plant in Iceland started its activities in 28d4losed in
2016.

Analysis of trends iRCBemissions irlceland must be interpreted with care as only few sources have

been estimagd, which reflects the lack of emission factors in the 2016 EMEP/EEA Guidebook.
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Figure2.19 PCB emissions kgctor, sincel990.

1 Waste (NFR 5As shown irFigure2.19, waste wa responsible fot 9% of the estimatedPCB
emissions in Iceland 2018. Emissions are only calculated for waste incinerat@penpit
burning was occurring between 1990 and 20032004 the incineration plant Kalka opened
and emission factors fd?CB enssions from incineration aremaller than from open
burning, therefore there is a significant decrease in emissions from waste from 2005.

1 Waste incineration with energy recovery (NFR 1ATBhis activity occurred in Iceland
between the years 1993 and 201@nd contributed to PCB emissions for those years.

1 Fishing (NFR 1A4ciiigmissions 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 emissionsiavebeen following a generally decreasing trend, but with fluctuatidns
to changed conditions in the fishing industry (renewing of fishieet f status of fish stocks,
etc), as well as different ratios of use of marine gas oil versus heavy fuel oil.tiodise|

types have very different emission factors for PEIBhing was the largest contributor of PCB

in 2018 accounting foapproximatdy 72% of total PCB emissions.
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1 Metal production (NFR 2CThe only PCB emissions reported from the Industrial pr@sess
and product use sector are from secondary steel production, wimij took place during
three years 2014 t02016). Fluctuationdn PCB2missiongduring these yearfrom this
activity reflects fluctuations in yearly production.

2.3.5 Trends in persistent orgnic pllutants (POPs) bynain source sectors
Analysis of trends iROPemissions in Iceland must be interpreted with care as only few sources have
been estimategdwhich reflects the lack of emission factors in the 2016 EMEP/EEA Guidebook.

1 Energy sectorPOPs emissions trends in the energy seet@shown inFigure2.20as a
percentage of the 1990 levels 2018 the energy sector contributetb 31% and26%of total
dioxin and PAH4 emissions, respectivélye incease in dioxin emissions in the years 1993
2012 is due to the occurrence, during those years, of waste incineration with energy

recovery.
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Figure2.20 Trends in POPs emissions from émergy sectaf of D90 levels).

9 Industrial sector:POPs emissions trends in the industrial seat@shown inFigure2.21as a
percentage of the 1990 level$he industrial sector has not reduced its emissions of any
POP9ollutant since 1990n 2018 the industrial sector contribute@8% of total PAH4
emissions23% of total HCB emissiari% of total dioxin emissiorend 0% of total PCB
emissiongthe latterdue to the closure of thenly PCB source in the industrial sector, which
was aseconday steel production facilitwhich operated from 2014 to 2®&). The main
source of HCB is secondary aluminium production, and the large fluctuations for HCB in the
graph below reflecfluctuationsin secondary aluminium production.
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Figure2.21 Trends in POPs emissions fribva industrial secto(% of 1990 levels).

9 Agricultural sectorNo POPs emissions are occurring in Iceland from categories belonging to
the agricultural sector.

1 Waste sectorPOPs emissiorieends in the waste sectare shown inFigure2.22 as a
percentage of the 1990 levels 2018 the waste sectocontributed t052% of total HCB
emissions58% of total dioxin emissiqi35% of total PAH4 emissioasd 19%of total PCB
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Figure2.22 Trends in PORsmissions from the waste sect@b of 1990 levels).
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2.4 Emission trends for Heavy Metals

Analysis of trends iheavy metakmissions in Iceland must be interpretedhvcare as only few
sources have been estimatedhich reflects the lack of emission factors in the 2016 EMEP/EEA
Guidebook A complete list of categories not estimated can be foun@ablel.5. Emissiorestimate
for 1990 and2018 shown inTable2.3.

Table2.3 Estimated emissianof heavy metals, 1990 a2@18.

Pb Cd Hg As Cr Cu Ni Se Zn

[t [t] [t] [t] [t] [t] [t] [t] [t]
1990 0.31 0.0089 0.1405 0.0554 0.0714 0.72 1.56 0.0348 1.60
2018 0.77 0.0056 0.0149 0.0364 0.0893 1.35 1.47 0.0247 1.04
Change 1992018 145% -37% -89% -34% 25% 88% -6% -29% -35%

2.4.1 Trends in priority Heavy Metals (Pb, Cd, Hg)

Figure2.23, Figure2.24 and Figure2.25 show emission trends for Pb, Cd and Hg per sector. The main
sectors contributindo the emissions are energindustrial processeand wase. In 1998, waste
incineration with recovery of energy (includedtie Energy sector under NFR 1Ala Public electricity
and heat production) started in Iceland, leading to an incread#h, Cd and Hghe amount of waste
burned with recovery of energy pkad in 2@7, and after that decreased until 2013 after which year
this activity stoppedAside from the emissions from waste incineration with energy recovery, a
prominent contributor to the Pb trendF{gure2.23) is the use of firework@nder IPPU), and the

steady increase since 1990 reflects the growing popularity of fireworks use in Iceland (mostly around
New Years)A peak in the year 2007 reflects the peak inremmic growth that year, before the
economy collapse of 200Bor Hg Figure2.25), emissions in the early part of the time series are
dominated by emissions from waste incineration, which decreased steadily from 1990 til 2004 with
changes in practices in open burning and waste incineration (seeiatagsdion on POPs, in

particular doxin, in chaptef.3.1).
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Figure2.23 Pb emissionby sector since 1990
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2.4.2 Trends in additional Heavy Metals (As, Cr, Cu, Ni, Se, Zn)
Figure2.26 to Figure2.31 show emission trensifor As, Cr, Cu, Ni, Se and Zn per seEtarept foizZn,
the trends are overall dominated by emissions from the energy seeisihingcauses emissions of all
heavy metals; Arsenic emissiong anfluenced by waste incineration with enengcovery, whereas
Cr, Cu and Zn are influenced by automobile tyre and brake.Wetre industrial sector, the main
source ofAsemissions is metal production. All other npriority heavy metals are largeproduced
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by fireworks, with sharp peaks in emisn in 2007 where fireworks sales reached attiiaié

maximum. In the waste sector, heavy metal emissions come mostly from waste incineration,

followed byaccidental firesThe emission pattern for Zn is effént Figure2.31), with the main

contribution beingautomobile tyre and brake wear, as well as waste incineration (fireworks

contribute also, albeit to a lesser exten§s waste incineration deeased between th years 1990

2004 (as discussed above in the POPs trends), heavy metals associated with it also decreased, as can
be seen for As, Se and most notably Zn.
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3 Energy (NFR secth)

3.1 Overview

The energy sector in Iceland is unique in many ways. Icelandfiestiksnong Organisation for
Economic Caoperation and Development (OECD) countries in the per capita consumptjwimfry
energy. However, the proportion of domestic rengle energy in the total energy budgetapprox.
85%, which is a much higher share than in most other countries. The cold climate and sparse
population call for high energy use for space heating tasdsport. Also, key export industries such
as fisherieand metal production are energy intensive. The metal production industry assind
three-quartersof the total electricity produced in Iceland. Iceland relies heavily on its geothermal
energy souces for space heating (over 90% of all homes) and atégtgroduction &pprox.30% of
the electricity) and on hydropower for electricity production (70% of the electricity). Thus,

atmospheric pollutanemissions in the energy sector originate predominantly from mobile sources:

road transport, fishing andff-road machinery including constructipas well as waste incineration
with energy recoveryOne exception to this is the emission afSHrom geothamal powerplants,
which is by far the largest key category in Iceland’s inventory for sulphur (calcul®€gt as
equivalent).

The EA has been working with a consulting company (Aethesitd¢ 20150 improve the Icelandic
inventory, andn 2018a complée review and restructuring of the Energy sedook place in
collaboration with experts from Aetheincluding updating/redesigning calculation spreadshesgs
well aschecking all emission factors across the sector and replacing by default values where
appropriate. Further work is planned, in collaboration with the National Energy Authority, the
Icelandic Trasport Authority and Statistic Iceland in order to harmonize all datasets used.
Additionally, work is underway with the EA team responsible forg$heveillance of fuel imports in
order to develop countrspecific fuel specificationg particular liquiduels.

The energyector is divided into the following subsectors:

- Enerqgy industries (NFR 1A1)

- Manufacturing Industries and Construction (NFR 1A2)

- Transport (NFR 1A3)

- Other sectors (NFR 1A4)

- Other (NFR 18

- Fudgitive emissions (NFR 1B2rludirg emissions from geotherah utilization)

3.1.1 Sectoraltrendxt ht Qa
{dzYYFNE (lF06fSa FT2NJ GKS tht Qa SYmhbleBiz2ya FTNRBY

Table3.1 Overview of emissi@of POPsrbm the energy sector in 28INA¢ Not applicable, NE Not estimated; NG Not
occurring).

Dioxin B(a)P B(b)F B(k)F IPy PAH4 HCB PCB
[g FTEQ] [t] [t] [t] [t] [t] [kl [kl
Energy
1A1 . . 2.E05 NE/NO NO/NE NO/NE 2.E07 2.E07 NE/NO NENO
industries
1a2 Manufact. 00038  9.E04 2.E03 8.E07 7E07 000253 NENO  NE/NO
industries and
construction
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Dioxin B(a)P B(b)F B(K)F IPy PAH4 HCB PCB
[g FTEQ] [t] [t] [t] [t] [t] [kal [kl
1A3 Transport 0.0752 0.00416 0.00628 0.00539 0.00441 0.0202 1.E03 3.E03
1A4  Other sectors 0.034 6.E06 1.E05 7.E206 1.E05 3.E05 0.0158 0.0253
1A5 Other 1.6E05 2.2E08 1.7e07 2.2E08 2.0E08 2.3E07 NE NE
Fugitive
emissions.f

1B2 distribution of NA/NE/NO  NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO
oil production
and energy
production

Energy, Total 0.113 0.00511 0.0079  0.00540 0.00442 0.0228 0.0173 0.0286

CNBYRE AY tht Q& SYA 4 Bduedl thdeghRighresid Bysubsedd®. 3 K26y AY
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Figure3.1 Dioxin emissions fronthe energy sectqrsincel990.
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3.1.2 Sectoral trends; Other pollutants
Summary tables forthemst ht Qa

Table3.2 Overview of emissios ¥ L2 f € dzi | y { &

2006 _

[y
=
(=]
™~

m 1A2 Manufacturing industries and construction
1A4 Other sectors

2005 _
2008 _

2009 —
2010 —
2011 —
2012 m——

2013 W
2014 f
2015
2016
2017
2018 &

S thé ené gy dector is shown Trable3.2.
2 B @ANNot iplicable, tINE NoteStimatdd yNOMNat m

occurring).
NO« NMVOC SG NHs PM.s PMyo TSP BC CcO
[kt NOjJ [kt] [kt SQ] [kt] [kt] [kt] [kt] [kt] [kt]
1a1 Cneroy 21E03 3E05 1E03 NENO 3.E05 1E04 2E04 9E06  5.E04
industries
1a2 Manufact 127 0119 0365 NENO 00754 00754 00754 0.0462 0371
industries and
construction
1A3 Transport 4.25 0.69 0.307 0.070 0.163 0.220 0.288 0.047 4.64
1A4  Other sectors 13.50 0.477 3.44 NE/NO  0.389 0.424 0.424 0.090 1.27
1A5 Other 5.6E03 3.5E04 2.0E04 NE 2.1E04 2.1E04 2.1E04 1.2E04 8.0E04
Fugitive
emissions.f
N NO/NE/N NO/NE/N NO/NR/ NO/NR/ NO/NR/ NO/NR/ NO/NE/N
1B2 d!strlbutloqof A 0.316 37.81 A NA NA NA NA A
oil production
and energy
production
Energy, Total 19.0 1.61 41.9 0.0699 0.627 0.719 0.787 0.183 6.3
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(Table
continued)

Pb Cd Hg As Cr Cu Ni Se Zn

[t [t [t] [t [t [ [t [ [t
1A1  Energy industries 1.E04 4.E05 4.E05 6.E05 4E05 9.E05 4.E05 2E04 6.E05

Manufact

1A2 industries and 4.E05 3.E04 8.E05 2.E05 2.E03 5.E02 2.E03 4.E£04 0.0448
construction

1A3 Transport 0.0986 7.E04 3.E03 4.E03 0.0422 0.792 0.1811 0.00281 0.348

0.0241 0.00202 0.00480 0.0295 0.0323 0.164 1.27 0.0210 0.206
1A4  Other sectors

1A5 Other 8.7E07 2.0e08 3.4E06 7.1E07 2.1E06 2.3E06 1.3E07 1.4E06 3.0E04
Fugitive
emissions.f
L . . NA/NR/  NA/NR/ NA/NR/ NA/NR/ NA/NR/ NA/NR/ NA/NR/ NA/NR/

1B2 dIStrIbut.I0n0f0I| NO NO NO NO NO NO NO NO NA/NO
production and
energy
production

Energy, Total 0.1229 0.00306 0.00745 0.0335 0.0762 1.01 1.45 0.0244 0.600

3.2 General Methodology

Emissions from fuel combustion activities areiresited at the sector level based on methodologies
suggested by the 2006 IPCC Guidelama$the 2016 EEA/EMEP Guidebobhkey are calculated by
multiplying energy use by source and sector with pollutant specific emission factors. Activity data is
providedby the National Energy Authority (NEA), which collects data from the oil companies on fuel
sales by sector.

For this sbmission, enissions from Road Tmaportationare estimatedusing COPERT 5.3.0. which
followsthe methodology presented i8016 EEA/EMEBuidebookFor the last submission the
COPERT model was used for estimating emissions forZ00but for this submgon it is used for
the whole timeseries 199Q018. More detailed description can be seertlrapter3.5.2

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
20032018 because the methodology used to collect the data kyNBA changed between 2002 and
2003. Therefore, the attributing of fuels to IPCC/NFR categories for2@@ has not been changed,
but for the next submission in it planned to perform a similar review of the sales statistics for the
earlier time series.

1990-2002 methodology

For the years 1992002, the division of fuel sales by sector did not match the 2B06C/NFR

sectors, thus the EA has developed a method to attribute fuel consumption to the v#IGGENFR
categories. This applies for the sectoAslIEnergy industries, 1A2 Manufacturing industry and 1A4a
and b Commercial/Residential combustion. The adjustment is done in the following way for gasoil:
Fuel consumption needed for the known electricity production with fuels is calculated ¢LAla
electricity production), assuming 34% efficiency of the diesel engines. The values calculated are
compared with the fuel sales for the category 10X60 Energy industries (nomenclature from the NEA).
Fuel consumption attributed to 1A2a Iron and Steel, 1A2b-féorous metals and one company

under 1A2f normetallic minerals is taken from the ETS reports submitted by the ferroalloy,
aluminium and mineral wool companies. The rest of the fuel consumption is then attributed as
follow:
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- Inyears where there is less fuelestd energy industries as would be needed for the
electricity production, the fuel needed to compensate is taken from the category 10X90
Other; and if that is not sufficient from the category 10X40 House heating and swimming
pools.

- Inyears where there ®urplus, the extra fuel is added to the category 10X40 House heating
and swimming pools.

- NEA has estimated the fuel use by swimming pools (1A4a), but it should be noted that the
majority of swimming pools in Iceland have geothermal water. The estimattdi$e values
are given in the lower table of Annex 7. These values are subtracted from the adjusted 10X40
category, and the rest is attributed 1Add&Residential.

- For years where there is still fuel in the category 10X90 Other, this is added to the 10X5X
Industry. This is the fuel use in 1Ahdustry.

20032018methodology

The aim of the review of the fuel sales data from the NEA in 2020 was to make the adjustments from
the sales statistics to the IPCC categories more transparent. This is what wdsideaeh IPCC/NFR
category to achieve the following:

- 1A1 Energy Industriessales statistics are used directly and no adjustments are needed

- 1A2 Manufacturing Industriesadjustments are needed to transform sales statistics into
IPCC/NFR categories (di¢gd description below)

- 1A4a and lCommercial/Residential combustieisales statistics are used directly and no
adjustments are needed

- 1A5 Other all fuels that are categorized &therin sales statistics without any explanation
of use are attributed tdhis category.

Due to insufficient split in the sales statistics between fuel used for different manufacturing
industries that belong to IPCC category 1A2 some adjustments are néeal&g.to have thisnput
data as accurate as possible

- ltisassumedhat Green Accountingeports (andEUETSAnnual Emission Repoifimom
2013) are correct for each company and that diatasedfor 1A2a, 1A2b1A2cand 1A2fg
this isthe known usage.

- Because these fuels are purchased from domesticonilpaniesthey willbe subtracted
from the sales statistics received from the NEA.

- The difference between known usage asales statisticss attributed to the category
1A2gviii Other Industry.

These adjustments are describedrigure3.5. For some del types and/ears,the subtraction of

know use from sales statistics does result in a negative number indicating that usage wahkanore
what was sold. It is considered more lik#tgat some data is missing from sales statistics and

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

Green Accounting and ETS M

for companies

ejep |euiduQ

Subtract known use

from sales number

Input Data for 1A2a, Input data for
1A2b, 1A2c and 1A2gviii is the

1A2f difference

ejep
anduj jeuly

Figure3.5; Description of adjustments in input data for NFR category 1A2

In the sales statistics received from the NEA there are unspecified categories for albhetled as
GhiKSNE® C2NJ LINBQJA2dza adzo YA & allmZgyiigothérkn8uaty, FdzSt a KI
however there is insufficient justifications for that attribution because the location of use of these

fuels is unknown. Therefore, for this inputtdaeview, these fuels were attributed to IPCC/NFR

category 1A5, which Iceland hast been reporting previously. This only applies to 2@038 for

this submission. For the next submission a similar methodology will be used to attribute fuels for

19902002 but until then 1A5 will be reported as IE for those years. For future subnssiercA

will work with the NEA to aim to attribute these fuels to specific categories.

3.3 Energy Industries (NFR 1A1)

Energy Industries include emissions fretactricity and heat production. Iceland has extensively
utilized renewable energy sources for etiécity and heat production, thus emissions from this sector
are low. For dioxin, PAH4, S4ihd NMVOC waste incineration with energy recovery is the main
source of emissions for this categofowever, waste incineration with energy recovery has not
beenoccurring in Iceland since 201&ctivity data on fuel use for the energy industries are based on
data provided by the NEA and adjustedtby seechapter3.2. Activity data on waste is collected by
EAdirectly from the plants.

3.3.1 Electricity & heat (NFR 1Ala)

The main sources of electricity in Iceland are hydropower anthgemal energy. In recent years,

wind power development has taken plades can be seen ifiable3.3, only a very small fraction of
eledricity is produced with fuetombustion: éectricity was produced with fuel combustion at two
locations that are located far from the distribution system (two sparsely populated islands, Grimsey
and Flatey)furthermore, ®me public electricity facilitiebave emergency backup fuelrobustion

power plants whictare usedvhen problems occur in the distribution system. Those plants are,
however, very seldom used, apart from testing and duriraintenance.
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Table3.3 Electricity production ifceland (GWh).

1990 1995 2000 2005 2010 2015 2017 2018
Hydropower 4,159 4,677 6,350 7,015 12,592 13,781 14,059 13,813
Geothermal 283 288 1,323 1,658 4,465 5,003 5,170 6,010
Fuel combustion 5.6 8.4 4.5 7.8 1.7 3.9 2.1 1.9
Wind power NO NO NO NO NO 10.9 8.1 4.4
Total (GWh) 4,447 4,974 7,678 8,681 17,059 18,799 19,239 19,829

Activity data (the amount of gasoil used) for electricity production with fuel combugtia9902002
is calculated fronthe information on electgity production (GWh)}ased on the energy content of

the gasoil (43 TJ/kt) assuming 34% efficieRegm 2003 sales statistics from the NEA are used to
calculate the emissions.

Geothermal energy is the main source of heat production in Iceland. Somietdigatingfacilities,

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 fuel combustion in case of
electricity shortages or problems ihe distribuion system. Three district heating facilities bedn

waste to produce heat andiere connected to the local distribution systemowever since 2013 no
more waste burning with energy recovery is occurring in Icel&missions from these waste
incineration pants 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 inTable3.4. No fuel consumption fdreat pioduction was reported by the NEA for 202011

and 2018 Biomethane was used for electricity production in 2€IR7.The use of residual fuel oil

for electricity productiorin 2007 was much higher than in surrounding years. In 2007 a new
aluminiumplantwas established in IcelanBecause the Karahnjukar hydropower project

(hydropower plant built for this aluminium plant) was delayed, the aluminium plant was supplied
with electricity for a while from the distribution system. This led to electrigltgrtages for the

district heating system and industry depending on curtailable energy leading to increased fuel
combustion. The different fuel composition from year to year (waste, fuel) effects the IEF (Implied
Emission Factor). For example, the IERlioxinin this sector is higher in 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
Icelnd (the Westfjords) and icing in the northern part of the country), 1997/1998 (unfavourable
weather conditions for hydropower plants during the winter) and 2007 (explained above).

Table3.4 Fuel combustioand wage incineration (kt) for electricity and heat production.

1990 1995 2000 2005 2010 2015 2017 2018

Gas/Diesel oil (electricity) 1.40 2.12 1.12 0.02 1.01 1.19 0.70 0.74
Residual fuel oil (electricity) NO NO NO NO NO NO NO NO
Biodiesel(electricity) NO NO NO NO NO NO 0.03 0.02
Biomethane (electricity) NO NO NO 0.29 NO NO NO NO
Residual fuel oil (heat) 2.99 3.08 0.07 0.20 NO 0.14 0.04 NO
Solid waste (heat) NO 4.65 6.05 5.95 8.11 NO NO NO
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Emission factors ar€iers 1 factorsaken from the2016 EMEP/EE&uidebookChapter 1.A.1. Energy
Industries, Tables-8 (Gaseous fuels);3 (Fuel oil) and-8 (Gas oil))Emission factors for the
burning of waste wittenergy recovery are taken fronable 32 of chapter 5C4 of the2016
EMEP/EE&uidebook Dueto the lack of emission factors given in @16 Guidebookhe following
pollutants are not estimated:

- Gas oil: Ng PCB, HCBBaP, BbF, BKF.
- Residual fuel oil: NiHPCB, BaP, HCB.
- Gaseous fuels (biomethan&yH;, PCB, HCB.

3.3.1.2 Recalculationand improements

Due to the review of all input data for the energy sector for 22027 (see chaptes.2) there were
recalculations for all pollutants in sector 1Ala for that time period. Changes in sector 1Ala were
because for previousubmissions the fuel used for electricity had been calculated based on
electricity production. For this submission fueldsto energy production is used, which is a part of
the official sales statistics from the NEA.

The degree of recalculations variedtiveen pollutants, but in the year 2017 there was an increase
of 2.5¢ 27% for pollutants that are estimated. No recaltidas were for the base year 1990.

Planned improvements
For future submissions the activity data for this subsector for 12®R willbe reviewed in
collaboration with the NEA.

3.4 Manufacturing Industries & Construction (NFR 1A2)

3.4.1 Manufacturing industries, wationary combustion (NFR 1A2g)

3.4.1.1 Activity Data

Information on the total amount of fuel used by the manufacturing industries wasimddarom the
NEA andittributed to the various subsectotsy EA(seechapter3.2) as well as using data reported
under the Green Accounting and EU ETS for the larger compBailsconsumption in the fishmeal
industry from 199 to 2002 was dBnated from production statistics, but the numbers for 20&3d
onwards are based on official sales statistics from the NEA.

The difference between the given total for the sector and the sum of the fuel use of the reporting
industrial fadlities are catgorized as 1Agviiiother nonspecified industryThe total fuel
consumption per fuel typean be seen ifable3.5. Emissiongrom fuel use in the ferroalloys
production is reported under 1A2a. Emissions from ¢eenent industry (the single operating
cement plant was closed down in 2011) and the mineral wool production are reponger 1A2f.

For PAH4, emissions from the mineral wool production are not estimatedfoamtioxin, emissions
from the cement industryare reported under industrial processes (2A1).
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Table3.5 Fuel use (kt), stationary combustion in the manufacturing industry.

