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Preface

The Convention on Lorigange Transboundary Air Pollution (CLRWaB)adopted in 1979 and

entered into force in 1983. The Convention has been extended by eight Protocols, of which Iceland
has ratified the Protocol on Persistent Organic Pollutants. Furthermore, in 2009 the national emission
ceilings directive (NECD) 2081/EC wasncorporatedto the EEA agreement, with national emission
targets set for Iceland for SONO,, NMVOC and NHor the year 2010

According to Article 8 of the Convention, Parties shall exchange information on emissions of
pollutants. To complwith this requirement and with the NECD, Iceland prepanme Informative

Inventory Report (IIRdach yearThe IIR together with the associated Nomenclature for Reporting
GFrofSa obCw GFrofSao Aa LOStlIyYyRQa CGosvghtioNNtisdzi A 2y (0 2
report emphasizes emissions of Persistent Organic Pollutants as Iceland has only ratified the Protocol
on Persistent Organic Pollutants (POig)er the CLRTAEmissions of the indirect greenhouse
gasesNQ, CO and NMVOC), bi&hd SQare provided in the NFR tables as they are calculated to
comply with the reporting requirements of the NE@m the United Nations Framework Convention

on Climate Change (UNFCCC). Emission estimates for particulate matter (PM), black carbon (BC) and
heavy méals (HM) are provided for several emission sources. A description of the trends and the
calculation method for the pollutants are given in this report. Further estimates farFsand

PMofor the volcano Eyjafjallajokull that erupted in 2010, thécamo Grimsvétn that erupted in

2011 andhe Holuhraun eruption in 2014 and 2015 are 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 Organic Pollutants (POPs). The Protocol on Petsisiganic Pollutants entered into force

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

the EEA agreement, with national emission targets set for Iceland toN&) NMVOC and NHor

the year 2010At the time of writing, work is underwdyy the Icelandic government to evaluate and
work at the incorporation of the new National Emissid@eiling directiveljrective2016/2284) into

the EEA agreemenin 2020 the International Institute for Applied Systems Analy#i&$A carried

out an analysis of reduction potentgdor Iceland folNQ,, SQ, NMVOCNH; and PM s, which was

done in a vay comparable to the analysis dohg IIASAor the EU Member States (see also TSAP
Report no 16) .

To comply with the requirements of the Convention and of the national emission ceilings directive,
Iceland preparsan Informative Inventory Report (lIRjnually The IIR together with the associated
Nomenclature for Reporting tables (NFR tables) isyc®&2 &4 O2y G NAR o dziAz2zy G2 (GKAa
under theConvention andovers emissions in the period 199019 This report emphasizes on
anthropogenic emissions of Persistent QrigaPollutants (Dioxin, PAHACBand PCPB as Iceland has
only ratified he Protocol on Persistent Organic Pollutants. Anthropogenic emissions of the indirect
greenhouse gasedl(Q, CO and NMVOC) and %k provided in the NFR tables 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 sourcesere default emission factors are available
from the EMEP/EEA 29 Guidebook

This report andhie NFR tables are available on tBentre on Emission Inventories and Projections
(CEIP) webpage

https://www.ceip.at/statusof-reporting-and-reviewresults/202tsubmission

1.2 Responsible institubn

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

Natural Resourcess responsible for the annual preparation and submission of the Icelandic
informative inventory report (IIR) and Nomenclature for Reporting tables (NFR tables) to the
Convention on Lonr&ange Transboundary Air Pollution. E¥participates in meetings uter 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 http://www.iiasa.ac.at/web/home/research/researchPrograms/air/policy/TSAP_16b.pdf
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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.

Dioxin (PCDD/PCDEjnissions decreasezlibstantiallyover the reported 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. However, an increase in the amouoit
waste incinerated in incineration plants without energy recovery occurred in 2004 while a reduction
of the amount of waste burned in the open occurred in that same Wwdilst open burning of waste

is still the second largest contributor to the natidriatal in the most recent year of the time series
(after accidental firesthe amount emittedyearly in recent yearns less than one percent of the

1990 level.

12
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Figure ESL Trends in dioxin emissions by source, since 1990

PAH4(Benzo(a)pyreneBaP, Benzo(b)fluoranthemeBbF, Benzo(k)fluoranthenrBkF, Indeno(1,2;3
cd)pyrene- IPy)emissions from 1990 tthe most recent year of the time seriatsodecreased
substantialy (Figure ES), for the same reason as described above for dioxin emissibedargest

contributors of PAH4 emissions in Icelaimdrecent yearsare openburning of wastgWaste 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 Icelamdrecent yeardias been
clinicalwaste incineratiorfollowed by emissions originating from fishienergy sector) and metal
production(IPPU sectorHCB emissions from the industry sector increased in 2004, following the
openingof a secondary aluminium plan®pen burning of waste wascammonwaste management
practice in Iceland pr2004. However, an increase in the amount of wast@igr@ted in incineration
plants withoutenergyrecoveryoccurredin 2004 while a reduction of the amount of waste burried
the open occurredn that same yearThe increase in emissions from the waste sector in 2014 are
linked to an increased quantity ofinical waste incinerated.
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Figure ES3 Trends in HCB emissions by sedioice1990.
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Polychlorinated biphenyl (PC&hissiondhavedecreasedacross the time serigfigure ES.)4The
largest contributorof PCB emissions in Icelaimirecent yearss the fishing fleet The only sourcef
PCB estimated from industrial processes is secondary steel production @l) occurred only for
three years (20142016) Open burning of wast&as a common waste management practice in
Iceland pre2004.However, an increase in the amount of waste incinerated in incineration plants
without energyrecovery occurred in 2004 while a reduction of the amount of waste burned in the
open occurred irthat same year

Interpretations of thetotal PCB trend analysis should badertakenwith care as emissiorfactors
are not available for all sources
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Figure ES4 Trends in PCB emissions by sesioge1990.
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1 Introducton

1.1 Background Information

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

13 November 1979 and ratified in May 1983. 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 Convention has been extended by eight Protocdlghich the Protocol on Persistent Organic
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 Agement) with national emission targets set for Iceland for, 30D, 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 DirectildECD) entered into
forcein the EU repealing the previouslE(irective 2001/81/ECThenew NECD includes the same
pollutants as thelirectiveit replaces, with the addition of CO, Cd, Hg, Pb, POiBsitis/furans,PAH,
HCB,PCB), PM s, PMand BC if available as obligatory reporting and 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 Emieas Ceiling
Directive (2016/2284) into the EEA agreement; Icelspelcific targets are yet to be determindd.

2020 the International Institute for Applied Systems Analysis (IIASA) carried out an analysis of
reduction potentials for Iceland for NG5G, NMVOC, Nkand PM s, which was done in a way
comparable to the analysis done by IIASA for the EU Member States (see also TSAP Refjort no 16
Work is underway t@ssesshe report produced by IIASA.

The present report together with the associated NFBnfEnclature for Reporting) tablese
Icelands contribution to the2021 reporting under the Convention. A description of the trends and
calculation methodis given. Anthropogenic emissions of the indirect greenhouse gii€asCO,
NMVOC)NH and SQ@are provided in the NFR tables, as they are calculated to comply with the
reporting requirements of the UNFC@ of the NECLEmission estimates for particte matter
(PM) black carbon (BC) and heavy metals (ldM)provided forsomeemission sources. A short
description of the trends and the calculation mettsoidrthose pollutants are given in this report.

Estimates for S@ PM.sand PMg for the volcancEyjafjalajokullwhicherupted in 2010the volcano
Grimsvotrwhicherupted in 2011and Holuhraun eruption in 201and 2015arealsoprovided
(Chapter7).

2 Directive 2001/81/EC of the European Parliament and of the Council of 2B€@0010n national emission
ceilings for certain atmospheric pollutants.

3 Directive (EU) 2016/228#f the European Parliament and of the Council of 14 December @@ tite reduction
of national emissions of certain atmospheric pollutants, amendingcie 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 a Iist® substances that have been singled out according

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

losses of POPs. The Protocol bans the production and use of some products outright (aldrin,
chlordane, chlordecone, dieldrin, endrin, hexabromobiphenyl, mirex and toxaphene). Others are
scheduled for elimination at a later stage (DDT, heptachlor, HCB, R@BY, Ehe Protocol severely
restricts the use of DDT, HCH (including lindane) and PCBs. The Protocol includes provisions for
dealing with the wastes of products that will be banned. It also obliges Parties to reduce their
emissions of dioxins, furanBAHs,and HCB below their levels in 1990 (or an alternative year

between 1985 and 1995). For the incineration of municipatardousand medical waste, it lays

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

mirex and toxaphene have never been produced in Iceland. Of these chemicals only aldrin has been
used in Iceland, though not since 1975. DDT and heptachlor have not been used in Iceland since 1975
and were banned with a regulation in 1996. Lindane (HGi3)wsed in Iceland until the early

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

1.3 Institutional Arrangementsfor Inventory Preparation

Article 36 of be Icelandic Act opublic health and pollution control no 7/1988 (L6g um hollustuheetti
0g mengunarvarnir) establishes the responsibility of Bmvironment Agency of Iceland (EA), an
agency under the auspices of the Ministry for the Environment and Natural Resdiordb®, annual
preparation and submission of threational nventoryto the UNECERTAP Conventiomhis acilso
authorises the EA to collect all necessary data and information from authorities, institutions and
companiesFigurel.lillustrates the flow of information and allocation of responsibiliti€ee
methodologies and data sources used for different sectors are desdriedre details irthe
respective sectoral chagrs.
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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 data and
emissionfactors. Activity data is collected from various institutions and compahiesiost cases,

the same activity data information is used both for the air pollutants inventory (as per this report)
and for the National Greenhouse gas Inventory. Data is gathesscording tdcelandicRegulation

No. 520/2017on data collection for the greenhouse gas inventay well aprovidedby various
teams withinthe EA

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

2. Until 2011 the Farmers Association of Iceland (FAI), on behalf of the Ministry cflAgs,
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 o method to account for young animals tree 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 Expert Review TeanER 7} that came to Iceland for an4ioountry 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 varios additional data through the annual 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 Trasfer Register BRTRRegulation (EC) no 166/2006, as implemented into Icelandic
legislation withRegulatiorNo. 990/2008, Green Accounting reports from industry
submitted undercelandicdRegulatiorNo. 851/2002

5. Data for using the transport model C@®PEoriginates from EMISIA>®Adused for emission
estimates from road transport (NFR 1A3b) (see more details in the energy sector).

6. Aviation emissions for 2068019are reported using the Eurocontrol dataset.

Emissiorfactors are mainly taken from tiEMEP/EEEmission Inventory Guidebo(019;
2016; 2013)the Standardized Toolkit for Identification and Quantification of Dioxin and
Furan RelaseUNEP, 2005Annual Danish Informative Inventory Report to UNBERI,
2016) Emissions of Black carbon and Organic carbon in Norway2@RI(Aasestad, 2013)
aswell as the Norwegian reportdtslipp til luft av dioksiner i NorgeDokumentasjon av
metode og resultatér(Statistics Norway, 2002nd Utslipp til luft av noen miljégifter i Norge
- Dokumentajon av metode agsultater (Statistics Norway, 2001)

TheEAalsocollectsactivity dataon wasteamountssplit by treatment pathways.

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

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

5 https://fwww.emisia.om/utilities/copert-data/

6 Utslipp til luft av dioksiner i Norgéir emissions of dioxins in Norwgypocumentation of methods and results
7 Utslipp til luft av noen miljégifter i Norge Dokumentasjon av metode og resultatéyir emissions of several
pollutants in Norway Documentation of methods and results
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A

1 INVENTORY PLANNING /2 INVENTORY PREPARATION \

Setting quality objectives Collecting activity data

*  Prioritisation of potential « Estimating greenhouse gas
improvements emissions and removals

* Revision of methods and * Implementing QC checks
emission factors * Uncertainty assessment

* Key category analysis
Recalculations

\- Documentation and Archivi)rg/

4 PREPARING FOR SUBMISSION

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

+  Verification

Figurel.2 The annual inentory 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 initial planning is followed by aqeeassigned for compilation of the

national inventory and improvement of the National System.

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

A series of internal review activieare 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 have recently occurred.

1.5 Key @tegory Analysis (KCA)

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

I AAIYAFAOLYG AyFEdzSyOS 2y I O2dzyiNEBQa G201t Ayl
level of emissions, the trend in emiss®) or both. Total emissions from the key categories amount

to 80% of the total emissions included in the inventory. KA has been undertaken based on

Approach 1 outlined in the 2@EMEP Guidelined KCA has been performed for egubilutant,

calculating both the level assessmédot the base year (1990) and the most recent inventory year

(2019 as well as thérend assessmer(tl9962019. Memo itemsare excludedfrom the KCA

Tablel.1, Tablel.2 andTablel.3 present the results of the key category analysisniain pollutants,
POPs and heavy metals, respectividy the year2019 The KCAfor the abovementionedpollutant
categories in 1990 as Weas the1990-2019trend assessment arpresented inAnnex I: KCAResults
for 1990 and Trends 1992019
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Tablel.1 Keycategoryanalysis for reportednain pollutantsin 2019

Key categories Total
Component . . o
(Sorted from high to low fromieft to right and top to bottom) (%)
. _— Ferroalloy National Road transport: Heavy Road transport:
National fishing . o )
production navigation duty vehicles Passenger cars
NO« 83.9%
NFR 1A4ciii NFR 2C2 NFR 1A3dii NFR 1A3biii NFR 1A3bi
61.7% 6.5% 6.3% 4.7% 4.6%
. Manure Manure
Domestic solvent use Manure management . -
. ; = management management . National fishing
including fungicides ) - Dairy cattle
horses Non-dairy cattle
NFR 2D3a NFR 3B4e NFR 3B1b NFR 3Bla NFR 1A4ciii
12.5% 10.8% 9.3% 9.0% 8.6%
Food and beverages Solid Waste Coating Distribution of olil Road transport:
industry disposal onland  applications products Passenger cars
NMVOC 82.0%
NFR 2H2 NFR 5A NFR 2D3d NFR 1B2av NFR 1A3bi
7.8% 6.5% 5.6% 4.9% 3.7%
Manure management
Sheep
NFR 3B2
3.4%
Other fugitive emissions -
) Aluminium
from energy production .
(Geothermal energy) production
SQ 89.7%
NFR 1B2d NFR 2C3
71.7% 18.0%
. . Urine and dung Manure Manure
Animal manure applied tc - Manure management
) deposited by management ) management
soils . . - Dairy cattle )
grazing animals  Sheep Non-dairy cattle
NHs 86.6%
NFR 3Da2a NFR 3Da3 NFR 3B2 NFR 3Bla NFR 3B1b
29.0% 18.6% 15.6% 13.5% 9.9%
Road transport: - National
. __ . Aluminium . o
Nationalfishing Automobile road . Ferroalloy production navigation
) production A
abrasion (shipping)
NFR 1AA4ciii 1A3bvii NFR 2C3 NFR 2C2 NFR 1A3dii
PM2.5 82.3%
26.3% 24.5% 16.6% 5.6% 3.4%

Road transport:
Automobile tyre and

Quarrying and
mining of minerals

brake wear other than coal
NFR 1A3bvi NFR 2A5a
3.3% 2.6%
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Key categories Total
Component . . o
(Sorted from high to low fromieft to right and top to bottom) (%)
Road transport: Quarrying and mining c .
Aluminium production  Automobile road  National fishing ©f minerals other than onstruction
abrasion coal and demolition
NFR 2C3 1A3bvii NFR 1AA4ciii NFR 2A5a NFR 2A5b
16.7% 16.7% 15.5% 14.0% 12.7%
PM10  Farmlevel agricultural 82.3%
operations including Road transport:
storage, handling and Automobile tyre
transport of agricultural  and brake wear
products
NFR 3Dc NFR 1A3bvi
3.4% 3.3%
. Road transport: an_lrrymg and
Construction and . mining of - . . _
demolition Autorr_10b||e road minerals other Aluminium production National fishing
TSP abrasion than coal 82.2%
NFR 2A5b NFRLA3bvii NFR 2A5a NFR 2C3 NFR 1A4ciii
25.0% 19.6% 16.8% 11.8% 9.1%
Edoor:gistion in Road transport:
. _— Road transport: } National navigation =~ Heavy duty
National fishing manufacturing - )
Passenger cars . - (shipping) vehicles and
industries and buses 0
BC construction 84.7%
NFR 1AA4ciii NFR 1A3bi 1A2gvii 1A3dii 1A3biii
54.6% 12.5% 6.2% 6.0% 5.5%
Aluminium production
Cco 94.3%

NFR 2C3
94.3%
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Tablel.2 Key category analysis for reported POP20ih9

Key categories

0,
Component (Sorted from high to low from left to right) Total (%)
Open burning of Road
Accidental fires Wzste 9 transport: Nationalfishing
DIOX Passenger car: 82 9%
NFR 5E NFR 5C2 NFR 1A3bi NFR 1A4ciii
45.7% 22.2% 8.4% 6.5%
Open burning of ~ Aluminium Ferroalloys Road transport:
waste production production Passenger cars
PAH4 82.6%
NFR 5C2 NFR 2C3 NFR 2C2 NFR 1A3bi
29.2% 19.5% 17.8% 16.1%
Clinical waste - _— Aluminium
S . National fishing -
incineration production
HCB 90.8%
NFR 5C1biii NFR 1A4ciii NFR 2C3
55.4% 20.3% 15.1%
National
National fishing  navigation
PCB (shipping) 87.9%
NFR 1AA4ciii NFR 1A3dii
62.8% 25.1%
Tablel.3 Key category analysis for reported heavy metaR0ih9
Key categories o
Component (Sorted from high to low from left to right and top tdvottom) Total (%)
Other product use Road trar_]sport:
) Automobiletyre and
(Fireworks, tobacco) b
Pb rake wear 86.6%
NFR 2G NFR 1A3bvi
68.3% 18.4%
Road transport:
Ferroallpy National fishing Ot'her product use Automobiletyre and
production (Fireworks, tobacco)
brake wear
Cd NFR 2C2 NFR 1Adciii NFR 2G NFR 1A3bvi 82.7%
33.6% 30.3% 11.2% 7.6%
.C"f"ca' v_vaste National fishing Cremation Road transport
incineration Passenger cars
Hg NFR 5C1biii NFR 1A4ciii 5C1lbv NFRLA3bi 87.9%
38.8% 30.9% 9.9% 8.3%
- National navigation
Fishing (shipping)
As NFR 1AA4ciii NFR 1A3dii 87.7%
75.4% 12.3%
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Key categories

0
Component (Sorted from high to low from left to right and top tdottom) Total (%)
Road transport:
Automobiletyre and  National fishing Ot.her product use
brak (Fireworks, tobacco)
Cr rake wear 89.5%
NFR 1A3bvi NFR 1AA4ciii NFR 2G
47.2% 32.8% 9.5%
Road transport:
Automobiletyre and Ot.her product use
(Fireworks, tobacco)
Cu brake wear 82.2%
NFR 1A3bvi NFR 2G
65.2% 17.0%
National fishing
Ni NFRLAdGiii 83.5%
83.5%
Fishing
Se 82.4%
NFR 1AA4ciii
82.4%
Road transport:
Automobiletyre and National fishing Ot_her product use Accidental fires
(Fireworks, tobacco)
7n brake wear 84.8%
NFR 1A3bvi NFR 1A4ciii NFR 2G NFR 5E
37.7% 22.3% 14.0% 10.7%

1.6 Quality Assurance & Quality Control (QRQ

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

161 . I Ol ANRdzy R AYTF2NX¥I A2y 2y LOStflIYyRQa v! kv/

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

implemented for the next submission. It is used for reporting on greenhouse gas emissions as well as
on air pollutant emissions.

The Hub is focused around three interconnecting elements:

9 arecord of comments produced by prewus reviewprocesses
i an area for planning and tracking improvement work; and
9 an area for planning QA/QC activities.

The interaction of these elements is outlinedrigurel.3 below.
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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 —
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 theentory team to link its ongoing review outcomes
and internal development ideas to its 'live' improvements list and QA/QC activities. This should
ensure that over time, Iceland's inventory submissions continue to evolve in terms of quality.
Importantly,the inventory team will be able to provide transparent evidence to the way it handles
and prioritizes its inventory improvements and QA/QC activities.

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

1 enhanced transparency of inventory compilation and reporting

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

9 improved response to, and engagement with, the international inventory review processes
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The QA/QC Hub also acts as a centralized document library for relevant training n{aiedahtify

and track the engagement of key experts and stakehaladgth the inventory team); and for the

storage of internal document templates and specific QA/QC guidance for e.g. data collection, review
and analysis.
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1.6.2 Roles and responsibilities overview

The same inventory team takes care of the greenhousd@ei&)jnventory 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 has operated with sectoral lead individuals, supported by a
inventorymanager. This has been effective at delivering a primarily complete inventory to the
required reporting obligations. During the 2018/19 cycle, Iceland made minor alterations to its
inventory team roles and responsibilities. The changes were made totré#flegrowing importance

and prioritization of effectively managing and reporting on inventory QA/QC activities. The ambition
is to ensure that Iceland's national inventory reporting be not only complete, but shown to be timely,
accurate and transparent, lvilst 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 inventory will now operate under the inventory project manager. Thetprojec
manager has overall responsibility for the completion of QA/QC activities and improvements
planning. The roles and key responsibilities are outlined below:

Inventory project manager: overall responsibility for the accurate and timely production and
submgsion of the inventory, according to the rules and deadlines specified in relevant
domestic and international legislation; The inventory project manager is responsible for the
communication with the Icelandic government and with data providers, as well as
communication with EU and UNFCCC experts/expert review teams.

Data managerresponsible for making sure that data acquisition, processing and entry into
the CRF portal is done timely

QC managerresponsible for the annual design and timely implementatdQC activities.
Sectoral expertssectoral experts are the main knowledge holders on individual inventory
sectors. They are responsible for completion of-ttaglay data processing and QC activities.
Each sector comprises 2 to 3 sectoral experts; poi@ach submission cycle, it is decided

how roles are divided between the sectoral experts, making sure that QC activities are done
by someone other than the individual who did the calculations. In addition, each NIR chapter
is proofread by one of the gerts not involved in the writing of the chapter.

1.6.3 Quality Assurance (QA)
L OS f airydlu@aét inventorywassubjected to a Stage 3 review under CLRNA®20. Iceland
submitted several revised estimates which have all been included isubmission

In many categories, activity data used for the air pollutant inventory are the same as those used for

the greenhouse gas inventories. Regular reviews of the GHG inventory thus also contributes to

increased quality of the air pollutant inventar

CdzNIIKSNJ vdzl t Ade ! 2aa3dz2NF yOS A& LINPDARSR o0& LOSt L YF
assist with and review sect@pecific methodological choices and calculations. As part of this

collaboration, the calculations for the Agriculture antste sectors were revised and improved in

recent years, whereas the calculations for the Energy sector were revised in 2018
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Furthermore, Iceland participates a Nordicinventory experts workgrougunded by the Nordic
Council of Ministerswhere invatory compilers from Norway, Sweden, Finland, Denmark and
Iceland meetegularly (one physical meeting once a year, as well as several teleconferandes)
discuss various aspects of the inventory compilatisith a strong focus on harmonizing emission
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
AadaadzsSa yR ySOSaalNE AYLNROSYSylGao ¢Kdlawsthei R2Yy S
documentation of changes and flagging of issues by use of comments starting with hashtags
including the initials of the inventory compiler/QC reviewer, the date, and one or more flags

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

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

- Recalculation checkcomparing the values reported in the current and previous versions of
the inventory.

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

- Notation keys checkto summarise the occurrence of each notation key to ensure
consistency and accuracy in the inventory.

- PAHs sum checkio ensure that the sum of the four reported PAHs equals the reported
adz2Grté t! 1 SyYyraairzyao

- Particulate Matter check to ensure thatreported TSP emissions are greater than or equal
to PMy, and similarly that reported Pidemissions 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 alsdo consider whether there are any steps of the inventory compilation process that
need improvement. In addition, reviewing the results also provides information on whether the
individual checks are well designed and comprehensive. This ensures thatli§ feom the QC
process feed back into the continuous improvement programiether details are available under
Annex Il.

Other QC activities include the following:

1 Are appropriate activity data, methods, calculations, units, emission factors andorotati
keys used?

1 Are all data sources well referenced/documented?
1 Are the emission estimate files consistent with summary filesMiRBoutputs?
9 Are there recalculations since the last submission, and if so, are they properly documented?

As the QA/QC procedairis still being implemented, sectand subsector specific guidelines on
nature and frequency of QC checks are in the process of being developed.
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1.6.5 Planned improvements for QA/QC activities

The configuration of roles and responsibilities mentioned inieadt.6.2above is still being
implemented, as well as the new QC procedures mentioned above. In the yeathiz0Rventory

team at the EA is expected to grow, and more time will be spent on finalising and fully implementing
the new QA/QC procedures. A review and possible expansion of sspeoific QA and QC activities

is planned foffuture submissionsin thefuture, it is also planned to fully document the results of QC
activities for each sector and providing evidence of such activities by including screenshots of the Q
Comments tool discussed undk6.4

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

1.7 Uncertainty Braluation

Theuncertainty analysis beingdevelopedand will be included ifuture submissios.

1.8 General Asessmenbf Completeness

The aim is to make, in the highest possible level of disaggregation, estimatekrufvati emissions

to air in the informative inventory reporThe inventory is generally complete, however there are
some pollutants and/or categories that have not been estimated at all or only for part of the time
series. The activities/pollutants not inicled in the present submission were not estimated due to

lack of emission factoris tables provided in the EMEP/EEA Guidebook, lack of data, and/or that
additional work was impossible due to time constraints in the preparation of the emission inventory.

1.8.1 Categories not estimated (NE):

In the 2020 Stage 3 review the ERT pointed out to Iceland\Bahas a different meaning in the
Guidebook and in the NFR tabkesd thatNA is the correct notation keyit is not the responsibility

of Iceland that the emissions are not estimated. Therefore, during this submission, Iceland started
reviewing all notation keys and this work will continue for the next submission.

Tablel.4 List of pollutans not estimated by sector

NFR code NFR category Pollutants not reported (NE) Reason
1A3ai(i) International aviation LTO (civil) NHs, B(a)P, B(b)f, B(k)f, IPAHS No T1 EF in GB 2019
1A3aii(i) Domestic aviation LTO (civil) NHs, B(a)P, B(b)f, B(k)f, Il§AHSs No T1 EF in GB 2019

Road transport: Automobile tyre and brake

1A3bvi wear B(a)P, B(b)f, B(k)f, Ipy, PAlibxins No T1 EF in GB 2019
1A3bvii Roadtransport: Automobile road abrasion B(a)P, B(b)f,nl?él:;fl,slpy, Phteavy No T1 EF in GB 2019
5C1bii Hazardous waste incineration Nk, B()P, Bét;)f,zli(k)f, Ipy, Cr, C No EF in GB 201
5C1biii Clinical waste incineration NHs, Phbs, le,séa)zi, BO), Blky No EF in GB 201
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NFR code NFR category Pollutants not reported (NE) Reason

NP, B(a)P, B(b)T, B(K)T, Ipy, Cr, C

5C1biv Sewage sludge incineration (202017) No EF in GB 201

Se, Zn
5C1bv Cremation BC No EF in GB 201
5D1 Domestic wastewater handling NMVOC No relevant activity data
5D2 Industrial wastewater handling NMVOC No relevant activity data
5D3 Other wastewater handling NMVOC Norelevant activity data
5E Other waste (please specify in IIR) BC,Se,HCB, PCBs No EF in GB 201

1.8.2 Categories reported as Included Elsewhere (IE)

The table below indicates the categories where the notation key IE has been used in the reporting for
some or all pollutants.
Tablel.5 Categories included elsewhere

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

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

1A3eii Transport: Other all reported 1A2gvi Mob!le com_bustlon in manufgctunng
pollutants industries and construction

. Residential: Household and gardening all reported . Mobile combustion in manufacturing

1A4bii ; 1A2gvii - ) :

(mobile) pollutants industries and construction

281 Ammoniaproduction NO. 2B10a Chemical Industry; Other (Fertilizer

production)

5C1bi Industrial waste incineration Dioxin 5Cla Municipal waste incineration
5C1bii Hazardous waste incineration Dioxin 5Cla Municipal waste incineration
5C1biii Clinical wastencineration Dioxin 5Cla Municipal waste incineration
5C1biv Sewage sludge incinerati¢®0142017) Dioxin 5Cla Municipal waste incineration

1.9 Recalculations

A recalculation filés used to identify and document all recalculatiofifis QC file compares Ye&8 x
(2018) and the base year (1990) for the current and previous submissions for all pollutants. The data
has been compiled to enable any changes in the data to be easily identified and justifications for
changes provided whenmequired. As far as possible, the recalculation check includes all reported
sectors.