1990 1995 2000 2005 2010 2015 2017 2018
Gas/Diesel oil 5.07 1.13 10.25 15.35 6.75 5.50 3.83 4.00
Residual fuel oil 55.93 56.22 46.21 24.85 17.89 10.18 4.30 5.79
LPG 0.48 0.39 0.86 0.93 1.05 0.81 0.67 1.04
Electrodes (residue) 0.80 0.29 1.50 NO 0.40 NO NO NO
Other bituminous coal  18.60 8.65 13.26 9.91 3.65 NO NO NO
Petroleum coke NO NO NO 8.13 NO NO NO NO
Waste oll NO 4.99 6.04 1.82 1.36 1.59 1.14 1.25

3.4.1.2 Emissiorfactors

PAHand dioxinemission factors for liquid fuels are taken from tabtd 8Tier 1 EF for 1A2
combustion in industry using liquid fuels) from chapter 1.¢.the 2016 EMEP/EEBuidebook
However, it is assumed that the PAH emission factors givéreifable3-4 should be in pg/GJ rather
than mg/GJ (after comparison with Tabk83, Volume 1.A.4PAHand dioxinemission factors for
gaseouduels are takerfrom table 33 in the same chapter of the EMEP/EEA Guidebook.

The emission factors falioxinand PAH4are presented imable3.6.

Table3.6 Emission factors for okin and PAH4 from stationary combustion in manuf. industry.

Dioxin B(a)P B(b)F B(K)F IPy PCB HCB
[ug FTEQGY]  [Mg/GJ] [Mg/GJ] [Mg/GJ] [ho/cy]  [M9/GJ]  [ug/GJ]

Gas/Diesel Oil 0.0014 1.9 15 1.7 1.5 NE NE
Residual fuel oil 0.0014 1.9 15 1.7 15 NE NE
LPG 0.0005 0.72 2.9 1.1 1.08 NE NE
Electrodes residues IE* 45500 58900 23700 18500 170 0.62
Other Bituminous Coa IE* 45500 58900 23700 18500 170 0.62
Petroleum coke IE* 45500 58900 23700 18500 170 0.62
Waste oil 0.0014 1.9 15 1.7 1.5 NE NE

*Coal, ¢ectrodes residues and petroleum coke are only used in the cement plant; all dinigsions from the cement plant are reported
under 2A1. PR: profile ratio.

SQ, NQ, COandNMVOGC=mission factorare taken fronthe 2016 EMEP/EEA Guidebo&klphur
emissons from use of petroleum coke occur in the cement industry. Further wadstasinainly
been used in the cement industand for fishmeal productionrEmission estimates for Sfor the
cement industry are based on measurements.

This inventory includesngissions of Particulate Matter and Heavy Metal emissions for all fuel types,
based on Tier 1 emission factors taken from Tabl&s(8olid fuels), 3 (gaseous fuels) and43
(liquid fuels) in the2016 EMEP/EEA Guidebamk 1A2.

Due to the lack of emissidactors given in th016 Giidebook the following pollutants are not
estimated:

- All liquid fuels and LPGIH;, PCB, HCB
- Other bituminous coalNH

3.4.1.3 Recalculationsnd improvements
Various recalculations were performed for the timeperiod 2@03.7 due to tle review of all activity
data and changes in the methodology of how fuels from the official sales statistics are attributed to
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different NFR/IPCC categories (see chapt8). Other recalculations that effected the whole
timeselies were;

- An error was found in some of our calculations sheets where emissions were supposed to me
gr but wereactually mg and were therefore 1000x too high. This was now corrected and
caused a significant decrease in dioxin emissions from the sector.

- H@ and PCBs are reported for the first time for 1A2f. There was an error in one spreadsheet
where these emissionsere calculated but not reported in the NFR table. This has now been
corrected.

3.4.1.4 Planned improvements
For future submissions the activity datar this subsector for 1992002 will be reviewed in
collaboration with the NEA.

3.4.2 Manufacturing industries, mobileeombustion (NFR 1A2gvii)

3.4.2.1 Activity data

Activity data for mobile combustioim off-road vehicle and machineiy provided by the NEA.

Currently activity data and information available from the National Energy Authority do not allow to
separate fuels soltb machinery in construction, agriculture or other uses for the entire time series,
but provides data on fuel sold from fuel delivery trucksdpposed to fuel sold at petrol stations)

Thus category 1A2gvii efbad vehicles and other machinery includdlsemissions derived from

fuels sold to ofroad machinery, including Agriculture/Forestry/Fishing=©#d vehicles and other
machinery (1A4ic) as well as transport activities not reported under road transport such as ground
activities in airports antiarbours (1A3eii). The latttwo OF G SI2NA Sa | NB NFRNJ] SR
tablesand are all included under 1A2g\Aictivity data for fuel combustion are given iffable3.7.

Table3.7 Fuel use (Bt mobile combustion in the construction industry.

1990 1995 2000 2005 2010 2015 2017 2018
Gas/Diesel il 37.98 46.74 61.89 67.78 32.23 30.03 35.39 31.44
Other Kerosene NO NO NO 0.022 1.171 0.157 0.045 0.027
Biodiesel NO NO NO NO NO NO 0.018 0.028

3.4.2.2 Emission factors

Emission factors for dioxéiromthis sectotr N5 G { Sy FNRY a! Gat ALILI (At
(Statistics Norway, 2002Jhey are 0.1 pg/t fueBaP and Bb&missions are estimated from this
sourcewith 2016 EMEP/EEA Guidebatdfault emission factors from table Bin chapter 1A4 Non

road mobile machinerySQ emissions are calcated from the Sontent of the fuels. Emission

factors for N@Q CONMVOC particles as well as BC are the default values from the 2016 EMEP/EEA
Guicebook (Table &, chapter 1A4).

3.4.2.3 Recalclationsand improvements

As a part of the review of activity datatime energy sector (see chapt8r2) fuel used for offoad
vehicles had been accounted for in 1A2gvion specified industry. This added gas/diesel oil and
kerosene to this sector and increased emissions of all pollutanthiéoyear 2017 by 10%.

3.4.2.4 Planned improvements

For future submissions thactivity data for 199€2002 for this subsector will be reviewed in
collaboration with the NEA. Furthermore, hIPCB and HCB emission estimates will be added where
possible.
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3.5 Transport(NFR 1A3)

3.5.1 Civil aviation (NFR 1A3a)

Emissions from aviation are divided into four groups: Internatibaatling andlake-Off (LTO)

(1A3ai(i)), Domestic LTO (1A3aii(i), International cruise (1A3ai(ii) and Domestic cruise (1A3aii(ii)). As
defined by Eurocan NR £ & [ ¢ h € Ay Off, diRiSaut (up ko B keigit dzBaDO fil) lfiRaS 2 F
F LILINBF OK OFNRBY | KSAIKG 2F onnn Flod0X fFyRAYS
3000 ft. up to the cruise level, cruise, and descent down to a heigB®00 ft. Emissions occurring

during LTO of both domestic and international flights are included in national totals, whereas
SYraairzya 200dz2NNAyYy3I RdAdz2NAYy3d (GKS ONMzA &S LI NG 2F
not counted in the national tials.

Informative hventory Report, Icelad 2020

Emissions for the years 20@918 are taken directly from the Eurocontrol dataset for Iceland, which
differentiates between Domestic, International, LTO and Cruise emissions. The pollutants reported
from the Eurocontrol dataset include NOx,xSOONMVOC, TSP, Rjand PMs.

For theyears 1992004, emissions were estimated based on fuel type (jet kerosene vs. aviation
gasoline), anduel useattributed to either LTO or Cruise using a ratio calculated from the
Eurocontrol dataset (see below), wislales data allowing the distinctioretween 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.

3.5.1.1 Activity data

Activity data igprovided by the NEA, which collectatd 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 circumstances almost aethiational flights

depart and arrivdrom 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 Keflavik airport inase of special weather conditions| @ioducts 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 dsdarces depending on éwear:

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

- 20052018: Fuel activity data is included in the Eurocontrol dataset. However, the dataset only
includes total amount of fuel butr(in kt), without differentiating baween 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 activity data in TJ,
the NEA’s annual sales statistics wased as an approximation of the ratio of aviation
gasoline to jet kerosene to calculate a weightederage NCV, which was used to convert the
total burnt fuel reported by Eurocontrol into TJ.

Activity data for fuel ales for domestic and internationaviation are givenn Table3.8 and Table
3.9. Note that theseare the sales statistics provided by the NEA, and do not include infiamfaom
Eurocontrol.
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Table3.8 Fuel sales (kt.), domestic aviation.

1990 1995 2000 2005 2010 2015 2017 2018
Jet Kerosene 8.41 8.25 7.73 7.39 6.07 5.99 6.92 7.45
Aviation gasoline 1.68 1.13 1.10 0.87 0.65 0.50 0.37 0.35

Table3.9 Fuel sales (kt), international aviation

1990 1995 2000 2005 2010 2015 2017 2018
Jet Kerosene 69.40 74.64 129.15 133.20 119.52 213.74 363.67 409.96
Aviation gasoline 0.20 0.18 0.03 0.40 0.01 0.01 NO NO

3.5.1.2 Emissio factors
1990-2004: Total emissions (LTO + Cruise) were calculated using following emissions factors:

- Emission factors for dioxin were taken from the Standardized Toolkit for Identification and
Quantification of Dioxin and Furan Relea@éblEP,2003%) Y R FNB Y & ! Gat A LI GAf
RA 2 EA Y S KStafistich NMohEyS2002)

- PAH4 emissions were not estimated as no emission factors avel@ttin the2016
EMEP/EEA Guidebaahor are those emissiorestimated by Eurocontrol.

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

- No emission factors are reported fparticulate matter in the 2019 EMEP/EEA guidebook
and therefore hese emissions are NE for this time period.

In order to allocate emissions to LTO and Cruise, respectively, a distribution factor was calculated
using the 2005 Eurocontrol data flarel use and this factor was applied to the 192004fuel sales
statistics from the NEA. Emissions were then calculated from that fuel for LTO and cruise.

20052017: Emissions were taken from the Eurocontrol dataset without further calculations, with the
exceptin of dioxinand BGor which estimates were not provided in thdhtaset. Dioxin was

therefore calculated in the same way as for the period 12004.BC was estimated for 2029017

using the fraction 15% of TSP, which is presented in the 2019 EMEP/B&#ogki

The emission factors for the period 199004 are presemd inTable3.10.

Table3.10 Emission factors for dioxin, NOx, CO and NMVOC by fuel19p@-2004 (Except dioxin, wheks apply for
1990-2016)

Dioxin NOx CO NMVCOC

[ug FTEQ/t fuel] [kg/t fuel] [kg/t fuel] [ka/t fuel]
Jet Kerosene 0.06 4 1200 19
Aviation gasoline 2.2 4 1200 19

3.5.1.3 Recalculationsnd improvements

For previous submission outdated emission factors from1t®@6 IPCC Guidelines for National
Greenhous Gas Inventoriewere used foffor NOx, CO and NMVQ@& the time period1990-2004.
For this submission those emission factors were updated using values presented in the 2019
EMEP/EEA guidebook.
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3.5.1.4 Planned improvements

Planned improvements include a reassasst of the emission factors used in the emission
estimates for theperiod 19962004 as well as to establish the continuity of the time series when
changing from preéeurocontrol (199€2004) to the Eurocontrol dataset (estimates since 2005).

3.5.2 Roadtransport (NFR1LA3Db)
This sector covers the emission estimates from exhansssions from various types of road
transportation vehicles

3.5.2.1 Methodology

The transport model COPERY.8.0 (developed by Emisia S¥gsused toproduceemission
estimates forall pollutants for the whole timeseriesThe following text is taken from theGPERT
website regarding the applied methodoldgy

d ¢ KS /nmeth@eology is part of thEMEP/EEA air pollutant emission inventory
GuidebooKor the calculation of air pollutant emissioés.

Data acquiredrom Emisia was used to estimate emissionstiiegryears 199€017, except data for
average temperature and fuel consumption in road transport where data from the Icelandic Met
Office and the National Energy Authority was used. For 2018dhe data as for 2017 was used,
except for numbers of vehicleshere country specific data was obtained from the Icelandic
Transport Authority.

Calculations of S@missions in COPERT are based on country specific sulphur content in fuels,
where it is assmed that all sulphur is converted to SQountry specific mesaurements are only
available from 2006, so for previous years the maximum allowed sulphur content according to
European regulations was used as an approximation.

3.5.2.2 Activity data
A comprehensiveataset for COPERT was purchased from Emisia for the year2@9®0This data
was used where country specific data was not available. The country specific data that was used was;

1 Average temperature values were obtained from the Icelandic Met Office.
9 Vehcle stock numbers for 2032018 were obtained from the IcelaidTransport Authority.

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

9 Total fuels sales were obtained from sales statistics celteby the NEA for the whole
timeseries

In Table3.11the total use of diesel giasolineand biofuelscan be seen. Theare based on the
NEA's annual sales statistics foels in road transport.

8 https://www.emisia.com/utilities/copert/
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Table3.11 Fuel use (kt), road transport.

1990 1995 2000 2005 2010 2015 2017 2018
Gasoline 12781 13560 14260 156.73 14821 132.47 133.76 127.10
Diesel oil 36.57 36.86 47.46 83.48 10643 126.37 164.24 178.91
Biomethane NO NO NO NO 0.44 1.37 1.50 1.50
Biogasoline NO NO NO NO NO 1.93 457 6.53
Biodiesel NO NO NO NO 0.14 11.92 13.03 15.29

Data for 1992017 from COPERT included numbers of vehicle and kilometres driven for each vehicle
category. Total fuels sales from the NEA wepit into COPERT, which then estimates fuel use for
each vehicle category based on numbers of vehicle and kilometres driven.

3.5.2.3 Emission factors
All emission factors in COPERT are based on the ifietii®dology in the 2016 EMEP/EEA
Guidebook which are prestad in chapter 3.4 in the guidebook.

3.5.2.4 Recalculationand improvements

The COPERT calculations with new data for 198® changed the emissions of all pollutants to
various amounts. Changes for adillutants can be seen iinnex V: Recalculations i@fad transport
sector (1A3b) using COPERT

3.5.2.5 Planned improvements
For the 2021 submission it is plannedcailaboration with the Icelandic Transport Authority, to
develop procedures to obtain vehicle stock and mileage data for COPHERflifersubmissions.

3.5.3 National navigation (NFR 1A3dii)
Emissions are calculated by multiplying energy use with a pollutatifgpemission factor.

3.5.3.1 Activity data
Total use of residual fuel oil and gas/diesel oil for national navigation is based on tleeaNEdal
sales statistics for fossil fuels. Activity data for fuel combustion are givEabile3.12.

Table3.12 Fuel use (kt), national navigation.

1990 1995 2000 2005 2010 2015 2017 2018
Gas/Diesel ol 11.75 7.04 3.43 6.20 8.46 7.89 9.90 8.46
Residual fuel oil 7.17 4.76 0.54 0.88 2.55 0.44 NO 5.21

3.5.3.2 Emission factors

Emission factors faall pollutants are T1 emission factors from 2@16 EMEP/EEBuidebook on
navigation (Shipping), Tables 3.1 (bunker fuel oils) and 3.2 (marine diesel/g#dl @ipission factors
are presented imable3.13.
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Table3.13 Emission factors for national mgation emissions.

Dioxins BbF HCB PCB Pb Cd Hg
ny/t fuel g/t fuel mg/t fuel mg/t fuel g/t fuel g/t fuel g/t fuel
Marine diesel oil 0.13 NE 0.08 0.038 0.13 0.01 0.03
Bunker fuel oil 0.47 NE 0.14 0.57 0.18 0.02 0.02
As Cr Cu Ni Se Zn SQ
g/t fuel g/t fuel g/t fuel g/t fuel g/t fuel g/t fuel kg/t fuel
Marine diesel oil 0.04 0.05 0.88 1 0.1 1.2 20
Bunker fuel oil 0.68 0.72 1.25 32 0.21 1.2 20
NOx NMVOC CcO TSP PM10 PM2.5 BC
kg/t fuel kg/t fuel kglt fuel kglt fuel kg/t fuel kg/t fuel % of BP
Marine diesel oil 78.5 2.8 7.4 15 1.5 1.4 31%
Bunker fuel oil 79.3 2.7 7.4 6.2 6.2 5.6 12%

3.5.3.3 Recalculations and improvements
A smallecalculation was performed for this sector for the year 2017 where 0.001 kt of biodiesel had
not been included in &t submission. This has now been corrected.

3.5.3.4 Panned improvements
There are no planned improvements.

3.5.4 International navigation (memo item NFR1A3di(i))

The reported fuel use numbers are based on fuel sales data from the retail suppliers. The retail
supplig divides their reported fuel sales between international navigation and national navigation
based whether the vessel is sailing tolaelandic or a forgin harbor (regardless of flag)

The emission factors used to estimate emissions from internaticangbation are the same as those
used for national navigation and can be fouind'able3.13.

3.5.5 Transport:Other (NFR 1A3eii)

Emissions from other transport activities not reported under road transport, such as ground activities
in arports and harbor, are included in Mobile constructiormianufacturing industries and

construction (1A2gvigince currently available activity data from the National Energy Authority do

not allow to allocate fuels sold to machinery to the various sutossc

3.6 Other Sectors (NFR 1A4)

3.6.1 Commercial, institutional &esidential fuel combustion NFR1A4a, 1A4b)

Since Iceland relies largely on its renewable energy sources, fuel use for residential, commercial, and
institutional heating is low. Residential heajiwith electricity is subsidized and occurs in areas far

from public heat plants. Two waste incineration plants used waste to produce heat. One of them
used the heat for heating a swimming pool and a school building (Skaftarhreppur, closed down in
December2012), and the other one used the heat for heating a swinghpool (Svinafell, closed

down in 2010). Commercial/Institutional fuel combustion also includes the heating of swimming

pools with gas oil, but only a few swimming pools in the country are heaitdoil.
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3.6.1.1 Activity data

Activity data for fuel use is pvided by the NEA, which collects data on fuel sales by sector. EA
adjusts the data provided by the NEA as furteeplained irchapter3.2. Adivity data for waste
incineration are collected by the EA directly. Activity data for fuel combustion and waste incineration
in the Commercial/Institutional sector are giventable Table3.14 and activity data for fuel

combustion in the Residential sects given irrable3.15.

Table3.14 Fuel use (kt), commercial/institutional sector.

1990 1995 2000 2005 2010 2015 2017 2018
Gas/Diesel oil 1.80 1.60 1.60 1.00 0.30 0.30 0.15 0.15
Waste oil 3.27 NO NO NO NO NO NO NO
LPG 0.29 0.31 0.46 0.50 0.17 0.37 0.12 0.08
Solid waste NO 0.45 0.58 0.58 0.35 NO NO NO

Table3.15 Fuel use (kt), residential sector.

1990 1995 2000 2005 2010 2015 2017 2018
Gas/Diesel oil 8.73 6.36 6.03 3.24 1.34 0.99 2.11 0.80
LPG 0.42 0.45 0.72 0.93 1.42 0.93 1.38 1.58
Kerosene 0.51 0.15 0.15 NO NO NO NO NO

3.6.1.2 Emission factors

Emissiorfactors (EFs) for stationary combustion are takem 2016 EMB/EEA Guidebook except
EFs for dioxin from stationary combustiohLPG and waste oil whiele taken from Utslipp til luft
av dioxiner i NorgéStatistics Norway, 2002They are 0.06 pg/t fuel for LPG (Liquified Petroleum
Gag and 4 pg/t for waste oil.

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 seawssituctuations over the
time series. From 1994 to 2012 (aated 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 wasteconsiderably higher than for liquid fuel. Further waste oil
was used in the sector from 1990 to 1993. This combined explains the rise in IEF for the whole
sector.

3.6.1.3 Recalculationand improvements

Several recalculations were done for this sector para of the review of all energy input data for

the 2003 and onwals, which is described in chapt&2. This caused recalculations for all estimated
pollutants for hat timeseries. The amount of recalculations varies between years and pollutants.

In addition to the review of activity datahére were recalculations for dioxins for this sector. The
reason was that there was an error in units in the calculation shek&ewr. was said to be mg.
This was corrected and therefore emissions of dioxins decreased significantly. This effected the
whole timeseries.

3.6.1.4 Planned improvements
For future submissions the activity data for 192002 this subsector will be reviewed in
cadlaboration with the NEA.
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3.6.2 Agriculture, forestry & fishing lFRLA4c)

Emissions from fuel udgy machinery and offoad vehiclsin agriculture and forestrgreincluded in
Mobile construction in manufacturing industries and construction (1A2gjwice currently available
activity data from the National Energy Authority do not allow to allocate fuels sold to machinery to
the varbus subsectorsthus, emissions reported here only stem from the fishing fleet. Emissions
from commercial fishing are aallated by multiplying energy use with a pollutant specific emission
factor.

3.6.2.1 Activity data

Total use of residual fuel oil and gas/diesil for the commercial fishing is based on the NEA's
annual sales statistics for fossil fualsd includes both natical and international fishind-uel sales
data provided by the NEA allows the correct attribution of fuel sold to fishing vesseltevsational
ships for the time period 1995 to the current year. However, during the yearstbap@d4 fuel sales
statistics were recorded differently and fuel sold for international use was recorded without
information on whether it was used for a fishiugssel or another type of ship. Therefore, the share
of fuel use by fishing vessels had to be approximated for the y&#81994. This was done by
averaging the percentage of fuel sold to fishing vessels relative to total fuel sales over the years 1995
to 1999, for diesel oil and fuel oil; this percentage was then applied to the fuel sales for the years
1990to 1994.

Activity data for fuel combustion in thiésshing sector are givein Table3.16.
Table3.16 Fuel use (kt), fishing sector.

1990 1995 2000 2005 2010 2015 2017 2018
Marine diesel oil  199.80 231.81 256.85 199.94 158.25 142.52 131.17 136.16
Bunker fuel oil 3262 57.15 22.27 32.61 69.17 52.45 35.16 35.33
Biodiesel NO NO NO NO NO 0.094 0.037 NO

3.6.2.2 Emission factors

Emission factors faall pollutants are T1 emission factors from the 2016 EMEP/EEA Guidebook on
navigation (Shipping), Tables 3.1 (bunker fuel oils) and 3.2 (marine diesel/gad eithission factors
arethe sameas those used for national navigatiomdaarepresented inTable3.13in the discussion
pertaining to national navigation.

3.6.2.3 Recalculations and improvements
Biodiesel has been used in the fishing sectoresR@13 but had not beereported. This has now
been added to the inventory, which caused minor changes in all pollutants for the years22073

3.6.2.4 Planned improvemenisnd improvements
Work is scheduled to attempt to move from Tiers 1 to Tiers 2 fgyadlitants for which Fishi is a
key category (Dioxin, HCB, PCB, PAH, NK@VOC, Particulate matter and most heavy metals).

3.7 Other (NFR 15)

For this submission sector 1A5 is being reported for the first fon¢he timeseries 2002018 as a
part ofthe review of the energy indwdata (see chapteB.2). For previous submissions these
emissions have been reported under NFR category 1A2gvii but after a revieevsHles statistic no
justification was found for that attribution. Therefore, all fuelsegtrized ast h (i KnSsilds
statistics without any explanation of type of use, was allocated tdNIFFReategory 1A5. For future
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submissions the EA will work withe NEA to try to investigate where these fuels were used so they
can be attributed to corret categories.

3.7.1 Stationary(NFR1A53)
The emissions from this sector are calculated by multiplying energy use with a pollutant specific
emission factofrom the 2016EMEP/EEA guidebook.

3.7.1.1 Activity data

Activity data is provided by the NEA, which collects datéuel sales by sectohll fuels categorized
asa h (i KnSsalds statistics without any explanation of which sector it is used in, was allocated to
NFR categor§A5. For the timeseries 199D02 these fuels are still attributed to NFR category
1A2gvii.