The main sectespecific recalculations and improvements done for this submission are mentioned
below for each sector, and all recalculations are described in mh@tals in each subsector in the
relevant chapter.

1.9.1 Energy
The main improvements and recalculations in the energy sector are listed below.
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- A comprehensive review of all input data for the energy sectol @@02002was performed
which caused several relcalations for some subsectondowever, the changes included
mainlya re-attribution of fuel use to various subsectors, based on the newest available data
from the National Energy Authority, but total fuel use remaimsstlyunchanged.

- All pollutant emisions from road transport were recalculated with COPERT.36 Now
COPERT model is used for all calculations of pollutants for road transport for the whole
timeseriesHowever, TSP, P PMyand BC from studded tyres are calculated separately
for thefirst time, as there is not an option to include studded tyres in COPERT, see chapter
3.5.2

- Country specific carbon content has been acquired and utilized fotigasmd diesel oil.

- Improvements have been made in collaboration with the Icelandic Transport Authority to
make more precise allocation of the vehicle fleet to specific Euro Standards based on the
model year of vehicles.

- Data from the NEA has now been further discerned between categories. This has caused
reallocation of significant amounts of fuel from 1A2gvii to specific mobile combustion
categories that are relevant to the NEA discernment, i.e., mobile machinery irrectis
(1A2gv) and Offoad vehicles and other machinery in Agriculture/Forestry and Fishing
(1A4cii)

- For previous submission electrode waste from the cement factory was reported un 1A2f.
However, it was concluded for this submission that this actiwatyadvas for electrode waste
which was exported as waste but not used for combustion. Therefore, electrode waste was
removed from the inventory. This caused recalculations for 188@ and 2002010.

1.9.2 Industrial processes and product use (IPPU):
The main ecalculations and improvements for Industrial processes and product use are:
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- In 2D3a, Domestic solvent use including fungicides, Hg was not estimated due to uncertainty
around the releases according to the 2019 EMEP/EEA Guidebook.

- In 2C2, ferroalloy prodtion, PMy, PMesand BC emissions from Si production for the year
2018 were calculated as a percentage of TSP using the same ratios as in Table 3.1 in the
EMEP/EEA Guidebo@EEA, 2019)ince the year 2018 the TSP emissictofa are based on
information from the factory instead of EMEP/EEA Guidebook.

- In 2D3c and 2G there are recalculations in the dioxin emissions for the whole time series due
to aunit error occurred for the last submission.

1.9.3 Agriculture
The main recalculations and improvements in the Agriculture sector include:

- For the current 2021 submission, parameters, e.g. emission factors used iAfline N
methodology were updated from theD26 EMEP/ EEA Air Pollution Inventory Guidebook to
its newest 2019 edition. This affects the pollutantssBitl NQ. These changes affect the
categories 3B and 3D2a and 3Da3.

- The gross energy (GE) for mature dairy cattle was changed for the year2@DA® avoid a
step change between 2017 and 2018. The previous data collection of feed digestibility
parameters referred to the year 2012 and the new data to the year 2018. This recalculation
affects the Nex rate and therefore all emissions connected to peridte of mature dairy
cattle.
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- Regarding NMVOCs the emission factor for rabbits as per 2019 EMEP EEA Guidebook was
used for the whole time series while in the past submission these emissions were calculated
using the emission factor of fur animals.

- Particulate emissions under 3Dc show recalculations for the whole timeseries due to changes
in the cropland areaas communicated by the data provider Soil Conservation Service of
Iceland

1.9.4 Waste
The main recalculations include:

- In accordance with the 2020 S8 review comment (IS_Waste 2020 _Q6_5C1bv) Iceland
submitted a revised estimate. There was a unit error in the calculations of emissions of IPy
which cause an 1000x overestimations of the emissions. This was corrected for this
submission for all years.

- Duing the 2020 Stage 3 review Iceland submitted a revised estimate for dioxin emissions
from open pit burning for 199@003. It was recommended that Iceland uses an emission
factor of 400 pg/t for 19941995 which is presented in Standardized Toolkit fontifieation
and Quantification of Dioxin and Furan Releases from 2012. This caused recalculations for
19901995, and also for 1998002 as those years are extrapolated from 1995.

1.10 Planned improvements

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

- Adding a comprehensive uncertainty analysis

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

- Review and update all relevant emissfaators with the 2019 EMEP/EEA Guidebook values

- Reviewing and updating the overall workflow for preparing the inventory, including more
quality checks and croshecks between data sources

- Review the layout of the Informative Inventory Report

Furthermore several sectespecific improvements are planned. The main improvements are
mentioned below for each sector, and all planned improvements are described in more details in
each subsector in the relevant chapter.

1.10.1 Energy

For future submissions there is neaalliarmonize energy data processing between various
organizations (such as EA, thational Energy Authority and Statistics Iceland), produce a complete
uncertainty analysis, as well as update the IIR tetreover, plans are underway to make emission
calallations for national navigation, fishing and aviation tido2future submissions.

1.10.2 Industrial processes and product use

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

1.10.3 Agriculture
No major improvements are planned in thisegory a part of improving activity data collection.
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1.10.4 Waste

The main planned improvements in tixastesector are tareview all emission factors for

incineration of wastdor next submission. For future submissions it is planneali further

information onthe methodological information to the IIR, update the uncertainty analysis, improve
activity data and estimates for wastewater handling and 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 Iceladiffers from that seen for other European countries faaage of
reasons

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

1 Geothermal energyisused for space heating in over 90% of all homes. It should be noted,
though, that significant amounts sllphuras hydrogersulphide(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

1 Emissions fronmindustrial processesespecially from noffierrous metal production, have
higher share in Iceland than in most other countries. This can be seen in the faatabatl
75% of the electrity produced in Iceland in 2@ was used in the metal production industry.
The production capacity has me@ased considerably since 1990.

The emissions profile in Iceland is further influenced by the fact that Iceland was severely hit by the
economic downtrn in 2008, when its three largest banks collapsed. During the years prior to the
crisis the economy experienced a significant upswing, resulting among other things in an increase in
fuel consumption. The crisis resulted in a serious contraction of tbeeuy and as a result, oll
consumption decreased. The result of this can be seen in several pollutants associated with fuel
consumption, with a clear peak in 2007, or the year preceding the crisis. In recent years the economy
has been experiencing an upsigiand the number of tourists to the country has increased

significantly, leading to risirfgel consumption.

2.2 Emission Trends for NONMVOCSQ, NH, Particulate Matter, BC and CO

The total amount o5Q, NQ, NH, NMVOC, CO, RMPM s, TSRand BGmissions in Iceland in 1990
and2019is presented iTable2.1, and an overview of all key categories for these pollutants is
included in Annex Il

Nitrogenoxides NO,), nonmethane volatile organic compounds (NMVOC), carbon monoxide (CO),
ammonia (NkB) and particulate matter (TSP, RIMPMs) have an adverse effect on human health
and the environment. Iceland implemented the National Erais€leiling Directive 2001/81/E6t0

its legislation in 2009, with emission target reductionsNi@, SQ, NMVOC and NHto be reached

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

are also calculated to compivith the reporting requirements of the UNFCCC. A short description of
the trends of those pollutants is given in the following section.
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Table2.1 Emissions d8Q, NG, NH;, NMVOC, CO and PM in 1990 26d9.

NO. NMVOC sQ N5 PMps PMpo TSP BC co
[kt] NO, ki [kt] SO ki [k ki ki] ki] [ki]
1990 30.89 9.55 23.98 497 127 233 443 043 70.60
2019 21.01 5.22 58.39 451 125 234 397 031  106.49
Change 1992019 32% -45% 143% 9% 2%  01% -11% -28%  51%

The emission trends of the total NOx, NMVOG, 8B, CO, PMs, PMyo, TSRand BGmissions
relative to 1990 levels is shownkigure2.1. The emissions of $S@aveincreased significantly since
1990 levelsThis includes 43 from geothermal plantsall sulphurspecies emitted are to be
reported, as Sgequivalents CO emissios haveapproximately doubledince 1990. The most
significant decrease in emissions are NMVOC emissions whichicumdy halvedsince 1990 levels.
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Figure2.1 Trends in NQ NMVOC, SONH, PMs, PMio, TSP, BC and CO emissions (% of 1990 emissions).

For the current inventory yeathe emissions of all pollutants included in the NECD 2001/81/EC were
below the emission maxima set by tRB0LNECD: For SGhe target was 90 kt anldas not
exceeded durig the reporting period; FAWQ, the maximum allowedk 27 kt, and the emissions
have been below that value since 2008; For NMVOC, the maximum alis@&é#t, 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 6 kt since 1990,
below the maximum allowed of 8 kAs ofApril 2020, no emission targets have been set yet for
Iceland for 2030 anthe incorporationof the new NECKDirective 2016/2284into the EEA istill
pending

2.2.1 Trends in sulphur oxidesSQ (SQ)) emissions

In 2019, total sulphur emissions in Iceland, calculated as 8@ includingall sulphurspecieqsuch as
H.9), were 143%above the 1990 leveThe keycategoriedor sulphur emissionare geothermal

energyandmetal production Figure2.2 shows the sectoral emission trends since 198 main
sources foiSQ include:
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1 Geothermal energfNFRLB2d): Geothermal energy exploitation is the largest source of
sulphur emissions in Iceland. Sulphur is emitted from geothermal power plants in the form 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 S€missions have startedecreasing
following the onset in 2014 of a sulphur capture and storage project (Sulfix) at one of the
geothermal power plantgHellisheidi Power Plant)

1 Metal production (NFR2CO): Emissions from industrial processes are dominated by metal
production. Uil 1996 industrial process $S@missions were relatively stable. Since then, the
metal industry has expanded which has ledtstantiallyincreased emissions of SO
Sulphurcomes mostly from impurities in the carbon reductants used in the metal production
process.
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Figure2.2 SQ emissions by sector, since 1990.

Volcaniceruptions contribute significantly to sulphur emissipaad emissions from this soureee
reported as a memdem for the years during which eruptiorscurred the last three eruptions
since 2010 are

1 2010 Eyjafjallajokull. The eruption lasted frald April until23 May. During that time 127 kt
of SQ were emitted or 71% more than totahthropogenicemissions in Iceland in 2010.

1 2011 Grimsvotn. The eruption lasted frod until 28 May. During that time 1000 kt of SO
were emitted or 12 times more than totahthropogenicemissions in 2011.

1 20142015: HoluhraunA large eruption started 089 August 2014 and ended &y
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 in nitrogen oxidedNCy) emissions

In 2019, total NO,emissions in Iceland wef22% below the 1990 levelhe main sources of nitrogen
oxides NQ) in Iceland ardishing, metal prodution, transportandmobile combustion in machinery,
construction and other offoad vehiclesFigure2.3 shows the 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 in unasly distant fishing ground&ince 1996, the
emissions have generally been decreasing, with however large annual variations due to
changes in fish stock size and locatiBmissions remaitnoughbelow 1990 levels.

1 Transport(NFRLA3) NO, emissions from transportome mostly fronroad transport. These
emissions decreased rapidly after the use of catalytic converters in all new vehicles became
obligatory in 1995even thoughfuel consumption hasignificantlyincreasedHowever, a
significantincrease in the vehicle fleet in the past few years has had a negative impact on
NGO emissions, 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 tH&, emissions have increased accordingly.
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Figure2.3 NOxemissions by sector, since 1990.

2.2.3 Trends in particulate matter (PM) and BC emissions

In 2019, TSP emissions were dd%lowerthan the 1990evel PMyincreased by).1%and PM s
decreased bp%, compared to 1990 levelBhe main sources of PM emissions are fishiniggeral
industry, in particular quarrying and mining of minerals other than coal and construction and
demolition,metal producton and transport. Volcanic activity is also a significant contribdtot,

these emissions do not count towards the national totatsl are reported under memo items
Figure2.4, Figure2.5 and Figure2.6 show the sectoral emission trends in total suspended particulate
(TSP), PMand PMssince 1990.
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9 Fishing (NFR 1A4ciitgmissions from fisheries rose from 1990 to 1996 because a substantial

TSP [kt]

portion of the fishing fleet wasperating in unusually distant fishing grounds. From 1996, the
emissions decreased again reaching 1990 levels in 2001. Emissions increased again by 10%
between 2001 and 2002. In 2003 emissions again reached the 1990 level. Emissions remain
below 1990 leved, however there are large annual variations due to the inherent nature of
fisheries.

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

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

Mineral Products (NFR 2Ayhecategoriequarrying and mining of minerals other than coal
(2A5a) and construction and demolition (2A5b) have been added for the current submission.
These two categories account for 43% of total &@®Bsions, 30% of Plemissions and 7%

of PMesemissions.
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Figure2.4 TSP emissions by sector, since 1990.

36



L Informative hventory Report, Iceland021

45
40 ,a["]\
H‘r - \l\
iJ.’ v
* ' b
35 . | N |
'Jlx ,’Jfl Lo 1)
i ' I i
# L "
F NN b
20 L
) ,li.. g B o N 'Ir'; “l.“ W
£ s o R RN L B KN —
& 20 ]
15 LN 31
10 W EEREEE
- I I
0.0
[=] — o™ om s u [Ye] ~ 0 [=a] o o o oM = o o~ g O - ~ ™M =T W M~ 00 O
(=] a O (=] c O [=1] a O (=] [ === T - T -] [T - T =] [ == T - T ] o o o N = N = o o
[} G [} G (-3} G (<3} o O O o O O o o o o o o o o O o O O o O
— — — — — — — ~NoN™N ~NoN™N ~NoN~N ~NoN™N ~NoN™N NN N NN

M1 Energy 21PPU  ® 3 Agriculture B 5 Waste

Figure2.5 PMy emissions by sector, since 1990.
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Figure2.6 PMp semissions by sector, since 1990.

Black carbon emissions since 1990 have been estimated for several subsectéiigfge27), in

particular within the Energy sector (public electricity and heat production, aviation,

fishing/navigation, road transport) and within the Waste sector (Waste incineration). For the Energy
sector, commercial fishing is the dominant source of BC emissions, with road transport a significant
contributor. BC emissions from waste have been decreasing since 1990, approximately halving since
1990, due to the decrease in open burning of waste.
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Figue 2.7 Black Carbon (BC) emission by sector, since 1990.

Volcanic eruptions contribute significantly to particulate matter emissions, and emissions from this
source are reported as a memo item for the years during which eruptioosrred eruptions from
2010 onwards are the following

1 2010: EyjafjallajokullThe 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
manmade emissions in 2010.

1 2011: GrimsvotnThe eruption lasted from 21 until 28 May. The eruption aiSyidtn was
much larger than at Eyjafjallajokull, and it has been estimated that during the first day more
sulphur and particulates were emitted than during all the Eyjafjallajokull eruption. An
estimate of the total particulates emitted has not been estigthbut the EA has scaled the
emissions of particulates using the ratiosofphur emissions from the two eruptions
(1000/127). This gives an approximate estimate of around 47,000 ktdd 13,000 kt of
PM. s As these emissions from volcanos are natuhaly are not included in national totals.

1 20142015: HoluhraunA large eruption started 081 August 2014nd ended or27
February 2015n the north of the Vatnajokull ice shedtnlike the eruptions in
Eyjafjallajokull and Grimsvotn, which werlereatomagmaticeruptions, theeruption in
Holuhraun wasneffusive eruption i.e. the lava steadily fledrout of the volcano without
explosive activity. Ash production was negligible and emissibRM,c and PM swere not
estimated.

2.2.4 Trends in ammonia (N¥l emissions
In 2019, total NH emissions in Iceland we@8%below the 1990 level. Ammonia emissions arestly
from the agriculture sector (NFR Bjgure2.8 shows the sectoral emission trends since 1990.

1 Agriculture(NFR 3)Animal manure applied to soilspanuremanagemeneandmanure
deposition of grazing animals on pastures are the main souksassions have been
fluctuating between 5 and 6 kt Nidince 1990. The main driver behind the general trend and
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its oscillations ishe trend in livestock population. Sheep and cattle are the nsaurces of
ammonia emissiongonstituting around two thirds of total Nt¢missions. NEemissions

from fertilizer application play only a minor role.
0 ‘ ‘\ Ii II || a1 | | I I : |[|[1r]| | | ||||
2.2.5 Trends in noamethane volatile organic compounds (NMVOC) emissions

m m m m
332 3
B 1Energy 2IPPU M 3 Agriculture 5 Waste
In 2019, total NMVOC emissions in Iceland wéBS6 belowthe 1990 levelMany sources contribute
to the total emissionsand the mainsourcesare manure management, solvent usgofnestic solvent

useand coating applicationfishing and food and beverage industiyigure2.9 shows the sectoral
emission trends since 1990.
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Figure2.8 NH; emissions by sector, since 1990.

1 Manure management (NFR 3BJorse and cattle manure management systems are
responsible for close to 30% of NMVOC emissions in Iceland. The variations over the years
are mostly linked to livestock populatiomudituations.

1 Solvent use (NFR 2D3Jhe 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 been increasing
steadily since 1990.

1 Fishing (NFR 1A41i Emissions froneommercial 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 1990 levels in 2001. Emissions rose again in 2002 but
have declined site 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 fisheries.
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Figure2.9 NMVOCmissions by sector, since 1990.

2.2.6 Trends in carbon monoxide (CO) emissions

In 2019, total CO emissions in Iceland were approximately double the 1990 level. Industrial Processes
were the most prominent contributor to@ emissions in IcelanBigure2.10 shows the sectoral

emission trends since 1990

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

1 Road transport (NFR 1A3Hn the earlier part of the time series, more than half of the total
CO emissions were originating from road transport. Emissions from road trarep@ been
steadily decreasing since 1990 due to advances in pollution control equipment in road
vehicles, and in 2@lthey amounted to less than 4% of the total emissions.

1 Aviation (Landing and Takeff): An apparent sudden decrease in CO emissions fhem
energy sector between 2004 and 2005 is an artefact of the use of different data sets; for the
years 1992004, emissions are estimated using fuel sales statistics and Tier 1 emission factor
from the 200 EMEP/EEA Guidelines; for the years 2201, emissions are reported as
provided by Eurocontrol.
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Figure2.10 COemissions by sector, since 1990.

2.2.7 Trends in S@ NG, NH;, NMVOC, CO, PM and BCrhgin source sectors
1 Energy sectorFigure2.11 showsemissiontrendsfor SQ, NQ, NMVOC, CO, PM and BC

the energy sector 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 sexster the same period of
time. Since 2012, the S@missions from geothermal energy have decreased due to
reinjection of geothermal sphur into the subsurface-dowever, they have started increasing
again in the past two yearEmissions oNQ, NMVOCBCand CO have beegenerally
decreasing in the energy sector since 198has thecontribution of this sector to the total
emissions of these pollutantMobile fuel combustion (fishing, transport and machinery) is
by far the largest pollutant source withihe energy sector (apart frosulphuremissions
from the geothermal industry)

1 NH: emission trendsThe trend of Nklemissions from the energy sector can be seen in
Figure2.12. These emissions increased significantly from 1990 and peaked in 2004. Since
then they have been decreasing agaihis is due to high emissions factéws Euro 1 and
Euro 2 vehiclem the road transportsector.
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Figure2.11 Trends in N@ NMVOC, Sand COBC, PMs, PMy, and TSRmissions from the energy sector (% of 1990
levels).
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Figure2.12 Trends in Nkfemissions from the energy sector (% of 1990 levels).
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1 Industrial processes and product usgector: Figure2.13 shows trends in the emissions of
SQ, NG, NH, NMVOC, CO, PM and iB@he industrial sector as a percentage of the 1990
levels. The industrial sector contributions to the total HB@Ps pdutants emissions i2019
are 10% forNQ, 30% for NMVO Q2% for SQ 94% for CO40% for PMs, 50% for PMo,

58% for TSP ankb for BC. The large increase in CO emissions from the industrial sector
(linked to the expansion in metal production capacitgs made this sector the dominant
contributor of CO emissions in Iceland. Emissions of all the reportedP@demissions
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haveincreased in the industrial sector since 19@@h the exception of N¥which has
decreasedContributions of the industrial sector to the total emissions has also increased
over that same period.
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Figure2.13 Trends in NQ NMVOC, SONH, COBC PM: s, PMipand TSP emissions frahe industrial secto(% of 1990
levels).

9 Agricultural sectorFigure2.14 shows trends in the emissions 88, NQ,, NH, NMVOC, CO,
PM and B@ the agricultural sector as a percentage of the 1990 leVidis agricultural
sector contribution to the total emissions #019is 5% forNQ, 35% for NMVOC, 98% for
NHs, 3% for PMls, 9% for PMoand 7% for TSP. The contribution of other RB®Ps emissions
to the total emissions is zero (not applicable or noimastted). No significant decrease in
emissions haveccurredin this sector since 19900, emissions have been fluctuating
around the 1990 levels with a relatively high amplitude but still remasmallcontributor
(< 5%1}o the total NO emissions throghout the period
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Figure2.14 Trends in NQ NMVOC, N&IPM s, PMigand TSP emissions from the agricultural se@oof 1990 levels).

1 Waste sectorFigure2.15shows trends in themissions 05Q, NQ, NH, NMVOC, CO, PM
and BQn the waste sector as a percentage of the 1990 leVidis waste sector contributio
to the total emissions i2019is 7% for NMVOQYQ,, SQ, NH; and CO emissions from the
waste sector contribute to less th&h5% of the total emissions for each polluta@thanges
occurring in 2003 are due to threove from operburning of waste tanunidpal waste
incineration.The prominent peaks in 2@&missions in 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 TSRmissions from the waste sect@b of 1990
levels).
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2.3 Emission Tends forPersistent Organic Pollutants (POPSs)

The total amount of dioxing?AH4, HCB and PCB dedtin Iceland in 1990 ar2D19 is presented in
Table2.2. Emissions of all PORavesignificantlydecreasedsince 1990.

Table2.2 Emission®f POPs in IcelarfP90and 2019.

v Dioxin PAH4 HCB PCB
ear [g FTEQ] I1 [kg] [kg]
1990 10.72 0.302 0.046 0.169
2019 0.46 0.088 0.029 0.025
Trend -96% -71% -36% -85%

2.3.1 Trends in @xin emissions

In 1990, the total emissiorsf dioxins in Iceland werg).7 g FTEQ. 12019 total emissions wer®.46
g FTEQ. Thiamounts toa decrease afore than90% over that time period-igure2.16 shows the
dioxin emissions by sourd¢em 1990.

Dioxins form a family of toxic chlorinated organic compounds that share certain chemical structures
and biological characteristics. Dioxins are members of two closely related families: the
polychlorinated dibenzo(p)dioxins (PCDDs; 75 congeaerspolychlorinated dibenzofurans (PCDFs;
135 congeners). Dioxins biwcumulate in humans and wildlife due to their fat solubility and 17 of
these compounds are especially toxic. Dioxins are forchethgcombustion processes such as
commercial or municipal waste incineration and from burning fuels like wood, coal or oil. Dioxins can
also be formed in natural processes such as forest fires. Dioxins also enter the environment through
the production and usef organochlorine compounds, chlorine bleaching of pulp and paper, certain
types of chemical manufacturing and processing and other industrial processes that create small
guantities of dioxins. Cigarette smoke also contains small amounts of dioxins.

Emissins of dioxins are presented in-g EQInternationalToxic Equivalents). 2,3,7,8
tetrachlorodibenzep-dioxin (TCDD) is the masixic of the dioxin congeners. Other congeners (or
mixtures thereof) are given a toxicity rating from 0 to 1, where TCDDTiseltotal dioxin toxic
equivalence (TEQ) value expresses the toxicity as if the mixture were pure TCDD.
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Figure2.16 Dioxin emissionBy sector, sinc&990

The main reason for the significant reduction of dioxin emissimasignificantdecrease in waste
incinerationbetween 1990 and 2004n recent yearghe main contributosto dioxin emissionbave
beenaccidental firegreported undemNFR5E) and bonfies (reported undeNFR5C2 open burning of

waste), and, to a lesser extentahsportand fishinglenergy sectorandaluminium production
(industry).

46

1 Waste sectoNFR 5)Practices of waste disposal treatment have undergone a radical
change iriceland since 1990. Thisose 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 threost common means of waste disposal outside
the capital area, has gradually decreased since 199@n pit burning is practically
non-existent today, the last site was closed by the end of 2010;

Inrecentyears those incineration plants have beetosed Currently thereisonly

one incineration planbperating in 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 fioonfires have

decreased since 1990, due to the fact that bordieze fewer and better controlled

Guidelines for bonfires, published in 2000, include restrictions on size, burnout time
and the material allowed.

The total amount of waste beirigcinerated has decreased,;

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 saompany in 2011

and was estimated to 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.
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1 Energy secto(NFR A): Over the time sges, the main source of dioxin 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, batgeneral the emissions from those sources are decreasing.

2.3.2 Trends inpolycyclic aromatic hydrocarbons (PAH=snissions
In 1990, the total emissions of PAH4 in Icelamde 590kg. In2019 total emissions wer@&7 kg. This

showsa decrease 085% over the time periodrigure2.17 shows the emissions by source from 1990
to 2019.

The polycyclic aromatic hydrocarbons (PAH) apéenules built up of benzene rings which resemble
fragments of single layers of graphite. PAHs are a group of approximately 100 compounds. Most
PAHSs in the environment arise from incomplete burning of cartmmtaining materials like oil, coal,
wood or wase. Firescanproduce fine PAldarticles;they bind to ash particles and sometimes move
long distances through the aifhus,PAHs have been ubiquitously distributed in the natural
environment for thousands of years. The four compounds bengg(ahe benao(b)luoranthene
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 reductionRiAH4 emissions since is a significant decrease in
waste incineration between 1990 and 2004, as discussed abowofidn. The key sectorkeading to
PAH4 emissiorsre waste, metal productiopaccidental fires andoad transport.

1 Waste (NFR 5PAH4emissions from the waste incineration have decreased by ar@296
since 1990, partly because alatedincineration plants and open pit burning have been
closed downSee a more detailed description of the decrease in waste incineratisection
2.3.1on dioxin above.
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1 Metal production (NFR 2CgBince 2005 PAH4 emissions from industrial processes (Industry)
have increased due to substantially inesed production capacity in the metal production
sector.The contribution of the sector to the total PAH4 emissions has been steadily
increasing from 2% in 1990 to arouB®% in2019. 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 aluminium and the
ferrosilicon industry. In the years 20@008 he 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 emissions from this sector are estimated to have increased by &&tox.
since 1990.

2.3.3 Trends in lexachlorobenzene (HCB)missions
Total HCE2missionsn 2019 are 72 g compared tdl52g in 1990. There ha beensignificantchanges
in HCB emissions during the period 124119, ascan be seen ifigure2.18.

Hexachlorobenzene (HCB) or perchlorobenzene is a chlorocarbon with the molecular fos8tula 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 agrpduct in the manufacture of several chlorinated
solvents.Overal| processes resulting in dioxin formation atssult in HCB emissiondCB is

considered to be probable humararcinogen HCB is a very persistent environmental chemical due
to its chemical stability and resistance to biodegradation.