Table3.17 Fuel use (in kt) from sector 1A5 Other

1990 1995 2000 2005 2010 2015 2017 2018
Gas/Diesel oil IE IE IE 8.93 2.73 1.72 NO 0.05
Residual Fuel Oil IE IE IE NO 1.62 NO NO NO
Kerosene IE IE IE 0.15 0.05 0.03 0.01 0.03
LPG IE IE IE NO NO 0.03 0.05 0.14
Biodiesel NO NO NO NO NO NO 0.04 0.04
Biomethane NO NO NO NO NO NO 0.06 0.05

3.7.1.2 Emission factors
Allemission factors are the same as for 1A2 which are presented in ctagtér2

3.7.1.3 Recalculations and improvements

This sector is being reported for the first tirfa this submission.

3.7.1.4 Planned improvements

For the next submissions a review of the energy input data for -22®@2 will be performed. For
future submissions the EAilwork with the NEA to try to investigate where these fuels are used so
they can be atttiuted to correct categories.

3.8 Fugitive Emissions (NFR 1B2)

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

3.8.1 Distribution of oil products NFR1B2av)
NMVOC emissiorfsom distribution of oil products are estimated by multiplying the total imported
fuel with an emission factor

3.8.1.1 Activity data
The calculations are based on yearlglfimport data provided by Statistics Iceland.

3.8.1.2 Emission factors
The emission factor is tek fromTable 4.2.4 2006 IPCC Guidelines Tanker Trucks and Radu@hrds
is 0.000255g per 1000 rtotal oil transported

3.8.1.3 Recalculations and improvements
No recalcilations were performed for this sector.

79



L Informative hventory Report, Icelad 2020

3.8.1.4 Planned improvements
No improvements ar@lanned for this sector.

3.8.2 Geothermal energyNFR1B2d)

Iceland relies heavily on geothermal energy for space heating and to a significant extent for
electricity production 27%of the total electricity production in 2@). Geothermal energy is
generally cosidered to havarelatively low environmental impact. Emissions o, @@ commonly
considered to be among the negative environmental effects of geothermal power produetien,
though they have been shown to be considerably less extensive than froinfietpower plants, or
19 times les¢Baldvinsson, 2011)Very small amounts of methane, but considerable quantities of
sulphur in the form ofhydrogen supplied (#$) are emitted from geothermal power plant§he HS
values are stoichiometrically converted to- &@d reported as such.

3.8.2.1 Activity data and emissions

The HS concentration in the geothermal steam is site and tspecific and can vagreatly between
areas and the wells within an area as well as by the tifrextraction. The total emissions estimate

of H:S is based on direct measurements. The enthalpy and flow of each well are measured and the
H.S concentration of the steam fractior@rmined at the wellhead pressure. The steam fraction of
the fluid and itsH,S concentration at the wellhead pressure and the geothermal plant inlet pressure
are calculated for each well. Information about the period each well discharged in each year is t
used to calculate the annuab$l discharge from each well and finaltg total BHS is determined by
adding up the kB discharge from individual wells.

The CarbFix project, located at the Hellisheidi Power Plant, has been pioneesiogp@@e and
reinjection on site into the basaltic subsurface, and has proven rapid@nglete reaction to

calcium carbonate precipitatgdatter, et al., 2018)A sister project, SulFix, consists of separating
H.S from the steam and alseinjecting the gas into the subsurface and mineralizing on contact with
the basalt host rocklnjection of HS started in 2014 at Hellisheidi. This project has had a significant
impact on sulphur emissions from geothermal power production at Hellisheiibi,axdecrease of
average kS emissions per KWh from 5.3 g/kWh in 2013.8gkWh in 2018, corresponding to a
decrease in emission from this subsector from 53 ktiBQ013 to 38 kt SOn 2018.

Table3.18 showsthe electricity production with geothermal energy and the total Sulphur emissions
(calculated as S

Table3.18 Electricity production and emissions from geothermal energy in Iceland.

1990 1995 2000 2005 2010 2015 2017 2018

Electricity production (GWh) 28291 288.18 1322.66 1655.03 4465.32 5002.98 5169.60 6009.83
Sulphur emissions (as Skt)  13.33 11.01 26.02 30.31 58.68 42.37 32.76 37.81

3.8.2.2 Recalculationand improvements
No recalculations were done ifthis sector.

3.8.2.3 Panned improvements
For future submissions the plan is to differentiate between emissions linked to electricity production
and thosdinked to district heating.
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4 Industrial Processemd Product Use (IPP(WFR sector 2)

4.1 Overview

Asa result of the exansion of the industrial sector, the contribution of this sector to the total
emissions has been increasing since 1990. By fantie contributor to the emissions fromhis

sectoris metal productior(aluminium, ferrosilicon alloy, andisibn metal in recent years). The
emission trends of the various pollutants closely match the opening and closing of various facilities.

While most of theair pollutant emissionfrom the industrial processes sectcan be traced back to
the metal producton industry, exceptions include NMVOC and Hg, which mostly originate from
solvents and product us&H; which comes from the mineral wool industry, and most heavy metals
other than Hg that are emitted during the uséfireworks and tobacco (2G Other sawand

product use).

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 productae NFR2G)
- Food &Beverages Industry (NFR 2H2)

4.1.1 Sectoral trends POPs
The emissions from the industrial processes sect@0it8 are shown below ifTable4.1, and the
trends since 1990 are shovior Dioxin, PAK HCB and PGBFigure4.1 to Figure4.4.

Table4.1 Dioxin, PAH{CB and PCB emissions from industrial proce23#(NA¢ Not applicable, NE Not estimated, NO
- Not occurring)

Dioxin  B(@P  B(b)f B(K)f IPY PAH4 HCB PCB

[0 FTEQ] [t] [t] [t] [t] [t] [ka] [ka]
2A  Mineral industry 6.E05 NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO
2B Chemical industry NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO
2C  Metal production 00434 000252 00218 000634 000233 00330 00156  NA/NO

Solvent and product

use
Other solvent and

2G product use 2.E08 3.E05 1.E05 1.E05 1.E05 6.E05 NA/NE NE

Other industry
production

2D 2.E06 NA/NE/NO NA/NE/NO NA/NE/NO NA/NE/NO NA/NE/NO NA/NE/NO NA/NE/NO

2H NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO

Industrial Processes, Tota 0.0434  0.0434 0.00255 0.0218 0.00635 0.00235 0.0331  0.0156

The main source of PORshe metal production industry (2C).2018, three primary aluminium
smelters, one secondary aluminium production facility, one ferrosilicon plamtell as one silicon
plantwere operating in Icelandh secondary steel plant was operating from 2014 to 2016, and closed
down officially in Februgr2017, however no production occurred in the first weeks of 201f7elO
solvent and product use (2D, 2&83$0 emit POPs, but to a very shedtentcompared to the metal
production industry.
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Figure4.1 shows the ibxin emissions from the industrial sectdrhe increases in 199899 and in
2007-2008 correspond to the opening of two new primary aluminium smelters, and the increase in
2014 corresponds to the opening of a secondary steel production facility, whodegiion was
fluctuating from year to yedeading to fluctuations in dioxin emissionhe dioxin emissions from

2A mineral industry mostly originated from a cement factory that ceased production in 2011.

PAH4 emissions, shownhigure4.2, also originate almost exclusively from the metal production
industry. As for dioxin, the stepwise increase in emissions corresporids gxpansion of the
industry.
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Figure4.3 HCB emissions fromehndustrial sector, since 1990

Figure4.3 shows HCB emission trends. The main HCB source was the cement industry until 2004
whena secondary aluminium production faciliypened leading to an increase in HCB emissions. In
2010,this fecility started stepping down the production, with a corresponding decrease in HCB
emissions. In 2013, another secondary aluminium plant opened, leading to a new increase in
production.HCB emissions from primary aluminium production, solvents and qitogluct use are

not estimated due to the fact that there is no emission factor available in the 2016 EMEP/EEA

Guidebook.

Figure4.4 shows the PCB emissions. Only one §iLiBce is estimated for this sector, which is the
secondansteel production industry. Operations at the plant started in 2G| the fluctuation in
emissions directly reflect fluctuations in production. The facility stopped production at the end of
2016. No other sources are estimated in the IPPU sector, mbstiguse no PCB emissions are
expected from most sources within the sector, with the exception of some solvents and product use
for which there are no available emission factors in the 2016 EMEPE.Idebook.
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Figure4.4 PCB emissioriom the industrial sectgrsince 1990.

Overall, the POPs emissions have been increasing since 1990, with a clear correlation between the
emissions and thepening and closing of various facilities.

4.1.2 Sectoral trends other pollutants

Table4.2 and Table4.3 show the2018 emissions for NOx, NMVOC, SOx;, Wb s, PMy, TSP, BC

and CO, as well as heavy metals. Figures showing the evolution of the emissions since 1990 for each
pollutant, by subsector, arghown in Annex IV.

Table4.2 NOx, NMVOC, SOx, NNAM and CO emissi®ifrom industrial processe2018(NA¢ Not applicable, NE Not
estimated, NO Not occurring)

NOx NMVOC  SG& N PMbs  PMho TSP BC co
KINO, [k KIS [k] [k k] k] [kf] k]
Mineral
2A i sty NO/NE/NA NO/NE/NA 1.E03 00140 001007 00114 00130 2.E04  0.0251
g Chemical NO NO NO NO NO NO NO NO NO
industry
Metal
2C . 224 0.00513 128  NO/NE 0421 0508 0595 000835  105.4
production
op Solventand o\ enNA 127 NONENA NANO  1EO04  1EO03 000516 B8.E06  NO/NE/NA

product use

Other
2G solvent and 6.E£04 0.00115 0.00229 0.00098 0.0458 0.0823 0.0898 3.E05 0.0185

product use

Other
2H industry NA 0.400 NA NA NR NR NR NR NA
production
Industrial 2.24 1.68 128 00150 0477 0603 078 0998 1055
Processes, Total 9
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Table4.3 Heavy metal emissions from industrial proces2838(NA¢ Not applicableNO- Not occurring)

Pb Cd Hg As Cr Cu Ni Se Zn
[t [t] [t] 1] [t] [1] [1] [t] [t
Mineral
2A i dustry NA/NO NA/NO NANO NANO NANO NANO NANO NANO  NANO
2B ﬁgﬁg}'&a' NA/NO NA/NO NANO NANO NANO NANO NANO NANO  NANO
Metal
2C . 00013 0.00086 NA/NO 0.00102 0.00076 000519  NO NO 0.0285
produdion
op Solventand NANO NA/NO 000200 NANO NANO NANO NANO NANO  NANO
product use
Other solvent
2G and product 0596  1.E03  5E05  1E03 001188 0337 00228 2.E06  0.198

use

Other industry

2H production

NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO

Industrial Processes

Total 0.597 0.00199 0.00204 0.00207 0.0126 0.342 0.0228 2.E06 0.226

The metal production subsector accounts for most of the NOx, SOx, PM, BC amilsS§ions vthin
the sector whereas solvent and product use as well as other industry production are the biggest
source of NMVOC and heavy met#ldarge share ofdavy metal emissions in Iceland costfieom
fireworks use.

In general, emissions of most pollutants hancreased since 1990, mirroring the expansion of the
industry, the population growth (30% between 1990 and 2015), with dips of varying magnitude after
2007 following a major financial crisis that drastically affected the Icelandic economy.

4.2 Generalmethodology

Methodology is generally based on the most recent EMEP/EEA air pollutant emission inventory
Guidebook EEA, 2016)n most cases, emissions are calculated by multiplying the quantity of
production or product use wht polutant-specific emissions factors. Emissions factors are also taken
from the Standardized Toolkit for Identification and Quantification of Releases of Dioxins, Furans and
Other Unintentional PORSNEP, 2013Utslip til luft av dioxiner | NorgéStatistics Norway, 2002)

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

emission factors derived from direct measuremts 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 operators. Detailed, activity
specificmethodology for emission estimates is described for each subsector. Work is underway to
harmonisethis reporting with data reported under thePRTR Regulation (Regulation (EC) No
166/2006).
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4.3 Mineral Industry (NFR 2A)

4.3.1 Cement production NFR2A1)

The singd cerent 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. The resulting calcium oxide was heatéafrioclinker and then crushed

to form cement.

The production at the cement plant in Iceland slowly decreased after 2000. The construction of the
Kérahnjukar hydropower plant (building time from 2002 to 2007) along with increased activity in the
construgion sector (from 2003 to 2007) increased demand for cement, and the production at the
cement plant increased again between 2004 and 2007, although most of the cement used in the
country was imported. In 2011, clinker production at the plant was 69%hessit 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 produatiglant.

4.3.1.2 Emission factors

Emission factor for dioxin is taken from the Toolkit for Identification and Quantification of Dioxin and
Furan Releasd8&JNEP, 2013)he factor applies for wet kilns, with ESR#étRperature < 200°@nd

is 0.05 ug-TEQ/t cement. The HCB emission factor is based on the chapter Sources of HCB emissions
from the Emission Inventory GuidebofkEA, 2007 Emission factors for TSP, BEhd PMsare

based ormeasurements and #nBC emission factor (3% of Pis based on the 2016 EMEP/EEA
Guidebook. Emission estimates for.&@ based on measurements from the plant but include both
processrelated and combustiomelated emissions, and the total 8€missiams are reported unde

2A1 Cement production. Emissions of PAH, NOx, CO and NMVOC originate mainly from combustion
and are reported under 1A2f (Stationary combustion in manufacturing industries and construction:
non-metallic minerals); proces®lated emisins for those polltants are marked Not Estimated as

they are in Table 3.1 of Section 2.A.1 Cement production in the 2016 EMEP/EEA Guidebook. All
emission factors used are summarized in the table below.

Table4.4 Emission facts for cement production

Dioxin HCB TSP PMqo PM;s BC
[ng/t 1-TEQ] w> 3K [karkt] [ka/kt] [ka/kt] % of PM2.5
Cement production 0.05 11 220 200 100 3

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

4.3.1.4 Planned improvements
No improvements are currently planned finis 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.
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4.3.4 Quarying and mining of minerals other than coal (NFR 2A5a)
This activity is currently not estimated.idtplanned to provide estimates for this in future
submissions.

4.3.5 Construction and demolition (NFR 2A5b)
This activity is currently not estimated. Ifanned to provide estimates for this in future
submissions.

4.3.6 Storage, Handling and Transport of minegaloducts (NFR 2A5c)
This activity is currently not estimated. It is planned to include 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 aityatailing

under Annex | of Directive 2003/87/E (ETS Directive), it is excluded from the EU ETS scheme following
the conditions described in Acle 27 of the ETS Directive. The operator submits annual emission

reports to the EA, using the same templatethe companies reporting within the EU ETS scheme.

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

4.3.7.2 Emission factors

Emissions of dioxins arelcalated from the amount (weight) of electrodes used in the production
process. The emission factor is taken from Utslipp til luft av dioxiNerdge(Statistics Norway, 2002)
and is 1.6 pgTEQ/t electrodes. PAH emissions aot estimated. Emissions of S@e calculated
using the S content of the electrodes used. Emission factors of G@GnNHSP were calculated
based on measurements at the factory. In the case ofdftd TSP, measurements were available for
2009, 2011, @13 and 2015. For those years the actual measurements were used to derive a year
specific emission factor. For the years in between, the aveslgiee emission factor of the previous
year and of the following year was used. For all years prior to 206%uarage of 2009, 2011, 2013
and 2015 was used. Ryand PM swere calculated from TSP using the TSP vg, ¥WVIPM s ratios
given in the EMP/EEA GuidebodEEA, 2016 BC was calculated using the ratio to Riven in he
2016 Guidelines. NOx and NMVOC emissions originate from combustion and are reported under
sector 1A2gviiiTable4.5 shows the emission factors used for mineral wool production.

Table4.5 Emission factors for mineral wool production gNFSP: Values are EFs for 12008)

NHs (6]0) TSP PMio PM..s BC Dioxin
% of
0, 0,
[t/kt] [t/kt] [t/kt] % of TSP % of TSP PM2.5 [noit]
Mineral wool production 2.64 2.66 2.56 0.88 0.78 0.02 1.6

4.3.7.3 Recalclationsand improvements
No recalculations were made to mineral wool production (2A6) for this submission.

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

87



L Informative hventory Report, Icelad 2020

4.4 Chemical Industry (NFR 2B)

4.4.1 Ammonia production (NFR 2B1)

Ammona was poduced amongst other fertilizers during the period 198101. 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 emissiioma¢gion methodology
associated with ammonia production 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 &3
Thisactivity 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 th{diatiocaite)
industry(NFR 2B10a; reported until 2004) are reported 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 productioplant ceased its ogprations in2001 and the diatomite

production plant was closed down in 2004. This industry is not considered to be a source of POPs nor
heavy metals.

4.4.7.1 Activity data

When the fertilizer production plant was operational it reported its esions of NQand NO to the
EA. At the diatomite production plant, silica containing sludge was burned to remove organic
material. Emissions of G@d NQwere estimated on the basis of theddntent and Ncontent of
the sludge provided by the operatohctivity data for bth industries are presented ihable4.6.

Table4.6 Production data for 1990, 1995 and 2000 for fexit andsilicaproduction (in kt)

1990 1995 2000
Fertilizer production [kt] 63.73 58.52 41.54 Facility closed in 2001
Diatomite production, [kt] 26.11 28.14 27.61 Facility closed in 2004

4.4.7.2 Emission factors

For diatomite productionemissions of C£and NQwere estimated based on the&ntent and N
content of the sludge providkby the operator. Average NOx IEF for the period 188® was 15.6 t
NOx/kt Si production. Other emissions from soda ash use were not estimated and aigecetso
be small.

For the fertilizer production, the average IEF for NOx for the period-2090 was 0.296 t NOx/kt
fertilizer production. As there is no data readily available about the types of fertilizers produced at
the time, no other pollutants wer estimated for this industry.

4.4.7.3 Recalculations and improvements
No recalculations were made for hsubmission.
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4.4.7.4 Planned improvements
No improvements are currently planned for this subsector.

4.5 Metal Production (NFR 2C)

4.5.1 Iron and steel production (NFR 2C1)

From 2014 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.

4.5.1.1 Activity data
Activity data 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.

4,5.1.2 Emission factors

All emissions are calculated using Tier 2 siaisfactors for electric arc furnaces (Table 3(EEA,

2016), with theexception of HCB for which there is no Tier 2 estimate. In this case we used the Tier
1 emission factor, which is unrelated to technology.

Table4.7 shows all emission factors used.

Table4.7 Emission factors for secondary steel production.

NOx NMVOC  SQ TSP PMo PMs BC co
[kgft] [kaft] [kgt] [kgft] [kgft] [kgft] % of PM2.5  [kg/t]
Secondary steel 0.13 0.046 0.06 0.03 0.024 0.021 0.36 1.7
Dioxin HCB PCB
Teoq Mo mon
Secondary steel 3 0.03 25
As Cd Cr Cu Hg Ni Pb Zn
[o/] [9/] l9/t] l9/t] [o/] [o/] [9/t] [o/]
Secondary steel 0.015 0.2 0.1 0.02 0.05 0.7 2.6 3.6

4,5.1.3 Recalculations and improvements
No recalculations were made ftdris submission.

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

4.5.2 Ferroalloys production (NFR 2C2)

As of 2018, two factories were producing Ferroalloys in Iceland. Both operators are under the EU
Emission Trading Scheme (s 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 production of FeSi75 electric (submerged) arc furnaces with consumable Sogderber
electrodes are used. The furnaces are seowvered.

Waste gases are cleaned via dry absorption units-flmage 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).
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45.2.1 Activity data

The consumption of reducing agents and electrodes are collected by the EA directly from the single
operating ferroalloys productioplant. Further information on total production is given. Activity data
for raw materials and products and the resulting esiogis are given ifiable4.8.

Table4.8 Raw materials use (kand production (kt), ferrosilicon and silicon production.

1990 1995 2000 2005 2010 2015 2017 2018
Electrodes 3.83 3.88 5.73 6.00 479 5.27 5.47 482
Coking coal 45.12 52.38 73.20 86.87 96.10 115.10 129.82 144.31
Coke oven coke 24.92 30.14 46.63 425 30.26 30.85 24.59 21.29
Charcoal NA NA NA 2.08 NA NA 2.40 0.65
Wood 16.65 7.73 16.20 15.55 11.29 27.20 40.68 57.81
Limestone NA NA 0.469 1.621 0.497 2.19 1.69 1.89
Production (FeSi, S  62.79 71.41 108.70 110.96 102.21 117.95 121.40 122.19
Microsilica 14.02 15.94 22.70 25.84 18.12 22.18 21.83 22.39
Slag NA NA NA NA NA NA NA NA

4.5.2.2 Emission factors

4.5.2.2.1 FeSi production:

In 2011, emissions of dioxin and PAH4 (BaP, BaF, BkF, IPy) were measured at the ferrosilicon plant.
These measurements were used to obtplant specific emission factors per tonoéproduction

that were used for the whole time series. Emission factor<Jfo, N@and NMVOC were taken from
Table 8.18 of the BREF document for the4fmous metals industrie@Cusano, et al., 2017In the

case where a range was given, the highest value of the range was chosemishi®n factors are
presented inTable4.9. Sulphur emissions were calculated frorndtent of the reducing agents for

the time period 1992002 and were taken direlgtfrom Green Accounting reports submitted yearly

by the factory since 2003.

Emissions of particulates for the period 198011 are calculated by adding up the emissions from
filtered exhaust and the amountf particulates that are released during emerggrbypass of the

exhaust. Emission factor for filtered exhaust is taken from Table 8.12 of the BREF document for Best
Available Techniques for the nderrous metals industrie€Cusano, et al., 2017 is 5 mg/Nm. This

factor is then multiplied with the plant specific yearly amount of exhaust (i§)Nfo 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 dividedh®ytiours 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 teSFproduction per furnace of the

total FeSi ppduction 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 bétyears 2002 to 2006. Microsilica (fine andrse) 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 Accepotting
submitted to EA. The emission factor € is taken from the Norwegian (IRorwegian

Environment Agency, 2016)

45.2.2.2 Siproduction:
Emission factors for Particulate Matter are Tier 1 default values as published in th&ERIER/EEA
Guidebook. The NOx emission factataisen from the BREF document on Ai@mrous minerals
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(Cusano, et al., 2017$Q emissions are reported by the operator to the EA in the annual Green
Accounting report. Emésons from the other pollutants are not estineat due to lack of available
information in the EMEP/EEA Guidebooks and in the BREF document cited above.

All emission factors used for calculating emissions from FeSi and Si production are presented in the
table below.

Table4.9 Emission factors frore Si and $roduction.

NOx NMVOC (0] TSP PM10 PMzs
[kg/t prod.] [kg/t prod.] [kg/t prod] [kg/t prod.] % of TSP % of TSP
FeSi 11 0.045 25 24 95 95
Si 13 NE NE 1 0.85 0.6
BC Dioxin B(a)P B(b)F B(k)F IPy
% of PM2.5 [ng/t FeSi] [mg/t FeSi] [mg/t FeSi] [mg/t FeSi] [mg/t FeSi]
FeSi 0.23 0.114 2.79 102.22 29.68 9.39
Si 10 NE NE NE NE NE

Several heavy metals (As, Cd, Cr, Cu, Hg, Pb and Zn) were measucethidustiin the ferrosilicon
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 dtaetion (i.e. < 9 mg/kg silicon dust)
in all samples. The heavy metahtents in silica dust are shown Trable4.10.

Table4.10 Heavy metal contents in silica duist2014(mg metal / kg dust)

As Cd Cr Cu Hg Pb Zn
[mg/kg] [mg/kg] [mg/kg] [mg/kg] [mg/kg]  [mg/kg]  [mg/kg]
Content in silicon dusi 11.8 0.46 8.8 10.8 <9 8.7 25.2

45,23 Recalculationand improvements

In the current submission the emissions for TSP changed for the year20084lue to different
reporting of one factory in Green Accountifithis leads to recalculations of TSP, PM10, PM2.5, BC
and the HM.

4.5.2.4 Plannedmprovements
It is planned to revise the particulate matter estimates in future submissions, and to harmonise this
reporting with the EPRTR reports.

4.5.3 Primary aluminium production (NR 2C3)

In 2018 aluminium was produced at three primary aluminium plantsaland. Best Available
Technology (BAT) is used at all plants, Iased prebake systems with point feeding of alumina,
efficient process control, hoods covering the entire potafficient collection of air pollutants.

Primary aluminium production seilts in emissions of dioxins, PAH4, NOx, CO, particulate matter and
SQ. Emissions originate from the consumption of electrodes during the electrolysis process.