Analysis of trends in HCB emissions in Iceland muisttbpreted with care as only few sources have
been estimatedwhich reflects the lack of emission factors in the 2BMEP/EEA Guidebodkor
instance, @en pit burningwasoccurring between 1990 and 2003 kthe 2019 EMEP/EEA Guidebook
does not provideemissionfactors forHCBfor open burning, thu$iCB emissions estimates from the
waste sector are almost neaxisent until 2003 In 2004 the incineration plant Kalka opened and
emission factors for HCB emissidinom incineratiorare reported in the 200 BMEP/EEA Guidebook,
and are therefore reported from 2004 and onwards.
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Figure2.18 HCB emissiornsy sector, since 1990

The main sources @stimatedHCB emissions aodinical 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 responsible f62% of the

estimated HCB emissions in Icelan@®19. Emission decreased from 1990 to 2005 because
of a reduction 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.

Fishing (NFR 1A4ciifgmissions from commercial fishing rose in the years 1990 to 1996
when a substantial portion of the fishing fleet was operating in distant fishing grounds. Since
then emissions have been following a generally decreasing trend, but with fluctuations due
to changed conditions in the fishing industry (renewing of fishing fleet, status of fish stocks,
etc), as well as different ratios of use of marine gas oil versus heavy fuel oil.

Waste incineration with energy recovery (NFR 1ATBhis activity occurred in Iand
between the years 1993 arZD12 andcontributed to HCB emissions for those years.

Metal production (NFR 2CA sudden increase in HCB emissions from industrial processes is
seen in 2004 when a secondailyminiumproduction plant was establisheéfrom2009,
production started decreasing, until 2013 where another secondary production plant
opened, reversing the decreasing trend

2.3.4 Trends in polychlorinated biphenyl (PCB) emissions

In the early years of the time series, one lo¢ tmain source of PCB in Icelamalswaste incineration,
following a decreasing trend between 1990 and 2004 as seen above for the otherTr@Bsher
main sources contributing to the PCB emission trends are within the energy sector (1A2
manufacturing andonstruction, 1A1 energy industries (waste incineration with energy recovery)
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and 1A4 fishing)The only sourcefd®CB estimated from industrial processes is secondary steel
production (2C1)The only secondary steel plant in Iceland started its actdviti2014 and closed in
2016.

Analysis of trends in PCB emissions in Iceland must be interpreted with care as only few sources have
been estimated, which reflects the lack of emission factors in th® AMEP/EEA Guidebook.
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Figure2.19 PCB emissions Bgctor, since 1990.

1 Waste (NFR 5As shown irFigure2.19, waste was responsible f@6% of the estimated PCB
emissons in Iceland i2019. Emissions are only calculated for waste incinerat@pen pit
burning was occurring between 1990 and 2003. In 2004 the incineration plant Kalka opened
and emission factors for PCB emissions from incineration are smaller tharmfrem
burning, therefore there is a significant decrease in emissions from waste from 2005.

i Waste incineration with energy recovery (NFR 1ATBhis activity occurred in Iceland
between the years 1993 arD12 andcontributed to PCB emissions for those years.

9 Fishing (NFR 1A4ciigmissions 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 emission$iave been following a generally decreasing trend, but with fluctuatitues
to changed conditions in the fishing industry (renewing of fishing fleet, status of fish stocks,
etc), as well as different ratios of use of marine gas oil versus heavy fuel oil. Those two fuel
types have very different emission factors for PEIBhing washte largest contributor of PCB
in 2019, accounting foapproximately63% of total PCB emissions.

1 Metal production (NFR 2CT.he only PCB emissions reported from the Industrial processes
and product use sector are from secondary steel production, wiitjrtook place during
three years 2014 to 2018. Fluctuations in PCB emissions during these years from this
activity reflects fluctuations in yearly production.
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2.3.5 Trends in persistent organicgllutants (POPSs) bynain source sectors
Analysis of trends in POP &sions in Iceland must be interpreted with care as only few sources have
been estimated, which reflects the lack of emission factors in th® AMEP/EEA Guidebook.

1 Energy sectorPOPs emissions trends in the energy seateshown inFigure2.20as a
percentage of the 1990 levelk 2019 the energy sector contributetb 21% arl 33% of total
dioxin and PAH4 emissions, respectivélye increase 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 sectof% of 1990 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
POPsollutant since 1990n 2019 the industrial sector contribute@5% of total PAH4
emissions15% of total HCB emissiar@®o oftotal dioxin emissionand 0% of total PCB
emissiongthe latterdue to the closure of thenly PCB source in the industrial sector, which
was asecondary steel production facilityhich operated from 2014 to 2®&). The main
source of HCB is secondary aloimm 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 fritva industrial secto(% of 1990 levels).

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

1 Waste sectorPOPs emissions trends in the waste searaershown inFigure2.22 as a
percentage of the 1990 levels 2019 the waste sector contributed t62% of total HCB
emissionsy (% of total dioxin emissiq33% of total PAH4 emissioasd 26% oftotal PCB

emissions
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Figure2.22 Trends in PORsnissiongrom the waste sectof% of 1990 levels).
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2.4 Emission trends for Heavy Metals

Analysis of trends in heavy metal emissions in Iceland musttégreted with care as only few
sources have been estimated, which reflects the lack of emission factors in taB&REP/EEA
Guidebook A complete list of categories not estimated can be found@ldablel.4. Emissiorestimate
for 1990 and2019 shown inTable2.3.

Table2.3 Estimated emissianof heavy metals, 1990 a2@19.

Pb Cd Hg As Cr Cu Ni Se Zn

[t] [t] [t] [t] [t] [t] [t] [t] [t]
1990 0.3 0.0065 0.043 0.046 0.068 066 1.5 0.033 115
2019 058 0.0063 0.009 0.030 0.077 121 115 0.03 0.87
Change 1992019 51% -4% -78% -34% 14% 83% -25% -29% -24%

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 energiyndustrial processeand wase. In 1993, waste
incineration with recovery of energy (included in the Energy sector under NFR 1Ala Public electricity
and heat production) started in Iceland, leading to an increase in Pb, Cd amtidHgmount of waste
burned with recovery of energy pkad in 2007, and after that decreased until 2013 after which year
this activity stopped. Aside from the emissions from waste incineration with energy recovery, a
prominent contributor to the Pb trendrigure2.23) is the use of fireworks (under 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 (see also discussion on POPs, in
particular doxin, in chapte.3.1).
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Figure2.23 Pb emissionby sector since 1990
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Figure2.24 Cd 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 trends for As, Cr, Cu, Ni, Se and Zn per dextept foiZn,
the trends are overall dominated by emissions from the energy seeishingcauses emissions of all
heavy metals; Arsenic emissions are influenced by waste incineration métigyerecovery, whereas
Cr, Cu and Zn are influenced by automobile tyre and brake.\Wwetre industrial sector, the main
source ofAsemissions is metal production. All other npriority heavy metals are largely produced
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by fireworks, with sharp peaks emission in 2007 where fireworks sales reached atinad

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

followed byaccidental firesThe emission pattern for Zn is differefigure2.31), with the main

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

contribute also, albeit to a lesser extenf§s waste incineratio decreased between the 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 sector 1)

3.1 Overview

The energy sector in Iceland is unique in many ways. Icelandfiestiksnong Organisation for
Economic Coperation and Development (OECD) countries in the per capita consumption of primary
energy. However, the proportion of domestic renewable energy in the total energy budaeprisx.

85%, which is a much higher sharentia most other countries. The cold climate and sparse
population call for high energy use for space heating and transport. Also, key export industries such
as fisheries and metal production are energy intensive. The metal production indus$arsed
three-quartersof the total electricity produced in Iceland. Iceland relies heavily on its geothermal
energy sources for space heating (over 90% of all homes) and electricity prodagiprox.30% of

the electricity) and on hydropower for electricity praction (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 recovey (occurring from 1992012) One exception to this is the emission efSHrom
geothermal powerplants, which is by far the largest key category in Iceland’s inventory for sulphur
(calculated as S&&quivalent).

The EA has been working with a consultiampany (Aether Itd.yince 20150 improve the Icelandic
inventory, andn 2018a complete review and restructuring of the Energy setdok place in
collaboration with experts from Aetheincluding updating/redesigning calculation spreadshests
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 Transport Authority and Statistic Iceland in order to harmaliziatasets used.
Additionally, work is underway with the EA team responsible for the surveillance of fuel imports in
order to develop countrspecific fuel specificationg particular liquid fuels.

The energysector is divided into the following sséctors:

- Enerqgy industries (NFR 1A1)

- Manufacturing Industries and Construction (NFR 1A2)

- Transport (NFR 1A3)

- Other sectors (NFR 1A4)

- Othe (NFR 15B)

- Fugitive emissions (NFR 1HB2gluding emissions from geothermal utilization)
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3.1.1 Sectoraltrendst ht Qa

{ dzY Y I NE GlFlofSa F2NJ GKS tht Qa SYT\aﬁI@.l.Eyé TNRY (KS
Table3.1 Overview of emissi@of POPs from the energy secto2Bil9(NA¢ 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] [ka] [ka]
1a1  Eneroy 339E05 NANO  NANO  NANO 0000 100804 NANO  NA/NO
industries
Manufact.
1A2 industries and 0.0022 5.82E04 0.0010 3.10E05 2.43E05 0.0016 NA/NO NA/NO
construction
1A3 Transport 0.064 0.0043 0.0067 0.0058 0.0045 0.021 0.0017 0.0032
1A4  Other sectors 0.031 0.0006 0.0025 0.0019 3.79E04 0.0054 0.015 0.020
1A5 Other 3.23E05 4.38E08 3.43E07 3.97E08 3.51E08 4.62E07 NA/NO NA/NO
Fugitive
emissions f.
1 distrbutionof =0 NANO  NANO  NANO  NANO  NANO  NANO  NANO
oil production
and energy
production
Energy, Total 0.097 0.006 0.010 0.008 0.005 0.028 0.016 0.023
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Figure3.1 Dioxinemissions fronthe energy sectorsincel990.
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3.1.2 Sectoral trends; Other pollutants
Summary tables forthenen h t Q& S e ené gy dector is shown Trable3.2.

Table3.2 Overview of emissiosF  LJ2 £ f dzii I y (G & 2DIDEIAQNDt@dpplicable, INE NotestimatédyNQ Not
occurring).

NOx NMVOC SO  NHs  PMps PMyp TSP BC co
ktNOj] [k [ktSQ] [k [ki] [kt] [kt] [kt] k]

1a1 Cneroy 00044 6.51E05 0018 NANO 5.42E05 217504 4.40E04 0000  0.0011
industries
Manufact.
1A2 industriesand  0.738 0.069 0.188 0.00014 0.043 0.043 0.043 0.026 0.212
construction
1A3 Transport 3.993 0.668 0.362 0.060 0.311 0.526 0.965 0.049 4.294
1A4 Other sectors  13.028  0.478 3.287 0.000060 0.352 0.381 0.381 0.093 1.288
1A5 Other 0.012 5.90E04 0.0021 NA/NO 455E04 0.000 4.55E04 2.54E04 0.0015
Fugitive
emissions f.
1pp distributionof o 558 41851 NANO NANO NANO NANO NANO  NANO
oil production
and energy
production
Energy, Total 17.776 1473 45.707 0.060 0.707 0.952 1.390 0.168 5.797
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(Tab_le Pb Cd Hg As Cr Cu Ni Se Zn
continued)
[t] [t] [t] [t] [t] [t] [t] [t] [t]
1Al Energy 2.76E04 9.21E05 9.21E05 1.23E04 9.21E05 1.84E04 9.21E05 4.60E04 1.23E04
industries
Manufact.

1A2  industries and 0.039 1.79E04 8.71E05 2.19E05 8.20E05 9.27E05 2.01E05 4.15E05 0.0095
construction

1A3  Transport 0.102 0.0009 0.0023 0.0050 0.043  0.840 0.173 0.0032 0.370
1A4  Other sectors 0.039 0.0020 0.0046 0.023 0026 0.165 0.966 0019  0.203
1A5 Other 1.83E06 1.37E07 3.24E06 7.77E07 4.55E06 5.00E06 1.94E07 2.55E06 0.0007
Fugitive
emissions f.
1 distributionof 00 NANO NANO NANO NANO NANO NANO NANO NANO
oil production
and energy
production
Energy, Total 0.181 0.0031 0.0072 0.028 0.069 1.006 1.139 0.023 0.583

3.2 General Methodology

Emissions from fuel combustion activities are estimated at the sector level based on methodologies
suggested by the 2006 IPCC Guidelama$the 2019 EEA/EMEP Guidebobhkey are calculated by
multiplying energy use by source and sector with pollutant specific emission factors. Activity data is
provided by the National Energy Authority (NEA), which collects data from the oil companied on f
sales by sector.

For this submissionnaissions from Road Tmaportationare estimatedusing COPERT 5.4.36. which
follows the methodology presented B019 EEA/EMEP Guidebobkr the last submission the
COPERT model was used for estimating emissions forZ0I00but for this submission it is used for
the whole timeseries 199Q019. More detailed description can be seen in chaftér2

For the 2020 submission a comprehensive review was performed on how the fuels sales data from
the NEA is attributed to IPCC/NFR sectors. For this submission the review only included the years
20032019 because the methodology used to collect the data leyNEA changed between 2002 and
2003.Forthis submission the same attribution of fuels to IPCC categories forA@3® was

performed with a review of the sales statistics. Consequently, the whole time series has been
reviewed and methodologies harmonisédm 1990 and onwards he 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 was done for each 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 (detailed description below)

- 1Ada and Commercial/Resdiential combustion sales 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 to this category.

63



L Informative hventory Report, Iceland021

Due to insufficient split in theades 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
- ltis assumedhat Green Accountingeports (andEUETSAnnual Enssion Reportérom
2013) are correct for each company and that diatasedfor 1A2a, 1A2p1A2cand 1A2f

this isthe known usage.
- Because these fuels are purchased from domesticoniipaniesthey will be subtracted

from the sales statistics receivémbm the NEA.
- The difference between known usage asales statisticss attributed to the category

1A2gviii Other Industry.

These adjustments are describedHigure3.5. For some fuel types angkars,the subtraction of

known use from sales statistics does result in a negative number indicating that usage watharore
what was sold. It is considered more likely that some data is missing from sales statistics and
therefore these values will be input as zero. This will cause more fuel used than what is in the sales
statistics, and a possible overestimate of emissionis iEthowever a very low amount compared to

the total energy emissions.

Known use

Green Accounting and ETS M

=]
=,
m,
=
=
o
]
(=
w

for companies

Subtract known use

from sales number

Input Data for 1A2a, Input data for
1A2b, 1A2c and 1A2gyiii is the
1A2f difference

elep
nduj jeury

Figure3.5 Description of adjustments in input data for NFR category 1A2
In the sales statistics received from the NEA there are erifipd categories for all fuels, labelled as

GhiKSNED ¢KS&S FdzSfta IINB | 002dzyiSR FT2NJ Ay [/ wC Ol
with the NEA to aim to attribute these fuels to specific categories.
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3.3 Energy Industries (NFR 1A1)

Energy Indstries include emissions from electricity and heat production. Iceland has extensively
utilized renewable energy sources for electricity and heat production, thus emissions from this sector
are low. For dioxin, PAH4, S4hd NMVOC waste incineration wignergy recovery is the main

source of emissions for this categoHowever, waste incineration with energy recovery has not

been occurring in Iceland since 20R&tivity data on fuel use for the energy industries are based on
data provided by the NEA armdijusted byEA 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 and geothermal energy. In recent years,
wind power development has taken place. As can be se&alie3.3, only a very small fraction of
electricity is produced with fuel combustionleetricity 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 facilities have emergency backup fuel combustion
power plants whictare usedvhen problems occur in the distribution system. Those plants are,
however, very seldom used, apart from testing and duriraintenance.

Informative hventory Report, Iceland021

Table3.3 Electricity production in Iceland (GWh).

1990 1995 2000 2005 2010 2015 2018 2019
Hydropower 4,159 4,677 6,350 7,015 12,592 13,781 13,813 13,461
Geothermal 283 288 1,323 1,658 4,465 5,003 6,010 6,018
Fuelcombustion 5.6 8.4 4.5 7.8 1.7 3.9 1.9 2.7
Wind power NA NA NA NA NA 10.9 4.4 6.6
Total (GWh) 4,447 4,974 7,678 8,681 17,059 18,799 19829 19489

Geothermal energy was the main source of heat production in 28bthe district heatintacilities,

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 in the distrilt system. Three district heating facilities bedh

waste to produce heat andiere connected to the local distribution systemowever since 2013 no
more waste burning with energy recovery is occurring in Icel&miissions 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 for heat production was reported by the NEA for,2010
2011, 2018 and 201Biomethane was used for electricity production in 2I®7.The use of
residual fuel oifor electricity productiorin 2007 was muchigher than in surrounding years. In 2007
a new aluminium plant was established in IcelaBécause the Karahnjukar hydropower project
(hydropower plant built for this aluminium plant) was delayed, the aluminium plant was supplied
with electricity for a wile from the distribution system. This led to electricity shortages for the
district heating system and industry depending on curtailable energy leading to increased fuel
combustion. The different fuel composition from year to year (waste, fuel) effeetégk (Implied
Emission Factor). For example, the IEF for dioxin in 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 distition system caused by snow avalanches in northwest
Iceland (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).
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Table3.4 Fuel combustion and waste incineration (kt) for electricity and heat production.

1990 1995 2000 2005 2010 2015 2018 2019

Gas/Diesel oil (electricity) 1.30 1.09 1.07 0.021 1.01 1.19 0.74 1.24
Residual fuel ail (electricity) NO NO NO NO NO NO NO NO
Biodiesel (electricity) NO NO NO NO NO NO 0.016 NO
Biomethane (electricity) NO NO NO 0.29 NO NO NO NO
Residual fuel oil (heat) 2.99 3.08 0.12 0.20 NO 0.14 NO NO
Solid waste (heat) NO 4.65 6.05 5.95 8.11 NO NO NO

Emission factors ar€ier 1 factorgaken from the2019 EMEP/EEBuidebookChapter 1.A.1. Energy
Industries, Tables-8 (Gaseous fuels);5 (Fuel oil) and-8 (Gas oil))Emission factors for the
burning of waste wittenergy recovery are taken fronable 32 of chapter 5Cla of th2019
EMEP/EE&uidebook Due to the lack of emission factors given in 2049 Guidebookhe following
pollutants are not estimated:

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

3.3.1.2 Recalculationand improvements

1Alai: ElectricitgsenerationRecalculations were performed for this sector for the whole time
series. This entailed adding biodiesel too the calculations for several air pollutants. This caused an
underestimation in last years submission of several air pollutamt®018.Furthamore, the NEA
reviewed the allocations of gas/diesel oil to electricity generation which caused a 7% decrease in
activity data in 1990 with subsequent decrease in emissions in the base year.

1Alaiii: Heat PlantRRecalculations were performed for this sector the time period 1996002.
This was due to the review of the activity data which now includes fuel sold. This changed the
amount of residual fuel oil used in heat plants.

Due to the review of all input data for the energy sector for 22027 (see chapte3.2) there were
recalculations for all pollutants in sector 1Ala for that tinezipd. Changes in sector 1Ala were
because for previous submissions the fuel used for electricity had been calculated based on
electricity production. For this submission fuel sold to energy production is used, which is a part of
the official sales statigts from the NEA.

The degree of recalculations varied between pollutants, but in the year 2018 there was an increase

of 2.1% for SOx, particulate matter, all heavy metals and IPy. For the base year 1990 activity data for
electricity generation was reducdny 7% with a reduction in all estimated air pollutants by between

0.17¢n dy:’s RSLISYRSYyd 2y SFOK FANI LRtfdzil yiQa akl NB
Planned improvements

For future submissions work is underway to review the emission data from geothermal powesr plan

with respect to heavy metals in particular.
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3.4 Manufacturing Industries & Construction (NFR 1A2)

3.4.1 Manufacturing industries, stationary combustion (NFR 1AGn

3.4.1.1 Activity Data

Information on the total amount of fuel used by the manufacturing industries visaioed from the
NEA andaittributed to the various subsectotsy EA(seechapter3.2) as well as using data reported
under the Green Accounting and EU ETS for tlgefacompaniesFuel consumption in the fishmeal
industry from 1990 to 2002 was estimated from production statistics, but the numbers for&2@03
onwards are based on official sales statistics from the NEA.

The difference between the given total for tector and the sum of the fuel use of the reporting
industrial facilities are categorized as D&Ri other nonspecified industryThe total fuel
consumption per fuel typean be seen iffable3.5. Emissionfrom fuel use in the ferroalloys
production is reported under 1A2a. Emissions from the cement industry (the single operating
cement plant was closed down in 2011) and the mineral wool production are repornier 1A2f.

For PAH4, emissions from the miakwool production are not estimated, and for dioxin, emissions
from the cement industry are reported under industrial processes (2A1).

Table3.5 Fuel use (kt), stationary combustion in the manufactuniayistry.

1990 1995 2000 2005 2010 2015 2018 2019
Gas/Diesel oil 5.07 1.13 8.92 15.20 4.04 3.36 0.61 2.77
Residual fuel oil 55.90 56.17 46.15 25.01 13.21 9.86 5.42 2.68
LPG 0.41 0.31 0.86 0.93 1.05 0.81 1.04 1.52
Other bituminous coal  18.60 8.65 13.26 9.91 3.65 NO NO NO
Petroleum coke NO NO NO NO NO 0.028 0.037 0.039
Waste oil NO 4.99 6.04 1.82 1.36 1.59 1.25 0.70

3.4.1.2 Emission factors

PAHand dioxinemission factors for liquid fuels are taken from tabid gTier 1 EF for 1A2
combustion in industry using liquid fuels) from chapter 1.A.2 of20#9 EMEP/EEBuidebook
However, it is assumed that the PAH emission factors given in the Tdldbdildbe in ug/GJ rather
than mg/GJ (after comparison with Tabk33, Volume 1.A.4PAHand dioxinemission factors for
gaseousuels are taken from table-3 in the same chapter of the EMEP/EEA Guidebook.

The emission factors for dioxamd PAH4are presentd in Table3.6.

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

Dioxin B(a)P B(b)F B(K)F IPy PCB HCB
Mg FTEQG]  [Mg/GJ] [Mg/GJ] [Mg/GJ] [mg/GJ]  [MO/GI]  [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 1.5 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, electrodes residues and petroleum coke are only used in the cement plant; all dioxin emissions from the cemeatrpiamited
under 2A1. PR: profile ratio.
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SQ,NQ, COandNMVOGCemission factorsire taken fronthe 2019 EMEP/EEA Guidebo&kilphur
emissions from use of petroleum coke occur in the cement industry. Further waste oil has mainly
been used in the cement industand for fishmeal productionEmission estimates for Sfor the
cement indistry are based on measurements.

This inventory includes emissions of Particulate Matter and Heavy Metal emissions for all fuel types,
based on Tier 1 emission factors taken from Tabi2gsblid fuels), 3 (gaseous fuels) and43
(liquid fuels) in the2019 EMEP/EEA Guidebomk 1A2.

Due to the lack of emission factors given in #8149 Giidebook the following pollutants are not
estimated:

- Allliquid fuels and LP®IH;, PCB, HCB
- Other bituminous coalNH

3.4.1.3 Recalculationand improvements
- For19902002 some fuels were moved from 1A2gvii to 1A5 because of lack of reference of
where these fuels were used. This does not increase the total emissions from the energy
sector.

- For previous submission electrode waste from the cement factory was repantdd\2f.
However, it was concluded for this submission that this activity data was for electrode waste
which was exported as waste but not used for combustion. Therefore, electrode waste was
removed from the inventory. This caused recalculations for 188@ and 2002010.

- [tD 6la NBY2OSR FTNRY M! HIABAAA | OO2NRAYy3I (G2 b
in activity data by 0.1% in category 1A2 with respective decreases in air pollutant emissions.

3.4.1.4 Planned improvements
There are no planneiinprovements.

3.4.2 Manufacturing industries, mobile combustion (NFR 1A2gvii)

3.4.2.1 Activity data

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

previous submissiongctivity data and information available from thatibnal Energy Authorityid

not allow to separate fuels sold to machinery in construction, agriculture or other uses for the entire
time series, but providédata on fuel sold from fuel delivery trucks (as opposed to fuel sold at petrol
stations) Thus ategory 1A2gvii offoad vehicles and other machinery inclutal emissions derived
from fuels sold to offoad machinery, including Agriculture/Forestry/Fishing:-1©#d vehicles and

other machinery (1A4cii ) as well as transport activities not repamtedker road transport such as
ground activities in airports and harbours (1A3eii). The laterOF G SI2NASA F NB YI NJ SR
NFR tableand are all included under 1A2gwiowever, in this submissions the data onafad

vehicles and machinerprovided by the NEA has been separated for the newest inventory year
between construction, agriculture and othekctivity data for fuel combustion are givenTiable3.7.

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

1990 1995 2000 2005 2010 2015 2018 2019
Gas/Diesel ol 37.98 46.74 61.89 67.78 32.23 33.08 31.44 24.84
Other Kerosene NO NO NO 0.02 1.17 0.16 0.027 0.029
Biodiesel NO NO NO NO NO NO 0.028 0.028
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3.4.2.2 Emission factors

Emission factors for dioxéirom this sectod N& G F 1Sy FNRY &' GatAaLill dAft fd
(Statistics Norway, 2002Jhey are 0.1 pg/t fueBaP and Bb&missions are estimated from this

sourcewith 2019 EMEP/EEA Guidebatdfault emission factors from table Bin chapter 1A4 Non

road mobile machinerySQemissions are calculated from thec8ntent of the fuels. Emission

factors for N@Q CONMVOC particles as well as BC are the default values from the 2019 EMEP/EEA
Guidebook (Table-2, chapter 1A4).

3.4.2.3 Recalclationsand improvements

As a part of the revig of activity data fuel used for mobile machinery has now been separated in too
three categories. These are mobile machinery in agriculture, construction and other. Therefore
activity data that was in 1A2gviii in previous submissions has decreasectaighjfin 2018.

However, this has not caused a decrease in emissions from the energy sector as a portion of this fuel
has been reallocated to 1A4cii and 1A2§anned improvements

3.4.2.4 Planned improvements

For future submissions it is planned to extrapolasadregarding the distribution of fuel between

the three categories, 1A2gv, 1A2gviii and 1A4cii. This is now only represented in 2019 as the NEA
suggests in their dataset.

3.5 Transport (NFR 1A3)

3.5.1 Civil aviation (NFR 1A3a)

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

(1A3ai(i)), Domestic LTO (1A3aii(i), International cruise (1A3ai(ii) and Domestic cruise (1A3aii(ii)). As
RSTAYSR o0& 9dz2NRO2y i NRT f dintoutqup to ¢ Kefghtzbt $0R0 ft), lfitalA 2 dzii =

F LILINBF OK O0FNRBY | KSAIKG 2F onnn Flo0X tFYyRAY3I |y
3000 ft. up to the cruise level, cruise, and descent down to a height of 3000 ft. Emissions occurring

during LTO of both domestic and international flights are included in national totals, whereas
SYAaaArAz2ya 200dz2NNAYy3I RdzZNAYy3a (GKS ONMHzAaS LI NI 2F (K
not counted in the national totals.

Emissions for the years 20@919 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 NG&Q, CO, NMVOC, TSP, R&hd PMs.

For the years 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), with sales data allowing thendistin between international and
domestic use.

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

3.5.1.1 Activity data

Activity data is provided by the NEA, whichllects data on fuel sales by sector. This data
distinguishes between national and international usage. In Iceland, there is one main airport for
international flights, Keflavik Airport. Under normal circumstances almost all international flights
depart andarrive from Keflavik Airport, except for flights to Greenland, the Faroe Islands, and some
flights with private airplanes which depart/arrive from Reykjavik airport. Domestic flights sometimes
depart from Keflavik airport in case of special weather comalit Oil products sold to Keflavik

69



J))

airport are reported as international usage. The deviations between national and international usage
are believed to level out. Activity data stems from different dedarces depending on the year:
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- 19902004: Use of jekerosene and aviation gasoline is based on the NEA's annual sales
statistics for fossil fuels.