4.5.3.1 Activity data
TheEA collects annual process specific data from the three operators thieUdgiTS and Green
Accounting reports. The total production of the three aluminium plants is givéalie4.11.

Table4.11 Primary Aluminium production (kt).

1990 1995 2000 2005 2010 2015 2017 2018
Primary Al production 87.8 100.2 226.4 2725 818.9 857.3 882.4 876.0
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4.5.3.2 Emission factors

In 2011 emissions of dioxin were measured at one of the aluminium plantsahie 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 plantcpatigsion

factors per tonne of production that were used for the whole tisegies. 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 aeddw detection limit in the cleaned gas. Emission factors are
derived from theconcentration of dioxin and PAH4 in the raw gas. They are presdiatield4.12.

NOx andCO were taken from Table 3.2(&EA, 2016Particulate matter was calculated from
information on particulateper tonne of produced aluminium that the aluminium plants report in
their Green Accounting reporgibmitted to the EA. Ratios of TSPiRFM:sas well as the BC
emission factor were also taken from the 2016 Guidebook. Emissions afe&S€stimated frons
content of alumina and electrodes for the time prior to reporting of SO2 emission in the Green
Acacounts (20022013, depending on the company), and from 8@ission calculations reported in
the Green accounts in the later years. All emission factorpiggented inTable4.12.

Table4.12 Emission factors, primary aluminium production.

Dioxin PAH4 B(a)P B(b)F B(K)F IPy
[ug/t All [mg/t All % of PAH4 % of PAH4 % of PAH4 % of PAH4
Emission factors 0.0329 0.0189 13% 61% 18% 8%
CcO NOx PM10 PM2.5 BC
[kgit Al] [kg/t Al] % of TSP % of TSP % of PM2.5
Emission factors 120 1 78% 67% 2.3%

4.5.3.3 Recalculationand improvements
No recalculations were made for this submission.

4.5.3.4 Plannedmprovements

All emission factors used in Iceland are in the process of being compared with those used in other
Nordic countries, as part of a Nordic cooperation project that was funded by KoL under the Nordic
Council of Ministersand started in 2016Asa result of he project, it will be reassessedhether

some emission factors should be changed. Furthermore, work is underway to harmonise this
reporting with the EPRTR reports.

4.5.4 Secondary aluminium production (NFR 2C3)

Secondary aluminium production stad 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
A1TAYYAYy3aQ YR &AONI LI I f dzY A MritsdymeKingBcvap ihaiagin LINR Y | NB
batches in a rotary kiln. The #melt 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 material such as
paints, lacquersoils and greases prior to recydiand comes directly from the primary aluminium

plants.

45.4.1 Activity data
All activity data, consisting of produced secondary aluminium, is obtained in Green Accounting
reports submitted yearly to the EA.
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Table4.13 Secondary aluminium production (Kkt).

2005 2010 2014 2015 2017 2018
Secondary Al production 2.25 2.04 2.42 2.20 2.92 3.12

4.5.42 Emission factors

Emissions of dioxin, HCB and PM are estimated. The dioxin enfesioncomes from the

Standardized Toolkfor Identification and Quantification of Dioxin and Furan Rele@ddbddEP, 2013)

The lowest value (0.5 pg/t aluminium) for secondary aluminium production was chosen as the plant
only recycles scrap metal from primary almom plants and no coated aluminium, so organic
compounds in the input material is minimum. Also, no chlorine is added in the process and further
oxy-fuel burners are used. The HCB, TSRoANMA sand BC emissn factors are taken from the
EMEP/EEA Gubdook(EEA, 2016Measurements of dioxin at the plant in 2012, showed that the EF
of 0.5 ug/t represents the plant well.

The emission factor for HCB was chosen as a value in the lamge (0.0440 mg/t) givenin Table 5

9 ard Figure 518 of BiPRQR006) As the recycled scrap material is directly coming from the primary
aluminium smelterscontamination with organic substances in form of paintingg&acquers is

expected to beansignificantand subsequently emissions of organochloride are expected to be low as
well. A comparison across Nordic 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 respectiverias).

Table4.14 Emission factors, secondary aluminium production.

Dioxin HCB TSP PMuo PM; s BC
[ug/t All [mg/t Al] [kg/t] [kg/t] [ka/t] % of PM s
Emission factors 0.5 5 2 1.4 0.55 2.3

4,5.43 Recalculdbnsand improvements
No recalculations were made for this submission.

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

4.6 Solvent and Product Use (NFR 2D)

Activities related to 2D Solvent and product use mostly generate NMWB€n 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 othelutants than NMVOC were only estimated from road

paving with asphalt (2D3WDioxin, PM and BC), Domestic solvent use (2b8p and other solvent

use (Creosotes2D3i- PAH). I)most cases where the emissions are reported as NE / Not estimated
inthebCw Gl ofSazx SYAaaazy FFOG2NER | NB YINYEER Fa ab
2016) The categories Paint Application, Degreasing, and QthNerOC emissions from printing and

other product use have in common thiteir activity data consists of data about imported goods.

This data was received from Statistics Iceland.

Emission factors for all subcategories of 2D3 are present@&dhie4.15 below. References and more
details about individal emission factors are included in the respective under chapters.
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Table4.15 Emission factors for sector 2D3.

NMVOC TSP PMio PM2s BC
unt [gunit]  [kglunit]  [kglumit]  [kglumi] L2 Of
PM..5]
2D3a Dometic solvent use head 1800 - - - -
2D3b Road paving with asphalt t asphalt 16 14 3 0.4 5.7%
2D3d Coatingpplications kg paint 230 - - - -
2D3e Degreasing kg cleaning product 460 - - - -
2D3f Dry cleaning kg textile treated 177 - - - -
oo P o wo
2D3h Printing kg ink 500 - - - -
2D3iCreosotes kg creosote 105 - - - -
irDeile(r)\:gs\zz solverborne kg preservative 945 - - - -
Dioxin BaP BbF BkF Ipy
unit w>4 : : . .
TEQ/unit] [mg/unit]  [mg/unit] [mg/unit] [mg/unit ]
2D3a Domestic solvent use head - - - - -
2D3b Roagaving with asphalt  t asphalt 0.007 - - - -
2D3d Coating applications kg paint - - - - -
2D3e Degreasing kg cleaning product - - - - -
2D3f Dry cleaning kg textile treaed - - - - -
o PO i o e
2D3h Printing kg ink - - - - -
2D3i Creosotes kg creosote - 1.05 0.53 0.53 0.53
2D3i Orggnic solverborne K tive ) i i ) i
preservatives g preserva
unit [mg/rngi]t]

2D3a Domestic solvent use head 5.6

2D3b Road paving with asphalt t asphalt -

2D3d Coating applications kg paint -
2D3e Degreasing kg cleaning product -
2D3f Dry cleaning kg textile treated -
2D3g Chemlcal productspaint kg product i
manufacturing
2D3h Printing kg ink -
2D3i Creosotes kg creosote -
2D3i Organisolventborne .

- kg preservative -
preservatives

4.6.1 Domestic solvent use including fungicideNFR2D3a)
Domestic solvent use is calculated using a default per capita value, as per Tier B, T &flapter
2.D.3.a of the GuideboqlEEA, 2016)

4.6.1.1 Activity data
Activity data consists of the Icelandic population and is giveBtaystics Iceland.
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4.6.1.2 Emission factors

The emission factor for NMVOC for western Europe was wseld8 kg NMVOC/capi{&EA, 2016)
Hg was also estimated, using the default value of 5.6 mg/capita. Both emission factors come fro
Table 3.1, Chapter 2.D.3.a of the 2016 Guidel&#kA, 2016)

4.6.1.3 Realculations and improvements
No recalculations were made for this submission.

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

4.6.2 Roa paving with asphalt (NFR 2D3b)
Asphalt road surfaces are composed of compacted aggregatesgidikh binder. Gases are emitted
from the asphalt plant itself, the road surfacing operations, and subsequently from the road surface.

4.6.2.1 Activity data
Information on the amount of asphalt produced comes from Statistics Iceland until 2011, and directly
from the companies producing asphalt since 2012.

4.6.2.2 Emission factors

The emission factors for NMVOC and BC are taken from Table 3.1 in Chapter 2.D.3, ti Ther
Guidebook EEA, 201@&missions factors for TSP are based on nreasents from the second

largest asphalt production plant. Bi¥and PMo emission factors are then calculated by using the
same ratio to TSP as givienTable 3.1, chapter 2.D.3.b in the Guideb@@EA, 2016 Emissions of

SQ, NQ, and CO are expected to originate mainly from combustion and are therefore not estimated
here but accounted for under sector 1A2g.

4.6.2.3 Recalculatios and improvements
No recalculations were made for this submission.

4.6.2.4 Planned improvements
No improvements g currently planned for this subsector.

4.6.3 Coating applications (NFR 2D3d)
The emissions in this category stem from paint applications. Only NMVOGommiase estimated;
emissions from other pollutants are either considered minimal or-egistent.

4.6.3.1 Activity data

The EMEP/EEA Guidebd®EA, 201§)rovides emission factors based on amounts of paint applied.
Data exists on imprted paint since 1990 (Statistics Iceland) and on domestic production of paint
since 1998§Icelandic Recycling Fund, 201Bhe total amount of solvent based paint is multiplied

with the emission factor. For the time befored®no data exists about the amount of solvent based
paint produced domestically. Therefore, the domesticaroduced paint amount of 1998, which
happens to be the highest of the time period for which data exists, is used for the period from 1990
1997.

4.6.3.2 Enission factors

The Tier 1 emission factor from the EMEP/EEA Guidefitiek, 2016gfers to all paints applied, e.g.
waterborne, powder, high solid and solvent based paints. The existing data on produced and
imported paints, havever, makes it possible to narrow activity data down to conventional solvent
based paints. Therefore, Ti2 emission factors for conventional solvent based paints could be
applied. The activity data does not allow for a distinction between decorativiengpapplication for
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construction of buildings and domestic use of paints. Their NMVOC emission facigesehn, are
identical: 230 g/kg paint applied.

4.6.3.3 Recalculations and improvements
In the current submission activity data for coating applications were updated for the whole
timeseries leading to recalculations in NMVOC emissions.

4.6.3.4 Planned improvements
No impgovements are currently planned for this subsector.

4.6.4 Degreasing & dry cleanindNER 2D3e & f)

Degreasing and dry cleaning only generate NMVOC emissions. Emissions related to degreasing were
estimated by Tier 1, based on amounts of cleaning products usedhase related to dry cleaning

by Tier 2, based on the default amount of téxitleaned per capita. Since there is an overlap in
chemicals used for these two activities, they are discussed in the same chapter

4.6.4.1 Activity data

There is data on the amount ofeaning products imported provided by Statistics Iceland. Of the
chemicals $ted by the EMEP/EEA Guidebook, activity data is available for: methylene chloride (MC),
tetrachloroethylene (PER), trichloroethylene (TRI) and xylenes (XYL). In Iceland, BeRgh mainly
used for dry cleaning (expert judgement). In order to estimatessions from degreasing more
correctly without underestimating them, only half of the imported PER was allocated to degreasing.
Emissions from dry cleaning are estimated withasing data on solvents used (see below). The use
of PER in dry cleaning, thgh, is implicitly contained in the method. In Iceland, xylenes are mainly
used in paint production (expert judgement). Furthermore, only half of the imported xylenes were
allocated to degreasing. Emissions from paint production are estimated without dsitagon

solvents used but xylene use is implicitly contained in the method. In addition to the solvents
mentioned above, 1,1:frichloroethylene (TCA), now banned by the Momtr®rotocol, is added for

the time period during which it was imported and usddother category included is paint and

varnish removers.

Emissions from dry cleaning were calculated using the Tier 2 emission factor fociopgéh
machines provided by thEMEP/EEA Guidebo(EA, 2016Activity data fo calculation of NMVOC
emissions is the amount of textile treated annually, which is assumed to be 0.3 kg/head, default
value from(EEA, 201&nd alculated using demographic data.

4.6.4.2 Emission factors
The amount of imported soénts for degreasing was multiplied with the NMVOC Tier 1 emission
factor from EMEP/EEA Guidebd®EA, 2016&)r degreasing: 460 g/kg cleaning protluc

The NMVOC emission factor for opeincuit machines is 177g/kg textile trest. Since all dry
cleaning machines used in Iceland are conventional ctogedit PER machines, the emission factor
was reduced using the respective EMEP/EEA Guidebook rexldefault value of 0.89.

4.6.4.3 Recalculations and improvements
No recalculations we made for this submission.

4.6.4.4 Planned improvements
No improvements are currently planned for this subsector.
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4.6.5 Chemical products (NFR 2D3g)

The only activity identified for the sehtegory chemical products, manufacture and processing is
manufacture of paints. NMVOC emissions from the manufacture of paints were calculated using Tier
2 of the GuidebookEEA, 2016)

4.6.5.1 Activity data
The activity data consistf the amount of paint produced domestically as discussed above in
chapter 4.7.2 Coating Applications.

4.6.5.2 Emission factor
NMVOC emissions from the manufacture of paints were calculated using the 2016 EMEP/EEA
Guidebook EEA, 2018)er 2 emission factor of 11 g/kg product.

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

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

4.6.6 Printing (NR 2D3h)

4.6.6.1 Activity data
Import data on inkvas received from Statistics Iceland.

4.6.6.2 Emission factors
NMVOC emissions for printing were calculated using the 2016 EMEP/EEA GuidgbapR016)ier
1 emission factor of 500g/kg inlsed.

4.6.6.3 Recalculations and improvements

4.6.6.4 Inthe current submission activity data for printing were updated for the whole timeseries
leading to recalculations in NMVOC emissions. Planned improvements
No improvements are currently planned for this subsector.

4.6.7 Other product use (NFR 2D3i)

Wood is presered to protect it against fungal and insect attack and also against weathering. There

are three main types of preservative: creosote, organic sobeehtd SR 602 F G Sy NBFSNNBR
organicsolventd & SR LINBa SNII (A @S a Qreosdtels §il prepared-frgnRcoad tari S NJ 6 2
distillation. Creosote contains a high proportion of aromatic compounds such as polycyclic aromatic
hydrocarbons (PAHd) Iceland, creosotes were used from 196010, and have been banned

since 2011. Other wood preservaiti substances used in Iceland are organic sotente

preservatives.

4.6.7.1 Activity data

Activity data consists of annual import of creosotes and organic sebhame preservatives, and the
assunption that all these products are applied during the year gbam. Import data on both wood
preservatives was received from Statistics Iceland.

4.6.7.2 Emission factors

Emission factors for PAH are taken from chapter 2.D.3.i, 2.G of the Emission InventoryoGkiideb
(EEA, 2016)They are 1.05 mBaP per kilogramme of creosote, 0.53 mg per kilogramme creosote of
the other 3 PAH: BbF, BkF and IPy. NMVOC emidsmomsvood preservation were calculated using
the EMEP/EEA Guidebook Tieerission factors for creosote preservative type (105 g/kg aex)s

and organic solvent borne preservative (945 g/kg preservative).
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4.6.7.3 Recalculations and improvements
No recalculations were made for this submission.

4.6.7.4 Planned improvements
Noimprovements are currently planned for this subsector.

4.6.8 Other solvent and product se NFR2G)
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 pollutanidingcheavy metals,
whereas fireworks are the most significant source of heavyataéh the industrial processes sector.

4.6.8.1 Activity data
Activity data consist of all smoking tobacco and all fireworks imported and are provided by Statistics
Iceland.

4.6.8.2 Emissio factors

For tobacco use, emission factors for,NOO, Nk} TSP, PM, BC, NMV@{©xin and PAH4 were
taken from Table 44 in Chapter 2.D.3.i, 2.G in the 2016 EMEP/EEA Guid€bbdk 2016 Emission
factors for heavy metals are taken from the Danisi{NRIsen, et al., 2016)vhich uses emission
factors derived from burning of wood.

For firework use, emission factors for 500, NQ TSP, PM and heavy metals were taken from Table
3-13 in Chapter 2.D.3.i, 2.G of the 2016 EMEP/EEA GuidébBdk 2016)t should be noted that

the heavy metal emission factors presented in the 2016 EMEP/EEA Guidebook (2016), in particular
that for Pb, might not represent the legislation currently in place, which generally bans lead (Pb) in
fireworks. For lack of aetter emission factor value Iceland estimates the Pb emissions using the
available default value, however this might represent a substantial overestimation of Pb emissions
from fireworks. All emission factors are presented able4.16.

Table4.16 Emission factors for use of tobacco and of fireworks, per mass unit of imported goods

NO, NMVOC SO NH: TSP PMio PMz s BC (6{0]
[ka/t] [ka/t] [kat] [ka/t] [ka/t] [ka/t] [kg/t] % of PM2.5  [kg/t]
Tobacco 1.8 4.84 NE 4.15 27 27 27 0.45 55.1
Fireworks 0.26 NA 3.02 NE 109.83 99.92 51.94 - 7.150
Dioxin B(a)P B(b)F B(k)F 1Py
[ng FTEQA]  [g/] loh] o] loi]
Tobacco 100 0.111  0.045 0.045 0.045
Fireworks NE NE NE NE NE
As Cd Cr Cu Hg Ni Pb Se Zn
loh [o] loh] o] loi] lo] loi] loi] loh
Tobacco 0.159 0.02 0.152 0.35 0.01 0.03 0.64 0.01 161
Fireworks 1.33 1.48 15.6 444 0.057 30 764 NE 260

4.6.8.3 Recalculationand improvements

Tobacco import data was upted for the whole timeseries leading to minor recalculations in the
emissions. The activity data is obtained from Statistics Iceland and discrepancies from previously uses
activity data are in the range of tens of kg of importetdacco.
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Activity data fo imported fireworks were also updated for the whole time series and it was possible
to retrieve data for the years 1990995 which were missing in the previous submissions (data from
1995 used for 19904994). In addition, all tier years were updated aselv leading to minor
recalculations in all emissions. The data is obtained from Statistics Iceland.

4.6.8.4 Panned improvements
Heavy metal emission factor for firework use will be reassessed and revised where necessary.

4.7 Food &Beverages Industry (NFR 2H2)

Theonly other industry production occurring in Iceland is the food and beverages industry. The only
pollutant emitted in this industry is NMVOC.

4.7.1 Activity data

Production statistics were obtained by Statistics Iceland for destt, meat and poultry for the

whole time series. Statistics for coffee roasting and animal feed were available for the years 2005 to
2017 Production statistics were extrapolated for the years 1990 to 2004. Further production of
bread, cakes and biscaitvas estimated from consumptidigures.

4.7.2 Emission factors
Emission factor for NMVOC were taken from the 2016 EMEP/EEA Guid&iobk2016rnd are
presented inTable4.17.

Table4.17 NMVOC emission factors for the production of various food and beverage products

NMVOC
kg/t produced

Meat, fish andpoultry 0.3
Cakes, biscuits and breakfast cereals 1

Beer and malt 0.035
Bread (European) 4.5
Coffee roasting 0.55
Animal feed 1

4.7.3 Recalculationgand improvements
For the year 2017 some activity data had to be updated leading to smsalculations.

4.7.4 Planned improvements
No improvements areurrently planned fothis subsector
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5 Agriculture (NFR sector 3)

5.1 Overview

Icdand is seksufficient in all major livestock products, such as meat, milk, and eggs. Traditional
livestock production is grassland based and most farm animals are native breeds, i.e. dairy cattle,
sheep, horses, and goats, whighare of ancient Natic 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 qoduction 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 ammoniasfid the largest source is
manure management. NS YA 2a4A2y & FNRY GKS | ANAOdzZ GdzNBE aSOG2 N
NH: 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 year 2018.

NHs NOx TSP PM10 PM2.5 NMVOC SOx
National total kt 5.25 22.39 1.74 1.51 1.15 5.51 54.71
Agriculture total kt 5.16 111 0.24 0.18 0.04 1.87 0.00
Agriculture part % 98 5 14 12 3 34 0

Emission estimates from the agriculture sector include emission estimates from the following
sources:

- Manure Management (NFR 3B)
- Crop Production & Agricultural Soils (NFR 3D)
- Agriculture Other Including Use of Pesticides (NFR 3Df and 3I)

Each of these sources are described in more detagations 5.3 to 5.5.

Ammonia, nitric oxide, NMVOC and partatel matter emissions are estimated for animal husbandry
and manure management (3B) as well as crop production and agricultural soils (3D).

Dioxin, PAH, HCB, PCB and Heavy Metals emissions agpticable, not occurring or not
estimated. Summary tablesifthe emissions from the agriculture sector are shown beloWahle
5.2andTable5.3.

Buffalos, mules and asses are not farmed in Iceland and therefose tn@malcd8 32 NA S& | NB db
(not occurring) in the Icelandic inventory.
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5.1.1 Sectoral trends; POPs
Emissions of POPs from the agriculture sector are either not occurring or not applicable as seen in

Table5.2 below.
Table5.2 Dioxin, PAH4, HCB and PCB emissions from the agriculture sector, 2Q18oN#plicable, NONot occurring).
Dioxin B(a)P B(b)F B(k)F IPy PAH4 HCB PCB

[g FTEQ]  [t] [t] [t] [t] [t] [ka] [kal
3B  Manure managemen NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO  NA/NO
gp  Crop production and NA NA NA NA NA NA NA NA
agricultural soils
Field burning of

3F, 3l agricultural wastes and NO NO NO NO NO NO NO NA
Agriculture other sectors

Agriculture, Total NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO

5.1.2 Sectoral trends; other pollutants

Ammonia, nitric oxide (expressed as NOx), NMVOC and particulate matter emissions are estimated
for animal husbandry and manure management (3B) as well as crop production and agricuitsiral so
(3D). The estimated emissions are presented beloWainle5.3.

Table5.3NQ, NMVOC, SONH;, PM, BC and CO emission estimates from the agriculture sector, 20¢ @t Applicable,
NE¢ Not estimated, NG Not occurring).

NOc NMVOC SQ&  NHy PMys PMy TSP BC co
KINO: [k  [K§SO [k] [k [k [ [k [kt
3B Manure managemen! 004 18734 NANO 236 003 012 018  NANO NA/NO
gp Cropproductionand . . 7 ooens NANE 280 0002 005 005  NRINO NA/NE
agricultural sois
Field burning of
3F, 3y 2gricultural wastes NO NO NO NO NO NO NO NO NO
and Agriculture other
sectors
Agriculture, Total 111 187 NA/NE/NO 5.16 004 0.18 0.24 NA/NR/NO NA/NE/NO

Emission trends adstimated pollutants from 19902018 can be seen figure5.1 - Figure5.5 and in
Table5.4 and inTable5.5 for ammonia and PM1Qespectively.