- 20052019 Fuel activity data is included in the Eurocontrol dataset. However, the dataset only
includes total amount of fuel burnt (in kt), without differeating between jet kerosene and
aviation gasoline. Since these two types of fuel have slightly different NCV’'s (44.3 TJ/kt for
aviation gasoline, 44.1 TJ/kt for jet kerosene), in order to obtain total fuel activity data in TJ,
the NEA's annual sales statist were used as an approximation of the ratio of aviation
gasoline to jet kerosene to calculate a weightiagerage NCV, which was used to convert the
total burnt fuel reported by Eurocontrol into TJ.

Activity data for fuel sales for domestic and interioatl aviation are given iifable3.8 and Table
3.9. Note that theseare the sales statistics provided by the NEA, and do not include information from
Eurocontrol.

Table3.8 Fuel sales (kt.), domestic aviation.

1990 1995 2000 2005 2010 2015 2018 2019
Jet Kerosene 8.92 8.41 7.87 7.39 6.07 5.99 7.45 8.44
Aviation gasoline 1.68 1.13 1.10 0.87 0.65 0.50 0.35 0.37

Table3.9 Fuel sales (kt), international aviation

1990 1995 2000 2005 2010 2015 2018 2019
Jet Kerosene 69.40 74.64 129.15 133.20 119.52 213.74 407.54 303.31
Aviation gasoline 0.20 0.18 0.03 0.40 0.01 0.01 NO NO

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

- Emission factors for dioximere taken from the Standardized Toolkit for Identification and
Quantification of Dioxin and Furan Relea@gBlEP, 2008) Y R FNB Y & ! Gaf A LI GAf
RA 2 EA Y S KBtafistich NMohEyS2002)

- PAH4 emissions were not estimated as no emission factors are included 201Be
EMEP/EEA Guidebaahor are those emissions estimated by Eurocontrol.

- SQ,NQ, CO and NMVOC emissions were calculagidg a tier 1 emission factor from table
3-3in the2019 EMEP/EEA guidebook.

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

In order to allocate emissions to LTO and Cruise, respectively, a distributioniastaalculated
using the 2005 Eurocontrol data flwrel 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 Euoodrol dataset without further calculations, with the
exception of dioxirand BGor which estimates were not provided in that dataset. Dioxin was
therefore calculated in the same way as for the period 12004.BC was estimated for 2029017
using the faction 15% of TSP, which is presented in the 2019 EMEP/EEA guidebook.
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The emission factors for the period 192004 are presented ifiable3.10.

Table3.10 Emission factors for dioxin, NG@CO and NMVOC by fuel tyy#990-2004 (Except dioxin, wheEd apply for
1990-2016)

Dioxin NO« CcO NMVOC

[ug FTEQ/t fuel] [kg/t fuel] [kg/t fuel] [kg/t fuel]
JetKerosene 0.06 4 1200 19
Aviation gasoline 2.2 4 1200 19

3.5.1.3 Recalculationand improvements

Recalculations were done for this sector as a part of the activity data review for20@20which
caused an increase in emissions. This did not cause an increase in emissions for the total energy
sector because this was kerosene fuel that had previously been reported under 1A4.

3.5.1.4 Panned improvements
Planned improvementare to enhance thisategory to tier 2 in future submissions.

3.5.2 Roadtransport (NFRLA3D)
This sector covers the emission estimates from exhaust emissions from various types of road
transportation vehicles

3.5.2.1 Methodology

The transport model COPERY.36(developed by Emisia S&asused toproduceemission
estimates forall pollutantsfor the whole timeseriesThe following text is taken from the COPERT
website regarding the applied methodoldgy

G ¢ KS /nmeth@eolohy is part of thEMEP/EEA air pollutant emission inventory
GuideboolkF 2 NJ G KS OF t Odzf  GA2Yy 2F AN LRftdzityld SY.

Data acquiredrom Emisia was used to estimate emissions for the years-2090, 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.

Forother input parametersn COPERThe same data as for 2018 was uded2019 except for
numbers of vehicles where country specific data was obtained from the Icelandic Transport
Authority. Moreover, country specific fuel data has now been added on the ratio of carbon to
hydrogen to oxygen in gasoline and diesel.

Calculations of S@missions in COPERT are based on country specific sulphur content in fuels, where
it is assumed that all sulphur is converted to.SEduntry specific measurements are only available

from 2006, so foprevious years the maximum allowed sulphur content according to European
regulations was used as an approximation.

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

3.5.2.2 Activity data
A comprehensive dataset for COPERT was purchased from Emisia for the yeé2811®9(his data
was used where country specific data was not available. The country specific data that was used was;

1 Average temperature values werdtained from the Icelandic Met Office.

8 https://www.emisia.com/uilities/copert/
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1 Vehicle stock numbers for 202019 were obtained from the Icelandic Transport Authority.

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

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

In Table3.11the total use of diesel gifasolineand biofuels can be seen. Thene based on the
NEA's annual sales statistics foels in road transport.

Table3.11 Fuel use (kt), road transport.

1990 1995 2000 2005 2010 2015 2018 2019

Gasoline 127.81 135.60 142.60 156.73 148.21 132.47 127.10 118.74
Diesel oil 36.57 36.86 47.46 83.48 106.43 126.37 178.91 180.86
Biomethane NO NO 0.006 0.039 0.595 2.18 1.38 1.49
Biodiesel NO NO NO NO NO 11.92 15.29 14.88
Biogasoline/Bioethanal NO NO NO NO NO 1.93 6.09 6.24
Hydrogen NO NO NO 0.00001  0.002 NO 0.001 0.001

Data for 1992016 from COPERT included numbers of vehicle and kilometres drivegicforehicle
category. Total fuels sales from the NEA were input into COPERT, which then estimates fuel use for
each vehicle category based on numbers of vehicle and kilometres driven.

Dataset about usage of studded tyres (for BMPM,, TSP and BC eni@ss within automobile road
abrasion) was obtained from the city of Reykjavik (for 20009) and the city of Akureyri (for 1990
2019).

3.5.2.3 Emission factors
All emission factors in COPERT are based on the Tier 3 methodology in the 2019 EMEP/EEA
Guidebook which are presented in chapter 3.4 in the guidebook.

Emission factors for automobile road abrasion due to studded tyres are based on a Swedish research
on studded tyre wear from pavemefGustafsson, et al., 200Fmssion factors for studded tyres of
passenger cars and light duty trucks and 50 times higher than fosnumided tyres for PM.

The same particle size fraction factors and BC fraction factors based on 2019 EMEP/EEA Guidebook
are used for both studded amibn-studded tyres.

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

1 Studded tyres are banned from Aprill® October 31 each year. During this period the
usage is assumed to berp.

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

1 Since 1990 the population Ihg in the capital area has been 62% on average. The other 38%
are living otside the capital region. There, the studded tyre usage is assumeel tleebsame
as in Akureyri.

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

Recalculations in 1A3b are mainly due to updated input data from COPERT and/or updated
assumptions in the COPERT model. However, default valuesetor activityi.e. kilometres driven

per vehicles typechanged. This caused some vehtglges to drive more and others to drive less

which changed the emissions. The most significant change in the base year was 66TJ withdrawn from
heavyduty trucks while 65TJ were added to lighity vehicles. In the latest year 213 TJ were

withdrawn from Ight duty vehicles whilst 196 TJ were added to passenger cars. Net change in
allocated energy to the vehicle fleet was <0.001% in both the base year and the latest year.

Calculation of PMs, PMy, TSP and BC emission from studded tyres is now includiis in

submission for 1.A.3.b.vii (Automobile road abrasion). This caused significant recalculations of the
beforementioned pollutants. The increase was approximately 62%, 68%, 75% and 26%sor PM
PMo, TSP and BiGr 1A3h respectively.

3.5.25 Planned improvemds
Forfuture submissiosit is planned, in collaboration with the Icelandic Transport Authority, to
develop procedures to obtain enhanced data on vehicle stock and mileage data for COPERT

3.5.3 National navigation (NFR 1A3dii)
Emissions are calculated by riplying energy use with a pollutant specific emission factor.

3.5.3.1 Activity data
Total use of residual fuel oil and gas/diesel oil for national navigation is based on the NEA's annual
sales statistics for fossil fuels. Activity data for fuel combustion asngivTable3.12.

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

1990 1995 2000 2005 2010 2015 2018 2019
Gas/Diesel oil 11.75 7.04 3.43 6.20 8.46 7.89 8.46 11.88
Residual fuel oil 7.17 4.76 0.54 0.88 2.61 0.44 5.21 4.82

3.5.3.2 Emission factors

Emission factors faall pollutants are T1 emission factors from the 2019 EMEP/EEA Guidebook on
navigation (Shipping), Tables 3.1 (bunker fuel oils) and 3.2 (n@igsel/gas oil) All emission factors
are presented imable3.13.

Table3.13 Emission factors for national navigation 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 kglt 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 12 20
NO, NMVOC CcO TSP PM10 PM2.5 BC
kglt fuel kglt fuel kalt fuel ka/t fuel kglt fuel kalt fuel % of TSP
Marine diesel oil 78.5 2.8 7.4 15 15 14 31%
Bunker fuel oil 79.3 2.7 7.4 6.2 6.2 5.6 12%
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3.5.3.3 Recalculations and improvements
There are no recalculations.

3.5.3.4 Panned improvements
There are no plannetmnprovements.

3.5.4 International navigation (memo item NFRLA3di(i))

The reported fuel use numbers are based on fuel sales data from the retail suppliers. The retail
supplier divides their reported fuel sales between international navigation and nation@atiari
based whether the vessel is sailing to an Icelandic or agote@rbor (regardless of flag)

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

3.5.5 Transport:Other (NFR 1A3eii)

Emissions from other transport activities not reported under road transport, such as ground activities
in airports ancharbor, are included in Mobile construction in manufacturing industries and
construction (LA2gvigince currently available activity data from the National Energy Authority do

not allow to allocate fuels sold to machinery besides agricultural machineryrachinery for
construction.

3.6 Other Sectors (NFR 1A4)

3.6.1 Commercial, institutional & residential fuel combustiomNFRLA4a, 1A4b)

Since Iceland relies largely on its renewable energy sources, fuel use for residential, commercial, and
institutional heating idow. Residential heating with 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 (Skaftarhregpsgd down in
December 2012), and the other one used the heat for heating a swimming pool (Svinafell, closed
down in 2010). Commercial/Institutional fuel combustion also includes the heating of swimming

pools with gas oil, but only a few swimming poolshi@ country are heated with oil.

3.6.1.1 Activity data

Activity data for fuel use is provided by the NEA, which collects data on fuel sales by sector. EA
adjusts the data provided by the NEA as furtbeplained inchapter3.2. 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 sector is givef @ble3.15.

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

1990 1995 2000 2005 2010 2015 2018 2019

Gas/Diesel ol 1.80 1.60 1.60 1.00 0.30 0.30 0.15 0.29
LPG 0.78 0.83 0.46 0.50 0.17 0.37 0.08 0.10
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 2018 2019
Gas/Diesel ol 8.82 6.94 6.03 3.24 1.34 0.99 0.85 0.66
LPG NO NO 0.72 0.93 1.42 0.93 1.58 1.67
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3.6.1.2 Emissiorfactors

Emission factors (EFs) for stationary combustion are téoen 2019 EMEP/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 ug/t fuel for LPG (Liquified Petroleum
Gas) and 4 ug/t for waste oil.

Emissions from waste incineration with recovery, where thergpés used for swimming

pools/school buildings are reported here. The IEF for dioxin in the sector shows fluctuations over the
time series. From 1994 to 2012 (as stated above one plant was closed down in 2010 and the other
one in 2012) waste was incineedt to produce heat at two locations (swimming pools, school
building). The IEF for dioxin for waste is considerably higher than for liquid fuel. Further waste oil
was used in the sector from 1990 to 1993. This combined explains the rise in IEF fookhe wh

sector.

3.6.1.3 Recalculationand improvements

1A4a: Recalculations were done for this sector as a part of the activity data review fo2Q920

The recalculations for 1991993. This was due to waste oil being reported in previous submissions

for those yeas. When the activity data was reviewed for this submission, no reference for this waste

oil was found and it is not included in the official sales statistics from the NEA. Therefore, this fuel

was removed from the inventory. Moreover, LPGwas reallocatéd m! nl A I OO0O2 NRAy 3 ({2
data from other sectors. This caused a 20% increase in liquid fuels in tisesta. Overall effects,

in the base year, of these changes decreased the emissions from 1A4ailb9%0except for SOx

where the decrease ammted to approximately 362%.

Recalculations in 2018 were done for TSP which was due to a revised emission factor for TSP from
diesel in table 3 in 2019 and 2016 EMEP guidebook. This caused an increase of TSP in 2018 by 4.6%.

1A4b:Recalculations were done for the whole timeseries for 1A4bi due to revised input data from
the NEA. Liquid fuel decreased by 10% in the base year and increased by 1.9% in 2018 from this
sector with subsequent effects on all relevant pollutants.

In additionto the review of activity data, there were recalculations for dioxins for this sector (1A4).
The reason was that there was an error in units in the calculation sheets where g was said to be mg.
This was corrected and therefore emissions of dioxins deeckesaignificantly. This effected the

whole timeseries.

3.6.1.4 Planned improvements
There are no planned improvements.

3.6.2 Agriculture, forestry & fishing NFRLA4c)

Emissions from fuel udgy machinery and offoad vehiclesn agriculture and forestrgreincluded in
Mobile construction in manufacturing industries and construction (1A2gwide currently available
activity data from the National Energy Authority do not allow to allocate fuels sold to machinery to
the various subsectorghus, emissions reported hemnly stem from the fishing fleet. Emissions

from commercial fishing are calculated by multiplying energy use with a pollutant specific emission
factor.

3.6.2.1 Activity data

Total use of residual fuel oil and gas/diesel oil for the commercial fishing is basked NEA'S

annual sales statistics for fossil fualsd includes both national and international fishifgiel sales

data provided by the NEA allows the correct attribution of fuel sold to fishing vessels vs. international
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ships for the time period 1995 to the current year. However, during the yearstb9B#04 fuel sales
statistics were recorded differentignd fuel sold for international use was recorded without

information on whether it was used for a fishing vessel or another type of ship. Therefore, the share
of fuel use by fishing vessels had to be approximated for the years1®®0 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 combustioim the fishing sector are givein Table3.16.

Table3.16 Fuel use (kt), fishing sector.

1990 1995 2000 2005 2010 2015 2018 2019
Gas/Diesel oil 199.94 231.81 256.85 199.94 158.25 142.52 136.16 136.60
Residual fuel oil 32.62 57.15 22.27 32.61 69.89 52.45 35.33 25.84
Biodiesel NO NO NO NO NO 0.09 NO 0.034

3.6.2.2 Emission factors

Emission factors faall pollutants are T&mission factors from the 2019 EMEP/EEA Guidebook on
navigation (Shipping), Tables 3.1 (bunker fuel oils) and 3.2 (marine diesel/gad eithission factors
arethe same as those used for national navigation andpaesented inTable3.13in the discussion
pertaining to national navigation.

3.6.2.3 Recalculations and improvements

Minor recalculations were in National fishing (1A4ciii) which where due to a 0.6% increase in liquid
fuelsin the base year. This change is between the years-199@ and are due to allocation of fuel
between national and nomnational fishing ships between 199@94, see chapte?.6.1.1Planned
improvementsand improvements

Work is scheduled to attempt to move from Tiers 1 to Tiers 2 for all pollutants for which Fishing is a
key category (Dioxin, HCB, PCB, PAK, Nl@VOC, Particulate matter and most heavy metals).

3.7 Other (NFR 1B)

For this submission sector 1A5 is being reported for the secondftintae timeseries 2003 and
onwards as part of the review of the energy input data (see chaf®&). For previous submissions
these emissions have been reported under NFR category 1A2gvii but after a review of the sales
statistic no justification was found for that attribution. Therefore, all fuels categorizédtasi KrS NE
salesstatistics without any explanation of type of use, was allocated to CRF/NFR category 1A5. For
future submissions the EA will work with the NEA to try to investigate where these fuels were used
so they can be attributed to correct categories.

3.7.1 Stationary(NFR1A53)
The emissions from this sector are calculated by multiplying energy use with a pollutant specific
emission factofrom the 2019 EMEP/EEA guidebook.

3.7.1.1 Activity data

Activity data is provided by the NEA, which collects data on fuel sak=chyr.All fuels categorized
asd h  KnSsdlds statistics without any explanation of which sector it is used in, was allocated to
NFR category 1A5. For the timeseries 19002 these fuels are still attributed to NFR category
1A2qvii.
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Table3.17 Fuel use (in kt) from sector 1A5 Other

1990 1995 2000 2005 2010 2015 2018 2019
Gas/Diesel ol NO 0.46 1.39 8.93 2.73 NO NO 0.39
Residual Fuel Oil 0.04 0.052 0.067 NO 1.63 NO NO 0.075
Kerosene NO NO NO 0.15 0.047 0.029 0.030 0.064
LPG NO NO NO NO NO 0.032 0.14 NO
Biodiesel NO NO NO NO NO NO 0.040 0.022
Biomethane NO NO NO NO NO NO 0.045 NO

3.7.1.2 Emission factors
All emission factors are the same as for 1A2 which are presented in cliapter2

3.7.1.3 Recalculations and improvements

This sector is being reported for tlsecondtime for this submissiorSome recalculations were done
for the sector due to the review of 19D02 activity data. This was done in relation to reallocation
of fuel statistics between sectors where it was unclear to which sector fuel should have been
allocated.

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

3.8 Fugitive Emissions (NFR 1B2)

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

3.8.1 Distribution of oil products NFR1B2av)
NMVOC emissions from distribution of oil products are estimated by multiplying the total imported
fuel with an emissioffactor.

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

3.8.1.2 Emission factors
The emission factor is taken frofable 4.2.4 2006 IPCC Guidelines Tanker Trucks and Ra#i@hrds
is 0.000255g per 1000 rtotal oil transported

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

3.8.1.4 Planned improvements
No improvements are planned for this sector.

3.8.2 Geothermal energyNFR1B2d)

Iceland relies heavily on geothermal energy for spagating and to a significant extent for

electricity production 27% of the total electricity production in 26} Geothermal energy is

generally considered to hawrelatively low environmental impact. Emissions o, @@ commonly
considered to be amondhe negative environmental effects of geothermal power production, even
though they have been shown to be considerably less extensive than from fossil fuel power plants, or
19 times les¢Baldvinsson, 2011Yery small amountsfanethane, but considerable quantities of
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sulphur in the form of hydrogen supplied 48) are emitted from geothermal power plant§he HS
values are stoichiometrically converted to- &0d reported as such.

3.8.2.1 Activity data and emissions

The HSconcentration in the geothermal steam is site and tispeecific and can vary greatly between
areas and the wells within an area as well as by the time of extraction. The total emissions estimate
of HS is based on direct measurements. The enthalpy anddf@sch well are measured and the

H.S concentration of the steam fraction determined at the wellhead pressure. The steam fraction of
the fluid and its kLIS concentration at the wellhead pressure and the geothermal plant inlet pressure
are calculated for ezh well. Information about the period each well discharged in each year is then
used to calculate the annuab$ discharge from each well and finally the totgh i determined by
adding up the kB discharge from individual wells.

The CarbFix projechdated at the Hellisheidi Power Plant, has been pioneeringc@®@ure and
reinjection on site into the basaltic subsurface, and has proven rapid and complete reaction to
calcium carbonate precipitatgdatter, et al., 2016)Asister project, SulFix, consists of separating

H.S from the steam and also reinjecting the gas into the subsurface and mineralizing on contact with
the basalt host rocKknjection of HS started in 2014 at Hellisheidi. This project has had a significant
impact on sulphur emissions from geothermal power production at Hellisheidi, with a decrease of
H.S emissions by 63 kt in 2019.

Table3.18 shows the 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 2018 2019
Electricity production (GWh) 282,91 288.18 1322.66 1655.03 4465.32 5002.98 6009.83 6018.14
Sulphur emissions (as $(kt)  13.33 11.01 26.02 30.31 58.68 42.37 37.81 41.85

3.8.2.2 Recalculationand improvements
No recalculations were done for this sector.

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

4.1 Overview

Asa result of the emansion 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, and silicon 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 production 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 solvent and
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 product us&lFR2G)

- Food & Beverages Industry (NFR 2H2)

4.1.1 Sectoral trends POPs
The emissions from the industrial processes sect@0itRare shown below iTable4.1, and the
trends since 1990 are shovior Dioxin, PA4, HCB and PGBFigure4.1 to Figure4.4.

Table4.1 Dioxin, PAK, HCB and PCB emissions from industrial proceX3E3(NA¢ Not applicable, NE Not estimated,
NO¢ Notoccurring)

Dioxin B(a)P B(b)f B(k)f 1Py PAH4 HCB PCB
[0FTEQ] [t [t] [t [t] [t [kd] [ka]
2A  Mineral industry 6.3E05 NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO
2B Chemical industry NO NO NO NO NO NO NO NO
2C Metal production 0.040 0.0024 0.020 0.0058 0.0021 0.030 1.1E02 NA/NO

2D Solvent and product use 0.0017 NA/NO  NA/NO NA/NO NA/NO NA/NO NA/NO  NA/NO

o Other solventand 21E05 2.4E05 9.6E06 9.6E06  9.6E06  5.3E05 NA NA

product use

Other industry

production NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO

2H

Industrial Processes, Total 0.042 0.0024 0.020 0.0058 0.0022 0.030 1.1E02 NA/NO

The main source of PORshe metal production industry (2C).2019 three primary aluminium
smelters, one secondary aluminium production facility, one ferrosilicon plamtell as one silicon
plantwere operating in Icelandd secondary steel plant waperating from 2014 to 2016, and closed
down officially in February 2017, however no production occurred in the first weeks of 20tf. O
solvent and product use (2D, 2G) also emit POPs, but to a veryesteait compared to the metal
production industy.
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Figure4.1 shows the dioxin emissions from the industrial sector. The increases iR1B®®8and in
2007-2008 correspond to the opening of two ngsimary aluminium smelters, and the increase in
2014 corresponds to the opening of a secondary steel production facility, whose production was
fluctuating from year to year leading to fluctuations in dioxin emissidihg dioxin emissions from
2A mineralindustry mostly originated from a cement factory that ceased production in 2011.

PAH4 emissions, shownhigure4.2, also originate almost exclusiydfrom the metal production
industry. As for dioxin, the stepwise increase in emissions corresporids gxpansion of the
industry.
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Figure4.1 Dioxin emissionsom the industrial sectqgrsince 1990.

0.040
0.035
0.030
0.025 ; S
= 0.020 e e -
i
0.015 !
x e
0.010 et
0.005 I I
0.000
2 o o o =g oW W~ 00 2 oo = o W~ 00 D oo m W M~ 0
G G v G v v v v O O O ©Q QO QO Q Q 9 9 9 Q9 o o |—| |—| L I B B |
g G G G v G G O h © © O QO O O O O O Q O O O O Q O o o o O
L B B B B B B I = D o B o N o A o A o I o A o A o A o A o I o N S N S S I & B I o IR o B o B o
M 2A Mineral industry 2B Chemical industry M 2C Metal production
m 2D Solvent and product use m 2G Other solvent and product use 2H Other industry production

Figure4.2 PAH4 emissiorfsom the industrial sectqrsince 1990.
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Figure4.3 HCB emissions from the industrial secsimce 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 facilitystarted stepping down the production, with a correspamglidecrease 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 other product use are
not estimated due to the fact that there is no ession factor available in the 2019 EMEP/EEA
Guidebook.

Figure4.4 shows the PCB emissions. Only one PCB source is estimated for this sector, which is the
secondary stel production industry. Operations at the plant started in 20ddq 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, mosthubeamo 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 2019 EMEP/EEA Guidebook.
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Figure4.4 PCB emissiorisom the industrial sectarsince 1990.

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

4.1.2 Sectoral trends other pollutants

Table4.2 and Table4.3 show the2019emissions for NQNMVOC, SONH;, PMs, PMo, TSP, BC and
CO, as well aweavy metals. Figures showing the evolution of the emissions since 1990 for each
pollutant, by subsector, arghown in Annex IV.

Table4.2 NQ, NMVOC, SONH;, PM and CO emissions from industrial proceX¥9(NA¢ Not applicable, NE Not
estimated, NQ; Not occurring)

NOx NMVOC  SG& NHs PMas  PMuo TSP BC co
KINO, [k  [K]SO [ [ki] k1] [ki] [ki] k1]
op Mineral NANO NA/NO 3.94E05 0014  0.087 0.66 17 47E04  0.027
industry
g Chemical NO NO NO NO NO NO NO NO NO
industry
Metal
2C . 219 00045 1266 NANO 038 0.47 0.55 0.0081 101
production
op Solventand N5 119 NANO  NANO 142804 00011 00050 8.1E06  NANO

product use

Other
2G solventand 5.07E04 0.0010 0.0014  8.88E04 0.030 0.053 0.057 2.6E05 0.015
product use

Other
2H industry NA 0.41 NA/NO  NA/NO  NA/NO  NA/NO NE/NO  NA/NO NA/NO
production

Industrial

2.19 1.60 12.66 0.015 0.50 1.2 2.3 0.0086 101
Processes, Total
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Table4.3 Heavy metal emissions from industrial proces2849(NA¢ Not applicable, N@Not occurring)

Pb Cd Hg As Cr Cu Ni Se Zn
[t] [t] [t] [t] [t] [t] [t] [t] [t
Mineral
2A i dustry NA/NO NA/NO NANO NANO NANO NANO NANO NANO  NANO
op Chemical NO NO NO NO NO NO NO NO NO
industry
Metal
2C . 00020 00021 NE/NO 7.9E04 59E04 00092 NA/NO NANO  0.052
production
op Solventand 5 NANO  NAINO  NANO  NAINO  NANO NANO  NANO  NANO
product use
Other solvent
2G  and product 037  7.0E04 29E05 6.6E04 00074  0.21 0014 21E06  0.12

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 0.37 0.0028 2.9E05 0.0015 0.0079 0.22 0.014 2.1E06 0.17

The metal production subsector accounts for most of thg, N8, PM, BC and Cénissions within
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 hawereased since 1990, mirroring the expansion of the
industry, the population growth4(1% between 1990 and019), with dips of varying magnitude after
2007 following a major financial crisis that drastically affected the Icelandic economy.

4.2 General methoddogy

Methodology is generally based on the most recent EMEP/EEA air pollutant emission inventory
Guidebook EEA, 2019)n most cases, emissions are calculated by multiplying the quantity of
production or product use with poltant-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, 2013Utslipp til uft av dioxiner | Norgé€Statistics Norway, 2002)

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

emission factors derived from direct measurementshat 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
specific methodlogy 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 single cemdrplant 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 heated to flaxkecand 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
construction setor (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% less th@ T @ue to the
collapse of the construction sector. Late 2011 the plant ceased operation.

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

4.3.1.2 Emission factors

Emission factor for dioxin is taken from the Toolkit for Identification and Quantification of Dioxin and
Furan Releasd&JNEP, 2013)he factor applies for wet kilns, with ESP/FF temperat@2@02C and

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

based on measurementnd the BC emission factor (3% of RMs based on the 2019 EMEP/EEA
Guidebook. Emission estimates for.&@ based on measurements from the plant but include both
processrelated and combustiomelated emissions, and the total $€missions are reportéunder

2A1 Cement production. Emissions of PAH,, K@ and NMVOC originate mainly from combustion
and are reported under 1A2f (Stationary combustion in manufacturing industries and construction:
non-metallic minerals); proces®lated emissions for thogeollutants are not applicable. All

emission factors used are summarized in the table below.

Table4.4 Emission factors for cement production

Dioxin HCB TSP PMio PM; s BC
[Mg/t I-TEQ] w>3K [ka/kt] [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 cement production (2A1) for this submission.

4.3.1.4 Planned improvements
No improvements are currently planned fitnis subsector.

4.3.2 Lime production (NFR 2A2)
This activity does not occur in Iceland.

4.3.3 Glass production (NFR 2A3)
This activity does not occur in Iceland.

4.3.4 Quarrying and mining of minerals other than coal (NFR 2A5a)
This category was added for the first time in the current submission. The activity data was retrieved
from Statistics Iceland who provided a timeseries from 22047 of aggregates with no further
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distinction of size, used by the Icelandic Road and Caoadtalnistration for road construction and

by the main power company who uses material from quarries to build dams for hydropower plants.
Currently no data is available prior to 2004, so the data from 2004 has been used for the years 1990
2003. Data for 208 and 2019 is also not available, therefore the value from 2017 is used. The
methodology follows Tier 1 of the 2019 EMEP/EEA Guidebook and the applied emission factors are
taken from Table 3.1. Only particulate matter emissions, that is TSIBaRWMPM s arise from this
category.

4.3.5 Construction and demolition (NFR 2A5b)

This category was added for the first time in the current submission. To retrieve activity data, the
building stock per construction year, subdivided by the type of houses (terraced, detached, semi
detached, apartment buildings, nenesidential buildingsjvas obtained from Registers Iceland for
the time series 199@019. Data about road construction is retrieved from the Icelandic Road and
Coastal Administration for the years 202819 and for the remaining time series is estimated as
average 20022011. Thanethodology follows Tier 1 of the 2019 EMEP/EEA Guidebook. Default
values from the Guidebook are used for the duration of construdtimuses 0.5, apartment
buildings 0.75non-residential0.83 and roads 1.00 years), for the control efficiency (houses
apartment buildings, non-residential0.5, roads 0.5), silt content is assumed to be 20% and the
ThornthwaitePrecipitatiorEvaporation Index was calculated with precipitation and temperature
data recorded at a weather station in Reykla®nly particuhte matter emissions, that is TSP, M
and PM arise from this category.

4.3.6 Storage, Handling and Transport of mineral products (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 an activity falling
under Annex | of Directive 2003/87/E (ETS Directive), it is excluded from the EU ETS scheme following
the conditions descriletin Article 27 of the ETS Directive. The operator submits annual emission
reports to the EA, using the same template as the companies reporting within the EU ETS scheme.

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

4.3.7.2 Emission factors

Emissions of dioxins are calculated from the amount (weight) of electrodes used in the production
process. The emission factor is taken from Utslipp til luft axide i NorggStatistics Norway, 2002)
and is 1.6 ugTEQ/t electrodes. PAH emissions are not applicable. Emissions areStalculated

using the S content of the electrodes used. Emission factors of G@GnNHA'SP were taulated

based on measurements at the factory. In the case ofdftd TSP, measurements were available
every second year from 2009. For those years the actual measurements were used to derive a year
specific emission factor. For the years in between, therage of the emission factor of the previous
year and of the following year was used. For all years prior to 2009, the average of available
measurements was used. Since 2018 yearly total emissions toarldommunicated from company
directly. PMoand PMzswere calculated from TSP using the TSP vse WVIPM s ratios given in

table 3.5 in chapter 2.A.3 the EMEP/EEA GuideligBlk, 2019BC was calculated using the ratio to
PMsgiven in the EMEP/EEA GuidebdBEA, 2019NQ and NMVOC emissions originate from
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combustion and are reported under sector 1A2gVidble4.5 shows the emission factors used for
mineral wool production.

Table4.5 Emission factors for mineral wool production (TSP: ValweERmaveragesr 19902019. NHs: Values ae EF
averagedor 19962017).

NHs CcO TSP PMio PM.s BC Dioxin
0,
[t/kt] [t/kt] [t/kt] % of TSP % of TSP Pf/lng [ng/t I-TEQ/
Mineral wool production 2.65 2.66 249 88% 78% 2% 1.6

4.3.7.3 Recalculationand improvements
No recalculations were made to mineral wool product{@A6) for this submission.

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

4.4 Chemical Industry (NFR 2B)

4.4.1 Ammonia production (NFR 2B1)

Ammonia was produced amongst other fertilizers during the period 28¥11. The associated

emissions are marked as Included Elsewhere under 2B1 Ammonia Production and are included in the
emissions reported under 2B10a other: Fertilizer Production. The emission estimation methodology
associated with ammonia 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 2B5)
This activity does not occur in Iceland.

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

4.4.6 Soda ash production (NFR 2B7)
This activity does not occur in Iceland. Emissions from the use of soda ash in the silica (diatomite)
industry (NFR 2B10a; reported until 2004) are reported under that NFR code.

4.4.7 Chemic&industry: Other (NFR 2B10a)

The only chemical industry that existed in Iceland was the production of fertilizer and
silica/diatomite. The fertilizer production plant ceased its operations in 2001 and the diatomite
production plant was closed down in 2Q0ehis industry is not considered to be a source of POPs nor
heavy metals.

A fertilizer production plant was operational until it exploded in 2001. In the early days of the factory,
only one type of fertilizer was produced (a nitrogen fertilizer), wheggdhe end of its production

phase it was producing over 20 different types of fertilizers: &@ CHemissions are considered
insignificant, as the fertilizer plant used H2 produceesdr by electrolysis. Methodology Nénd

N>O emissions were reported directly by the factory to the EA.
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4.4.7.1 Activity data

When the fertilizer production plant was operationtiteported its emissions of N@nd NO to the
EA. At the diatomite production plant, silica containing sludge was burned to remove organic
material. Emissions of G&nd NQwere estimated on the basis of thed®ntent and Ncontent of
the sludge providd by the operator. Activity data for both industries are presented@idhle4.6.

Table4.6 Production data for 1990, 199md 2000 for fertilizer andilicaproduction (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 diatomiteproduction, emissions of G@nd NQwere estimated based on the¢dntent and N
content of the sludge provided by the operator. Average Mplied EF for the period 1992004
was 15.6 t NGkt Si production. Other emissions from soda ash use were nahagtd and are
considered to be small.

For the fertilizer production, the average implied EF fok fé©the period 1992001 was 0.296 t
NOYkt fertilizer production. As there is no data readily available about the types of fertilizers
produced at the tine, no other pollutants were estimated for this industry.

4,473 Recalculations and improvements
No recalculations were made for this submission.

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

4.5 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 arcrhace.

45.1.1 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 emission factors for electric arc furnaces (Table 3.15 in
chapter 2.C.1EEA, 2019)with the exception of HCB for which there is no Tier 2 estimate. In this
case we used the Tier 1 &gion factor, which is unrelated to technology.

Table4.7 shows all emission factors used.
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Table4.7 Emission factors for secondary steel production.

NGO NMVOC SQ TSP PMyo PM2s BC Cco
[kat] [ka/t] [ka/t] [ka/t] [ka/t] [ka/t] % 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
T‘Eg /‘t:']’ mgh]  [mgh]
Secondary steel 3 0.03 25
As Cd Cr Cu Hg Ni Pb Zn
[9/t] [9/t] [9/t] [9/t] [9/t] [9/t] [9/t] [9/t]
Secondary steel 0.015 0.2 0.1 0.02 0.05 0.7 2.6 3.6

4.5.1.3 Recalculationand improvements
No recalculations were made for this submission.

45.1.4 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. d&gmtators are under the EU
Emission Trading Scheme (as per Directive 2003/87/EC). In both factories, raw ore, carbon material
and slag forming materials are mixed and heated to high temperatures for reduction and smelting.
For the production of FeSi75 etdc (submerged) arc furnaces with consumable Séderberg
electrodes are used. The furnaces are seaviered.

Waste gases are cleaned via dry absorption units-flmagse filters). When the temperature inside

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

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

4,5.2.1 Activity data

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

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

1990 1995 2000 2005 2010 2015 2018 2019

Electrodes 3.83 3.88 5.73 6.00 4.79 4.86 4.82 4.59
Coking coal 45.12 52.38 73.20 86.87 96.10 115.10 144.31 142.36
Coke oven coke 24.92 30.14 46.63 42.59 30.26 30.85 21.29 21.17

Charcoal NA NA NA 2.08 NA NA 0.65 3.41
Wood 16.65 7.73 16.20 15.55 11.29 27.20 57.81 78.14

Limestone NA NA 0.47 1.62 0.50 2.19 1.89 1.83
Production (FeSi, S  62.79 71.41 108.70 110.96 102.21 117.95 122.19 119.44
Microsilica 14.02 15.94 22.70 25.84 18.12 22.18 22.39 20.77

Slag NA NA NA NA NA NA NA NA
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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 obtain plant specific emission factors perabpneduction

that were used for the whole time series. Emission factor<io, NQand NMVOC were taken from
Table 8.18 of the BREF document for thefimous metals industriefCusano, et al., 2017n the

case where a range was given, the highest value of the range was chosen. The emission factors are
presented inTable4.9. Sulphur emissions were calculatedrfr&content of the reducing agents for

the time period 1992002 and were taken directly from Green Accounting reports submitted yearly
by the factory since 2003.

Emissions of particulates for the period 198011 are calculated by adding up the emissitvom

filtered exhaust and the amount of particulates that are released during emergency bypass of the
exhaust. Emission factor for filtered exhaust is taken from Table 8.12 of the BREF document for Best
Available Techniques for the nderrous metals indstries(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 (collectedsoid e.g. to cement producers) and

coarse (cyclone dust) are added up and divided by the hours per year (8760 hrs.) to get Microsilica
production rate per hour. This is known for all years since 2005. The production rate is then
multiplied with the bypastime per furnace and the ratio of the FeSi production per furnace of the

total FeSi production each year. The bypass rate is known since 2002 and taken from Green
Accounts, submitted in accordance with Regulation No 851/2002. The bypass rate for predms y
was calculated as the average of the years 2002 to 2006. Microsilica (fine and coarse) production rate
and production per furnace were extrapolated for the years 1990 to 2001 based on total produced
FeSi at the plant each year. Since 2012, TSP aaiettfrom the yearly Green Accounting report
submitted to EA. The emission factor for BC is taken from the NorwegiéddiRegian

Environment Agency, 2016)

4.5.2.2.2 Si production:

Emission factors for Particulate Matter are Tiatefault values as published in the 2019 EMEP/EEA
Guidebook and for years where available Tier 3 plant specific. Themi€sion factor is taken from

the BREF document on nderrous mineralgCusano, et al., 201730 emissions are reported by the
operator to the EA in the annual Green Accounting report. Emissions from the other pollutants are
not estimated due to lack of available information in the EMEP/EEA Guidebooks and in the BREF
document cited above.

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

Table4.9 2019 emission factors fronfreSi and $iroduction.

NGO NMVOC CO TSP PM10 PMzs
[kag/t prod.] [ka/t prod.] [ka/t prod] [kag/t prod.] % of TSP % of TSP
FeSi 11 0.045 25 0.00067 95% 95%
Si 13 NA NA 0.62 85% 60%
BC Dioxin B(a)P B(b)F B(k)F IPy
% of PM2.5 [mg/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% NA NA NA NA NA
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Several heavy metals (As, Cd, Cr, Cu, Hg, Pb and Zn) were measured in silicon dust in 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 ltaetion (i.e. < 9 mg/kg silicon dust)

in all samples. The heavy metal contents in silica dust are showabia4.10.

Table4.10 Heavy metal contents in silica dust2014(mg metal / kg dust)

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

45.2.3 Recalculationand improvements

PMo, PMsand BC emissions from Si production for the year 2018 were calculated as a percentage
of TSP using the same ratios as in Table 3.1 in the EMEP/EEA Gu{@gbd0oR0195ince the year

2018 the TSP emission factors are baseddormation from the factory instead of EMEP/EEA
Guidebook.

45.2.4 Planned improvements
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 aluminiumproduction (NFR 2C3)

In 2019 aluminium was produced at three primary aluminium plants in Iceland. Best Available
Technology (BAT) is used at all plants, lased prebake systems with point feeding of alumina,
efficient process control, hoods coveringetbntire pot and efficient collection of air pollutants.

Primary aluminium production results in emissions of dioxins, PAH4 0@ particulate matter and
SQ. Emissions originate from the consumption of electrodes during the electrolysis process.

4.5.3.1 Actiity data
The EA collects annual process specific data from the three operators through EU ETS and Green
Accounting reports. The total production of the three aluminium plants is givéalie4.11.

Table4.11 Primary Aluminium production (kt).

1990 1995 2000 2005 2010 2015 2018 2019
Primary Al production 87.8 100.2 226.4 272.5 818.9 857.3 876.0 835.7

4.5.3.2 Emissiorfactors

In 2011 emissions of dioxin were measured at one of the aluminium plants. The same plant also
measured PAH4 in 2002 and in 2011, and the average emission factors from these two
measurements were calculated. The measurements were used to obtaihggacaific emission

factors per tonne of production that were used for the whole time series. Of the total pot gases 98.5
% are collected and cleaned via dry adsorption unit. Thus, 1.5% of the pot gases leak unfiltered to the
atmosphere. Both dioxin and P& are below detection limit in the cleaned gas. Emission factors are
derived from the concentration of dioxin and PAH4 in the raw gas. They are preSeatitd.12.

NQOcand CO were taken from Table 3.2BEA, 2019Particulate matter was calculated from
information on particulates per 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 2019 EMEP/EEA Guidebook. Emissioparefeédmated
from Scontent of alumina and electrodes for the time prior to reporting ot 8Qission in the&Green
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Accounts (2002013, depending on the company), and from 8@ission calculations reported in
the Green accounts in the later years. All emission factors are preseniebied.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 Al] % of PAH4 % of PAH4 % of PAH4 % of PAH4
Emission factors 0.0329 0.0189 13% 61% 18% 8%
CcO NO, PM10 PM2.5 BC
[kglt 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 fundeéddoglic Working Group

for Climate and Air (NKupder the Nordic Cancil of Ministers, and started in 2016. As a result of

the project, it will be reassessed whether some emission factors should be changed. Furthermore,
work is underway to harmonise this reporting with thd°’RTR reports.

4.5.4 Secondary aluminium production (RR 2C3)

Secondary aluminium production started in 2004. In 2012, a second facility opened. At the end of

2014 the facilities merged and only one production area is active now. The plant recycles aluminium
A1TAYYAY3aQ FyR &ONX LI I f dzY A MrtsdymeEingBcvap aiagin LINR Y | NB
batches in a rotary kiln. The-reelt 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 recycling and comes directly from the primary aluminium

plants.

4.5.4.1 Activity data
All activity data, consisting of produced secondary aluminium, is obtained in Green Accounting
reports submitted yearly to the EA.

Table4.13 Secondary aluminium production (kt).

1990 1995 2000 2005 2010 2015
Secondary Al production NO NO NO 2.25 2.04 2.20

4.5.4.2 Emission factors

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

Standardized Toolkit for Identification and Quantification of Dioxin and Furan Re(€HSE®, 2013)

The lowest value (0.5 pg/t aluminium) for secondary aluminium production was chosen as the plant
only recycles scrap metal from primary aluminium 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 TSP,:RM sand BC emission factorseataken from theTable 3.4

in the EMEP/EEA Guidebo@kEA, 2019Measurements of dioxin at the plant in 2012, showed that
the EF of 0.5 ug/t represents the plant well.
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The emission factor for HCB was chosen as a value Iowileg range (0.040 mg/t) given in Table-5

9 and Figure 8.8 of BIPRQR2006) As the recycled scrap material is directly coming from the primary
aluminium smelters, contamination with organic substances in form of pgator lacquers is

expected to be insignificant and 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 rhgn Denmark (from the IIR of the respective countries).

Table4.14 Emission factors, secondakuminiumproduction.

Dioxin HCB TSP PMuo PM; 5 BC
[ug/t All [mg/t Al] [kalt] [ka/t] [kg/t] % of PM s
Emission factors 0.5 5 2 1.4 0.55 23%

4.5.4.3 Recalculationand improvements
No recalculations were made for this submission.

4544 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 NMVOC. When volatile chemicals
are exposed to air, emissions are produced through evaporation of the chemicals. The use of solvents
and other organic compounds in industrial processes andgéloolds is an important source of

NMVOC evaporation. Emissions of other pollutants than NMVOC were only estimated from road
paving with asphalt (2D3kDioxin, PM and BC), Domestic solvent use (2b8g and other solvent

use (Creosotes2D3i- PAH). Theategories Paint Application, Degreasing, and Other NMVOC
emissions from printing and other product use have in common that their activity data consists of

data about imported goods. This data was received from Statistics Iceland.

Emission factors for lasubcategories of 2D3 are presentedliable4.15 below. References and more
details about individual emission factors are included in the respective under chapters.
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Table4.15 Emission factorfor sector 2D3.

NMVOC TSP PMio PM2s BC
unt [gunit]  [kglunit]  [kglumit]  [kglumi] L2 Of
PM..5]
2D3a Domestic solvent use head 1800 - - - -
2D3b Road paving with asphalt t asphalt 16 14 3 0.4 5.7%
2D3d Coating applications kg paint 230 - - - -
2D3e Degreasing kg cleaning product 460 - - - -
2D3f Dry cleaning kg textile treated 177 - - - -
oo N o wo
2D3h Printing kg ink 500 - - - -
2D3i Creosotes kg creosote 105 - - - -
i?;'gg%%g:::owenbome 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 Road paving with asphalt t asphalt 0.007 - - - -
2D3d Coating applications kg paint - - - - -
2D3e Degreasing kg cleaning product - - - - -
2D3f Dry cleaning kg textile treated - - - - -
o e NI N
2D3h Printing kg ink - - - - -
2D3iCreosotes kg creosote - 1.05 0.53 0.53 0.53
2D3i Organic solverborne .
preservatives kg preservative - - - - -
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 Organic solverborne .

- kgpreservative -
preservatives

4.6.1 Domestic solvent use including fungicideNFR2D3a)
Domestic solvent use is calculated using a default per capita value, as per Tier 1, Table 3.1 Chapter
2.D.3.a of the GuideboqlEEA, 2016)

4.6.1.1 Activity data
Activity data consists of the Icelandic population and is given by Btatiseland.
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4.6.1.2 Emission factors
The emission factor for NMVOC for western Europe was used, or 1.8 kg NMVOC/capita from Table
3.1, Chapter 2.D.3@&EA, 2019)

4.6.1.3 Recalculations and improvements
Hg was not estimated due to uncemdy around the releases according to the 2019 EMEP/EEA
Guidebook EEA, 2019)

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

4.6.2 Road paving with asphalt (NFR 2D3b)
Asphalt road surfaces are composaftcompacted aggregate and asphalt 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 Icelatiid2011, 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.b, Tier 1, in the
EMEP/EEA Guidebo@kEA, 2019Emissions factors for TSP are based on measurements from the
secondlargest asphalt production aht. PM.sand PMo emission factors are then calculated by using
the same ratio to TSP as given in Table 3.1, chapter 2.D.3.b in the GuidERz#gK019Emissions

of SQ, NQ, and CO are expected to originate mainly frormbaistion and are therefore not

estimated here but accounted for under sector 1A2g.

4.6.2.3 Recalculations and improvements
Unit corrections were made for dioxin that applied to the whole timeseries.

4.6.2.4 Planned improvements
No improvements are currently planned fdrig subsector.

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

4.6.3.1 Activity data

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

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

4.6.3.2 Emission factors

The Tier 1 emission factor from the EMEP/EEA Guidefitiek, 2019efers to all paints applied, e.g.
waterborne, powder, high solidnd solvent based paints. The existing data on produced and
imported paints, however, makes it possible to narrow activity data down to conventional solvent
based paints. Therefore, Tier 2 emission factors for conventional solvent based paints could be
applied. The activity data does not allow for a distinction between decorative coating application for
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construction of buildings and domestic use of paints. Their NMVOC emission factors, however, are
identical: 230 g/kg paint applied.

4.6.3.3 Recalculations and impvements
No recalculations were made for this submission.

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

4.6.4 Degreasing & dry cleaning (NFR 2D3e & f)

Degreasing and dry cleaning only generate NMVOC emissions. Emissions cetktgobtising were
estimated by Tier 1, based on amounts of cleaning products used, and those related to dry cleaning
by Tier 2, based on the default amount of textile cleaned per capita. Since there is an overlap in
chemicals used for these two activiti¢sey are discussed in the same chapter

4.6.4.1 Activity data

There is data on the amount of cleaning products imported provided by Statistics Iceland. Of the
chemicals listed by the EMEP/EEA Guidebook, activity data is available for: methylene chloride (MC),
tetrachloroethylene (PER), trichloroethylene (TRI) and xylenes (XYL). In Iceland, though, PER is mainly
used for dry cleaning (expert judgement). In order to estimate emissions from degreasing more
correctly without underestimating them, only half of the inmped PER was allocated to degreasing.
Emissions from dry cleaning are estimated without using data on solvents used (see below). The use
of PER in dry cleaning, though, is implicitly contained in the method. In Iceland, xylenes are mainly
used in paint prduction (expert judgement). Furthermore, only half of the imported xylenes were
allocated to degreasing. Emissions from paint production are estimated without using data on
solvents used but xylene use is implicitly contained in the method. In additithe teolvents

mentioned above, 1,1:frichloroethylene (TCA), now banned by the Montreal Protocol, is added for
the time period during which it was imported and used. Another category included is paint and
varnish removers.

Emissions from dry cleaning wesalculated using the Tier 2 emission factor for op@cuit
machines provided by the EMEP/EEA Guidelfg&4A, 2019)Activity data for calculation of NMVOC
emissions is the amount of textile treated annually, which is assuméed 0.3 kg/head, default
value from(EEA, 2019nd calculated using demographic data.

4.6.4.2 Emission factors
The amount of imported solvents for degreasing was multiplied with the NMVOC Tier 1 emission
factor from EMEP/EEA Gulutwok (EEA, 2019pr degreasing: 460 g/kg cleaning product.

The NMVOC emission factor for opeincuit machines is 177 g/kg textile treated. Since all dry
cleaning machines used in Iceland are conventional clogedit PER n@hines, the emission factor
was reduced using the respective EMEP/EEA Guidebook reduction default value of 0.89.

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

4.6.4.4 Planned improvements
No improvements are currentlylanned for this subsector.

4.6.5 Chemical products (NFR 2D3g)

The only activity identified for the subcategory chemical products, manufacture and processing is
manufacture of paints. NMVOC emissions from the manufacture of paints were calculated using Tier
2 ofthe GuidebooKEEA, 2019)
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4.6.5.1 Activity data
The activity data consists of 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 manufacturepaints were calculated using the 2019 EMEP/EEA
Guidebook EEA, 2019)ier 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
Noimprovements are currently planned for this subsector.

4.6.6 Printing (NFR 2D3h)

4.6.6.1 Activity data
Import data on ink was received from Statistics Iceland.

4.6.6.2 Emission factors
NMVOC emissions for printing were calculated using the 2019 EMEP/EEA GuidtbapR019)
Tier 1 emission factor of 500 g/kg ink used.

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

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

4.6.7 Other product use (NFRD3i)

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

are three main types of preservative: creosote, organic sobkehta SR 62 Fi Sy NBFSNNBR
organicsolvend &8 SR LINB & SN atkr@@re.Qreosddtelis{oil ppeparet fyoR caal tar
distillation. Creosote contains a high proportion of aromatic compounds such as polycyclic aromatic
hydrocarbons (PAHdN Iceland, creosotes were used from 1990 to 2010, and have been banned

since 20110ther wood preservation substances used in Iceland are organic sdlgems

preservatives.

4.6.7.1 Activity data

Activity data consists of annual import of creosotes and organic sebhame preservatives, and the
assumption that all these products are appliduaring the year of importimport 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 Inventory Guidebook
(EEA, 2019)hey are 1.05 mg BaP per kilogramme of creosote, 0.53 mg per kilogramme creosote of
the other 3 PAH: BbF, BkF and IPy. NMVOC emi$giomsvood preservation were calculated using

the EMEP/EEA Guidebook Tier 2 emission factors for creosote presetypay@ 05 g/kg creosote)

and organic solvent borne preservative (945 g/kg preservative).

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

4.6.7.4 Planned improvements
No improvements are currently planned for tisisbsector.
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4.6.8 Other solvent and product useNFR2G)
The two emission sources estimated in this category are use of tobacco and fireworks.

Tobacco smoking is a minor source of dioxins, PAH and other pollutants including heavy metals,
whereas fireworks are thmost significant source of heavy metals in the industrial processes sector.
The yearly imported amourtf tobaccoshows a downward trend over the timeseries, which is
reflected also in the emissiofirework imports follow in general the economic devetamnt of the
country.Aprominent peak around 2007 is due to a very sharp rise in the economy leading to the
financial collapse of 2008.

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 Emission factors

For tobacco use, emission factors for/NOO, Nk TSP, PM, BC, NMVOC, dioxin and PAH4 were
taken from Table 45 in Chapter 2.D.3.i, 2.G in the 2019 EMEP/EEA Guid@bbdk 2019Emission
factors for heavy metals are taken from the DanisiNRIsen, et al., 2016yvhich uses emission
factors derived from burning of wood.

For firework use, emission factors for 500, NQ TSP, PM and heavy metalere taken from Table
3-14 in Chapter 2.D.3.i, 2.G of the 2019 EMEP/EEA GuidébBdk 2019)t should be noted that

the heavy metal emission factors presented in the 2016 EMEP/EEA Guidebook (2016), in particular
that for Fb, might not represent the legislation currently in place, which generally bans lead (Pb) in
fireworks. For lack of a better emission factor value Iceland estimates the Pb emissions using the
available default value, however this might represent a sub&hoterestimation of Pb emissions

from fireworks. All emission factors are presented able4.16.

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

NO NMVOC SQ NHs TSP PMio PM, 5 BC co
[ka/t] [ka/t] [ka/t] [ka/t] [ka/t] [ka/t] [kg/t] % of PM2.5  [kg/t]
Tobacco 1.8 4.84 NA 4.15 27 27 27 0.45 % 55.1
Fireworks 0.26 NA 3.02 NA 109.83 99.92 51.94 NA 7.150
Dioxin B(@P  B(b)F B(k)F IPy
g FTEQH (gl [0l [gf [/
Tobacco 100 0.111 0.045 0.045 0.045
Fireworks NA NA NA NA NA
As Cd Cr Cu Hg Ni Pb Se Zn
loi] [oA] lo] lo] loM] loM] loM] loM] loi]
Tobacco 0.159 0.02 0.152 0.35 0.01 0.03 0.64 0.01 1.61
Fireworks 1.33 1.48 15.6 444 0.057 30 784 NA 260

4.6.8.3 Recalculationand improvements
Unit corrections were made for dioxin that applied to the whole timeseries.

4.6.8.4 Plannedmprovements
Heavy metal emission factor for firework use will be reassessed and revised where necessary.
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4.7 Food & Beverages Industry (NFR 2H2)

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

4.7.1 Activity data

Production statistics were obtained by Statistics Iceland for beer, fish, meat and poultry for the
whole time series. Statistics for coffee roasting and animal feed were available for the y8ar®20
2017. The numbers for 2018 and 2019 were estimated from historical Bat@uction statistics

were extrapolated for the years 1990 to 2004. Further production of bread, cakes and biscuits was
estimated from consumption figures.

4.7.2 Emission factors
Emasion factor for NMVOC were taken from the QEMEP/EEA Guidebo@kEA, 2019Rnd are
presented inTable4.17.

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

NMVOC
kg/t produced

Meat, fish and poultry 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 Recalculationand improvements
No recalculations were made for this submission.

4.7.4 Panned improvements
No improvements areurrently planned fothis subsector
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5 Agriculture (NFRector 3)

5.1 Overview

Iceland is sel$ufficient in all major livestock products, such as meat, milk, and eggs. Traditional
livestock production is grassland based and most farm animals are native breeds, i.e. dairy cattle,
sheep, horses, and goats, whichake of ancient Nordic origin, one breed for each species. These
animals are generally smaller than the breeds common elsewhere in Europe. Beef production,
however, is partly through imported breeds, as is most poultry and all pork production. Thette is no
much arable crop production 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 agriculturecer is ammonia (Nl and 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 canéyseen irnrable5.1 below.

Table5.1 Contribution from the agriculture sector to the national total for the year 2019.

NHs NG TSP PM10 PM2.5 NMVOC SQ
National total kt 4.59 22.35 3.15 2.04 1.17 5.45 4.59
Agriculture total kt 4.49 1.12 0.26 0.20 0.037 1.87 4.49
Agriculture part % 98 5.0 8.4 10 3.2 34 98

Emission estimates from the agriculture sector include emission estimates frofolkning
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 describedhiore detail in sections 5.3 to 5.5.