NH: (Ammonia):The agriculture sector is the biggest contributor of ammonia emissions with 98% of
the total emissions ifceland Table5.1). The bulk of the ammonia emissions derive from manure
management (46% in 2018) and are directly connectedh¢divvestock numbers. Ammonia applied

to soils, from animal manure or directly depositeglgrazing animks contribute with 51% to the

total emissions in the agriculture sector in 2018. The contribution from synthefgctNzers to the
ammonia emissiofrs relatively low with 3% in 2018. Trends inshhissions from agriculture can be
seen inTable5.4. The trend in NElemissions is relatively steady which is drivenrddgtivelylittle

overall variability ifivestock numbers.
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Table5.4 Total NH emissions from the Agriculture sector (kt)

1990 1995 2000 2005 2010 2015 2017 2018

3B Manure Managementtotal 2.73 2.33 2.38 2.29 2.34 2.46 2.47 2.36

3Bla Dairy cattle  0.57 0.55 0.50 0.48 0.50 0.56 0.56 0.51

3B2 Sheep 0.30 0.31 0.32 0.28 0.32 0.35 0.37 0.38
3Dal Inorganic N fertilizer (incl. urea,  0.15 0.14 0.16 0.12 0.13 0.14 0.16 0.15
3Da2 Animal manure applied to soils ~ 2.07 1.82 1.83 1.76 1.82 1.92 1.94 1.86
3Da2b Sewagelsdge NO NO NO NO NO 0.0001 0.0005 0.002
Sbad Urneandbung flom 9razing.— ggg 085 084 085 087 089 086 079
Total 5.84 5.14 5.21 5.02 5.17 541 5.44 5.16

6.0

NH, [kt]

5.0
4.0
3.0
2.0
1.0
0.0

Figure5.1 NH; emissions in the agulture sector, 1992018.
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Particulate matter PMemissions, in terms of Piifrom the Agriculture sector contribute with 12%
to the national total emissionsT&ble5.1). The emissions arise mainly from Manure Mgement

(70% in 201Band the biggest emitters therein are poultry. Laying hens and broilers contmtiie
41% to the total Pivh emissions. Farm level agricultural operations including storage, handling and
transport of agricultural products contributeitls 30% to the totaemissions in 2018Table5.5).
Figureb.2 andFigure5.3 showlittle variationin particulate matter (Plsand PMg) emissions from

the agriculture sectoover the time series

Table5.5 PM10 emissions from the Agriculture sector (kt)

1990 1995 2000 2005 2010 2015 2017 2018

3B Manure Management total 0.11 0.08 0.10 0.11 0.10 0.11 0.12 0.12
3B1la Dairy cattle 0.02 0.02 0.02 0.01 0.02 0.02 0.02 0.02
3B4gi Laying hens 0.03 0.02 0.02 0.02 0.02 0.01 0.03 0.03
3B4gii Broilers 0.03 0.01 0.02 0.04 0.03 0.04 0.04 0.04
3Dc Farrrevel agr. operations 0.08 0.07 0.07 0.07 0.07 0.05 0.05 0.05
Total 0.19 0.15 0.17 0.18 0.17 0.16 0.18 0.18
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Figure5.2 PM, s emissions in the agriculture sector, 192018.
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Figure5.3 PMy emissions in the agriculture sector, 192018.

NOXx:The agriculture sectds not a main contributoof NOx and only 5% from the national total is
emitted in the agricultural sectoif@ble5.1). NOx emissions occur predominantly from 3D crop
production and agricultural soils with peaks in emissions in 2008814 as can be seenkigure
5.5.
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NMVOCTrends in NMVOC emissions from agriculture can be sefeigume5.5. NMVOC emissions
mainly arise from manure management. A significant reduction in emissions oddheteeen 2001
2003, whichwas mainly caused by a drop in the population of dairy cows.
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Figure5.5 NMVOC emissions in the agriculture sector, 129108.
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Heavy metalsAccording to the 2019 EMEP/EEA Guidebook, heavy metal emissions in the agriculture
sector only arise from the burning of cropsidues. Since this activitipes not occur in Icelandhere
are no heavy metal emissions from the agriculture sector.
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5.2 General Methodology

The methodology is based on chapters 3B and 3D of the EMEP/EEA air pollutant emission inventory
Guidebook EEA, 201&EEA, 2019)Al equations as well as the majority of emission factors and other
parameters stem from the Guidebook chapters correspondingly. For brevity the Guidebook is
referred to as the EMEP GB with the corresponding year (2016 or 2019).

Ammonia, nitric oxide, TSP and PM s emissions are estimated with Tier 2 methotisthe
absence of higher tiers for 3D, NO and NMVOC emissions are estimated with Tier 1 e.g. horses in
solid storage.

For estimating emissions of Mahd NOx in 3B mame management, thélow approach is used as

outlined in the EMEP GB. This considers the flow of total ammoniacal N (TAN) through the manure
management system. In the EMEP GB this flow is modelled by a series of equations that considers
the amount of TANrd losses at all differentages of the manure management process. The set of
equations provided by the EMEP GB was applied to more disaggregated livestock categories than the
NFR methodology demands as can be sedrable5.6. The esulting emissions were then

aggregated to the respective NFR categories.

NH; and NOx emissions from grazing animals are part of this N flow approach and are therefore
calculated in this context, although they are reported under agricultural soils (Bmeu$y, the
manure that isavailable as organic fertilizer for application to land is determined from the N flow
approach and is used as an input term in estimating theaid NOx. Activity data, emission factors
and other parameters used in these cdétions will be discussed the following chapters.

The Tier 2 methodology 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.

5.3 Manure Management (NFR 3B)

5.3.1 Adivity data

Animal population numbers are directly retrieved from the livestock databasev bustofn.ig of

the Icelandic Food and Veterinary AuthorilifVAand annual average populatio(8AP) calculated
accordingo IPCC GuidelineSince the data from the annual census of IFVA represents livestock
populations at a certain point in time (during winter) it does not reflect their seasonal changes, e.g.
animals with a life spanning only osammer. Also, for some ligeock categories, it does not include
data on young animals, e.g. fattening pigs. Therefore, the number of animals not included in the
census is estimated using information on fertility rates, number of offspring, number ofifmnim
slaughtered, etc. The atusion of young animals leads to livestock populations being considerably
higher for some categories than the ones published by the IFVA or by other public sources such as
Statistics Icelartd For the complete methodology of lcalating the AAP and a cormagison with
published livestock numbers please refer to Icelara20National Inventory Report on Greenhouse
Gas Emissioffs

Livestock data is available on a more disaggregated level than requested by the reporting
requirements as can be seenTiable5.6. Therefore, the emissions are estimated on a more
disaggregated level and then combined to the NFR caieg,

9 https://hagstofa.is/talnaefni/atvinnuvegir/landbunadur/bufeguppskera/
10 https://unfcce.int/documents/225487
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Table5.6 Livestock as reported in NFR tables and as calculated in taadelnventory on a more disaggregated level.

Disaggregation in Icelandic Inventory

NFR code

3Bla Dairy cattle Mature Dairy Cattle
Beef Cattle

3B1lb  Non-dairy cattle Calves

3B2

3B3

3B4a
3B4d
3B4e
3B4f

3B4gi

3B4gii
3B4giii
3B4giv

3B4h

Steers for producing meat 127 months

Sheep

Swine

Buffalo

Goats

Horses

Mules and asses
Laying hens

Broilers

Turkeys
Other poultry

Other (fur animals)

Heifers 1827 months

Ewes
Young female 12 months
Rams
Lambs
Piglets
Sows

NO
Goats
Horses
NO

Laying hens

Broilers

Chickens
Pullets
Turkeys
Geese
Ducks

Minks

Foxes
Rabbits

Table5.7 shows the AAP of Icelandic livestock categories for selected years since 1990. The most
prominent trends in the development of livestock popidetts since 1990 are a decrease in the dairy
cattle and sheep populations and an increase in-daimy, swine ad poultry population.

Table5.7 Annual average population of livestock according to NFR categjorizn Iceland for 1990, 1995, 2000, 2005,
2010, 2014, 2015, 2016 and 2018.

2017 2018

3Bla
3B1b
3B2
3B3
3B4a
3B4d
3B4e
3B4f
3B4gi
3B4gii
3B4giii
3B4giv
3B4h

1990 1995 2000
Dairy cattle 31,604 30,428 27,066
Non-dairy cattle 43,299 42,771 45,078
Sheep 860,988 719,530 729,387
Swine 29,768 30,746 32,242
Buffalo NO NO NO
Goats 485 511 548
Horses 73,867 80,246 75,630
Mules and asses NO NO NO
Laying hens 214,975 164,402 193,097
Broilers 454,305 188,812 338,756
Turkeys 3,625 3,044 10,908
Other poultry 5,277 4,788 2,125

Other (fur animals) 49,592 37,893 41,431

710,953 748,431

152,217 144,429
613,643 485,829

26,742 26,477
54,153 55,096
719,357 658,211
43,221 40,278

NO NO
1,899 2,177
77,328 69,702

NO NO

213,373 231,881
613,177 634,554
8,277 8,911
742 714
34,445 19,502
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5.3.2 Emission factors & ass@ted parameters

NH and NO Tier 2 emissions depend on the total amounts of N and 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 with livestock specifTAN fractions prodged in the EMEP GB. The nitrogen
excretion (NEX) rate per livestock category is calculated using default values from p. 10.58-@f vol. 4
of the 2006 IPCC guidelin@BPCC, 200@hat take animal weight antherefore the smaér size of

Icelandic breeds into account. For dairy cattle, the Nex rate is calculated using the formulas proposed
from the 2006 IPCC Guidelingsy. 10.31, 10.32 and 10.33 from Vol. 4, Chapter 10) in order to

account for improved millield over the yearsTotal 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. The saitiefisr

the fractions of the year spent inside. Two more parameters used in the calculation of TAN mass flow
are the amount of hay used in animal housing and the amount of N contained in it (only for solid
manure management). These amounts (for shegatg, and horses) arbased on EMEP GB default

data of hay used per day adjusted for the time periods animals stay inside. Therakatiened
parameters are summarized Table5.8. All manure is assumed to be std before spreading.

Emission factors for animal manure either managed as slurry or solid manure during housing,
storage, spreading, and grazing are given as shares of TAN by livestock category in the EMEP GB. In
the absence of default values for sheeprg}, EMEP GB default values for cattle were used instead.

Table5.8. Parameters used in calculation of \thd NO emissions from manure management.

Mean NEX .
op. . . Housing EF EF EF
Livestock sector (NFR) <9 ?_el‘;‘dl F;ﬁfrtr'on Frsao‘"iitéon period MMS NH-N NH-N  NON [i”/a‘;‘]’

2018 (of N) y [days] Housing storage storage aly
3Bla slurry 0.2 0.2 0.0001
Dairy cattle 98 (87105) 06 ! 0 265 solid 0.19 0.27 0.01
3B1b slurry 0.2 0.2 0.0001
Non-dairy cattle 38 (5607 06 ! 0 322 solid 0.19 0.27 0.01
3B2 slurry 0.0001
Sheep 17 (+29) 0.5 0.35 0.65 128 solid 0.22 0.28 001 133
3B3Swine-fattening pigs 8 0.7 1 0 365 sslglrlrdy 833 8}1‘51 0(')08?1
3B3 slurry 0.22 0.14 0.0001
Swine-Sows 23 0.7 ! 0 365 solid 0.25 0.45 0.01
3B4d 20 0.5 0 1 201 solid 0.22 0.28 0.01 134
Goats
3Bde 19.3 (636) 0.6 0 1 51 solid 0.22 0.35 0.01 140
Horses
3B4gi solid 0.41 0.14 0.0001
Laying hens 1.4 0.7 0 ! 365 slurry 0.41 0.14 0.01
3BAgi 16 0.7 0 1 365  solid 028 017 001
Broilers
3BAgii 1.4 07 0 1 365  solid 035 024 001
Turkeys
3B4giv .
Other poultry 0.8(0.21.2p 0.7 0 1 365 solid 0.24 0.24 0.01
3B4h 8(512f 06 0 1 365  soid 027 009 001

Other (fur animals)
1Range fotime period due to increase in milk productidf®Range given for subcategories (cows and steers used for
producing meat, heifers, and young cattieRange given for subcategories (ewes, rams, animals for replacement, and
lambs);* Range given for subtegories (mature horses, young horses, and foaRange given for subcategories (ducks
and geese)Range given for subcategories (foxes, minks, and rabbits).
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Tier 2 calculations of particulate matter emissions are based on ifitomon the amount ofime

livestock spends in housing and the fractions of manure either managed as slurry or as solid manure
(seeTable5.8 above).The applied emission factors are reportedriable5.9 and derive from the

2019 EMEP GB and from the 2013 EMEP GB. In the daskeyfs, the Tier 1 emission factors are
applied.

Table5.9 Emission factors used for calculating the particulate emissions, Tier 2.

EF EF EF
Livestok sector (NFR) MMS TSP PM10 PM2.5 Source
kg AAPa? kg AAPa! kg AAPa?!
. slurry 1.81 0.83 0.054
3Bla Dairy cattle solid 0.94 0.43 0.28 Table A1.2019 EMEP GB
slurry 0.69 0.32 0.21
3B1b Beef Cattlé solid 052 024 016 Table A1.7 201EMEP GB
slurry 0.34 0.15 0.1
3B1b Calves solid 0.35 016 01 Table A1.7 2019 EMEP GB
slurry / / /
3B2 Sheep solid 014 0.056 0.017 Table A1.7 2019 EMEP GB
. . . slurry 0.7 0.31 0.06
3B3 Swine-fattening pigs solid 0.83 0.37 0.07 Table A%4 2013 EMEP GB
. slurry 1.36 0.61 0.11
3B3 Swine-Sows solid 177 0.8 014 Table A34 2013 EMEP GB
3B4d Goats solid 0.139 0.056 0.017 Table A1.7 2019 EMEP GB
3B4e Horses solid 0.48 0.22 0.14 Table A1.7 2019 EMEP GB
3B4gi Laying hens solid 0.119 0.119 0.023 Table A24 2013 BEP GB
3B4gii  Broilers solid 0.069 0.069 0.009 Table A4 2013 EMEP GB
3B4giii  Turkeys solid 0.52 0.52 0.07 Table 3.3 2013 EMEP GB
3B4giv  Otherpoultry ducks solid 0.14 0.14 0.018 Table A1.7 2019 EMEP GB
3B4giv  Other poultry geese solid 0.24 0.24 0.032 Table A1.7 2019 EMEP GB
3B4h Other (fur animals) solid 0.018 0.0081 0.004 Table A1.7 2019 EMEP GB

1 Beef cattle and calves are calculated separately and aggregated in the category 3BDaiNoGattle

5.3.3 Emissions

NHs; emissions reported under 3B manuranagement exclude emissions from manure deposited

on fields by grazing animals, which are reportedem8D agricultural soils. Total ammonia gNH
emissions from manure management have decreased slightly, from 2.73 kt. in 1990 to 2.36 kt in
2018. This daease is mostly due to decreasing emissions from sheep, although it is mostly offset by
increasing enssions. Sheep account for roughly half of totak Biissions and cattle for

approximately a third. Around a third of emissions occur during livestockihgua quarter during
manure storage and 2/5 after spreading of manure. The described trends atidffis,acan be seen

in Figureb.6.
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Figure5.6 Ammonia (NK) emisions from animal husbandry anganure management in tonnes.

Nitric oxide emissions, in contrast to ammonia emissions, occur only during storage. They have been
decreasing from 57 tonnes in 1990 to 42 tonnes in 2018, or by 26%. This decrease is mdmly due

the decrease in sheep popuiah already mentioned above. NO emissions from sheep constitute

70% of total NO emissions from livestock. NO emissions from poultry amount to 18% of total NO
emissions. Other livestock categories with considerable sharesiaamimals (3%) and horses (6%
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.

NMVOC emissions in 1@%vere 1.97 kt for manure managent and have decreased slightly since
then and are now 1.87kt. The largest source of NMVOC emissions are cattle 51%, horses 29% and
sheep 10%.

PMo emissions increased from 109 tonnes in 1990 to 124 tonnes in 2018 @#Afissions were

highest in 2007 8126 tonnes. Both the general increasing trend since 1990 and the decrease since
2007 are almost exclusively due to variations in the broiler population, which quintupled between
1996 and 2007. Other livestock categorieattmit substantial shares ofta PM,, emissions from
animal husbandry (besides broilers with 35%) are laying hens (22%), cattle (18%), swine (11%) and
sheep (7%) in 2018.

Total PMsemissions varied between 33 and 34 tonnes from 1990 to 2018 and showelear
trend. In the latesyear, emissions from cattle constituted 45% of total emissions followed by
broilers (17%) and laying hens (16%).

TSP emissions have been increasing from 172 t in 1990 to 184 t in 2018, the increase is mostly due to
poultry and swine. Biggest contributoase cattle (28%) followed by broilers (23%), swine (16%) and
laying hens (15%).

5.3.4 Recalculations and improvements

Livestock numbers were updated for dairy cattle and-dairy cattle (1990 and 1991), turkeys and
geese (1990 ah1991) to fill gaps in that yes Horse population numbers were updated for the

years 2014017; due to changes in the census system, horse population numbers of IFVA have been
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incomplete or unreliable since 2013. For this submission, the horse populatinodelled from the
numbers &ailable through IFVA and the nhumbers registered at the studbook of origin of the
Icelandic Horse. Further information can be found in the Icelandic National Inventory Report 2020.

Animal characterization data which influees the nitrogen excretion wagpdated for the livestock
categories cattle and sheep. Among other parameters, average live body weight and feed digestibility
parameters were updated. The calculation for the Nex rate for mature dairy cattle was changed for
the whole time series, applyirtge equations from the 2006 IPCC Guidelines (Eg. 10.31, 10.32 and
10.33 from Vol. 4, Chapter 10) instead of the use of the country specific Nex rate used in the past.
Further information can be found in the latest editiog®) of the National Inventorydport of

Iceland.

Updated AAP numbers affect also NMVOC and particulate matter emissions.

Particulate emissions were calculated by using the 2019 EMEP Guidebook emission factors; in

addition, livestock categories were aggated differently to improve auracy. For example, goats

KIS 0SSy LINB@A2dzate NBLRNISR d aL9¢ Ay (KS &aKS
particulate emissions arising from goats separately.-Nainy cattle is calculated by applyintgt

emission factor for beef cd# for the category noilairy cattle, while for the categories heifers,

steers and calves (in terms of the subdivision as showlihe5.6) the emission factor for calves is

used. Changes in the emisss for horses derive from theopulation number update.

5.3.5 Planned Improvements
It is planned to cross check the estimation methodology applied at the moment with the 2019
EMEP/EEA Guidebook for the next submission.

5.4 Crop Production & Agricultural Soils (RR3D)

5.4.1 Activity data

Activity dat for NH NO and NMVOC emissions consists of the amount of fertilizer nitrogen applied
to agricultural soilsTable5.10). For NHthis amount is divided into type of fertilizer N. The total
amount of Nin fertilizer is provided in the annual reports of the IFVNo data exists that provides
information on the types of N fertilizer. However, it is known that

- Nin fertilizer appliedn Iceland is mainly contained in calcium ammonium nitrate
- the two othe fertilizer types of importance are ammonium nitrate and other NK
- less than one per cent of nitrogen is contained in urea (Bjarnason, written communication)

Calcium ammoniumitrate, ammonium nitrate and other NK have identical EF. Therefore, their
shareof total fertilizer was set to 99%. Urea has a considerably higher EF. Its share was set to one per
cent.

Table5.10 Total amoun of synthetic Nrertilizers applied to agricultural soils

1990 1995 2000 2005 2010 2015 2017 2018
N content in inorganic N fertilizer, kt M 12.47 11.20 12.68 9.78 10.77 11.64 13.07 11.74

1 https://www.mast.is/is/lum-mast/utgefid-efni/skyrslur
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Activity data for particulate matter emissions consists of the areas of crops cultivated as can be seen
in Table5.11. Thetotal amount of cropland is recorded in the Icelandic geographic land use database
(IGLUD), which is maintainég the Agricultural University of Iceland. Data regarding the area of
barley fields comes from the Farmers Association of Icéfamd Bragasofwritten

communication). The area of grass fields is calculated by subtracting the area of barley fields from
the total cropland area. Barley fields are cultivated and harvested once a year and the produce is
cleaned and dried. Grass fields are cultivaabdut once every 10 years and hay is cut twice per year
on average (Brynjélfsson, written communication).

Table5.11 Areas of cropland in Iceland, distinguished by barley cultivation and grassland for hagmaki

1990 1995 2000 2005 2010 2015 2017 2018
Area Barley cultivation (ha) 200 500 2000 3636 4295 1558 2615 2473
Area Grass cultivation (ha) 147,800 136,582 124,165 111,611 100,035 91,855 86,430 86,862

5.4.2 Emission factors

NH; emission factors were takemdm Table 3.2 in the EMEP GB 2016 being the same as in the 2019
GB. These emission factors depend on the mean spring air temperature, i.e. the mean temperature
of the threemonth period following the day when accumulated dagrees since 1 January have
reached 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 Sexbkin

5.12.

Tabk 5.12 Emission factors for Niemissions from fertilizers for cool climate and normal pH

EF NEg [NHY/ kg N applied]

Ammonium sulphate 90

Ammonium nitrate 15

Calcium ammonium nitrate 8

Anhydrous ammonia 19

Urea 155

Ammonium phosplates 50

Other NK and NPK 33 (average between NK mixtures and NPK mixtures

NO and NMVOC emission factors were taken from Table 3.1 and Table 3.3 of the EMEP GB 2016 and
were 0.04 and 0.86 kg/hertilizer applied, respectively.

Emission factors for thapplication of sewage sludge are taken from the 2019 EMEP Guidebook (0.13
kg NH/kg N applied for Nkfrom Annex 1, 0.04 kg NRg N applied for NO from Annex 2, A2.3).

PM and PM semission factors for barley and grass were taken from Tables 3.5 amd he EMEP
GB 2019 and are reported Trable5.13.

Table5.13 Emission factors for agricultural crop operationil;Pand PM sin wet climate conditions from 2019 EMEP GB

Crop Soil Citivation Harvesting Cleaning Drying
PMuo [kg/ha] Barley 0.25 2.3 0.16 0.43
PMo [kg/ha] Grass 0.025 0.025 0 0

12 http://www.bondi.is/
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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

Total NH emissions for crop production and agritural soils varied between 3.11 and 2.8 kilotonnes
between 1990 and 2018. In 2018 66% of emissions originate from animal manure applied to soils,
28% originate from manure deposited by livestock during grazing&métom inorganic Nertilizers.

Total enissions 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 developmenf NO and NMVOC are linearly dependenttioe application of fertilizer
and therefore show the same development with a peak in 2008 with 0.6 kilotonnes and a decline
since then. In 2018 NO emissions amounted to 0.47 kilotonnes and NMVOC emissions from crop
production and agricultural soils wer® grams.

For the first time emissions from the application of sewage sludge on agricultural soils were
estimated in the current submission. Type and modalities of the application of sewage sludge is
regulated by lav and few municipalities are currenthging this possibility for soil reclamation

purposes in collaboration with the Soil Conservation Service of Iceland. First application was in 2013
producing 58 kg NO and 190 kg ofsN\Nihile in 2018 620 kg NO and 20@PNH were emitted.

PMo emissions dereased due to the decrease in total cropland from 78 tonnes in 1990 to 52 tonnes
in 2018. It is estimated th&M, semissions have dropped from 3.2 tonnes in 1990 to 2.2 tonnes in
2018. The drop in PMless thann PMiodue to an increase in the barleultivation.

5.4.4 Recalculations and improvements

Due to changes in the GHG inventory, the amount of fertilizer used in forestry is not deducted
anymore from the total amount of synthetic-fértilizers usedTherefore, recalculations occur for the
whole timeseries. Accordingly, the emissions ofsMHd NO change in subcategory 3Dal.

NMVOC emission change also in subcategory 3De for the whole time series due to the change of the
amount of Nfertilizers used.

Recalculations for the whole time series were penied for NO emissions; the new 2019 EMEP
Guidebook made it clear that the emission factor is expressed in ki@ deposited, not
requiring any conversions. Eliminating the conversion, the emissiareased for all reported years.

Particulate emissias show also recalculations for the whole time series. The applied emission factors
are now taken from the 2019 EMEP Guidebook and in addition the reported cropland area changed
over the years.

5.4.5 Planned Inprovements
It is planned to apply all emission fact from the 2019 EMEP Guidebook in the next submission.

5.5 Agriculture Other Including Use 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 badnn Iceland in 1996 in order to conform to EU

legislation (Iceland is part of the European Economic Afide.only peticide of the ones listed in

chapter 3Df of the EMEP GB not banned until 2009 is lindane. The last recorded sale of lindane took
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placein 1992 when 1 kg was sold. In 1990 and 1991, 2 and 16.2 kg were sold, respectively. It is
assumed that the lindane soldas applied during the same year. An EF of 0.5 as listed in Table 3.1 of
the chapter 3Df of the EMEP GB (p. 5) was applied to theses/edsulting in HCH emissions of 1, 8,

1, and 0.5 kg for the years 199092.Table5.14 gives an overview of the use of pesticides in

Iceland.

Table5.14 Pesticide use and regulation 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 Norecorded use 1998
Toxaphene No recorded use 1998
Pentachlorophenol (PCP) No recorded use 1998
Lindane 1992 2009
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6 Waste (NFR sector 5)

6.1 Overview

During most of the 20century solid waste disposal sites (SWDS) in Iceland were numerous, small
and lo@ted 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 Gufunes started ogesatirmost of
the waste of the capital’s population was landfilled there. Priahtd year, the waste of the capital
area was landfilled in smaller SWDS.