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

Dioxin, PAH4, HCB, PCB and Heavy Matailssions are not applicable, not occurring or not
estimated. Summary tables for the emissions from the agriculture sector are shown belabla
5.2andTable5.3.

.dzFFlLE 24 YdzZ Sa yR FaasSa INB y2a FFNXYSR Ay LOSt
(not occurring) in the Icelandinventory.
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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, 2QT9ofN¥splicable, N@ Not occurring).

Dioxin B@P  B(b)F  B(KF IPy PAH4 HCB  PCB

[g FTEQ]  [t] [t] [t] [t] [t] [ka] [kal
3B  Manure management 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 NO
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 oxides (expressed asNO®IMVOC and particulate matter emissions are estimated

for animal husbandry and manure management (3B) as well as crop production and agricultural soils
(3D). The estimated emissions are presented beloWainle5.3.

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

NOc NMVOC SQ& Nt PM,s PMy TSP BC co
KINO, [k  [SC [k [k [ [ [kt [kt
3B Manure managemen! 0043 1865  NANO 2133 0033 0.24 0183  NANO NA/NO
gp Cropproductionand o, gi9m08  NA 2289 0.0034 0080 0.080 NA NA/NO
agricultural soils
Field burning of
3F, 3y 2gricultural wastes NO NO NO NO NO NO NO NO NO
and Agriculture other
sectors
Agriculture, Total 1.053 1.865 NA/NO 4.422 0.037 0.204 0263 NA/NO  NA/NO

Emission trends of estimated pollutants from 19#D19 can be seen figure5.1 - Figure5.5 and in
Table5.4 and inTable5.5 for ammonia and PM10, respectively.

NH: (Ammonia):The agriculture sector is the biggest contributor of ammonia emissions with 98% of
the total emissions in Icelan(Table5.1). The bulk of the ammonia emissions derive from manure
management (4%in 2019) and are directly connected to the livestock numbers. Ammonia applied
to soils, from animal manure or directly deposited by grazing animalsibote with 52%to the

total emissions in the agriculture sector in 2019. The contribution from synthefgctNzers to the
ammonia emission is relatively low wi%in 2019. Trends in NH¢missions from agriculture can be
seen inTable5.4. The trend in NEemissions is relatively steady which is driven by relatively little
overall variability in livestck numbers.
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Table5.4 Total NH emissions from the Agriculture sector (kt)

1990 1995 2000 2005 2010 2015 2018 2019

3B Manure Managementtotal 2.46 2.12 2.16 2.08 2.13 2.24 2.17 2.13
3B1la Dairycattle 0.68 0.65 0.60 0.57 0.59 0.64 0.61 0.61
3B2 Sheep 0.94 0.78 0.79 0.77 0.80 0.80 0.73 0.70
3Dal Inorganic N fertilizer (incl. urea,  0.15 0.14 0.16 0.12 0.13 0.14 0.15 0.13
3Da2 Animal manure applied to soils  1.41 1.28 1.28 1.22 1.27 1.33 1.33 1.31
3Da2b Sewage sludge NO NO NO NO NO 1.05E04 0.0020 6.18E04
fOD:‘;EOther organic fertilizers applie NO NO NO 0.01  1.30E02 0.0144 1.49E02
3Das3 Urine and Dung from grazing 5 g, 0.89 0.88 0.88 0.91 0.92 0.83 0.84
animals
Total 4.93 4.43 4.47 4.30 4.44 4.65 4.49 4.42
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M 3B Manure management 3D Crop production and agricultural soils

Figure5.1 NH; emissions in the agriculture sector, since 1990.

Particulate matter PM emissions, in terms of RMrom the Agriculture sector contribute with 10%
to the national total emissionsTébleb.1). The emissions arise mainly from Manure Management
(61% in 2019) and the biggest emitters therein are poultry. Laying hens and broilerbatentvith
35% to the total PIh emissions. Farm level agricultural operations including storage, handling and
transport of agricultural products contribute with 39% to the total emissions in 204BI¢5.5).
Figureb.2 andFigure5.3 show little variation in particulate matter (PMand PMg) emissions from

the agiculture sector over the time series.

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

1990 1995 2000 2005 2010 2015 2018 2019

3B Manure Management total 0.109 0.082 0.098 0.110 0.102 0.111 0.124 0.124
3B1la Dairy cattle 0.020 0.019 0.017 0.015 0.015 0.017 0.016 0.016
3B4gi Laying hens 0.026 0.020 0.023 0.018 0.017 0.014 0.028 0.024
3B4gii Broilers 0.031 0.013 0.023 0.042 0.034 0.040 0.044 0.047
3Dc Farrdevel agr. operations 0.078 0.078 0.082 0.085 0.086 0.078 0.080 0.080
Total 0.187 0.160 0.180 0.196 0.188 0.189 0.204 0.204
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M 3B Manure management 3D Crop production and agricultural soils

Figure5.2 PM, s emissions in the agriculture sector, since 1990.
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Figure5.3 PMy emissions in the agriculture sector, since 1990.
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M 3B Manure management 3D Crop production and agricultural soils

NO:: The agriculture sector is not a main contributor of M@d only 5% from the natioh#otal is
emitted in the agricultural sectoif@bleb.1). NQ emissions occur predominantly from 3D crop
production and agricultural soils with peaks in emissions in 2008 and 2014 as can befsgerein
5.4.

NMVOCTrends in MVOC emissions from agriculture can be sedrigure5.5. NMVOC emissions
mainly arise from manure management. A significant reduction in emissions occurred between 2001
2003, which was mainly caused by a drop in the population oy daws.
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Figure5.4 NQ, emissions in the agriculture sector, since 1990.
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Figure5.5 NMVOC emissions in the agriculture sector, since 1990.

Heavy metalsAccording to the 2019 EMEP/EEA Guidebook, heavy metal emissions in the agriculture
sector only arise from the burning of crogsidues. Since this activity does not occur in Iceland, there
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
GuidebookEEA, 2016; EEA, 2018) 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, 3P, P\band 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 hahd NQin 3B manure management, thl®w 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 TAN and losses at all diffierstages 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 sedrabie5.6. The resulting emissions wetteen

aggregated to the respective NFR categories.

NH and NQemissions from grazing animals are part of this N flow approach and are therefore
calculated in this context, although they are reported under agricultural soils (3D). Similarly, the
manure that is available as organic fertilizer for application to lardktermined from the N flow
approach and is used as an input term in estimating theaid NQ. Activity data, emission factors
and other parameters used in these calculations will be discussed in the following chapters.

The Tier 2 methodology for PM é&sions 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 Activity data

Animal population numbers are directly retriety from the livestock databasenvw.bustofn.ig of

the Ministry of Industry and InnovatiofMIl) and annual average populations (AAP) calculated
according to IPCC Guidelin&nce the data from the annual censud\if 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 one summer. Also, for some livestock categories, it does not include
data on young animals, e.fattening pigs. Therefore, the number of animals not included in the
census is estimated using information on fertility rates, number of offspring, number of animals
slaughtered, etc. The inclusion of young animals leads to livestock populations begidecably

higher for some categories than the ones published byMiheor by other public sources such as
Statistics Icelartd For the complete methodology of calculating the AAP and a comparison with
published livestock numbers please refer to IcelarD2D National 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 estimatea a more
disaggregated level and then combined to the NFR categories.

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

NFR code Disaggregation in Icelandic Inventory
3Bla Dairy cattle Mature Dairy Cattle
Beef Cattle

Calves
Heifers 1827 months
Steers for producing meat 127 months

3B1b  Non-dairy cattle

Ewes
3B2 Sheep Young fegale 12 months
ams
Lambs
3B3  Swine Piglets
Sows
3B4a  Buffalo NO
3B4d  Goats Goats
3B4e Horses Horses
3B4f Mules and asses NO
3B4gi Laying hens Laying hens
Broilers
3B4gii  Broilers Chickens
Pullets
3B4giii  Turkeys Turkeys
. Geese
3B4giv Other poultry Ducks
Minks
3B4h  Other (fur animals) 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 populations since 1990 are a decrease in the dairy
cattle and sheep populations and an increase in4dairy, swine and poultry population.

Table5.7 Annual average population of livestock according to NFR categorization in Iceland.

1990 1995 2000 2005 2010 2015 2018 2019

3Bla Dairy cattle 32,249 30,428 27,066 24,488 25,379 27,441 26,477 26,217
3B1b Non-dairy cattle 43,299 42,771 45,078 41,482 47,130 51,335 55,096 54,678
3B2 Sheep 860,988 719,530 729,387 710,953 748,431 745,832 658,211 632,937
3B3 Swine 29,768 30,746 32,242 39,350 38,032 42,542 40,278 38,314
3B4a Buffalo NO NO NO NO NO NO NO NO
3B4d Goats 485 511 548 657 1,015 1,476 2,177 2,148
3B4e Horses 73,867 80,246 75,630 76,629 78,849 79,429 69,702 72,449
3B4f Mules and asses NO NO NO NO NO NO NO NO
3B4gi  Laying hens 214,975 164,402 193,097 152,217 144,429 119,811 231,881 205,091
3B4gii  Broilers 454,305 188,812 338,756 613,643 485,829 586,256 634,554 684,757
3B4giii  Turkeys 3,625 3,044 10,908 8,146 8,196 11,810 8,911 11,006
3B4giv Other poultry 5,806 5,270 2,498 1,772 1,347 1,057 851 835

3B4h  Other (fur animals) 49,592 37,893 41,431 37,093 39,904 48,038 19,502 14,325
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5.3.2 Emission factors and associated parameters

NH and NO Tier 2 emissions depend on the total amounts of nitrogen and total ammoniacal
nitrogen (TAN) in manure. Total N is calculated by multiplying livestock AAP with the nitrogen
excretion rate per animal. TAN is calculated by multiplying total N wistiock specific TAN

fractions provided in the EMEP GB. The nitrogen excretion (Nex) rate per livestock category is
calculated using default values from the 2006 IPCC guidelines (Volume 4, chagtecin)2006)

that take anmal weight and therefore the smaller size of Icelandic breeds into accBanmost

animal categories the animal parameters are not changing over the timeseries, and the Nex rate is
also constant. Exceptions are mature dairy cattle, calculated by th& Bigproach, and those

animal categories for which the Nex rate has been calculated on a more disaggregated level and
reported as a weighted average in relation to the population data (growing cattle, horses, poultry).
The calculation method for the Nexteafor mature dairy cattle follows the Tier 2 methodology from
the 2006 IPCC Guidelines (Volume 4, chapter 10) by applying Equation 10.31, Equation 10.32 and
Equation 10.33 for dairy cowBetailed calculations and explanations can be found in the newest
edition of the National Inventory Report of Iceland.

Total N and TAN have to be allocated to either slurry or solid manure management. Fractions for
slurry and solid manure management are country specific and identical to the ones used in Iceland’s
Nationallnventory Report. The same is valid for the fractions of the year spent inside. Two more
parameters used in the calculation of TAN mass flow are the amount of straw used in animal housing
and the amount of N contained in it (only for solid manure manag#in&hese amounts (for sheep,

goats, and horses) are based on 2019 EMEP GB default data (Table 3.7) of hay used per day adjusted
for the time periods animals stay insid&s an example, sheep have a default housing period of 30
(Table 3.7 of the GB) but Iceland it is 200 days. 3be default straw value of 20 kg/yr is multiplied

by 200/30 to obtain 133.3 kg/yi.he abovementioned parameters are summarizedTiable5.8

aTable5.9 All manure is assumed to be stored 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 alifadafault values for sheep slurry,
EMEP GB default values for cattle were used instead.

Table5.8. Parameters used in calculationthe Nflow calculations.

. Mean NE)_< Prop. TAN . Fraction Housing Straw
Livestock sector (NFR) kg hzeg\f;yr 1 (of N) Fraction slurry solid period [days] [kalyr]
3Bla Dairy cattle 95 (87101} 0.6 1 0 265
3B1b Non-dairy cattle 45 (2960Y 0.6 1 0 243
3B2 Sheep 17 (7-29y 0.5 0.35 0.65 150 133
3B3 Swine-fattening pigs 8 0.7 1 0 365
3B3 Swine-Sows 23 0.7 1 0 365
3B4d Goats 20 0.5 0 1 200 133
3B4e Horses 19.3 (636) 0.6 0 1 51 141
3BA4gi Laying hens 1.4 0.7 0 1 365
3B4gii  Broilers 1.6 0.7 0 1 365
3B4giii  Turkeys 14 0.7 0 1 365
3B4giv  Other poultry 0.8 (0.21.2p 0.7 0 1 365
3B4h Other (fur animals) 8 (512 0.6 0 1 365

1 Range for time period due to increase in milk producfiétange given for subcategories (cows and steers used for producing meat,
heifers, and young cattle};Range given for subcategories (ewes, rams, animals for replacement, and faRénsje given for

subcategories (mature horses, young horses, and féasnge given for subcategories (ducks, chickens, pullets and geeaede given

for subcategories (foxes, minks, and rabbisjerage given: nedairy mature cattle 30 days, heifers 245 days, steers 330 days, calves 365
days.
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Table5.9 Emission factors for NHNO and BO used in the flow methodology.

EF EF
Livestock sector (NFR) MMS NHg_N NI—l;—NEsliorage NHBN Efog(gt\el Eslt:o?e(l)g-g
Housing application
3Bla Dairy cattle slurry 0.24 0.25 0.55 0.0001 0.01
solid 0.08 0.32 0.68 0.01 0.02
3B1lb Non-dairy cattle slurry 0.24 0.25 0.55 0.0001 0.01
solid 0.08 0.32 0.68 0.01 0.02
3B2 Sheep slurry 0.0001 0.001
solid 0.22 0.32 0.9 0.01 0.02
3B3 Swine-fattening pigs slurry 0.27 0.11 0.4 0.0001 0
solid 0.23 0.29 0.45 0.01 0.01
3B3 Swine-Sows slurry 0.35 0.11 0.29 0.0001 0
solid 0.24 0.29 0.45 0.01 0.01
3B4d Goats solid 0.22 0.28 0.9 0.01 0.02
3B4e Horses solid 0.22 0.35 0.9
3B4gi Layinghens slurry 0.41 0.14 0.69 0.0001
solid 0.20 0.08 0.45 0.01 0.02
3B4gii  Broilers solid 0.21 0.3 0.38 0.01 0.002
3B4giii  Turkeys solid 0.35 0.24 0.54 0.01 0.002
3B4giv  Other poultry solid 0.24 0.24 0.54 0.01 0.002
3B4h Other (fur animals) solid 0.27 0.09 * 0.01 0.002

* The emission factor is zero in the Guidebook and Iceland does not have a country specific emission factor.

NMVOC emissions are calculated using the Tier 1 methodology from the 2019 EMEP/EEA Guidebook,
applying the defaulemission factors from Table 3.4. When default emission factors with silage

feeding are available, these are used. All used emission factors are reported in

Table5.10.

Table5.10 Emission factors for NMVOC emissions, Tier 1, taken from Table 3.4 to the 2019 EMEP/EEA Guidebook, when
available emission factors with silage feeding are used.

Livestock sector (NFR) Eg']: A’\L'\Qﬁc
3Bla Dairy cattle 17.937
3B1b Non-dairy cattle 8.902
3B2 Sheep 0.279
3B3 Swine-fattening pigs 0.551
3B3 Swine-Sows 1.704
3B4d Goats 0.624
3B4e Horses 7.781
3BA4gi Laying hens 0.165
3B4gii  Broilers 0.108
3BA4giii  Turkeys 0.489
3B4giv  Other poultry (ducks and geese) 0.489
3B4h Other (fur animals) 1.941
3B4h Other (rabbits) 0.059

Tier 2 calculations of particulate matter emissions are based on information on the amount of time
livestock spends in housing and the fractions of manure either managed as slurry or as solid manure
(seeTable5.8 above). The applied emission factors are reporteddble5.11 and derive from the

2019 EMEP GB and from the 2013 EMEP GB. In the case of turkeys, the Tier 1 emissardact
applied.
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Table5.11 Emission factors used for calculating the particulate emissions, Tier 2.

EF EF EF
Livestock sector (NFR) MMS TSP PM10 PM2.5 Source
kg AAPat kg AAPat kg AAPa!
. slurry 1.81 0.83 0.54
3Bla Dairy cattle solid 0.94 043 028 Table A1.7 2019 EMEP GB
slurry 0.69 0.32 0.21
3B1b Beef Cattlé solid 0.52 0.24 0.16 Table A1.7 2019 EMEP GB
slurry 0.34 0.15 0.1
3B1b Calves solid 035 016 01 Table A1.7 201BMEP 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 08 014 Table A4 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 EMEP 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  Other poultry 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

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

5.3.3 Emissions

NH; emissions reported under 3B manure management exclude emissions from manure deposited

on fields by grazing animals, which are reported under 3D agricultural soils. Total ammajia (NH
emissions from manure management have decreased slightly, from 2iA@.860 to 2.13 kt in 2019.

This decrease is mostly due to decreasing emissions from sheep. Sheep account for roughly a third of
total NH; emissions and cattle for approximately half. Around a third of emissions occur during
livestock housing, a quarter dag manure storage and 2/5 after spreading of manure. The described
trends and fractions can be seenHigure5.6.
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Figure5.6 Ammonia (NkK) emissions from animal husbandry and manure management in tonnes.
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Nitric oxide emissions, in contrast to ammonia emissions, occur only during storage. They have been
decreasing from 59 tonnés 1990 to 43 tonnes in 2019, or by 28%. This decrease is mainly due to

the decrease in sheep population already mentioned above. NO emissions from sheep constitute
66% of total NO emissions from livestock. NO emissions from poultry amount to 24% df@otal
emissions. Other livestock categories with considerable shares are fur animals (2%) and horses (5%).
Cattle and swine emissions constitute negligible amounts due to the fact that their manure is stored
as slurry, which gives rise to considerably loemiissions than solid manure management systems.

NMVOC emissions in 1990 were 1.97 kt for manure management and have decreased slightly since
then and are now 1.86 kt. The largest source of NMVOC emissions are cattle 51%, horses 30% and
sheep 9%.

PMo emissions increased from 109 tonnes in 1990 to 124 tonnes in 2019 (14%). Emissions were
highest in 2007 at 126 tonnes. Both the general increasing trend since 1990 and the decrease since
2007 are almost exclusively due to variations in the broiler populatitich quintupled between

1996 and 2007. Other livestock categories that emit substantial shares of totakRli4sions from
animal husbandry (besides broilers with 38%) are laying hens (20%), cattle (19%), swine (10%) and
sheep (7%) in 2019.

Over the tmes series, 1990019, total PMsemissions varied between minimum 28 t and 34 t show
no clear trend. In the latest year, emissions from cattle constituted 45% of total emissions followed
by broilers (18%) and laying hens (14%).

TSP emissions habeen increasing from 172 t in 1990 to 183 t in 2019, the increase is mostly due to
poultry and swine. Biggest contributors are cattle (28%) followed by broilers (26%), swine (16%) and
laying hens (13%).

5.3.4 Recalculations and improvements

For the current 2025ubmission, parameters, e.g. emission factors used in tHevidmethodology

were updated from the 2016 EMEP/ EEA Air Pollution Inventory Guidebook to its newest 2019
edition. In particular, emission factors for the NN emissions in the different stagegmanure
management systems (housing, storage, application and grazing) and for the manure types slurry and
solid changed for some animal categories. Some emission factors increased, some decreased, and
some remained unchanged. As thelblw methodology $ a mass balance, changes in the emission
factors for NHalso affect emissions of NO'he TAN content of manure is increased or decreased

due to higher or lower Niemissions upstream in the process, and therefore the &lissions

increase or decreaseotnstream even though the emission factor has not been changed.

In addition, the gross energy (GE) for mature dairy cattle was changed for the year2@I1®

avoid a step change between 2017 and 2018. The previous data collection of feed digestibility
parameters referred to the year 2012 and the new data to the year 2018. This recalculation affects
the Nex rate and therefore all emissions connected to the Nex rate of mature dairy cattle.

Regarding NMVOCs the emission factor for rabbits as per 201P EBE Guidebook was used for
the whole time series while in the past submission these emissions were calculated using the
emission factor of fur animals.

5.3.5 Planned Improvements

As suggested by the 2020 Step 3 review, it is planned to change from Ti&ret focalculation for
NMVOC emissions. As a first step, a detailed investigation will be made about which data are easily
available in Iceland and which data need to be collected specifically for this task.
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5.4 Crop Production & Agricultural Soils (NFR 3D)

5.4.1 Activity data

Activity data for NsINO and NMVOC emissions consists of the amount of fertilizer nitrogen applied
to agricultural soilsTableb.12). For NHthis amount is divided into type of fertilizer N. The total
amount of N in fertilizer is provided in the annual reports of the VMo data exists that provides
information on the types of N fertilizer. However, it is known that

- Nin fertilizer applid in Iceland is mainly contained in calcium ammonium nitrate
- the two other 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 ammonium nitrateammonium nitrate and other NK have identical EF. Therefore, their
share of total fertilizer was set to 99%. Urea has a considerably higher EF. Its share was set to one per
cent.

Table5.12 Total amount of sythetic Nfertilizers applied to agricultural soils

1990 1995 2000 2005 2010 2015 2018 2019
N content in inorganic N fertilizer, kt M 12.47 11.20 12.68 9.78 10.88 11.65 11.74 10.38

Activity data for particulate matter emissions consists of the areas of crops cultivated as can be seen
in Table5.13. The total amount of cropland is recorded in the Icelandic geographic land use database
(IGLUD), which is maintainég the Soil Conservation Service of Iceland. Data regarding the area of
barley fields comes from the Farmers Association of Icétamdl Bragason (written

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 cultivated about once every 10 years and hay is cut twice per year
on average (Brynjélfsson, written communication).

Table5.13 Areas of cropland in Iceland, distinguished by barley cultivation and grassland for haymaking.

1990 1995 2000 2005 2010 2015 2018 2019

Area Barley cultivation (ha) 200 500 2,000 3,636 4,295 1,558 2,473 2,517
Area Grass cultivation (ha) 147,800 146,200 143,400 140,464 138,505 139,942 138,247 137,943

5.4.2 Emission factors

NH; emission factors were taken from Table 3.2 in the 2019 EMEP/EEA Guidebook. 2019. These
emission factors depend on the mean spring air temperature, i.e. the mean temperature of the
three-month period following the day when accumulated day degrees sinaadady 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 SEailéd.14.

1 https://www.mast.is/is/lummast/utgefid-efni/skyrslur
12 http://www.bondi.is/
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Table5.14 Emission factors for Nlemissions from fertilizers for cool climate and normal pH

EF NElg [NH/ kg N applied]

Ammonium sulphate 20

Ammonium nitrate 15

Calcium ammonium nitrate 8

Anhydrousammonia 19

Urea 155

Ammonium phosphates 50

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

The emission factors for NO, NMVOC and NH3 are taken from the 2019 EMEP/EEA Guidebook and
are reported inTable5.15with the respective sources and NFR codes.

Table5.15 Emission factors for NO, NMVOC and NH3 in NFR category 3D.

NFR code EF Unit Source
NHs from sewage sludge 3Da2b 0.13 kg NH (kg N applied) Annex 1 2019 EMEP GB
NHs from other organic wastes 3Da2c 0.08 kg NH (kg N applied) Table 3.1 2019 EMEP GB

NO from N applied in fertilizer,
manure, and excreta

kg NQ (kg fertilizer and

3Dal, 3Da2a, 3Da:  0.40 .
manure N applied)

Table 3.1 2019 EMEP GB

NO from sewagsludge 3Da2b 0.04 kg NQ (kg sewage sludge) Annex 2 A2.3 2019 EMEP GB
NO from other organic wastes 3Da2c 0.04 kg NQ (kg organic wasté) Table 3.1 2019 EMEP GB
NMVOC from standing crops  3De 0.86 kg hat Table 3.1 2019 EMEP GB

PM and PM semission factors for barley and grass were taken from Tables 3.5 and 3.7 of the EMEP
GB 2019 and are reported Trableb.16.

Table5.16 Emission factors for agricultural crop operationSl:Pand PM sin wet climate conditions from 2019 EMEP GB

Crop Soil Cultivation Harvesting Cleaning Drying
PMio [kg/ha] Barley 0.25 2.3 0.16 0.43
PMuo [kg/ha] Grass 0.025 0.025 0 0
PMzs[kg/ha] Barley 0.015 0.016 0.008 0.129
PMzs[kg/ha] Grass 0.015 0.01 0 0

5.4.3 Emissions

Total NH emissions for crop production and agricultural soils varied between 2.47 and
2.29kilotonnes between 1990 and 2019. In 2019 57% of emissions originate from animal manure
applied to soils, 37% originate from manure deposited by livestock during grazif@yafram

inorganic Nfertilizers. Total emissions do not show any discernible trend over time, primarily
because the size of (and thus emissions from) the sheep population decreases with time, while the
horse population increases.

The emission developmenf NO and NMVOC are linearly dependent on the application of fertilizer
and therefore show the same development with a peak in 2008 with 0.6 kilotonnes and a decline
since then. In 2019 NO emissions amounted to 1 kilotonnes and NMVOC emissions from crop
production and agricultural soils were 62 grams.
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In the current submission, other organic fertilizers in the form of bone meal and compost were
added to the inventory. Research showed that the organic fertilizers have been applied since 2009
especially fotand reclamation purposes carried out by the Soil Conservation Service of Iceland; the
resulting NHare between 5 and 16 tonnes over this period and the NO emissions are 2 between 2
and 8 tonnes.

PM emissions vary between 78 tonnes in 1990 and 80 tarin2019PM, semissions are fairly
steady over the time series and were 3.2 tonnes in 1990 and 3.4 tonnes in 2019.

5.4.4 Recalculations and improvements

The update of parameters used in thefldw methodology from the 2016 to the 2019 EMEP EEA
Guidebook affets also subcategories in 3D, Agricultural Soils. This can be seen in 3D2a Animal
manure applied to soils and in 3Da3 Urine and Dung deposited from grazing animals sodN\GH.
In the category 3Da2b Sewage sludge applied to soils and updatgivify data for the whole time
series lead to recalculations for Nend NH.

5.4.5 Planned Improvements
There are no planned improvements in this category.

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 banned in 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, a g&farahlorocyclohexane
(HCH). The last recorded sale of lindane took place in 1992 when 1 kg was sold. In 1990 and 1991, 2
and 16.2 kg were sold, respectivelyis assumed that the lindane sold was applied during the same
year. An EF of 0.5 as listed in Table 3.1 of the chapter 3Df of the 2013 edition of the EMEP/EEA
Guidebook was applied to these values resulting in HCH emissions of 1, 8, 1, and 0.5&kgdarsh
1990-1992. HCH is no longer included in the reporting obligations which explains the use of an
emission factor from the 2013 Guidebodlkable5.17 gives an ogrview of the use of pesticides in
Iceland.

Table5.17 Pesticide use and regulation in Iceland.

Pesticide Last recorded use Year of ban
Aldrin 1975 1996
Chlordane No recorded use 1996
DDT 1975 1996
Dieldrin No recorded use 1996
Endrin No recorded use 1996
Heptachlor 1975 1996
Hexachlorobenzene (HCB) No recorded use 1996
Mirex No recorded use 1998
Toxaphene No recorded use 1998
Pentachlorophenol (PCP) No recorded use 1998
Lindane 1992 2009
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6 Waste (NFR sector 5)
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6.1 Overview

During most of the 20century solid waste disposal sites (SWDS) in Iceland were numerous, small
and located close to the locations of waste generation so that the waste did not have to be
transported far for disposal. In 1967 the waste disposal site in Gufunes started ogesatirmost of

the waste of the capital’s population was landfilled there. Prior to that 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 for bulky
waste and ash. The existing landfill sites did not have to meet specific requirements regarding
location, management and aftercare before 1990 and were often just holgseiground. Some
communities also disposed of their waste by dumping it into the sea. 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 tonnes 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 south of Iceland. 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 the island 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 about waste 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 sector has had 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 treatment started 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 refunded if the substances were delivered to hazardous waste collection

points. Hazardous substances collected included oil products, organic solvents, halogenated
compounds, isocyzates, obased 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 incinerators either 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 running waste 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 arfze majority of landfilled waste is being disposed of in managed SWDS.
Recycling of waste has increased due to efforts made by the government, local municipalities,
recovery companies and others. Composting started in theX8RDs and has increased sirtben.

Emission estimates from the waste sector include emissions from the following sources:

- Solid waste disposal on land (NFR 5A)

- Biological treatment of solid waste (NFR 5B)

- Waste incineration without energy recovery (NFR 5C)
- Wastewatertreatment and discharge (NFR 5D)

- Other waste (NFR 5E)

Each of these sources is described in more detail in sedi@ts 6.8. Emission estimates for waste
incineration without energy recovery are included in this section, while emission estimates for waste
incineration with energy recovery are reported under sector 1A.

6.1.1 Setoraltrendsct ht Qa
A summary of emission estimates for the waste sector is providédte6.1 for POP’s pollutants.

Table6.1 Overview of POPs emissions in 2019 Niat applicable, NE Not estimated).

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

[0 FTEQ] [t [t [t [t [t (ka] (ka]
5A Solid waste disposal on lann  NA NA NA NA NA NA NA NA
5B1 Composting NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO  NA/NO
5C Waste incineration 0.112 0.0040  0.0079 0.010 0.0022 0.024 0.045 0.0084
5D Wastewater handling NA NA NA NA NA NA NA NA
5E Other waste 0.210 9.05E04 0.0017 0.0012 0.0012 0.0050 NE NE
Waste, Total 0.322 0.0049 0.010 0.011 0.0034 0.029 0.045  0.0084

CNBYRE AY tht Q& SYA 4 Bduesl thdeghHighresid Bysubsetd®. 3 K2 6y AY
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Figure6.1 Dioxin emissions from the waste sector, since 1990.
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Figure6.2 PAH4 emissions 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 opened which rapidlyetionanagement practices away
from open burning and into incineration with abatement technologies. Kalka has been the only
incineration plant operating in Iceland since 2014 and no municipal solid waste has gone to open
burning since 2011. This causes tlgngicant reduction in HCB and PCP emissions between 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 2019.

Table6.2 Overview of NQ NMVOC, SONH;, PM and CO emissions from the waste sector in 2019.

NO« NMVOC  SG NHs PMes PMuo TSP BC co
KINO:  [ki] [kt] SO» kt] k] [k1] k] k] k]
5a Solid waste NA 0.341 NA NE 7E06 5.E05  1.E04 NA NA
disposal on land
581 Composting NE/NO NE/NO NE/NO 00057 NE/NO NE/NO NE/NO NENO 0013
5C Wasteincineraton 0.027  0.017  0.0021 00023 0.0072 0.0078 0.0080  0.0030  0.096
sp \astewater NA NE NA NE NA NA NA NA NA
handling
5E  Other waste 0.0013  0.006  0.019 NA 0.0052  0.0052  0.0052 NE 0.019
Waste, Total 0029 0363 0022 0008 00 0.013 0013  0.0030 0.128

Table6.3 Overview of heavy metals emissions from the waste sector in 2019.

Pb Cd Hg As Cr Cu Ni Se Zn
[t] [t] [t] [t] [t] [t] [t] [t] [t]
Solid waste

5A ] NA NA NA NA NA NA NA NA NA
disposal on land
5B1 Composting NA/NO  NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO

Waste

sc vaste 0.0044 45E04 00077 890E04 3.22E04 5.93E04 7.27E04 3.44E04  0.0304
Incineration

sp ‘Vastewater NA NA NA NA NA NA NA NA NA
handling

5E  Other waste 0024 7.37E05 242E05 4.64E05 1.48E04 8.72E04  8.15E05 NE 0.093

Waste, Total 0.028 5021E04 78503 94E04 47504 00015 81E04  3.4E04  0.124

6.2 General Methodology

The methodology is mainly based on EMEP air pollutant emission inventory Guidebook (EMEP, 2019).
Emissions estimates are calculated by multiplying relevant activity data by source with pollutant
specific emissions factors. Emissions factors are takentieriEmissions Inventory Guidebook (EEA,
2019), the Standardized Toolkit for Identification and Quantification of Dioxin and Furan Releases
(UNEP, 2005), Annual Danish Informative Inventory Report to the UNECE (National Environmental
Research Institute, 20) and measurements at incineration plants.

The activity data used for the emission estimates is mainly based on treated waste in Iceland which is
reported annually to the EA. This follows an exclusion of waste being treated outside of Iceland and
its as®ciated emissions. In addition to data on treated waste 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 asracy checks on data acquisition and
calculations as well as the use of approved standardized procedures for emission calculations,
archiving information and reporting. Further information can be found in Chdp@wn Quality
Assurance and & Quality Control.
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6.4 Solid waste disposal (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 disposal site in Gufunes started opgatith most of the waste
generated in the capital area was landfilled there. Prior to that year, the waste of the capital area
was landfilled in smaller SWDS.

The trend in waste management practices has been toward managed SWDS as municipalities have
increasingly cooperated with each other on running waste collection schemes and operating joint
landfill sites. This development has resulted in larger SWDS and enabled the shutdown of a number
of small sites. Currently a large majority of landfilled waste isghdisposed 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 thelBfDs and has increased since then.

6.4.1 Methodology

Tier 1 approach ahe 2019 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 emission factor.

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 Gas Emissions.

6.4.3 Emission factors

Emissiorfactors from the tier 1 approach of the 2019 EMEP/EEA Guidebook are used for estimating
emissions from solid waste disposal and are presentddhiie6.4. Emission factors are assumed

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 NMYT&P, PMand PM s,

The 2019 EMEP/EEA Guidebook mentions the possibility of small quantitieg dfHlé@nd CO being
emitted from this activity. However, no emission factors are provided in the Guidebook and these
emissions have not been estimatedi@eland. 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 PM:s
[kg/t waste] [g/t waste] [g/t waste] [g/t waste]
5A  Solid waste disposal 1.56 0.463 0.219 0.033
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6.4.4 Emissions

From 1990 the emissions from 5A were increasing in proportion with increased amount of landfilled
waste. This amount peaked in 2005, and therefor also the emissions. From 2006 emissions decreased
but from 2013 they have slowly been increasing again.

Table6.5 Emissions from 5A Solid Waste Disposal

1990 1995 2000 2005 2010 2015 2018 2019
NMVOC [kt] 0.53 0.49 0.53 0.54 0.26 0.31 0.34 0.34
TSP [ki] 1.6.E04 15E04 16.E04 16.E04 7.6.E05 9.1.E05 1.0.E04 1.0.E04
PM10 [kt] 75E05 69.E05 75E05 7.6.E05 3.6.E05 43.E05 4.7.E05 4.8.E05
PM2.5 [ki] 1.1E05 10EO05 11.EO05 11E05 ©54E06 65E06 7.1.E06 7.2.E06

6.4.5 Recalculations and improvements
No recalculations were done for solid waste disposal (5A) for this submission.

6.4.6 Planned improvements

For future submissions it is planned to update the uncertainty analysis for the waste sector and add
further information on themethodological information regarding solid waste disposal by e.g. adding
details on sources of data.

6.5 Biological treatment of solid waste (NFR 5B)

6.5.1 Composting (NFR 5B1)

6.5.1.1 Methodology

Recycling and biological treatment of waste started on a larger scale mitiide of the 1990s. Their
share of total waste management increased rapidly since then. Emission estimates are calculated by
multiplying waste amounts with relevant pollutant specific emission factors.

6.5.1.2 Activity data

Compost production as a means of wastatment started in Iceland in 1995 and the EA receives

the amount of waste going to compost production facilities annually. Reliable data about waste
composition does not exist until recent years. In 1991 the waste management company Sorpa ltd.
startedserving the capital area and has gathered data about the waste composition of landfilled
waste since 1999. For the last few years the waste sector has had to report data about amounts and
kinds of waste landfilled, incinerated, and recycled.

6.5.1.3 Emission factes

For composting, tier 2 emission factors from the 2019 EMEP/EEA Guidebook are used for estimating
NH; and CO emissions. Emission factors for other pollutants are not provided in the 2019 EMEP/EEA
Guidebook. The emission factors are presentathle6.4. and are assumed constant for all the years

in the calculations.

Table6.6 Emission factors used in composting (NFR.5B1)

NH; (6{0)
[kg/t waste] [kag/t waste]
5B1 Composting 0.24 0.56
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6.5.1.4 Emissions
Emissions from composting have been increasing in proportion to the amount of waste composted.

Table6.7 Emissions fromB1 Composting

1990 1995 2000 2005 2010 2015 2018 2019
NHs [kt] NO 48.E04 4.8.E04 0.0012 0.0037 0.0051 0.0058 0.0057
CO [kt] NO 0.0011 0.0011 0.0028 0.0085 0.0119 0.0134 0.0134

6.5.1.5 Recalculations and improvements
No recalculations were done for composting (5B1) for this submission.

6.5.1.6 Planned improvements
No planned improvements for this sector.

6.5.2 Anaerobic digestion at biogas facilities (NFR 5B2)
Anaerobic digestion at biogas facilities is currently a-aocurring activity in Iceland.

6.6 Waste incineration and open burning (NFR 5C)

This section discusses the emission estimates from burning of waste which falls under the
subcategories; Waste inciretion (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 incineration with energy recovery. Emission estimates for waste incineration
with energy recovery are reported in the relevant subsector under NFR sector 1A1 (Chagler

Waste incineration is separated further into Municipal Waste In@itien (NFR 5C1a), Industrial

Waste Incineration (NFR 5C1bi), Hazardous Waste Incineration (NFR 5C1bii), Clinical Waste
Incineration (NFR 5C1biii), Sewage Sludge Incineration (NFR 5C1biv), Cremation (NFR 5C1bv) and
Other Waste Incineration (NFR 5C1bvi).

Open burning of waste covers the emission estimates from ggéburning facilities and bonfires.

The scope of this section does not include the emissions from waste incinerated outside of Iceland as
this would lead to double counting of the emission egties 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 and waste management practices is
published by Statists Iceland.

For the next submission there will be an internal review of the methodology and calculations files
used to calculate emissions from 5C waste incineration and open burning.

6.6.1 Waste incineration (NFR 5C1)

6.6.1.1 Municipal Waste Incineration (NFR 5C1a)
Indneration of waste in incineration plants without energy recovery started in 2001 in Iceland.

6.6.1.1.1 Methodology

The total amount of waste incinerated in all waste incineration plants without energy recovery in
Iceland is multiplied with its pollutant specifimession factor as given in the 2019 EMEP/EEA
Guidebook.

B A guantitative definition of waste incineration with energy recovery is found in Annex IV of regulation
1040/2016 (IS).
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6.6.1.1.2 Activity data

Activity data on incinerated waste from major incineration plants have been collected by the EA since
the year 2000. Waste incineration in incineration plants started in 1993 and ¢lyrtaere is a single
operating waste incineration plant (Kalka) in Iceland. Waste incineration in incineration plants apart
from Kalka and a small one in Talknafjordur is considered open burning of waste. Kalka opened in
2004 which resulted in a decreastopen burning of waste (5C2) and an increase in waste

incineration (5C1). Because of that there is a sharp change in emissions for most polluté2@84re

and post2004 where emissions from 5C1 increased and emissions from 5C2 decreased.
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Historic data viich was not reported to the EA was estimated using the assumption of 500 kg of
waste per inhabitant in communities where waste is known to have been incinerated.

6.6.1.1.3 Emission factors

Emission factors (T1) for all pollutants for the incineration pl&aika are taken from tableBin the
chapter 5.C.1.a Municipal waste incineration in the 2019 EMEP/EEA Guidebook. Kalka has the
following abatement technologies: dry cleaning process, hydrated lime, combustion is at
approximately 1100°C, particle abatent€hag 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 only one other, itki@fjorour, which falls under this
category), Tier 2 emigsi factors from table 2 in the 2019 EMEP/EEA Guidebook is used for all
pollutants except for Nkl Se and Indeno(1,2&1)pyrene. For N§1Se and Indeno(1,2@&)pyrene,
where tier 1 emission factors from table13of the 2019 EMEP/EEA Guidebook are ufkd.reason
for this is the lack of emission factors given for these pollutants in taBlefhe Guidebook.

Emission factors for dioxins from waste incineration are either based on measurements when they
are available or taken from the Standardized IKdador 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
emission factor of 0.5 ug TEQ/t MSW was taken from Table 14 in Stardbfdialkit for
Identification and Quantification of Dioxin and Furan Releases (UNEP, 2005).

6.6.1.1.4 Recalculations
No recalculations were done for this sector.

6.6.1.1.5 Planned improvements

For future submissions, there is a need to acquire more detailed technologyisatin to account
for abatement technologies in the Tier 2 methodology of the EMEP/EEXR(itiebook. An
uncertainty analysis is furthermore in 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 2019. Total reported slaughterhouse waste is multiplied by pollutant specific
emission factors to estimate these emissions.

6.6.1.2.2 Activty data
Activity data for this category has only been included for the years-2018 while for all other
years it is included in 5Cla.

6.6.1.2.3 Emission factors
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).
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6.6.1.2.4 Recalculations
No recalculations were done for this sector.

6.6.1.2.5 Planned improvements
It's planned to acquire data for the years 198013, review emission factors currently used and add
emisson estimates for those pollutants where the EMEP/EEA Guidebook provides emission factors.

6.6.1.3 Hazardous Waste Incineration (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
approachof the EMEP/EEA Guidebook.

6.6.1.3.2 Activity data
Activity data for incinerated hazardous waste exists from 2006 and is currently 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 2019 Guidebook.

6.6.1.3.4 Recalculations
No recalculations were done for this sector.

6.6.1.3.5 Planned improvements
No planned improvements for hazardous waste incineration (5C1bii).

6.6.1.4 Clinical Wastenicineration (NFR 5C1biii)

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 the 2019 EMEP/EEA Guidebook.

6.6.1.4.2 Activity data
Activity data for incinerated clinical waste under this seésdrom 2001.

6.6.1.4.3 Emission factors

Emission factors are taken from tabl&f chapter 5Chiii of the EMEP/EEA 2019 Guidebook.
Abatement technology (rotary kiln) is in place at the incineration plant Kalka and, therefore,
abatement efficiencies from table8are used for NQCO, SQTSP, Cd, Cr, Cu, Hg, Ni from the year
2004 when Kalka opened. Prior to that no abatement technology is assumed.

6.6.1.4.4 Recalculations and planned improvements
No recalculations were done for this sector.

6.6.1.4.5 Planned improvements
No planred improvements for clinical waste incineration (5CZ1bii).
6.6.1.5 Sewage Sludge incineration (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 the EMEP/EEA Guidebook.

6.6.1.5.2 Activity cata
Activity data for sewage sludge incineration was included in NFR sector 5C1a until 2014.

6.6.1.5.3 Emission factors
Emission factors are taken from tablel ®f chapter 5C1b of the 2019 EMEP/EEA Guidebook.
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6.6.1.5.4 Recalculations and planned improvements
Norecalculations were done to sewage sludge incineration for this submission.

6.6.1.5.5 Planned improvements
Review of data for this sector is hecessary. Some historic data exists for sewage sludge which need to
be introduced until 2014.

6.6.1.6 Cremation (NFR 5C1bv)

6.6.1.6.1 Methodology
Total number of bodies incinerated is multiplied by a pollutant specific emission factor from the tier
1 approach of the 2019 EMEP/EEA Guidebook.

6.6.1.6.2 Activity data

Cremation is performed at a single facility located in Reykjavik where human laodigginerated
along with the coffin. Activity data used is the total number of bodies incinerated and this data is
taken from the facility available online.

6.6.1.6.3 Emission factors
Emission factors are taken from Tablé 8f chapter 5C1bv of the 2019 EMEREE.Iidebook.

6.6.1.6.4 Recalculations and planned improvements
Two recalculations were done for this sector:

1 Emissiongor 2018 for all pollutantsvere recalculateddue to updated activity data value for
2018.This caused a 70% increase of all pollutants fromsiaisor.

9 In accordance with the 2020 Stage 3 review comment (IS Waste_2020 Q6 _5C1bv) Iceland
submitted a revised estimate. There was a unit error in the calculations of emissions of IPy
which cause an 1000x overestimations of the emissions. This was eaffectthis
submission for all years.

6.6.1.6.5 Planned improvements
No planned improvements.

6.6.1.7 Other Waste Incineration (NFR 5C1bvi)
Data for other waste incineration is not available for the time being.

6.6.2 Open burning of waste (NFR 5C2)

Open burning of waste includesmbustion in nature and open dumps as well as combustion in
incineration devices that do not control the combustion air to maintain adequate temperature and
do not provide sufficient residence time for complete combustion. Incineration devices on the oth
hand are characterized by creating conditions for complete combustion. Therefore, the burning of
waste in historic incineration devices that did not ensure conditions for complete combustion is
allocated to open burning of waste. Open pit burning wasmmon procedure in the early nineties.

In general, open pit burning results in poor combustion conditions due to inhomogeneous and poorly
mixed fuel material, chlorinated precursors, humidity or catalytically active metals, but all these
factors influerce the dioxin formation. It can therefore be hard to come up with reasonable emission
factors. In addition to that the activity data is quite uncertain as well, as no official statistics are
available.

LG Aa | GNYRAGAZ2Y G 2Eveik Beaid. Tdeske are2qyit€ dondiBai thioughobt S &
the country. In the early nineties, there were no restrictions and no supervision with these bonfires.

In the early nineties, some surveillance officers from the Environmental and Public Health Offices
(Local Competent Authoritygtarted to control these fires, by informing the bonfire personnel. In
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2000 the EA, Iceland Fire Authority and National Commissioner of Iceland Police published guidelines
for bonfires. They include restrictions on size, burnadnnet and the material allowed. Since that

time only wood and paper are allowed on bonfires. Also,Engironmental and 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 incinerad in all waste open pit burning facilities in Iceland is multiplied

with its pollutant specific emission factor as given in the EMEP/EEA 2019 Guidebook. This applies to
most reported pollutants except for dioxin, where the emission estimates are bastgtbnology

specific emission factors from the Standardized toolkit for the identification of Dioxin and Furan
releases (UNEP, 2005). The same methodology is used for emission estimates from bonfires, with
dioxin being calculated differently. See more digdidescriptions in the following sections.

6.6.2.2 Activity data

Historic data on open pit burning was estimated with the assumption 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 communities were mapped by
the EA in the respective years. The date is known at the EA, at which sites, where open pit burning
has been performed have been closed and other means of wagiesdishave been found. Open pit
burning is likely to occur still at various rural sites, but this has not been estimated. The amount of
waste burned in open pits has decreased rapidly since the early 1990s, when more than 30 thousand
tonnes of waste wex burned. Between 2005 and 2010 there was only one site left burning waste
openly, on the island of Grimsey. This site was 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 decided to weigh all the material of a single bonfire. Then the piled material was
photographed and its height, width and length measured. The weigis then correlated to the

more readily measurable parameters pile height and diameter. The Environmental and Public Health
Offices were asked to measure height and diameter of the bonfires in their area, take pictures and
send to the EA. From this imfoation the total weight of bonfires was estimated for the whole

country. The amount was further extrapolated back to 1990, in cooperation with an expert from one
Environmental and Public Health Office that has been involved with this field of workdiog &me.

6.6.2.3 Emission factors

For open pit burning, the dioxin emission factor is taken from table 54 in the Standardized Toolkit for
Identification and Quantification of Dioxin and Furan Releases (UNEP, 2005), it is 300 pg per tonne
waste (given for uncdrolled domestic waste burning). Emission factors for the majority of other
pollutants are taken from Table 3.1 in chapter 5C2 of the 2019 EMEP/EEA Guidebook. Tier 2 emission
factors, which are taken from Table 3.2 5.C.1.a. Municpial Waste Incineratiom 2019 EMEP/EEA
Guidebook , are used for NH3, Hg, Ni, I(1;&)®, HCB and PCB emissions however.

For bonfires, the dioxin emission factor has been estimated historically based on assumptions. From
2003 onwards an emission factor of 60 pg/t is usélis factor is taken from table 11.6.5 of the
Standardized Toolkit for Identification and Quantification of Dioxin and Furan Releases (UNEP 2012)
and is given for open burning of wood. For 1990 to 1995 an emission factor of 400 pg per tonne
burnt materal was used. This factor is taken from table 11.6.5 of the Standardized Toolkit for
Identification and Quantification of Dioxin and Furan Releases (UNEP 2012) and is given for
accidental fires in houses.
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This relates to the fact that the burning materiahswery miscellaneous at that time. It was

common practice to burn tires, kitchen interior 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
for openpit burning. The emission factor was then interpolated from 400 pg to 60 pug per tonne
burned material from 1996 to 2003. The emission factors for other pollutants than dioxin are taken
from table 31 in chapter 5C2 of the 2019 EMEP/EEA Guidebook.

6.6.2.4 Recalcudtions and planned improvements

During the 2020 Stage 3 review Iceland submitted a revised estimate for dioxin emissions from open
pit burning for 199€2003. It was recommended that Iceland uses an emission factor of 400 g/t for
1990-1995 which is presentl in Standardized Toolkit for Identification and Quantification of Dioxin
and Furan Releases from 2012. This caused recalculations foil2990and also for 1998002 as

those years are extrapolated from 1995. The recalculations can be séable6.8:

Table6.8 Recalculations for dioxins emissions from 5C2

1990 1995 1997 1999 2001 2003
2020 9Yraarzy ¥ 600 600 465 330 195 60
submission  Emissions [g] 25 2.3 1.6 1.0 0.55 0.15
2021 9YArAaaArz2y F 400 400 315 230 145 60
submission  Emissions [g] 1.7 1.6 1.1 0.68 0.41 0.15
Difference [g] -0.850 -0.776 -0.514 -0.296 -0.141 0
% difference -33% -33% -32% -30% -26% 0

6.6.2.5 Planned improvements
No planned improvements.

6.7 Wastewater handling (NFR 5D)

According to the EMEP/EEA Guidebook (EEA, 2019) wastewater will be an insignificant source for air
pollutants. However, in urban areas, NMVOC emissions from wastewater treapiaen$ can be of

local importance. Activities considered within this sector are biological treatment plants and latrines
(storage tanks of human excreta, located under naturally ventilated wooden shelters).

In Iceland, most wastewater is discharged inte #ea either untreated or after primary treatment.
Only a small amount of wastewater is treated with secondary treatment and latrines are not
occurring. Therefore, neBHG emissions have not been estimated from wastewater handling.

6.7.1 Methodology
No methodolay 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 Recalculations and improvements
No recalculations were done for wastewater handling (5D) forghismission.

6.7.5 Planned improvements
Acquire relevant activity data and estimate whether there might occur NMVOC emissions.
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6.8 Other waste (NFR 5E)

This section discusses the emission estimates from other waste and Iceland estimates from
accidental house and vetié burning. Emission estimates for all reported pollutants is provided

except for NH, BC, Se, HCB and PCB where emission factors have not been found or are considered
not applicable.

6.8.1 Methodology

For accidental house fires, emission estimates are cabdilas the number of fire events times a
pollutant specific emission factor from the Tier 2 approach of chapter 5E in tHeEMIEP/EEA
Guidebook and the Danish IIR of 2015.

For accidental vehicle fires, emission estimates are calculated as the massctdssburned times a
pollutant specific emission factor from the Danish IR 2015. Weight of different types of vehicles are
used in the calculations and taken from tabl@® of the Danish IR 2015. The assumption is made
that 70% of the total mass is ned.

6.8.2 Activity data

Activity data for vehicle and building fires were obtained for the years 2003 to 2019 from the Capital
District Fire and Rescue Service (CDFRS). Building fires are classified by duration of response into
small, medium and large fireshd& data is presented ifiable6.9. As 2/3 of the Icelandic population

lives in the capital area, it is assumed that the CDFRS serves 2/3 of the incidents in Ic&labig. In
6.10, daa on vehicle and building fires, extrapolated for Iceland, is presented. As the emission
factors used comply for full scale building fires, the activity data is scaled as a full scale equivalent
where it is assumed that a medium and a small fire lead®#b and 5% of a large fire respectively,
and that a large fire is a full scale fifl@able6.9 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 Denmark is based on response agtigiher 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 a major industrial fire broke outarecycling 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,
but that fire is assumed to have been about 10% of the size of the one in 2004. In 2014 &rmajor
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 average of the total scaled building fires (38 eawmdhicle 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, making them 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 multiplying the number of different
vehicles fires witlthe 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 fires per vehicle type were taken per vehiclke, tyxcluding 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 is then calculated from the
number of vehicle fires ahthe average weights of the different vehicle types (also Danish weight, as
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information was not available). It is assumed that 70% of the total vehicle mass involved in a fire
actually burns.

Table6.9 Vehcle and building fires, capital area.

Building fires Total scaled
Year Vehicle fires <60 min 60-120 min >120 min building fires
2005 43 141 24 11 30
2010 34 118 17 9 23
2015 37 88 14 3 14
2018 38 74 11 11 20
2019 24 71 17 13 25

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
2005 65 212 36 17 46
2010 51 177 26 14 36
2015 54 132 23 5 24
2018 57 111 17 17 32
2019 51 107 26 20 38

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 weighthaf asphalt roll 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 indostidahg fires.

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 2019 EMEP/EEA @bk for all estimated pollutants provided in the Guidebook
except for dioxin which is taken from the 2015 Danish Informative Inventory Report (lIR) to the
UNECE. Other negstimated 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 B@&B:advkidered not

applicable as the Guidebook suggests.

Similarly, for industrial house fires, emission factors from takea® chapter 5E of the 2019

EMEP/EEA Guidebook is used exdéeptlioxin which is taken from the 2015 Danish Informative
Inventory Report (IIR) to the UNECE. Other-estimated 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 &hd PCB. N
is considered 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, an emission factor of 220 ug/(t of tires) from the
Standardized Toolkit for Identification and Quantification of Dioxin and Furan Releases (UNEP, 2005),
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was taken. Using this factor, this single fire sddilee about 16 industrial building fires and PAH4
emissions were scaled 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 Toolkiténtification and

Quantification of Dioxin and Furan Releases (UNEP, 2005). 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 particuldire corresponds to 5 industrial building fires plus the special
FaaSaaySyid 2F GKS FaLKFIfG NRft NR2FAYy3IAT Ay G201l ¢
estimates were calculated by using emission factors from tai@@ 6f the Annual Danish

Informative Inventory Report to the UNECE (National Environmental Research Institute, 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#t8.60ther

reported pollutants are taken from the 2019 EMEP/EEA Guidebook tehI®&8 emission factors are
provided for BC, Ni, Se, Zn, HCB and PCHs Néhsidered not applicable as the Guidebook

suggssts.

6.8.4 Recalculations and improvements
No recalculations were done for this submission.

6.8.5 Planned improvements

Review of data used for 199002 for the number of accidental house and vehicle fires. General

data improvement needed. There were two larger fire2018, which have yet to be researched

further. The Environment Agency has been in touch with the Capital’s Fire Department and the large
FANBA FNB AyOfdzZRSR KSNB dzy RSNJ GKS OF 6S3I2NRB @G0 dzA f
set up with he Iceland Building Authority with the aim of providing better estimates of emissions

from building fires.
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7 Natural Sources (NFR 11)

7.1 Volcanoes (NFR 11A)

Volcanic emissions are frequent in Iceland and modern techniques allow a good estimation of
associatd emissions. While the following chapters describe the three latest eruptions (from 2010) in
detail, theTable7.1 reports the emissions for the whole time series dhd respective sources of
information. As emissions from these eruptions are natutiaky are reported in this chapter and in

the NFR Tables under Memo IterbA butare not included in national totals.

Table7.1 Volcanic eruptions and associated SOx and particulate emissions from 1990.