Until the 1970s the most common form of waste management outside the capital area was open
burning d waste. In some communities, waste burning was complemented with landfills fioy bu
waste and ash. The existing landfill sites did not have to meet specific requirements regarding
location, management and aftercare before 1990 and were often just holgseiground. Some
communities also disposed of their waste by dumping it intogba. Akureyri and Selfoss, two of the
biggest communities outside the capital area opened municipal SWDS in the 1970s and 1980s.

Before 1990 three waste incinerators werpamed in Keflavik, Husavik and isafjordur. In total they
burned around 15,000 tores of waste annually. They operated at low or varying temperatures and
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 soutielahd. In

2004 the incineration plant Kalka located at the southwest part of Iceland opened and this facility is
currently the only waste incineration plant in Iceland.e@purning of waste was banned in 1999.

The last place to burn waste openly was fhland of Grimsey which stopped doing so by the end of
2010.

Recycling and biological treatment of waste started on a larger scale in the beginning of the 1990s.
Their shae of total waste management has increased rapidly since then.

Reliable data abouvaste composition does not exist until recent years. In 1991 the waste
management company Sorpa ltd. started serving the capital area and has gathered data about the
waste omposition of landfilled waste since 1999. For the last few years the waste $estdrad to
report data about amounts and kinds of waste landfilled, incinerated, and recycled.

The special treatment of hazardous waste did not start until the 1990$a@zardous waste was

landfilled or burned like notazardous waste. Special treatmestarted with the reusing of waste as

an energy source. In 1996 the Hazardous waste committee (Spilliefnanefnd) was founded and started
a collection scheme for hazardousste The collection scheme included fees on hazardous
substances that were refundef the substances were delivered to hazardous waste collection

points. Hazardous substances collected included oil products, organic solvents, halogenated
compounds, isocyzates, olbased paints, printer ink, batteries, car batteries, preservatives,
refrigerants, and more. After collection, these substances were destroyed, recycled or exported for
further treatment. The Hazardous waste committee was succeeded by the Ieelaegicling fund in

late 2002.

Clinical waste has been incinerated in incinerateither at hospitals or at waste incineration plants.
Kalka is currently the only incineration plant in Iceland.

The trend in waste management practices has been toward g@th&WDS as municipalities have
increasingly cooperated with each other on runnimagste collection schemes and operating joint
landfill sites. This development has resulted in larger SWDS and enabled the shutdown of a number
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of small sites. Currently arfge majority of landfilled waste is being disposed of in managed SWDS.
Recycling bwaste has increased due to efforts made by the government, local municipalities,
recovery companies and others. Composting started in theX8RDs and has increased sirtben.

Emission estimates from the waste sector include emission estimates frefioltbwing sources:

- Solid waste disposal on land (NFR 5A)

- Biological treatment of solid waste (NFR 5B)

- Waste incineration without energy recovery (NER 5C)
- Wastewater treatment and discharge (NER 5D)

- Other waste (NER 5E)

Each of these soursds described in more detail in sectidh8to 6.8 Emission estimat for waste
incineration without energy recovery are included in this section, while emission estificatesste
incineration with energy recovery are reported under sector 1A.

6.1.1 Sectoraltrendsct ht Wa
A summary of emission estimates for the waste seig@rovided iriTable6.1 for POP’s pollutants.

Table6.1 Overview of POPs emissions inMA¢ Not applicable, NE Not estimated).

Dioxin B(@P B(MF BKF  IPy PAH4  HCB PCB

[9 FTEQ] [ [ [ [t [t kgl (ka]
5A Solid waste disposal on lanc  NA NA NA NA NA NA NA NA
5B1 Composting NA NA NA NA NA NA NA NA
5C Waste incineration 0.108 0.004 0.008 0.010 2.E03 0.024 0.036 0.007
5D Wastewaterhandling NE NE NE NE NE NE NE NE
5E Other waste 0.104 0.001 0.002 0.002 0.002 0.007 NE NE
Waste, Total 0.212 0.006 0.010 0.012  0.004 0.030 0.036 0.007

¢NBYRa Ay thtQa SYA A& Bidu2é/lth®aghRighrecid BySubsetNd. 3 K2 gy

115

Ay


file://///ustmsfile01/co2inventory$/0_Emission%20Inventory/2020_Inventory/3_Outputs/CLRTAP/IIR%202020/IIR%20Iceland%202020_6_Waste.docx%23_Solid_waste_disposal
file://///ustmsfile01/co2inventory$/0_Emission%20Inventory/2020_Inventory/3_Outputs/CLRTAP/IIR%202020/IIR%20Iceland%202020_6_Waste.docx%23_Biological_treatment_of
file://///ustmsfile01/co2inventory$/0_Emission%20Inventory/2020_Inventory/3_Outputs/CLRTAP/IIR%202020/IIR%20Iceland%202020_6_Waste.docx%23_Waste_incineration_and
file://///ustmsfile01/co2inventory$/0_Emission%20Inventory/2020_Inventory/3_Outputs/CLRTAP/IIR%202020/IIR%20Iceland%202020_6_Waste.docx%23_Wastewater_handling_(NFR
file://///ustmsfile01/co2inventory$/0_Emission%20Inventory/2020_Inventory/3_Outputs/CLRTAP/IIR%202020/IIR%20Iceland%202020_6_Waste.docx%23_Other_waste_(NFR

)

Informative hventory Report, Icetad 2020

12

Dioxin[g I-TEQ]
-

(=] ] B @ [vs] [
1990 |
1991 —

L
1993 |
199 m—
1999 —
2000 ———
2001 —
2003 i
2004 weil

e S TEC S s s e S e D e S TEEC S e s e s s
o = u ~ 00 o [Ta] (Yo ~ [+.2] [=a] o — o~ on = uy o ~ (=]
[=2] [=2] o (=] (=4} o o o o o o — — — — — — — —
(=31 [=3] o (=31 (3] (=] (=] (=] (=] o o (=] (=] (=] o o o (=] (=] o
= - o ~ NN N NN NN AN AN NN N
o 5A Solid waste disposal on land m 5B Composting
W 5C Waste incineration W 5D Wastewater handling

M 5E Other waste

Figure6.1 Dioxin emissions from the waste sector, since 1990.
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Figure6.3 HCB emissns from the waste sector, since 1990.
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Figure6.4 PCB emissions from the waste sector, since 1990.

In 2004 the incineration plant Kalka was opdrwhichrapidlymoved management practices away
from open buning and into incineration with abatement technologies. Kalka has been the only
incineration plant operating in Iceland sincel20and no municipal solid waste has gone to open
burning since 201 This causes the significant reduction in HCB and PCP@misgtween 2003
2004 and onwards.
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6.1.2 Sectoral trends; Other emissions

I adzYYIENR 2F SYAaairzy SadAyl dSa Trabhs.2aidRadibg L2 f  dzi
6.3 for the year 208.
Table6.2 Overview of N NMVOC, SONH;, PM and CO emissions from the waste sector in 2018.
NOx NMVOC SG& NH;s  PMus  PMpo TSP BC CO
[kt] NO,  [Kki] [kt] SO [ki] [kt] [kt] [kt] [kt] [kt]
5A Solidwaste disposal on lanc  NA 0.34 NA NE 7.1E06 4.7E05 1.0E04 NA NA
5B1 Composting NE NE NE 0.01 NR NR NR NR 1.3E02
5C Waste incineration 0.019 0.012 0.001 2.E03 0.007 0.008 0.008 0.003 0.096
5D Wastewater handling NA NE NA NE NR NR NR NR NE
5E Otherwaste 7.0E04 0.003 0.010 NA 0.004 0.004 0.004 NR 0.012
Waste, Total 0.020 0.353 0.011 0.008 0.011 0.012 0.012 0.003 0.121
Table6.3 Overview of heavy metals emissions from the waste sector in 2018.
Pb Cd Hg As Cr Cu Ni Se Zn
[t] [t] [t] [t] [t] [t] [t] [t] [t]
5A Solid waste disposal on lan. NA NA NA NA NA NA NA NA NA
5B1 Composting NR NR NR NR NR NR NR NR NR
5C Waste incineration 0.00 0.000 0.005 0.001 0.0002 0.0005 0.0005 3.E04 0.030
5D Wastewater handling NR NR NR NR NR NR NR NR NR
5E Other waste 0.046 1.E04 1.E05 3.E05 2.E04 2.E03 2.E04 NE 0.18
Waste, Total 0.05 0.006 0.005 0.001 0.0004 0.002 0.0003 3.E04 0.21

6.2 General Methodology

The methodology is mainly based on EMEP air faoittemission inventory Guidebook (EMEP, 2016).
Emissions estimates are calculated by multiplying relevant activity data by source with pollutant
specific emissions factors. Emissions factors are takentier&Emissions Inventory Guidebook (EEA,
2016), 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, 20} and measurements at incineration plants.

Theactivity 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 as®ciated emissions. In addition to data on treat@dste in Iceland, activity data for accidental

fires, cremation and bonfires is used for estimating emissions from these sources.

6.3 Sector specific QA/QC

The QC activities include general methods such as accuracy checks on data acquisition and
calculatiors as well as the use of approved standardised procedures for emission calculations,
archiving information and reporting. Further information can be foun@hapterl.6on Quality

Assurance and & Quality Control.
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6.4 Solid waste dsposal (NFR 5A)

For most of the 20 century solid waste disposal sites (SWDS) in Iceland were numerous, small and
located close to the locations of waste generation so that the waste did not have to be transported
far for disposal. In 1967 the waste digab site in Gufunes started operagimnd 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 mah&§¢DS 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 largnajority of landfilled waste is g 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 theIBfDs and has increased sinben.

6.4.1 Methodology

Tier 1 approach ahe 2016 EMEP/EEA guidelines is 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 emissiofactor.

6.4.2 Activity data

Total mass bwaste landfilled in Iceland is used for the emission estimates. Further information on

GKS Fyydzat YlLaa 2F ¢l aidsS t1yRTFA{fSR YR (KS &2 dz\
Inventory Report on Greenhouse Gasi&sions.

6.4.3 Emission factors

Emissiorfactors from the tier 1 approach of the 2016 EMEP/EEA Guidebook are used for estimating
emissions from solid waste disposal and are presentddbie6.4. Emission factors amssumed

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 NMVOCs, TSBN&@MM s,

The 2016 EMEP/EEA Guidebook menttbespossibility of smallwgantities of NQ NH 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. Emissions of Hg are not estimated in accordance wit
Table 31 in chapter 5A bthe Guidebook. Other pollutants are considered not applicable in
accordance with that same table.

Table6.4 Emission factors used in solid waste disposal (NFR 5A).

NMVOC TSP PM10 PMzs
[kg/t waste] [g/t waste] [g/t waste] [g/t waste]
5A  Solid waste disposal 1.56 0.463 0.219 0.033

6.4.4 Recalculations and improvements
No recalculations were done for solid waste disposal (5A) for this submission.

6.4.5 Planned improvements

For future submissions it is plaad to update the uncertainty analysis for the waste sector and add
further information on the methodological informatiaregarding solid waste disposal by e.g. adding
details on sources of data.
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6.5 Biological treatment of solid waste (NFR 5B)

6.5.1 Composting (NFBB1)

6.5.1.1 Methodology

Recycling and biological treatment of waste started on a larger scale in the beginning of the 1990s.
Ther share of total waste management increased rapidly since then. Emission estimates are
calculated by multiplying waste amounts witHereant pollutant specific 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 anually. Reliable data about waste
composiion does not exist until recent years. In 1991 the wastenagement 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 hagdd data about amounts and
kinds of waste landfilled, ineérated, and recycled.

6.5.1.3 Emission factors

For composting, tier 2 emission factors from the 2016 EMEP/EEA Guidebook are used for estimating
NH; and CO emissions. Emission factors for other pollutargsot provided in the 2016 EMEP/EEA
Guidebook. The emigm factors are presentedable6.4. and are assumed constant for all the years

in the calculations.

Table6.5 Emissiorfactors used in composting (NFR 5B1).

NHs (6{0)
[kg/t waste] [kg/t waste]
5B1 Composting 0.24 0.56

6.5.1.4 Recalculations and improvements
No recalculations were done for composting (5B1) for this submission.

6.5.1.5 Planned improvements
No planned improvements fahis sector.

6.5.2 Anaerobic digestion at biogas facilities (NFR 5B2)
Anaerobic digestion at biogas facilities is currently a-aocurring atvity in Iceland.

6.6 Waste incineration and open burning (NFR 5C)

This section discusses the emission estimates framibg of wastevhichfalls under the
subcategories; Waste incineration (NFR 5C1) and Open burning of waste (NFR 5C2). Waste
incineration covers the emission estimates from waste incineration plants without energy retovery
and not from waste incineratiowith energy recoveryEmission estimates for waste incineration

with energy recovery are reported in the relevant subsector under NFR sector 1A1 (Chapler
Waste incineration iseparated further into Municipal Waste Imgration (NFR 5C1a), Industrial
Waste Incineration (NFR 5C1bi), Hazardous Waste Incineration (NFR 5C1bii), Clinical Waste
Incineration (NFR 5C1biii), Sewage Sludge Incineration (NFR 5C1biv), Cremation (NFR®bC1bv) a
Other Waste Incineration (NFR 5C1bvi).

B A guantitative definition of waste incineration with energy recovery is found in Annex IV of atigu
1040/2016 (IS).
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Open burning of waste covers the emission estimates from gpeburning facilities and bonfires.

Informative hventory Report, Iceland020

The scope of this section does not include the emissions from waste incinerated outside of Iceland as
thiswould lead to double counting of the emissiortiggtes in a common international emission
estimate inventory. Activity data on waste incinerated outside Iceland is provided to the EA annually
by the waste burning facilities. Data on waste generation aagt&ymanagement practices is

published by Statigs Iceland.

6.6.1 Waste incineration (NFR 5C1)

6.6.1.1 Municipal Waste Incineration (NFR 5C1a)
Incineration of waste in incineration plants without energy recovery started in 2001 in Iceland.

6.6.1.1.1 Methodology

The total amouhof waste incinerated in all waste incineratiptants without energy recovery in
Iceland is multiplied with its pollutant specific emission factor as given in the 2016 EMEP/EEA
Guidebook.

6.6.1.1.2 Activity data

Activity data on incinerated waste from major ineration plants have been collected by the EAsIn

the year 2000. Waste incineration in incineration plants started in 1993 and currently there is a single
operating waste incineration plant (Kalka) in Iceland. Waste incineration in incineration plants apa
from Kalka and a small one in Talknafjor&ucaonsidered open burning of waste. Kalka opened in

2004 which resulted in a decrease of open burning of waste (5C2) and an increase in waste
incineration (5C1). Because of that there is a sharp change ssiems for most pollutants pr2004

and post2004 where emissions from 5C1 increased and emissions from 5C2 decreased.

Historic data which was not reported to the EA was estimated using the assumption of 500 kg of
waste per inhabitant in communities wheveaste is known to have been incinerated.

6.6.1.1.3 Emis®n factors

For the incineration plant Kalka Tier 1 emission factors from tatilénthe 2016 EMEP/EEA
Guidebook is used for all pollutants. Kalka has the following abatement technologies: dry cleaning
process, hydrated lime, combustion is at approxietatl 100°C, particle abatement (bag filters with
capacity 50 kg/hr) and, therefore, lower emission factors were used for Kalka than for other
incineration plants.

For other incineration plants (there was omge other, in Taknafjérour, which falls undéig
category)Tier 2 emission factors from tabl® & the 2016 EMEP/EEA Guidebook is used for all
pollutants except for Ngi Se and Indeno(1,2@&1)pyrene. For N&1Se and Indeno(1,2&1)pyrene,

tier 1 emision factors from table -3 of the 2016 EMEP/EE3idebook are used. The reason for this
is the lack of emission factors given for these pollutants in tafie@B8the Guidebook.

Emission factors for dioxin from waste incineration are either based onune@&nts when they are
available or taken fromhe Standardized Toolkit for Identification and Quantification of Dioxin and
Furan Releases (UNEP, 2005).

From 2014 only one incineration plant (Kalka) handling MSW has been operating in Iceland. The
emisson factor of 0.5 ug TEQ/t MSW was taken froml@&dld in Standardized Toolkit for
Identification and Quantification of Dioxin and Furan Releases (UNEP, 2005).

6.6.1.1.4 Recalculations
C2ft26Ay3 | 1jdzSNE o6& GKS aSONBUGI Ngnmbndgomglignced KS / [ w¢
with the protocol on Persister®rganic Pollutants emissions because of the trend in HCB emissions
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as was reported in the 2019 report, emissions from waste incineration (5C1) and open burning of
waste (5C2) have been updated and improvéaias concluded that using emission factors for
uncontrolled incineration was not applicable for the incineration plant Kalka. Therefonigsions

from waste incineratedalka hae been separated from other incineration sites and emission factors
have ben updated.The currently used emission factaee outlined in theTable6.6.

Table6.6 Updated emission factors for Kalka and other waste incineration sitéalfdlnumbers refer to tables in the 2016
EMEP/EEA Guideblo

Other waste incineration sites Kalka
NOx Table 3.2 Table 3.1
NMVOC Table 3.2 Table 3.1
SO2 Table 3.2 Table 3.1
NH3 Table 3.1 Table 3.1
PM2.5 Table 3.2 Table 3.1
PM10 Table 3.2 Table 3.1
TSP Table 3.2 Table 3.1
BC Table 3.2 Table 3.1
Co Table 3.2 Table3.1
Pb Table 3.2 Table 3.1
Cd Table 3.2 Table 3.1
Hg Table 3.2 Table 3.1
As Table 3.2 Table 3.1
Cr Table 3.2 Table 3.1
Cu Table 3.2 Table 3.1
Ni Table 3.2 Table 3.1
Se Table 3.1 Table 3.1
Zn Table 3.2 Table 3.1
PCDD/F Table 3.2 Table 3.1
B(a)P Table 3.2 Table 3.1
B(b)F Table 3.2 Table 3.1
B(k)F Table 3.2 Table 3.1
Ipy Table 3.1 Table 3.1
HCB Table 3.2 Table 3.1
PCBs Table 3.2 Table 3.1

This has had a significant impact on emissions from several pollufatike6.7 includes an overview
of the impact the updated emission factors had for the air pollutants affedéten comparing the
2019 and 2020 inventory, it is clear that emissions from nearly alitpalis have decreased
significantly for the year 2017 due this update ofemission factors.
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Table6.7 Total mpact of recalculations of emissions frevaste incineratior{NFR 5.@.) (all subcategories except
cremation are included)

subzrggsion subzrgizs(;im 2019 submission 2020 submission (20513 ;JZ%ZI\(I)EU{rSiSS"sion(:

1990 1990 2017 2017 %
NOx(kt) NO NO 0.02321 0.01509 -35%
NMVOC(kt) NO NO 0.01011 0.00958 -5%
SO2(kt) NO NO 0.02134 0.00124 -94%
NH3(kt) NO NO 0.00004 0.00004 0%
PM2.5(kt) NO NO 0.10919 0.00004 -100%
PM10(kt) NO NO 0.16273 0.00005 -100%
TSRkt) NO NO 0.22063 0.00006 -100%
BC(kt) NO NO 0.00384 0.00000 -100%
CO(kt) NO NO 0.00972 0.00064 -93%
Pb(t) NO NO 1.24982 0.00244 -100%
cd(t) NO NO 0.04231 0.00019 -100%
Hg(t) NO NO 0.05122 0.00511 -90%
As(t) NO NO 0.02569 0.00013 -100%
Cr(t) NO NO 0.00308 0.00020 -94%
Cu(t) NO NO 0.00523 0.00016 -97%
Ni (t) NO NO 0.00213 0.00045 -79%
Se(t) NO NO 0.00015 0.00014 -5%
Zn(t) NO NO 0.01422 0.00029 -98%
PCDIF (g FTEQ) NO NO 0.00633 0.00677 7%
B(a)P(t) NO NO 0.00004 0.00000 -100%
B(b)F(t) NO NO 0.00004 0.00000 -99%
B(K)F(t) NO NO 0.00004 0.00000 -100%
Ipy (t) NO NO 0.00000 0.00000 -4%
HCB(kg) NO NO 0.05956 0.03623 -39%
PCBgka) NO NO 0.06971 0.00&0 -91%

6.6.1.1.5 Planned improvements

For future submissions, thereaseed to acquire more detailed technology stratification to account
for abatement technologies in the Tier 2 methodology of the EMEP/EEA 2013 Guidebook. An
uncertainty analysis is furthermoia progress

6.6.1.2 Industrial Waste Incineration (NFR 5C1bi)

6.6.1.2.1 Methodology

Slaughterhouse waste is the only type of waste that is assumed to be constituting industrial waste
incineration for the year 2017. Total reported slaughterhouse waste is multiplied hytadllspecific
emission factors to estimate these em@@ss. Emission estimates are preliminary and further
improvements are required for this sector.
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6.6.1.2.2 Activity data
Activity data for this category has only been included for the years-2014 while for he all other
years it is included in 5Cla.

6.6.1.2.3 Emission faors
Industrial waste incineration, which only occurs at Kalka, assumes the same emission factors which
are used for municipal solid waste incinerated at Kalka (NFR 5C1a).

6.6.1.2.4 Recalculations

Following aguery by the LRTAP POPs protocol in 2019, emissiansAfeste incinerated at the
incineration plant Kalka have been separated from other incineration sites and emission factors have
been updatedSee further details in Chaptér6.1.1.4

6.6.1.2.5 Planned improvements
It’s planned to acquire data for the years 198013, review emission factors currently used and add
emission estimates for those pollutants where the EMEP/EEA Guidebook provides emission factors.

6.6.1.3 Hazardous Waste limeration (NFR 5C1bii)

6.6.1.3.1 Methodology

Total amount of hazardous waste is multiplied by a pollutant specific emission factor from the Tier 1
approach of the EMEP/EEA Guidebook.

6.6.1.3.2 Activity data
Activity data for incinerated hazardous waste exists from 2006 angriently being reported to the
EA.

6.6.1.3.3 Emission factors
Emission factors are taken from Tabld 8f chapter 5C1b of the EMEP/EEA 2013 Guidebook.

6.6.1.3.4 Recalculations

Following a query by the LRTAP POPs protocol in 2019, emissions from waste incinerated at the
incinerdion plant Kalka have been separated from other incineration sites and emission factors have
been updated. See further details in Chapdes.1.1.4

6.6.1.3.5 Planned improvements
No planned improvements for hazardous waste incinerat&@1ii).

6.6.1.4 Clinical Waste incineration (NFR 5CZ1biii)

6.6.1.4.1 Methodology

Total amount of clinical waste is multiplied by a pollutant specific emission factor from the Tier 1
approach of theeMEP/EEA Guidebook.

6.6.1.4.2 Activity data
Activity data for incinerated clinical wsunder this sector is from 2001.

6.6.1.4.3 Emission factors

Emission factors are taken from tabled 2ind 32 of chapter 5Chbiii of the EMEP/EEA 2013
Guidebook. Abatemertechnology (rotary kiln) is in place at the incineration plant Kalka and,
therefore, abatenent efficiencies from table-8 are used for NOx, CO, Sox, TSP, Cd, Cr, Cu, Hg, Ni
from the year 2004 when Kalka opened. Prior to that no abatement technologyisiads

6.6.1.4.4 Recalculations and planned improvements

Following a query by the LRTAP POPs proto@)19, emissions from waste incinerated at the
incineration plant Kalka has been separated from other incineration sites and emission factors or
abatement technolgies have been update&ee further details in chapté6.1.1.4
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6.6.1.4.5 Planned improvements
No planned improvements for clinical waste incineration (5C1bii).

6.6.1.5 Sewage Sludgincineration (NFR 5C1biv)

6.6.1.5.1 Methodology
Total amount of sewage sludge is multiplied by a pollutant specific emission factor from the Tier 1
approach of te EMEP/EEA Guidebook.

6.6.1.5.2 Activity data
Activity data for sewage sludge incineration was included in HEfrs5Cla until 2014.

6.6.1.5.3 Emission factors
Emission factors are taken from tablel®f chapter 5C1b of the EMEP/EEA 2013 Guidebook.

6.6.1.5.4 Recalculations and plaed improvements
No recalculations were done to sewage sludge incineration for this submission.

6.6.1.5.5 Plann@ improvements
Review of data for this sector is necessary. Some historic data exists for sewage sludge which need to
be introduced until 2014.

6.6.1.6 CremationNFR 5C1bv)

6.6.1.6.1 Methodology
Total number of bodies incinerated is multiplied by a pollutant specificgamdactor from the tier
1 approach of the EMEP/EEA 2013 Guidebook.

6.6.1.6.2 Activity data

Cremation is performed at a single facility located in Reykjavik wiarean bodies are incinerated
along with the coffin. Activity data used is the total number of bodiefmierated and this data is
taken from the facility available online.

6.6.1.6.3 Emission factors
Emission factors are taken from Tabld 8f chapter 5C1bv of th2016 EMEP/EEA Guidebook.

6.6.1.6.4 Recalculations and planned improvements
No recalculations were done for creation (5C1bv) for this submission.

6.6.1.6.5 Planned improvements
No planned improvements.

6.6.1.7 Other Waste Incineration (NFR 5C1bvi)
Data for other waste incineratios not available for the time being. Improvements are needed
regarding this.

6.6.2 Open burning of waste (NFR 5C2)

Open burning of waste includes combustion in nature and open dumps as well as combustion in
incineration deviceshat do not control the combustionir to maintain adequate temperature and

do not provide sufficient residence time for complete combustion. Incineration devices on the other
hand are characterized by creating conditions for complete combustion. Therefa burning of

waste in historigncineration 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 early nineties.
In general, open pit burning resultspeor combustion conditions due talhomogeneous and poorly
mixed fuel material, chlorinated precursors, humidity or catalytically active metals, but all these
factors influence the dioxin formation. It can therefore be hard to come up with reasonablsiemis
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factors. In addition to thatte activity data is quite uncertain as well, as no official statistics are
available.

LG Aa | GNXYRAGAZ2Yy G2 fA3IKG dzlJ o2y FANBAEA G bSs
the country. In the early nirtees, there were no restrictions @mno supervision with these bonfires.

In the early nineties, some surveillance officers from the Environmental and Public Health Offices
(Local Competent Authoritytarted to control these fires, by informing the bosefipersonnel. In

2000 the EA, IcelahFire 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 bonfires. Also, thé&nvironmentaknd Public Health Offices
supervise all bonfiredNow they are fewer and better organized.
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6.6.2.1 Methodology

The total amount of waste incinerated in all waste open pit burning facilities in Iceland is multiplied
with its polutant specific emission factor given in the EMEP/EEA 2016 Guidebook. This applies to
most reported pollutants except for dioxin, where the emission estimates are based on technology
specific emission factors from the Standardized toolkit for the idieation of Dioxin and Furan
releaes (UNEP, 2005). The same methodology is used for emission estimates from bonfires, with
dioxin being calculated differently. See more detailed descriptions in the following sections.

6.6.2.2 Activity data

Historic data on opepit burning was estimated with thessumption that 500 kg of waste have been
incinerated per inhabitant in the communities where waste is known to have been incinerated in
1990, 1995 and 2000 and interpolated in the years between. These communitiesnapped by

the EA in the respectiwears. The date is known at the EA, at which sites, where open pit burning
has been performed have been closed and other means of waste disposal have been found. Open pit
burning is likely to occur still at various rusites, but this has not been estated. The amount of

waste burned in open pits has decreased rapidly since the early 1990s, when more than 30 thousand
tonnes of waste were burned. Between 2005 and 2010 there was only one site left burning waste
openly, on the island of Grimsey. Thitesivas closed by the end of 2010. It was assumed that around
50 tonnes of waste were burned there annually.

For bonfires, activity data is not easily obtained. In 2011 the EA along with the municipality of
Reykjavik deded to weigh all the material of single bonfire. Then the 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 Environmewtdwblic Health
Offices were asketb measure height and diameter of the bonfires in their area, take pictures and
send to the EA. From this information the total weight of bonfires was estimated for the whole
country. The amount was further extrapolat®ack to 1990, in cooperation wiin expert from one
Environmental and Public Health Office that has been involved with this field of work for a long time.

6.6.2.3 Emission factors

For open pit burning, the dioxin emission factor is taken from table 54 isthedardized Toolkit for
Identificaion and Quantification of Dioxin and Furan Releases (UNEP, 2005), it is 300 pg per tonne
waste (given for uncontrolled domestic waste burning). Emission factotsdanajority ofother

pollutants are taken fronTable3.1 in chapter 5C2 of the 2016 EMEPA Guideboak'ier 2 emission
factors, which are taken from Table 3.2 5.C.1.a. Municpial Waste Incineration in the 2016 EMEP/EEA
Guidebook , are used for NH3, Hg, Ni, I(1;&)®, HCB and PCB emissions however.

For lonfires, the dioxin emission factbias been estimated historically based on assumptions. From
2003 onwards an emission factor of 60 ug/t is used. This factor is taken from table 54 of the
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Standardized Toolkit for Identification and Quantification ofiaand Furan Releases (UNEP 2005)
and is given for open burning of wood. For 1990 to 1995 an emission factor of 600 pg per tonne
burnt material was used. This relates to the fact that the burning material was very miscellaneous at
that time. It was commn practice to burn tires, kitcheimterior and even boats at the bonfires.
Furthermore, some businesses used the opportunity to get rid of all kind of wastes. Therefore, it was
considered suitable to double the emission factor used for open pit burniihg.emission factor was
then intempolated from 600 g to 60 ug per tonne burned material from 1996 to 2003. The emission
factors for other pollutants than dioxin are taken from tabld 8 chapter 5C2 of the 2016

EMEP/EEA Guidebook.

6.6.2.4 Recalculations and ahned improvements

Followingaque¥ 6& GKS aSONBUOUINRIG 2F GKS /fcomplance Ay HAM
with the protocol on Persistent Organic Pollutants emissions because of the trend in HCB emissions

as was reported in the 2019 report, ersigns from waste incineration (5Cdnd open burning of

waste (5C2) have been updated and improv@ckviously HCB emissions from open burning of

waste (5C2)vere not calculated because no Tier 1 emission faistavailable in the 2016 EMEP/EEA
Guidelines. This resulted in an underestin@t of emissions of those pollutants in the years when

open burning was more dominant than waste incineration, for which there are Tier 1 emission

factors for HCB and PCB. Due to this underestimation, Iceland was ootfiance with the LRTAP

Protocol @cording to previous submissiooéthe IIR

This issue has now been resolved diner 2 emission factors from Table 302 uncontrolled
Municipal Waste Incineration in the 2016 EMEP/EEA Guidebook areaiestimate H8 and PCB
emissions from open bumg of waste Furthermore, emission factors for jHHg, Ni and I1(1,2;8d)P
were updated taand are now taken frorthe same tableThe impact of the recalculatioms
emissions from open burning of municipal solid waste be seen ifTable6.8 below.

Table6.8 Impact of recalculations of emissions from open burningudicipal solidvaste (NFR.&2.2.a).

2019 submission 2020 submission| 2019 submission 2020 submission

1990 1990 2017 2017
HCB (kg) NE 0.0664 NO NO
PCB (kg) NE 0.1760 NO NO
NH3 (kt) NE 9.96 EO5 NO NO
Hg (t) NR 9.30 E02 NO NO
Ni (t) NR 3.98 EO3 NO NO
1(1,2,3cd)P (1) NE 3.85 EO7 NO NO

6.6.2.5 Planned improvements
No planned improvements.

6.7 Wastewater handling (NFR 5D

According to the EMEP/EEA Guidebook (EEA, 2016) wastewater wilintsggaificant source for air
pollutants. However, in urban areas, NMVOC emissions from wastewater treatment plants can be of
local importance. Activities considered within this seaoe biological treatment plants and latrines
(storage tanks of human evata, located under naturally ventilated wooden shelters).
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In Iceland, most wastewater is discharged into the sea either untreated or after primary treatment.
Only a small amount of vegewater is treated with secondary treatment and latrines are not
occuring. Therefore, noiGHG emissions have not been estimated from wastewater handling.

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 Recalculions and improvements
No recalculations were done for wastewater handling (5D) for this submission.

6.7.5 Planned improvements
Acquire relevant activity data and estimate whether there nigtcur NMVOC emissions.

6.8 Other waste (NFR 5E)

This section discussesetlemission estimates from other waste and Iceland estimates from
accidental house and vehicle burning. Emission estimates for all reported pollutants is provided
except for N5, BC, SeHCB and PCB where emission factors have not been found corzsielered
not applicable.

6.8.1 Methodology

For accidental house fires, emission estimates are calculated as the number of fire events times a
pollutant specific emission factor from the Tier 2 aggch of chapter 5E in the 2016 EMEP/EEA
Guidebook and the DartidIR of 2015.

For accidental vehicle fires, emission estimates are calculated as the mass of vehicles burned times a
pollutant specific emission factor from the Danish IIR 2015. Weightfefeht types of vehicles are

used in the calculations and takérom table 626 of the Danish IIR 2015. 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 ye@&820 20B from 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 presentekhinie6.9. As 2/3 of the Idandic population

lives in the capital area, it is assumed that the CDFRS serves 2/3 of the incidents in Ic@labie. In
6.10, data on vehicle and building fires, extrapolated for Iceland, is presented. As thsi@m

factors used comply for full scale building fires, the activity data is scaled as a full scale equivalent
where it is assumed thatmedium and a small fire leads to 50% and 5% of a large fire respectively,
and that a large fire is a full scale fiieable6.9 and Table6.10 show the total scaled building fires.

This scaling is similar to the scaling used in the 2011 Danish Informative Inventory Report, although
the scaling in Damark is based on response activity rather than response time. It does though seem
appropriate to scale the fires in this way for the Icelandic data. It is further assumed that 10% of the
building fires every year, are industrial building fires

In 2004 amajor industrial fire broke out at a recycling company (Hringras). In the fire 300 tonnes of
tires, among other separated waste materials, burned. In 2011 a fire broke out at the same company,
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but that fire is assumed to have been about 10%hefsize othe one in 2004. In 2014 a major fire
incident occurred when fire broke out in an industrial laundry service. The house had a thick layer of
asphalt roll roofing with an estimated weight of around 80 tonnes.

For the year 1990 to 2002 an aveeagf the toial scaled building fires (38) and the 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 are in completely different form, neakiem both

difficult to obtain and interpret. As the extra information gained would not be of that much
importance it is not thought to be priority to further explore this subject.

The activity data is calculated as a yearly combusted mass by mutiipimumberof different

vehicles fires with the average weight of the given vehicle type. As it is not registered at the CDRFS
which types of vehicles are caught in fires, the average Danish (2011 Danish Informative Inventory
Report) ratio of vehicle f&s per vehile type were taken per vehicle type, excluding motorcycles, as
motorcycle fires are very rare in Iceland (passenger cars 83%; buses 8%; light duty vehicles 3%; heavy
duty vehicles 7%). The total amount of vehicle mass involved in fires isdimiated fom the

number of vehicle fires and the average weights of the different vehicle types (also Danish weight, as
information was not available). It is assumed that 70% of the total vehicle mass involved in a fire
actually burns.

Table6.9 Vehicle and building fires, capital area.

Building fires Total scaled
Year Vehicle fires <60 min 60-120 min >120 min building fires
2003 36 161 21 4 23
2004 25 153 24 5 25
2005 43 141 24 11 30
2006 34 130 24 9 28
2007 44 142 20 7 24
2008 64 150 25 9 30
2009 46 114 16 12 26
2010 34 118 17 9 24
2011 35 121 10 5 16
2012 36 99 24 9 26
2013 26 85 18 5 18
2014 35 99 20 12 27
2015 36 88 15 3 15
2016 57 94 12 8 19
2017 47 115 20 5 21
2018 38 74 11 11 20

Table6.10 Vehicle and building fires scaled for Iceland

Building fires Total scaled
Year Vehicle fires <60 min 60-120 min >120 min building fires
2003 54 242 32 6 34
2004 38 230 36 8 38
2005 65 212 36 17 46
2006 51 195 36 14 42
2007 66 213 30 11 37
2008 96 225 38 14 44
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Building fires Total scaled
Year Vehicle fires <60 min 60-120 min >120 min building fires
2009 69 171 24 18 39
2010 51 177 26 14 36
2011 53 182 15 8 25
2012 54 149 36 14 39
2013 39 128 27 8 28
2014 53 149 30 18 40
2015 54 132 23 5 24
2016 86 141 18 12 28
2017 71 173 30 8 32
2018 57 111 17 17 32

At the major industrial fire at Hringras in 2004, an estimated amount of 300 tonnes of tires, among
other separated waste materials, burned.

For the major industrial fire in 2014, the estimated weight of #isphalt rol roofing burned down
was estimated to be around 80 tonnes and was assumed to be a large part of the emissions from this
particular fire.

6.8.3 Emission factors

Emission factor for undetached houses is used for all building fires except industdaidptires

This is due to the fact that Icelandic regulation demand more fire resistance than the regulations in
the Scandinavian countries. Emission factors for detached building fires are taken from-tabfe 3
chapter 5E of the 2016 EMEP/EEA Guid&looall estimated pollutants provided in the Guidebook
except for dioxin which is taken from the 2015 Danish Informative Inventory Report (lIR) to the
UNECE. Other nezstimated sources of the Guidebook are taken from the Danish 2015 IIR table
6.20. No enission fators are provided for BC, Ni, Se, Zn, HCB and PG ddisidered not

applicable as the Guidebook suggests.

Similarly, for industrial house fires, emission factors from takbead chapter 5E of the 2016

EMEP/EEA Guidebook is used exceptlimxin wheh is taken from the 2015 Danish Informative

Inventory Report (IIR) to the UNECE. Other-aestimated sources of the Guidebook are taken from

the Danish 2015 IIR table 6.20. No emission factors are provided for BC, Ni, Se, Zn, HCB and PCB. NH
is considerd not applicable as the Guidebook suggests.

For venhicle fires, the burned mass is then multiplied with a pollutant specific emission factor taken
from table 629 of the Danish IIR 2015.

For the major industrial fire at Hringras in 2004 esmission factoof 220 ug/(t of tires) from the
Standardized Toolkit for Identification and Quantification of Dioxin and Furan Releases (UNEP, 2005),
was taken. Using this factor, this single fire scaled like about 16 industrial building fires and PAH4
emissions were sdad accordingly.

Asphalt roll roofing was assumed to emit dioxin levels comparable to scrap tires which has the
emission factor of 220 pg/(t of tires) given in the Standardized Toolkit for Identification and
Quantification of Dioxin and FureReleases (UNE2005). Dioxin emissions from other materials that
burned were included by assuming such that the fire was comparable to 5 industrial buildings. Thus
the emissions from this particular fire corresponds to 5 industrial building fires Ipdusptecial

ass@ aYSyl 2F GKS FaLKFIfG NRft NR2FAYy3IZ Ay G20l f
estimates were calculated by using emission factors from tai@@ 6f the Annual Danish
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Informative Inventory Report to the UNECE (National Enmeotal Researcinstitute, 2011) for
industrial buildings, scaled according to the estimation of corresponding industrial building fires.
Emission factors for NONMVOC, S@nd CO are also taken from the Danish IIR tat#18.60ther
reported pollutants ge taken from he 2016 EMEP/EEA Guidebook tabk 8lo emission factors are
provided for BC, Ni, Se, Zn, HCB and PCHs Néhsidered not applicable as the Guidebook
suggests.

6.8.4 Recalculations and improvements
No recalculations were done for this submissi

6.8.5 Planned impovements

Review of data used for 199002 for the number of accidental house and vehicle fires. General

data improvement needed. There were two larger fires in 2018, which have yet to be researched

further. The Environment Agency has béerouch with hie Capital’s Fire Department and the large
FANBA FNB AyOf dZRSR KSNBE dzyRSNJ 6KS OF GS3I2NE GodzAf
set up with the Iceland Building Authority with the aim of providing better estimates of emissi

from building fires.
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7 Natural Sources (NFR 11)

7.1 Volcanoes (NFR 11A)

In this chapter emissions from the last three volcanic eruptions are reported. These eruptions are:
Eyjafjaljokull eruption, ApriMay 2010; Grimsvdtn eruption, May 2011; and Holuhraun eruption,
September 2014ebruary 2015As emissions from these eruptions are natural they are reported in
this chapter and in the NFR Tables under Memo Item 11A, but are netléttin national totals.

7.1.1 Eyjafjallajokull eruption 2010

The Eyjafjallajokull eruptiolasted from 14April until 23 May 2010~or this eruption emissions of
sulphur dioxide (S£pand particulate matter were estimated and reported. The emissions estimates
are based on satellite observation on a daily basis during the erdpton amounted & approx.

127 kt of S@ 6000 kt ofPMioand 1700 kt. oPM:s. These 6000 kt dPM.o were around 3500 times
more than total estimated mamade PMoemissions in Icelanidh 2010.

Figure7.1 Eyjafjallajokul eruption at its peak in April 201@hoto: Porsteinn J6hannsson).

14 https://wiki.met.no/emep/emep_volcano plume
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7.1.2 Grimsvotn eruption 2011
The Grimsvotn eruption lasted from 21 May until 28 May 2011 .efaption at Grimsvétn was much
larger than that of Eyjafjallajokull the year before, and it hasn estimated that during the first day
more sulphur and particulates were emitted than during all the Eyjafjallajokull eruption. SO
emissions from Grimsvotn have been estimated to be around 1000 kt. An estimate of the total
particulates emitted has ndieen estimated but thé&cAhas scaled the emissions of particulates using
the ratio of Sulphur emissions from the two eruptions (LO@&¥)L This gives an approximate
estimate of 47,000 kt PMand 13,000 kt of Pkk. Figure7.2, aNASA MODIS satellite image acquired
at 05:15 UTC oB2 May, 2011 showthe plume from Grimsvétn casting shadow to the west.
¥ = TEREE ’ ™ \ ey,

Mx° {*: b R it R R s & 2o SAMESE .L)i‘\s“ ‘ ‘ vy
Figure7.2 Grimsvotn eruption in May 201@(Photo NASA/GSFC/Jeff Schmaltz/MQatsl Rapid Response Team).
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7.1.3 Holuhraun eruption 2014 2015
The eruption in Holuhraun began 84 August 2014 and ended &Y February 2015. It was the
biggest eruption in Iceland since the Laki eruption 1783.

Emission estimates in the Holuhraun eruptieare done by the volcanic hazard team at the

Icelandic Met Cifce. According to information from Sara Barsotti and Melissa Anne Pfeffer the
estimateswere done as followsThe emission rate of S@as calculated using wind parameters
provided by the HARMQH numerical prediction model and column concentrations ofde@cted

with different types of DOAS measurements. The DOAS techniques used include two NOVAC
scanning DOAS instrumer{Salle, et al., 2010pne installed 7 kmrém the main degassing vent,
Baugur, but moved during theruption due to the advancing lava to 10 km from 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 eruptigrcampaign DOAS traverses, made as close to the mairagent
conditions allowed; and ring road DOAS travef§&islason, 2015All measurements were analysed
closely to remove the data most impacted by scattering. For all igdes, the good quality
measurements were used to calcwdataily averages of S@mission rate. On days when good

guality data was acquired from more than one DOAS technique, the larger value was used, and then
these daily values were used to calculate thonthly averages. Some minor degassing from the
coolinglava continued after the end of the eruption (maximum 3 kg/s; Simmons et al., 2016); this
contribution to the emissions is not included here.

Total S@emission from this eruption was estimated 1@gkt, as communicated in 2016 by the
Icelandic meteoroloigal office Divided on calendar years 10,880 kt of %&re emitted in the year
2014 and 1,126 kt of S@ the year 2015. To put these numbers in in perspective it can be said that
the total S@emission from all the European Union countries for the y&@it2 was 4,576 kt. So the
emission from the eruption in the year 2014 i.e. fr@August 2014 t@81 December 2014 was

more than twice the total SCemission from all the European Union countries\hole year. For
September alone, during the most intéws period of the eruption, the S@mission from the

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

Emissions of ash weregligibleand therefore, have not been estimateBurher information about
SQemissions from the eruption aii@ Table7.1 below. As these emissions are natural they are not
included in national totals.

Table7.1 Monthly emission rate (Pfeffer (Icelandic Meteorological Office), 2016, email communication)

Average monthly emission rate SQ per month

[ka/s] [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&®D pollution all over Iceland and also in other countriesumndpe.
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 forecast the dispersal
and concentration of th&Q gas at ground level he forecast was threday long and was updated
twice a daySQ dispersion during the whole eruption modedl by CALPUFF are presente&igure

7.4 as the frequency of hourly concentrations higher than the EU one hour lime vah$Q that is

350 pg/n?. The valuegorresponding to each contour show how many times this concentration has
been exceeded at each location during this period. During the eruption, gas pollution was extensive
across all of Iceland. The NE part of thardoy suffered the highest impact frothe eruption. The

model suggests that the area within 50 km NE of the eruption site exceeded 356fpglm to 20 %

of the time (about 30 days in total). The northern part of Vatnajokull and the eastern part of
Hofgokull glaciers were frequently exposéalhigh groundlevel concentrations of S@or up to 15

days.
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Figure7.4 SQdispersion during the eruption modelled by CALPUFF, presented as frequency of hcemlyatmms higher
than the 350 pg/réhealth limit. The monitoring stations mentioned in the text anéigure7.5 are also showiiGislason,
2015)

To inform the public about ground level concentratidrS® the Environmental Agency of Iceland
shared information fron8Q monitoring stationsAt the beginning of the eruption the ambient air
concentration of Se@was measured at 11 permanent stationsags Iceland recording 10 and 60

minutes average concémation. 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 (ppb) s@halysers equippwith 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 operated by the local
police. So, the total number &Q monitoring devices was 71, distributed in agglomerations all

around the country.

Prior to the Holuhraun eruption, the grougkve concentration of atmospheric S@ Iceland had
never been recorded as exceeding the 350 pidiourly limit. During the eruption, preécted and
measured values repeatedly exceed this limit (Berire7.4 andFigure7.5) Much higher Sgpeaks,
lasting shorter than one hour, were frequently measured on hand held sensors, the higheast bein
21,000 pg/miin HOfn(SE of the country)Continuous measurements stad 28 October 2014 in

Ho6fn as shown ifrigure?7.5. There the hourly averaged concentration reached a maximum of 3050
ug/mion 11 January 2015. Over the manmihg periods shown ifigure7.5, SQ exceeded the one
hour 350 pg/nithreshold 2.0 % of the time at MyvafhE)(for 17 consecutive hours and a total of

15 http://airquality.is
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86 hours), 1.4 % in Reyodarfjord)(for 10 consecutive hours and a tot#l58 hours), 1.4 % in
Reykjavik (for 8 consecutive hours and a total of 59 hours) and 4.2 % of the time in Hofn (for 16
consecutive hourand a total of 124 hours). The last unambiguous detection of the volcanic plume
was at the Myvatn station oh8 Febuary.
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Figure7.5 The S@concentration in air at four of the permanent gas monitoring stations presentemjure7.4. The 350
pg/ms health limit is shown by the red horizontald. The grey vertical lines mark the eruption period. Permanent SO
monitoring started at Hofn 28 October 201&islason, 2015)

DFd SYAaairzya FNBY GKS | 2f dzKNY dzy SNHzZLIG A2y NBadz i
SQconcentrations in the UK and Ireland during two occasions in September(6hrhidt, 2015)
Examples of thhighest peaks during these evertie shown from two monitoring stations in Ireland
in Table7.2 (Gislason, 2015along withexamples from monitoring stations in the Netherlands,
Belgium, and Austria. These stations are equipped putked fluorescence spectrometers with
similar detection limits and uncertainty as the Icelandic stations. During ttf@epfmber the
groundlevelconcentrations were highest in Austria at 235 pg/ffhe Masenberg station in Austria
is a background stath at a high elevation and far away from local emission sources and rarely
records S@concentrations in excess of 30 ugin®n this day unusuallyidh concentrations were
measured at most of the 30 monitoring stations in Austf@islason, 2015)
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Table7.2 Highest one hour S@eak by countryGislason, 2015)

Height Distance  Highest one
above sea from the hour SQ
Courtry Station name Latitude Longitude level Date eruption peak
Ireland Ennis 52.84 -9 16 m 06.09.2014 1407 km 498 pg/m3
Ireland Portlaoise 53.04 -7.29 98 m 06.09.2014 1420 km 343 ug/m3
Netherlands Philippine 51.29 3.75 5m 22.09.2014 1905 km 82 ug/m3
Belgium Ghent region 5115 3.81 12m 22.09.2014 1931 km 87 pg/m3
Britain Wicken Fen 52.3 0.29 3m 22.09.2014 1701 km 96 ug/m3
Austria Masenber 47.35 15.89 1210 m 22.09.2014 2754 km 235 ug/m3

r -

N
H

|

Figure7.6 Holuhraun eruption iISeptémber 2014. The height of the lava fountawasaround 100 m (Photo: Olafur F.
Gislason).
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8 Spatially Distributed Emissions on Grid

Note: Spatially distributed emissions on grid have not been updated in Iceland since the new
requirement of the newd.1°x0.1°EMEP grid came. Work is in progress to report gridded data in
accordance with the requirements and will be available for the 2021 or the 2022 submiBsen.
information below is given for reference only, and has not been updated #iec2016 sulmission.