Emissions (kt)
Year Volcano SOx PM2.5 PM10 Measurement method/ Source
Satellite Nimbus’ TOMS,
1991 Hekla 230 https://volcano.si.edu/volcano.cfm?vn=372070&vtab=Emissic
Satellite Aura OMI
1996 Grimsvétn 10 https://volcano.si.edu/volcano.cfm?vn=373010&vtab=Emissic
Satellite Earth Probe TOMS
2000 Hekla 183 https://volcano.si.edu/volcano.cfm?vn=372070&vtab=Emissic
Satellite Aura OMI
2004 Grimsvétn 30 https://volcano.si.edu/volcano.cfm?vn=373010&vtab=Emissic
2010 Eyjafjallajokull| 127 1,673 5,970 See Chapted
Satellite Aura OMI
2011 Grimsvotn 300 13,184 47,039 | https://volcano.si.edu/volcano.cfm?vn=373010&vtab=Emissic
2014 Holuhraun 10,880 See Chapter.1.3
2015 Holuhraun 1,126 See Chapter.1.3

Thelast three volcanic eruptions are report@dmore detail in the following chapter§hese
eruptions are: Eyjafjajokull eruption, ApriMay 2010; Grimsvétn eruption, May 2011; and
Holuhraun eruption, September 20€February 2015.
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7.1.1 Eyjafjallajokull eruption 2010

The Eyjafjallajokull eruption lasted from 2bril until 23 May 2010For this eruption emissions of
subhur dioxide (S¢) and particulate matter were estimated and reported. The emissions estimates
are based on satellite observation on a daily basis during the erdptond amounted to approx.

127 kt of S@ 6000 kt ofPMipand 1700 kt. oPM.s. These 6000 kt dPVho were around 3500 times
more than total estimated mamade PMoemissions in Iceland in 2010.

Figure7.1 Eyjafjallajokull eruption at its peak in April 20oto: Porsteinn J6hannsson).

14 https://wiki.met.no/emep/emep_volcano plume
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7.1.2 Grimsvotn eruption 2011

Grimsvotn volcano lays below the biggest glacier in Iceland, Vatnajokull in the southeast of the
country, and reaches 1725 m above sea level. It is one of the most active volcanoes, erupting in
recent time in 1934, 1983, 1996, 1998, 2004 and 2011.

The Grimsvétn eruption lasted from 21 May until 28 May 2011. The eruption at Grimsvotn was much
larger than that of Eyjafjallajokull the year before, and it has been estimated that during the first day
more sulphur and particulates were emitted than 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 not been estimated but tB&has scaled themissions of particulates using

the ratio of Sulphur emissions from the two eruptions (1000/127). This gives an approximate
estimate of 47,000 kt PMand 13,000 kt of Pik. Figure7.2, aNASA MODIS satellite image acquired

at 05:15 UTC oB2 May, 2011 shows the plume from Grimsvétn casting shadow to the west.

\ i"‘:".*\f\‘“ =%

Figure7.2 Grimsvotn eruption in May 201@hoto NASA/GSFC/Jeff Schmaltz/MODIS Land 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 iriceland since the Laki eruption 1783.

Emission estimates in the Holuhraun eruption were done by the volcanic hazard team at the
Icelandic Met Office. According to information from Sara Barsotti and Melissa Anne Pfeffer the
estimateswere done as followsThe emission rate of S@vas calculated using wind parameters
provided by the HARMONIE numerical prediction model and column concentrations dét8Ged

with different types of DOAS measurements. The DOAS techniques used include two NOVAC
scanning DOAS8struments(Galle, et al., 2010pne installed 7 km from the main degassing vent,
Baugur, but moved during the eruption due to the advancing lava to 10 km from the main vent; and a
second scanning DOAS installed 10 km frormthen vent, but damaged by advancing lava two

weeks after the start of the eruption; campaign DOAS traverses, made as close to the main vent as
conditions allowed; and ring road DOAS travefg&islason, 2015All measurementaere analysed
closely to remove the data most impacted by scattering. For all technigues, the good quality
measurements were used to calculate daily averages pEBii¥sion rate. On days when good

guality data was acquired from more than one DOAS techmithe larger value was used, and then
these daily values were used to calculate the monthly averages. Some minor degassing from the
cooling lava continued after the end of the eruption (maximum 3 kg/s; Simmons et al., 2016); this
contribution to the emis®ns is not included here.

Total S@emission from this eruption was estimated 12,006d¢ communicated in 2016 by the
Icelandic meteorological officdivided on calendar years 10,880 kt of @&re emitted in the year
2014 and 1,126 kt of S@ the yar 2015. To put these numbers in in perspective it can be said that
the total SQemission from all the European Union countries for the year 2012 was 4,576 kt. So the
emission from the eruption in the year 2014 i.e. fr@August 2014 t@81 December 2014 was

more than twice the total S€emission from all the European Union countries for whole year. For
September alone, during the most intensive period of the eruption, theegission from the

eruption was similar to the annual emission bétEuropean Union.

Emissions of ash weregligibleand therefore, have not been estimateBurther information about
SQemissions from the eruption are ifable7.2 below. As these emissions are natural they are not
included in national totals.

Table7.2 Monthly emission rates (Pfeffer (Icelandic Meteorological Office), 2016, email communication)

Averagemonthly emission rates 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&® pollution all over Iceland and also in other countries in Europe.
During the eruption, various institutions weredharge 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. The forecast was thd=g long and was updated
twice aday.SQ dispersion during the whole eruption modelled by CALPUFF are preserfagline

7.4 as the frequency of hourly concentrations higher than the EU one hour limit val&Xtrat is

350 pg/n?. The values corresponding to each contour show how many times this concentration has
been exceeded at each location during this period. During thpt®n, gas pollution was extensive
across all of Iceland. The NE part of the country suffered the highest impact from the eruption. The
model suggests that the area within 50 km NE of the eruption site exceeded 358fpglmp to 20 %

of the time (about30 days in total). The northern part of Vatnajokull and the eastern part of
Hofsjokull glaciers were frequently exposed to high grelewel 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 hourly concentrations 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 concentratiorSép 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 stations across Iceland recording 10 and 60
minutes averageoncentration. 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 these instruments where trace level (ppb)aB@lysers guipped with pulsed
fluorescence spectroscopy meters. In addition to these accurate measuring stations around 50 hand
held SQ meters was distributed throughout the country and they were usually 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 grougkvel concentration of atmospheric gi@ Iceland had
never been recorded as exceeding the 350 pdiourly limit. During the eruption, predicted and
measured values repeatedly exceed this limit (Bepire7.4 andFigure7.5). Much higher Sepeaks,
lasting shorter than one hour, were frequently measured on handheld sensors, the highest being
21,000 pg/niin H6fn(SE of the country)Continuous measurements started 28 October 2014 in
Ho6fn as shown ifrigure?7.5. There the hourly averaged concentration reached a maximum of 3050
ug/mion 11 Januar2015. Over the monitoring periods showrFigure?7.5, 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 Reyodarfjordi)(for 10 consecutive hours and a total of 58 hours), 1.4 % in
Reykjavik (for 8 consecutive hours and a total of 59 hours) and 4.2 tirhe in Hofn (for 16
consecutive hours and a total of 124 hours). The last unambiguous detection of the volcanic plume
was at the Myvatn station o8 February.
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Figure7.5 The S@concentration in air at four of the permanent gas monitoring stations presentemjure7.4. The 350
pg/m?3 health limit is shown by the red horizontal line. Biney vertical lines mark the eruption period. Permanent SO
monitoring started at H6fn 28 October 201&islason, 2015)

DFad SYA&aaAazya FNBY GKS | 2f dzKNF dzy SNHzZII A2y NBadz i
concentrations in th UK and Ireland during two occasions in September 28&dmidt, 2015)

Examples of the highest peaks during these events are shown from two monitoring stations in Ireland

in Table7.3 (Gislason, 2015along with examples from monitoring stations in the Netherlands,

Belgium, and Austria. These stations are equipped with pudlsedescence spectrometers with

similar detection limits and uncertainty as the Icelandic stations. During ttgepfmber the

groundlevel concentrations were highest in Austria at 235 py/ihe Masenberg station in Austria

is a background station atragh elevation and far away from local emission sources and rarely

records S@concentrations in excess of 30 ugin®n this day unusually high concentrations were

measured at most of the 30 monitoring stations in Austf@islason2015)
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Table7.3 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 ug/n?
Ireland Portlaoise 53.04 -7.29 98 m 06.09.2014 1420 km 343 pg/nt
Netherlands Philippine 51.29 3.75 5m 22.09.2014 1905 km 82 ug/n?
Belgium Ghentregion 51.15 3.81 12m 22.09.2014 1931 km 87 ug/n?
Britain Wicken Fen 52.3 0.29 3m 22.09.2014 1701 km 96 ug/n?
Austria Masenber 47.35 15.89 1210 m 22.09.2014 2754 km 235 ug/nt

r -

N
H

|

Figure7.6 Holuhraun eruption in Séhtember 2014. The height of the lava founteisaround 100 m (Photo: Olafur F.
Gislason).

136



L Informative hventory Report, Iceland021

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 2022 sgrnis he information
below is given for referencenly andhas not been updated since the 2016 submission.

This chapter includes results of the Icelandic geographically distributed emissions for the years 1990,
1995, 2000, 2005 and 2010 for PAH4 and dickmission data have been disaggregated to the
standard EMEP grid with a resolution of 50 km x 50 km. The reported emissions include gridded data
for sector totals as well as national totals. Emissions for aviation, navigation and fishing have not
been gidded.

When gridding the data all industrial sources and waste incineration sites (open pit burning and
incineration plants) have been mapped with coordinates and projected on the grid. Other emissions
like emissions from road transport, accidental fir@sd bon fires have been divided on the grid

based on population data. Some minor sources like emissions from tobacco smoking have been
located where the populations density is highest, i.e. the capital area.

Update of gridded data, including actualisatim the new0.1°x0.1°EMEP grit being considered
and will be available fdiuture submissios.
8.1 PAH4 Emissions 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 aml 2010.

PAH4 1990

B s0.1 - 55.0 e 0 50 100 150 200 km

Figure8.1 Emissions of PAH4 within the EM&#d in 1990.
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8.2 Dioxin Emissions in 1990, 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 malfunctioning of the incineration plaat isafjérdur (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 EMESRid in 1990, 1995, 2000, 2005 and 2010.

Dioxin 1990

% - 1200
1201 - 1300
[ 1301 -1400
| ] 1401-1500
1501 - 1600
[ 1601 - 1700
I 1701 - 1800

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 emissions within the EMERId in 2010.
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Annex |: 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 PA0 and previous
(2020) versions of the inventory for the base year (1990) and the most recent year covered
by both versions (218).

1 Negative and zero values checkto highlight the occurrence of negatiwalues (LULUCF is
not included) and zero values in the inventory.

1 Notation keys checkto summarise the occurrence of each notation key to ensure
consistency and accuracy in the inventory.

1 PAHs sum checko ensure that the sum of the four reported P#&Equals the reported
aidz2arte t! 1l SYrAaairzyao

1 Particulate Matter check to ensure that reported TSP emissions are greater than or equal
to PMuo, and similarly that reported Pldemissions are greater than or equal to PM

In all cases, théindings of the checks are reviewed, not only to identify where corrections may be
required, but also to consider whether there are any steps of the inventory compilation process that
need improvement. In addition, reviewing the results also provides iméion on whether the

individual checks are well designed and comprehensive.

This ensures that all results from the QAQC process feed back into the continuous improvement
programme.

Recalculation Check
A recalculation file has been used for @1 submision. This QAQC file compares the emissions
between the current and previous submissions, for28hd 1990 (the base year). The data has been
compiled to enable changes in the data to be easily identified and justifications for change provided
where requied. The current recalculation check considers all of the reported pollutants and activity
data

The recalculations check calculates the actual difference between the current and previous
submission. If one or both values are notation keys, and are mosdime 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 cells@ highlighted for ease of reference. This process of identifying recalculation changes
and the documentation of changes is in line with Chapter 4 of the 2016 EMEP guidelines regarding
the reporting of recalculations. Where a recalculation change ocdusspécessary to check that the
underlying reasons are understood and considered reasonable.

At present, the recalculations QAQC check only considers the base year and latest year included in
both the current and previous submissions. Iceland recognisgshe inclusion of additional years
as an improvement which will be implemented in subsequent submissions.
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Negative and Zero Values Check
Checks were performed to identify whether any negative or zero values occur in the NFR Annex |
submission file. Noegative or zero values occurred and therefore no further action was needed.

Notation Keys Check
The number of occurrences of notation ke#\( NENOandIE) in the NFR Annex | submission file
are presented. This QAQC check is used to ensure that notajeare applied consistently and
accurately within the inventory. The occurrence of notation keys is presented as a count for each
NFR code for the years 202019 with highlighted cells for ease of reference.

A more complete check of the entire timerges will be considered for future versions of the
inventory.

PAH Sum Check
This is a sum check to identify whether the sum of the reported emissions for benzo(a) pyrene,
benzo(b) fluoranthene, benzo(k) fluoranthene and Indeno (i¢2)3pyrene equals theeported
SYraarzya F2N aG2GFt¢é¢ F2d2NI t! 1 ad ¢KAE OKSO]
OdzNNBy (G adzoYAaaizyd 2KSNB GKS addzy 2F GKS t!
ease of reference and where required the cadier differences are documented.

Particulate Matter Check
This check identifies any categories where the emissions reported for TSP are less than PM
emissions and where Plyemissions are less than R¥emissions. This enables the identification of
errors in reported PM emissions based on the assumption thatkF®RoxPM:s. This check is
performed for each reported NFR code and year for the current submission. Where errors in
reported PM emissions are identified, cells are highlighted for easderferece and where required
documentation is provided.
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Annex I: KCAResults forl990 and Trends 1999019

NG, NMVOC, &, NH;, PMz.s, PMio, TSP, BC and CO

Key categories for NONMVOC, SONH;, PM2.5, PM10, TSBC and CQ,990

Keycategories

Component . . Total (%)
(Sorted from high to low from left to right and top to bottom)
] Mobile combustion
Fishin Road transport National navigation in manufacturing
g Passenger cars 9 industries and
NO construction 82.8%
NFR 1A4ciii NFR 1A3bi NFRLA3dii NFR 1A2gvii
59.1% 14.9% 4.8% 4.0%
i Manure Manure Biological
Road transport: . _ . treatment of
National fishing management management Dairy :
Passenger cars waste- Solid waste
Horses cattle ]
disposal on land
NFR 1A3bi NFRLA4ciii NFR 3B4e NFR 3Bla NFR 5A
37.6% 6.4% 5.7% 5.6% 5.3%
NMVOC 81. 7™
Coatin Domestic solvent Road transport: Manure Food and
a Iica%ions use including Gasoline ma.lnagement- Nor beverages indust
pp fungicides evaporation dairy cattle 9 "
NFR 2D3d NFR 2D3a NFR 1A3bv NFR 3B1b NFR 2H2
5.1% 4.6% 4.3% 3.8% 3.2%
Other fugitive
emissions from
energy National fishing Ferroallpys
production production
SQ (Geothermal 82.™%
energy)
NFR 1B2d NFRLAA4ciii NFR 2C2
55.6% 19.4% 7.7%
. Manure Urine and dung Manure Manure
Animal manure : ;
applied to soils management deposited by management Dairy management
NHs Sheep grazing animals cattle Nontdairy cattle 86.2%
NFR 3Da2a NFR 3B2 NFR 3Da3 NFR 3Bla NFR 3B1b
28.3% 18.8% 18.3% 13.6% 7.1%
. Mobile combustion
. Road transport: . :
. L Open burning of ) Ferroalloy in manufacturing
National fishing Automobile road . . .
waste . production industries and
abrasion .
construction
NFR 1AA4ciii NFR 5C2 NFR 1A3bvii NFR 2C2 NFR 1A2gvii
32.6% 11.2% 6.8% 6.7% 5.6%
PM2.5 Stationary 82.4%
combustion in Road transport:
Construction and Aluminium National navigation manufacturing port.
. . - . . Heavy duty
demolition production (shipping) industries and .
L vehicles and buses
construction: Non
metallic minerals
NFR 2A5b NFR 2C3 NFR 1A3dii NFR 1A2f NFR 1A3biii
4.3% 4.1% 4.0% 3.7% 3.4%
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Key categories

Component . . Total (%)
(Sorted from high to low from left to right and top to bottom)
Construction and . o Qua_rrylng apd Road transport: Open burning of
L National fishing mining of minerals  Automobile road
demolition . waste
other than coal abrasion
NFR 2A5b NFRLA4ciii NFR 2A5a 1A3bvii NFR 5C2
24.4% 20.0% 8.6% 7.1% 6.8%
PM10 . _ Far.mlevel 82 5%
Mobile combustion agricultural .
. . - . . - National
. in manufacturing  operations including Aluminium S
Ferroalloy productior . . - . navigation
industries and storage, handling  production (shipping)
construction and transport of pPing
agriculturalproducts
NFR 2C2 NFR 1A2gvii NFR 3Dc NFR 2C3 NFR 1A3dii
3.8% 3.2% 3.1% 2.9% 2.5%
Construction and . _— an_rrylng apd Roadtran_sport: Open burning of
" National fishing mining of minerals  Automobile road
demolition ) waste
other than coal abrasion
NFR 2A5b NFR 1AAciii NFR 2A5a 1A3bvii NFR 5C2
44.6% 10.9% 6% 7.7% 8%
TSP 6% 0.9% 9.6% o 3.8% 81.8%
International Ferroalloy
aviation LTO (civil)  production
NFR 1A3ai(i) NFR 2C2
3.0% 2.2%
Mobile combustion Road transport:
National fishing Open burning of in man_ufactunng Road transport: Hegvy duty
waste industries and Passenger cars vehicles and
BC construction buses 83.4%
NFR 1AA4ciii NFR 5C2 NFR 1A2gvii NFR 1A3bi NFR 1A3biii
34.7% 19.8% 14.7% 7.1% 7.1%
Road transport: Aluminium International
Passenger cars production aviation LTO (civil)
CO  NFR 1A3bi NFR 2C3 NFR 1A3ai(i) 81.3%
54.4% 14.7% 12.3%
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Key categories for NONMVOC, SONH;, PM2.5PM10, TSBC and COyrend 1992019

Key categories

Component . . Total (%)
(Sorted from high to low from left to right and top to bottom)
Mobile
Road transport:  Ferroalloy Aluminium combusuon' n I
. . manufacturing Fishing
Passenger cars  production production . .
industries and
construction
NFR 1A3bi NFR 2C2 NFR 2C3 NFR 1A2gvii NFR 1AA4ciii
30.0% 12.5% 10.9% 8.4% 7.7%
Stationary
NO« combustion in 80.6%
manufacturing
industries and International
construction: aviation LTO (civil
Food processing,
beverages and
tobacco
NFR 1A2e NFR 1A3ai(i)
6.5% 4.7%
. 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
41.7% 9.8% 6.7% 6.2% 5.6%
NMVOC 80.6%
Manure Distribution of oil .
management National fishing
) products
Dairy cattle
NFR 3Bla NFR 1B2av NFR 1AA4ciii
4.1% 3.7% 2.7%
Stationary
Other fugitive combustion in
emissions from manufacturing
energy . _ Aluminium industries and
) National fishing . .
production production construction: Fooc
sQ (Geothermal processing, 85.3%
energy) beverages and
tobacco
NFR 1B2d 1A4ciii NFR 2C3 1A2e
28.4% 24.3% 21.9% 10.7%
Manure Manure Manure Manure
Road transport:
management management management management Passender cars
Sheep Nondairy cattle  Broilers Other animals g
NFR 3B2 NFR 3B1b NFR3B4gii NFR 3B4h NFR 1A3bi
0, 0, 0, 0, 0,
N 25.9% 22.5% 13.6% 7.9% 6.5% 82.2%

Animal manure
applied to soils

NFR 3Da2a
5.7%
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Key categories

Component . . Total (%)
orted from high to low from left to right and top to bottom
(Sorted f high to low fi left t ht and top to bottom)
Mobile
Road transport: combustion in
Aluminium Open burning of nsport. ) . manufacturing
. Automobile road National fishing . .
production waste abrasion industries and
construction: Non
metallic minerals
NFR 2C3 NFR 5C2 NFR 1A3bvii NFR 1AA4ciii NFR 1A2f
28.3% 14.8% 13.6% 8.7% 6.2%
PM2.5 Stationar Mobile 82.7%
combustiﬁn in combustion in
manufacturing Road transport: mggg{:g;uggg
industries and Heavy duty construction: Fooc
construction: vehicles and buse r0Cessin '
Norrmetallic P 9
minerals beverages and
tobacco
NFR 1A2f NFR 1A3biii NFR 1A2e
5.1% 3.3% 2.8%
Aluminium Construction and Road trapsport: Open burning of Qua_rrylng ahd
roduction demolition Automoblle road waste mining of minerals
P abrasion other than coal
NFR 2C3 NFR 2A5b 1A3bvii NFR 5C2 NFR 2A5a
20.5% 17.4% 14.3% 9.7% 8.0%
PM10 Mobile 80.4%
combustion in
National fishing manufacturing
industries and
construction
NFR 1AA4ciii NFR 1A2gvii
6.7% 3.8%
Construction and Road trar_lsport: Aluminium an}rrylng a_nd Open burning of
L Automobile road . mining of minerals
demolition ] production waste
abrasion other than coal
NFR 2A5b NFR 1A3bvii NFR 2C3 NFR 2A5a NFR 5C2
TSP 29.6% 17.9% 14.9% 10.9% 5.5% 82.6%
International
aviation LTO
(civil)
NFR 1A3ai(i)
3.7%
Mobile
. _ Open burning of combustlon_ n Road transport:  Aluminium
Nationalfishing manufacturing .
waste . ; Passenger cars  production
industries and .
BC construction 80.1%
NFR 1AA4ciii NFR 5C2 NFR 1A2gvii NFR 1A3bi NFR 2C3
28.5% 25.5% 12.2% 7.6% 6.2%
Aluminium Road transport:
production Passenger cars
Cco NFR 2C3 NFR 1A3bi 82.8%
50.0% 32.9%
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Persistant Organic Pollutants (POPS)

Key categories for POPs, 1990

Key categories

Component . . Total (%)
(Sorted from high to low froneft to right)
Open burning of
waste
DIOX NER 5C2 97.9%
97.9%
Open burning of
waste
PAH4 NFR 5C2 82.8%
82.8%
Open burning of
waste
HCB 84.3%
NFR 5C2
84.3%
Stationary
combustion in
Open burning of manufacturing
waste industries and
PCB construction: Non 89.8%
metallic minerals
NFR 5C2 NFR 1A2f
62.6% 27.1%
Key categories for POPs, Trend 12009
Key categories
Component ) i Total (%)
(Sorted from high to low from left to right)
Open burning of Accidental fires
waste
DIOX NFR5C2 NFR 5E 80.8%
50.7% 30.1%
Stationary
combustion in
Open burning of  Aluminium Ferroalloys Road transport:  manufacturing
waste production production Passenger cars  industries and
PAH4 construction: Non 88.7%
metallic minerals
NFR 5C2 NFR 2C3 NFR 2C2 NFR 1A3bi NFR 1A2f
41.0% 14.7% 12.4% 11.6% 9.0%
Open burning of
waste
HCB NER 5C2 91.%%
91.4%
Stationary
. combustion in
Open burning of i - manufacturing
waste National fishing industries and
PCB construction: Non 935%

NFR 5C2
40.9%

NFR 1AA4ciii
35.3%

metallic minerals
NFR 1A2f

17.3%
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Priority heavy metals (Pb, Cd, Hg) and additional heavy metals (As, Cr, Cu, Ni, Se, Zn)

Key categories for heavy metals, 1990

Key categories

Component Total (%)
(Sorted from high to low from left to right and top to bottom)
Moie combusten i
Other product Combustion in - Road transport:
. . manufacturing )
use(Fireworks,  manufacturing . . Other waste Automobile tyre
tobacco) industries and industries and and brake wear
Pb . construction: Non 85.8%
construction S
metallic minerals
NFR 2G NFRLA2gvii NFR 1A2f NFR 5E NFR 1A3bvi
22.7% 21.6% 16.3% 14.2% 11.0%
Stationary
combustion in
Open burning of National fishing _manufa_cturlng
waste industries and
Cd construction: Non 82.8%
metallic minerals
NFR 5C2 NFR 1AA4ciii NFR 1A2f
43.0% 30.0% 9.8%
Open burning of
waste
Hg 90.™%
NFR 5C2
90.7%
National fishing Open burning of
waste
As 82.1%
NFR 1AA4ciii NFR 5C2
54.1% 28.0%
Stationary
Road transport: ;0;12?:;3%:
National fishing ~ Automobil tyre . . 9
andbrake wear industries and
Cr construction: Non 82.1%
metallic minerals
NFR 1AA4ciii NFR 1A3bvi NFR 1A2f
49.1% 23.5% 9.5%
Road transport:
Automobil tyre  National fishing
Cu and brake wear 85.1%
NFR 1A3bvi NFR 1A4ciii
52.5% 32.6%
National fishing
N NFR 1A4ciii 80.6%
80.6%
National
National fishing  navigation
Se (shipping) 85.8%
NFR 1AA4ciii NFR 1A3dii
78.0% 7.8%
Openburning of Road transport:
wgste 9 National fishing  Accidental fires ~ Automobil tyre
7n and brake wear 84.%%
NFR 5C2 NFR 1AA4ciii NFR 5E NFR 1A3bvi
24.2% 22.8% 19.0% 12.7% 8.4%
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Key categories for heavy metals, trend 129019

Keycategories
Component Total (%)
(Sorted from high to low from left to right and top to bottom)
Mobile . L
Other product Combustion in Stationary Qompustloq n
: . manufacturing industries
use (Fireworks, manufacturing . Other waste
tobacco) industries and andconstruction: Non
Pb . metallic minerals 84.4%
construction
NFR 2G NFR 1A2gvii NFR 1A2f NFR 5E
42.6% 17.4% 15.2% 9.2%
Stationary combustion in
Open burning  Ferroalloy manufacturing industries Other product use
of waste production and constructionNon (Fireworks, tobacco)
Cd metallic minerals 88.0%
NFR 5C2 NFR 2C2 NFR 1A2f NFR 2G
38.4% 31.5% 9.3% 8.8%
Open burning National fishing
of waste
Hg 80.6%
NFR 5C2 NFR 1AAciii
62.6% 18.0%
Stationary combustion in
Openburning _— manufacturing industries
Fishing i
of waste and construction: Non
As metallic minerals 85.1%
NFR 5C2 NFR 1AAciii NFR 1A2f
43.4% 36.0% 5.8%
Road transport: Stationary c_om_bustloq in
A . _ manufacturing industries Other product use
Automobil tyre  Nationalfishing . .
nd brake wear and construction: Non (Fireworks, tobacco)
Cr a metallic minerals 87.2%
NFR 1A3bvi NFR 1AA4ciii NFR 1A2f NFR 2G
36.7% 25.3% 14.7% 10.5%
Roadtransport:
National fishing Automobil tyre Ot_her product use
(Fireworks, tobacco)
Cu and brake wear 88.0%
NFR 1AA4ciii NFR 1A3bvi NFR 2G
42.0% 26.5% 19.6%
Public electricity National navigation
National fishing and heat (shipping) 9 Otherproduct use
Ni production pping 81.8%
NFR 1A4ciii NFR 1Ala NFR 1A3dii NFR 2G
33.5% 22.8% 14.0% 11.4%
. Stationary (?om_b ustlon_ " Road transport:
Open burning . L manufacturing industries )
National fishing 2 Automobil tyre and
of waste and construction: Non brake wear
Se metallic minerals 84.1%
NFR 5C2 NFR 1A4ciii NFR 1A2f NFR 1A3bvi
36.4% 22.4% 12.7% 12.6%
Stationary
Road transport: combustion in
Open burning ISPOTE - Giher product use manufacturing
Automobil tyre . . )
of waste d brak r (Fireworks, tobacco) industries and
zn and brake wea construction: Non 80.8%
metallic minerals
NFR 5C2 NFR 1A3bvi NFR 2G NFR 1A2f
37.1% 26.6% 11.3% 5.8%
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Annex ll: Emission trends 1998019 per sector, norfPOPs pollutants.

Energy: NQ NMVOC, SONH;, CO and PM

NOx [kt]

NMVOC [kt]
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