This chapter includes results of the Icelandic geographically distributed emissions for the years 1990,
1995, 2000, 2005 and 2010 for PAH4 and dioxins&am data have been disaggregated to the

standard EMEP grid with a resolution of 50 km k®0 The reported emissions include gridded data

for sector totals as well as national totals. Emissions for aviation, navigation and fishing have not
been gridded

When gridding the data all industrial sources and waste incineration sites (open pit barming
incineration plants) have been mapped with coordinates and projected on the grid. Other emissions
like emissions from road transport, accidental fires, aod fires have been divided on the grid

based on population data. Some minor sources like sions from tobacco smoking have been

located where the populations density is highest, i.e. the capital area.

Update of gridded data, including actualisatiorthe, is being considered and will bgailablefor
the 2021 or the 202 submission.
8.1 PAH4 Emisens in 1990, 1995, 2000, 2005 and 2010

Figures 8.1 to 8.5 show national total emissions of PAH4 within the EviEEh 1990, 1995, 2000,
2005 and 2010.

PAH4 1990

B s0.1 - 55.0 e 0 50 100 150 200 km

Figure8.1 Emissions of PAH4 within tBEPGrid in 1990.
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8.2 Dioxin Emissions in 18D, 1995, 2000, 2005 and 2010

For the distributed national totals, spatial patterns from the major sectors are recognisable. For
dioxin the influence of closing down sites for open pit burning results in lower emissions over time.
Further the malfunctiomig of the incineration plarat isafjéréur (northwest Iceland, Westfjords)
results in higher emissions in 2010 than in the years beféigures 8.6 to 8.10 show the national

total emissions of dioxin within the EME?id in 1990, 1995, 2000, 2005 and @01

Dioxin 1990

% - 1200
1201 - 1300
[ 1301 -1400
| ] 1401-1500
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I 1501 - 1900 50 100 150 200 km
I 1 |

I 1901 - 2000 r 1

Figure8.6 Dioxin emissions within the EMERId in 1990.
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Dioxin 1995
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Figure8.7 Dioxin emissions within the EMERId in 1995.

Dioxin 2000 @

Figure8.8 Dioxin emissions within the EMERId in 2000.
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Figure8.9 Dioxin emissions within the EMERid in 2005.
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Dioxin 2010
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Figure8.10 Dioxin emissios within the EME®rid in 2010.
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Annex |: Explanation 8403 ! R2dza G YSyd 2F 5IF Gl

Sector

Fuel sales (gas oil and residual fuel oil) by sectors 1Ala, 1A2 (stationary) and 1A4 (statiqrarpyovided by the National Energy
Authority

No. Category 1990 1995 2000 2001 2002
Tonnes Tonnes Tonnes Tonnes Tonnes
Gas/Diesel Ol
10X40 house heating and swimming pool 10,623 8535 7,625 6,349 5,756
10X5X industry 5072 1,129 8920 9443 10,233
10X60 energy industries 1,300 1,091 1,065 897 1,112
10X90 other 0 458 1,386 132 756
Residual Fuel Oi
10840 house heating and swimming pool 2,989 3,079 122 162 203
1085X industry 55,934 56,172 46,146 55,782 64,026
10860 energy industries 0 0 0 0 23
10890 other 39 52 67 4978 6465
ADJUSTMENTS

For gas oil:

First fuel consumption needed for the knowtectricity production with fuels is calculateti1aq electricity production),

assuming 34% efficiency, the values calculated are compared with the fuel sales éategory 10X60 Energy industries.
1 Inyears where there is less fuel sale to energy stides as would be needed for the electricity production, the

fuel needed is taken from the category 10X90 Other and when that is not sufficient from the cated@g 10
House heating and swimming pools.

1 Inyears where there is surplus the extra fuel iseditb the category 10X40 House heating and swimming pools.
NEA has estimated the fuel use by swimming pdb#l§. These values are subtracted from the adjusted4lDeategory.
The rest of the category is thdmh4cg ResidentialFor years when there is still fuel in the category 10X90 Other, this is
added to the 10X5X Industry. This is the fuel usbNR¢ Industty.

1990 1995 2000 2001 2002
Swimming pools 1,800 1,600 1,600 1,400 1,400

For Residual Fuel Oil:

The sectors 10840 and 10860 are added together. This is the fuel dgelby public heat plantsin year 1997 four tonnes
are subtracted from this category as the category 10890 has minus four tpleaeing category 10890 with 0 in 1997. The
categories 1085X Industry and 10890 Other are added together, this is the fuelLA2gmndustry.
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Annex Il: Iceland QA/QC checks

A range of QAQC checks have been performed on the Icelandic inventory:

1 Recalculdion check- comparing the values reported in the current Z2) and previous
(2019) versions of the inventory for the base year (1990) andniost recent year covered
by both versions (204).

1 Negative and zero values checkt highlight the ocarrence of negative values (LULUCF is
not included) and zero values in the inventory.

1 Notation keys checkto summarise the occurrence of each notatiey to ensure
consistency and accuracy in the inventory.

1 PAHs sum checkto ensure that the sum of théour reported PAHs equals the reported
aidz2arte t1 1 SYrAaairzyao

1 Particulate Matter check to ensure that reported TSP emissions are greater than orlequa
to PMho, and similarly that reported Pldemissions are greater than or equal to PM

In all caseghe findings of the checks are reviewed, not only to identify where corrections may be
required, but also to consider whether there are any steps ofitlirentory compilation process that
need improvement. In addition, reviewing the results also provid&sination on whether the
individual checks are well designed and comprehensive.

This ensures that all results from the QAQC process feed back intotiiauous improvement
programme.

Recalculation Check
A recalculation file has been used for @20 submission. This QAQC file compares the emissions
between the current and previous submissions, for28hd 1990 (the base year). The data has been
compied to enable changes in the data to be easily identified and justifications for change provided
where required. The current recalculation check considers all of the reported pollutants and activity
data

The recalculations check calculates #wtual difference between the current and previous

submission. If one or both values are notation keys, and at¢heosame in both submissions, then

this is highlighted. If 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 cdk are highlighted for ease of reference. This process of identifying recalculation changes
and the documentation of changes is in line witia@ter 4 of the 2016 EMEP guidelines regarding

the reporting of recalculations. Where a recalculation change agduis necessary to check that the
underlying reasons are understood and considered reasonable.

At present, the recalculations QAQC checl@onsiders the base year and latest year included in
both the current and previous submissions. Iceland recagniisat the inclusion of additional years
as an improvement which will be implemented in subsequent submissions.

Negative and Zero Values Chec
Checks were performed to identify whether any negative or zero values occur in the NFR Annex |
submission fileNo negative or zero values occurred and therefore no further action was needed.
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Notation Keys Check
The number of occurrences of notation kgO, NE, IE, NA and NR) in the NFR Annex | submission
file are presented. This QAQC check is used to ensuraditation keys are applied consistently and
accurately within the inventory. The occurrence of notation keys is presented as a count forlRch N
code for the years 20042018 with highlighted cells for ease of reference.

A more complete check of the ergitime series will be considered for future versions of the
inventory.

PAH Sum Check
This is a sum check to identify whether the sum of thgoreed emissions for benzo(a) pyrene,
benzo(b) fluoranthene, benzo(k) fluoranthene and Indeno (3¢2)3pyrene eqals the reported
SYrAaaArzya F2NJ abt2GrFt¢ F2dzNIJt! 1 ad ¢KAA OKSO]l Aa L
current submission. WieB G KS &adzy 2F GKS t!1 & R2Sa y20 SIjdz ¢
ease of reference and where requiréite cause for differences are documented.

Particulate Matter Check
This check identifies any categories where the emissions reported for@ 83athan PM
emissions and where Plyemissions are less than Rbemissions. This enables the identificatiof
errors in reported PM emissions based on the assumption that TSP »=®PRM:s. This check is
performed for each reported NFR code ayahr for the current submission. Where errors in
reported PM emissions are identified, cells are highlightedfme of reference and where required
documentation is provided.

149



U,

Informative hventory Report, Icelad 2020

AnnexX [HKCAResults forl990 and Trends 1999018
NOx, NMVOC Ox, NHs, PM2.5, PM10, ¥, BC ad @O:

Key categories for NOx, NMVOC, SOxz,N2.5, PM10, TSBC and CQ990

Key categories

Component . . Total (%)
(Sorted from high to lav from left to right and top to bottom)
] Mobile Combustion
Fishin Road transport National navigation in manufacturing
9 Passenger cars g industries and
NOx construction 82.56%
NFR 1A4ciii NFR 1A3bi NFR 1A3dii NFR 1A2gvii
59.03% 14.71% 4.82% 4.00%
. Manure Manure Biological
Road transport:  _. . . . treatment of
Fishing management management Dairy :
Passenger cars waste- Solid waste
Horses cattle B
disposal on land
NFR 1A3bi NFR 1AA4ciii NFR 3B4e NFR 3Bla NFR 5A
37.15% 6.44% 5.72% 5.64% 5.31%
NMVOC 81.26%
Coatin Domestic solvent Road transport; Manure Food and
a Iicagions use including Gasoline ma}nagement- Nor beverages industr
P fungicides evaporation dairy cattle 9 b
NFR 2D3d NFR 2D3a NFR 1A3bv NFR 3B1b NFR 2H2
5.06% 4.58% 4.29% 3.83% 3.24%
Other fugitive
emissions from
energy _— Ferroalloys
production Fishing production
SOx  (Geothermal 82.5™
energy)
NFR 1B2d NFR 1AA4ciii NFR 2C2
55.52% 19.36% 7.69%
. Manure Urine and dung Manure
Animal manure . .
applied to soils management depqsned py management Dairy
NHs Sheep grazing animals cattle 82.68%
NFR 3Da2a NFR 3B2 NFR 3Da3 NFR 3Bla
35.33% 22.71% 15.01% 9.63%
- Open burning of  Ferroalloy .MOb"e combu_stlon Aluminium
Fishing . in manufacturing .
waste production . . production
industries
NFR 1AA4ciii NFR 5C2 NFR 2C2 NFR 1A2gvii NFR 2C3
36.83% 12.71% 7.57% 6.37% 4.67%
PM2.5 ’ 0 ’ ’ ’ 80.86%
. Manufacturing .
National . - Road transport:
A industries and :
navigation . Heavy dity vehicles
(shipping) construction:Non+ and buses
metallic minerals
NFR 1A3dii NFR 1A2f NFR 1A3biii
4.51% 4.39% 3.81%
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Key categories

Component . . Total (%)
(Sorted from high to lav from left to right and top to bottom)
. Mobile combustion in Farmlevel
_— Open burning of  Ferroalloy . .
Fishing . manufacturing agricultural
waste production . - A
industries operations
NFR 1AA4ciii NFR 5C2 NFR 2C2 NFR 1A2gvii NFR 3Dc
32.89% 11.25% 6.22% 5.24% 5.12%
- National M anufc—_lctunng Road transport: .
Aluminium S industries and . Road transport:
. navigation L Heavy duty vehicles
production (shipping) constructio: Non and buses Passenger cars
PM10 ppIng metallic minerals 81.91%
NFR 2C3 NFR 1A3dii NFR 1A2f NFR 1A3biii NFR 1A3bi
4.80% 4.07% 3.91% 3.13% 3.08%
Road transport:
Automobile tyre and
brake wear
NFR 1ABvi
2.20%
Mobile
s Open burning of  Ferroalloy Aluminium combustion in
Fishing . - ;
waste production production manufacturing
industries
NFRLAA4ciii NFR 5C2 NFR 2C2 NFR 2C3 NFR 1A2gvii
30.29% 10.66% 6.03% 5.30% 4.82%
Farmiewel :\:L?S;thﬁg;ug:g i igati Road transport Road tansport:
agricultural >« National navigation  eayy duty vehicles port
. construction: Non db Passenger cars
TSp  operations metallic minerals andbuses 80.41%
NFR 3Dc NFR 1A2f NFR 1A3dii NRF 1A3biii NFR 1A3bi
4.72% 3.81% 3.75% 2.89% 2.83%
Road transport: Manure
Automobile tyre and management
brake wear Dairy cattle
NFR 1A3bvi NRF 3Bla
2.71% 2.60%
. . Roadtransport:
_ Open burning of .MOb'Ie combu_stlon Road transport: Heavy duty
Fishing in manufacturing )
waste industri Passenger cars vehicles and
BC Industries buses 81.91%
NFR 1AA4ciii NFR 5C2 NFR 1A2gvii NFR 1A3bi NFR 1A3biii
30.33% 20.98% 15.54% 7.57% 7.49%
Road transport: Aluminium International
Passenger cars production aviation LTO (civil)
CO  NFRuA3bi NFR 2C3 NFR 1A3ai(i) 80.73%
53.79% 14.67% 12.27%
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Key categories for NOx, NMVOC, SOx%, RM2.5, PM10, TSBC and COyrend 19962018

Key categories

Component . . Total (%)
(Sorted from high to low from left to right and top tdottom)
Road transport:  Ferroalloy Aluminium Road transport: International
) - Heavy duty - .
Passenger cars production production . aviation LTO (civil,
vehicles
NFR 1A3bi NFR 2C2 NFR 2C3 NFR 1A3biii NFR 1A3ai(i)
34.15% 13.35% 12.60% 8.19% 6.87%
NOXx Manufacturing 81.95%
industries and
construction:
Food processing,
beverages and
tobacco
NFR 1A2e
6.79%
. Domestic solvent Manure Manure Food and
Road transport: . :
passenger cars  US€ including management management beverages
9 fungicides Nondairy cattle  Horses industry
NFR 1A3bi NFR 2D3a NFR 3B1b NFR 3B4e NFR 2H2
41.72% 9.08% 6.50% 5.30% 5.16%
NMVCC 81.80%
Distribution of oil Manure . .
management Fishing Printing
products )
Dairy cattle
NFR 1B2av NFR 3Bla NFR 1AA4ciii NFR 2D3h
4.87% 3.83% 2.84% 2.50%
Other fugitive !\/Ianufe_lcturlng
L industries and
. emissions from .
Aluminium - s construction: Fooc
- energy production Fishing .
production processing,
(Geothermal
SOx energy) beverages and 85.06%
tobacco
NFR 2C3 NFR 1B2d 1A4ciii 1A2e
25.35% 24.94% 24.02% 10.75%
Manure Manure Manure . Manure
Road transport:
management management mangement Passenqer cars management
Sheep Non-dairy catle Broilers 9 Other animals
NFR 3B2 NFR 3B1b NFR 3BA4gii NFR 1A3bi NFR 3B4h
0, 0, 0, 0, 0,
NHs 27.24% 20.72% 15.31% 9.66% 6.98% 86.64%
Manure
management
Swine
NFR 3B3
6.73%
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Key categories

Component . . Total (%)
(Sorted from high to low from left to right and top tdottom)
. . M anuchturlng Other product use
Aluminium Open burning of  industries and _— .
. L Fishing (Fireworks,
production waste construction: Non
S tobacco)
metallicminerals
NFR 2C3 NFR 5C2 NFR 1A2f NFR 1Ad4ciii NFR 2G
40.47% 20.15% 7.30% 5.20% 3.84%
PM2.5 80.79%
Road transport:
Heavy duty
vehicles and
buses
NFR 1A3hbiii
3.83%
Manufacturing
AIumlnlgm Open burning of Fishing |ndustnes_ anq Other product use
production waste construction: Non
metallic minerals
NFR 2C3 NFR 5C2 NFR 1AA4ciii NFR 1A2f NFR 2G
36.05% 16.87% 7.63% 6.12% 5.83%
PM10 Manufacturing 82.66%
Road transport: Road transport: |ndustr|es_ aer
; construction: Fooc
Automobile tyre  Heavy duty ;
) processing,
and brake wear vehicles and buse
beverages and
tobacco
NRF 1A3bvi NRF 1A3biii NRF 1A2e
4.36% 3.11% 2.69%
Manufactuing
Aluminium Open burning of _— industries and Ot_her product use
- Fishing . (Fireworks,
production waste construction: Non
S tobacco)
metallic minerals
NFR 2C3 NFR 5C2 NFR 1AA4ciii NFR 1A2f NFR 2G
TSP 35.33% 15.22% 8.87% 5.68% 5.22% 81.49%
Road transport: Road transport:  Road transport:
Automobile tyre  Automobile road  Heavy duty
and brake wear abrasion vehicles and buse
NFR 1A3bvi NFR 1A3bvii 1A3biii
4.59% 3.77% 2.81%
Manufacturing
Mobile indugries and
Openburning of Fishin combustion in construction: Fooc Aluminium
waste 9 manufacturing processing, production
BC industries beverages and 84.52%
tobacco
NFR 5C2 NFR 1AA4ciii NFR 1A2gvii 1A2e NFR 2C3
34.10% 27.67% 9.86% 6.71% 6.18%
Aluminium Road transport:
production Passenger cars
Cco NFR 2C3 NFRLA3bi 82.30%
49.98% 32.32%
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Persistant Organic Pollutants (PGP
Key categories for POPs, 1990

Key categories

Component . . Total (%
P (Sorted from high to lowfrom left to right) (%)
Open burning of
waste
DIOX NFR 5C2 97.89%
97.89%
Open burning b
waste
PAH4 NER 5C2 82.44%
82.44%
Open burning of
waste
HCB 84.07%
NFR 5C2
84.07%
Manufacturing
Open burning of industries and
waste construction: Non
PCB metallic minerds 89.90%
NFR 5C2 NFR 1A2f
61.73% 28.17%
Key categories for POPs, Trend 12008
c ‘ Key categories Total (%)
omponen . . otal (o
P (Sorted from high to low from left to right)
Open burning of Accidental fires Road transport: National fishing
waste Passenger cars
DIOX  NFR5C2 NFR 5E NFR 1A3bi NFR 1A4ciii 84.00%
50.51% 19.74% 7.32% 6.43%
Manufactuing
Open burning of  Aluminium Ferroalloys Road transport:  industries and
waste production production Passenger cars  construction: Non
PAH4 metallic minerals ~ 87.53%
NFR 5C2 NFR 2C3 NFR 2C2 NFR 1A3bi NFR 1A2f
40.72% 14.01% 12.94% 10.58% 9.28%
Open burning of
waste
HCB 88.94%
NFR 5C2
88.94%
Fishing Open burnig of
waste
PCB 93.82%
NFR 1AA4ciii NFR 5C2
47.47% 46.35%
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Priority heavy metals (Pb, Cd, Hg) and additional heavy metats Cr, CuNi, Se, Zn

Keycategories for heavy metals, 1990

Key categories

Component Total (%)
(Sorted from high to low from left to right and top to bottom)
Manufacturing .
Other product use  industries and . ) Road transport.
- L Accidental fire Automobile tyre and
(Fireworkstobacco) construction: Non brak
Pb metallic minerals rake wear 81.80%
NFR 2G NFR 1A2f NFR 5E NFR 1A3bvi
28.60% 21.58% 17.92% 13.70%
Manufacturing
Open burning of Fishing |ndustr|es_ an.d
waste construction: Non
Cd metallic minerals 83.09%
NFR 5C2 NFR 1A4ciii NFR 1A2f
42.93% 29.90% 10.26%
Open burning of
waste
Hg 89.62%
NFR 5C2
89.62%
Fishing Open burning of
waste
As 82.61%
NFRLA4ciii NFR 5C2
54.45% 28.16%
Road transport: M anufe}ctunng . I
_— . industries and National navigation
Fishing Automobil tyre and . -
brake wear construction: Non (shippirg)
Cr metallic minerals 86.75%
NFR 1AA4ciii NFRLA3bvi NFR 1A2f NFR 1A3dii
46.92% 22.21% 9.56% 8.06%
. Mobile Combustion in
Road transport: manufacturin
Automobiktyre and  Fishing . . 9
brake wear industries and
Cu construction 87.18%
NFR 1A3bvi NFR 1A4ciii NFRLA2gvii
48.12% 30.09% 8.97%
_— National navigation
‘ Fishing (shipping)
Ni NFR 1Adgii NFR 1A3dii 95.07%
79.63% 15.44%
- National navigation
Fishing (shipping)
Se NFR 1A4giii NFR 1A3dii 84.75%
77.05% 7.70%
Open burning of Road transport:
wgste 9 Fishing Accidental fires Automobik tyre and
Zn brake wear 82.08%
NFR 5C2 NFR 1Ad4ciii NFR 5E NFR 1A3bvi
41.80% 17.47% 13.73% 9.08%
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Key categories for heavy metals, trend 12908

Keycategories
Component Total (%)
(Sorted from high to low from left to right and top to bottom)
Other product use M anufe_mtunng
. industries and . )
(Fireworks, L Accidental fires
tobacco) construction: Non
Pb metallic minerals 84.02%
NFR 2G NFR 1A2f NFR &
49.85% 22.03% 12.14%
Open burning of  Other product use  Ferroalloy Manufact‘unr?g |ndustr|e_s and
- . construction: Normetallic
waste (Fireworks, tobacco) production .
cd minerals 82.08%
NFR 5C2 NFR 2G NFR 2C2 NFR 1A2f
39.26% 17.99% 14.73% 10.10%
Open burning of Fishing Domestic solvent us:
waste
Hg 85.48%
NFR 5C2 NFR 1AA4ciii NFR 2D3a
59.23% 18.08% 8.17%
Fishing Open burning of
waste
0,
As NFR 1A4ciii NFR 5C2 85.30%
42.83% 42.47%
Road transprt: Manufacturing industries and
) _— Other product use - :
Automobik tyre Fishing - construction: Normetallic
(Fireworks, tobacco) .
Cr and brake wear minerals 82.220
NFR 1A3bvi NFR 1AA4ciii NFR 2G NFR 1A2f
29.73% 18.24% 18.09% 16.16%
Road transport:
Fishing Ot_her product use Automobik tyre and
(Fireworks, tobacco) b
cu rake wear 82.44%
NFR 1AA4ciii NFR 2G NFR 1A3bvi
32.91% 32.66% 16.87%
_ National navigation Publicelectricity and Commercialhstitutional:
Fishing - ; .
(shipping) heat production Stationary
Ni 85.55%
NFR 1AA4ciii NFR 1A3dii NFR 1Ala 1A4ai
40.02% 22.71% 12.55% 10.27%
Manufacturing
_— Open burning of industries and
Fishing L
waste construction: Non
Se metallic minerals 80.50%
NFR 1AA4ciii NFR5C2 NFR 1A2f
36.63% 32.14% 11.73%
Open burning of Road transport: Other product use Manufact‘urlrllg mdustrle_s and
Automobik tyre and - construction: Normetallic
waste (Fireworks, tobacco) .
7n brake wear minerals 85.90%
NFR5C2 NFR 1A3bvi NFR 2G NFR 1A2f
39.49% 22.53% 17.43% 6.45%
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Annex IV: Emission trends 19218 per sector, norfPOPs pollutants.
Energy: NOx, NMVOC, SONH;, CO andPM
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B 1A2 Manufacturing industries and construction

B 1A1 Energy industries

= 1A4 Other sectors

m 1A3 Transport

m 1A5 Other
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