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Preface

The Convention on Lorigange Transboundary Air Pollution (CLRTAP) was adopted in 1979 and
entered into force in 1983. The Convention has been extended by eigiocBi®, of which Iceland

has ratified the Protocol on Persistent Organic Pollutants. Furthermore, in 2009 the national emission
ceilings directive (NECD) 2001/81/EC was added to the EEA agreement, with national emission
targets set for Iceland for SANQ, NMVOC and NH

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

Inventory Report (IIRdach year The IIRogether with the associated Nomenclature for Reporting
GFrofSa obCw GFrofSao Aa LOStFIYyRQa O2yiUNROGdziA2Yy (2
report emphasizes emissions of Persistent Organic Pollutants as Iceland has only ratified tbel Proto

on Persistent Organic Pollutants (POig)er the CLRTAFEmissions of the indirect greenhouse

gases (NQ CO and NMVOC), bl&hd SQare provided in the NFR tables as they are calculated to
comply with the reporting requirements of the NE@m the Whited Nations Framework Convention

on Climate Change (UNFCCC). Emission estimates for particulate matter (PM), black carbon (BC) and
heavy metals(HM) are provided for several emission sources. A description of the trends and the
calculation method for theollutants are given in this report. Further estimates fop, 3% s and

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

2011 and Holuhraun eruption in 2014 and 2015 are provided.

The 1IR is written byhe Environment Agency of Iceland (EA

EnvironmentAgency of Iceland, Reykjav2g June 2018
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@

Executivesummary
Background

Informative hventory Report, Iceland 2@

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 Protc8lersistent Organic 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 directide2CD2001/81/EC was added to the
EEAagreement, with national emission targets set for Iceland fof, 8, NMVOC and NHAt the

time of writing, work is underway at the EAI and the Icelandic government to evaluate and work at
the incorporation of the new National Emissions Ceiling direq®016/2284) into the EEA

agreement.

To comply with the requirements of the Convention and of the national emission ceilings directive,
Iceland preparsan Informative Inventory Report (IIR)nually The IR together with the associated
Nomenclature fowS L2 NI Ay 3 Gl 6f S& obCw ibthis fodhdaf regodingL OSt | YR
under the Convention, and covers emissions in the period £Z8W6. This report emphasizes on
anthropogenic emissions of Persistent QrigaPollutants (Dioxin, PAHACBand PCB as Iceland has
only ratified the Protocol on Persistent Organic Pollutants. Anthropogenic emissions of the indirect
greenhouse gases (NCO and NMVOC) and Sk provided in the NFR tables as they are
calculated to comply with the reportingquirements of the UNFC@@d of the NECLFor this
submission emission estimates for ammonia §\particulate matter (PM}lack carbon (BG@Gnd

heavy metals (HMare provided for a few emission sourc®CB and HM emissions are reported for
the first time in this report.

This report and the NFR tables are available orGbetre on Emission Inventories and Projections
(CEIP) webpage
http://www.ceip.at/ms/ceip_homel/ceip _home/status reporting/2018 submissions/
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@

Responsible institute

Informative hventory Report, Iceland 2@

The Environment Agenaof Iceland (EAI), an agency under the direction of the Ministry for the
Environment and Natural Resourcesdasponsible for the annual preparation and submission of the
Icelandic informative inventory report (IIR) aNdmenclature for Reporting tables (NFR tabtes)

the Convention on LonBange Transboundary Air Pollution. The EAI participates in meetings und
the United Nations Economic Commission for Europe (UNECE) Task Force on Emission Inventories
and Projections (TFEIP) and the related expert panels, where parties to the convention prepare the
guidelines and methodologies on inventories.

An Overview oPOPs emissions

All sources of POPs emissions are included in the energy, the industry and the waste sector; activities
belonging to the agriculture sector are either not occurring in Iceland, or do not generate POPs
emissions.

From 1990 t02016 dioxin emissions decreasadbstantiallyFigure ESL). Inthe most recent year of
the time seriesthe largest contributog of dioxin emissions in Icelanagere waste incineratiorand
commercial fishing (Energy sector).
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Figure ESL Trends in dioxin emissions by sousiecel1990.

PAH4 emissions from 1990ttoe most recent year of the time sesdecreasedubstantially(Figure
ES2). The largest contributas of PAH4 emissions in Icelaarkthe metal industry(Industry sectoy,
roadtransport (Energy sector) and waste incineration (Waste sgctor
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Figure E Trends in PAH4 emissions by sedimge1990.

Theestimatedhexachlorobenzes(HCB) emissions from 1990 to &ltcreasesubstantially(Figure
ES23). The largest contributasf HCB emissions in Icelaisdwvaste incineratioigwithout energy
recovery)followed by emissions originatirfgom navigation and fishingHCB emissions from the
industry sector increased in 2004, following the operofig secondary aluminium planDpen
burning of waste was @dmmonwaste management practice in Iceland {#@04. However, an
increase in the amourof waste incinerated in incineration plants withoemergyrecoveryoccurred
in 2004 while a reduction of the amount of waste burnedhe open occurredh that same year.
Interpretations of the HCB trend analysis shouldibdertakenwith care as emi&sons havenly
been estimated for a few sources.
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Figure ES3 Trends in HCB emissions by sedioice1990.
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Polychlorinated biphenyl (PC&hissionshave increased across the time serfEgure ES.)4The
largestcontributor of PCB emissions in Icelandaasteincineration(with no energy recovery The

only sourceof PCB estimated from industrial processes is secondary steel production (2C1). The only
secondary steel plant in Iceland started its activities ih420n 2015, production was much less than

in the year before, leading to a decrease in PCB emisshp®en burning of waste was a common

waste management practice in Iceland {2@04.However, an increase in the amount of waste
incinerated in incineratioplants withoutenergyrecovery occurred in 2004 while a reduction of the
amount of waste burned in the open occurred in that same year
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Interpretations of thetotal PCB trend analysis should badertakenwith care as emissions have only
been estimateddr a few sources.
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Figure ES4 Trends in PCB emissions by sesioce1990.
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1 Introduction

1.1 Background Information

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

13" of 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 tldimmal emissions

by sources.

The Convention has been extended by eight &rols, of which the Protocol on Persistent Organic
Pollutants (POfProtocol) has been signed and ratified by Iceland. TheF@®col was ratified by
Iceland in May 2003 and entedt into force in October 2003.

In 2009, the National Emission Ceiling®&tive (NECD) 2001/81/EC was incorporated the EEA
agreement, with national emission targets set for Iceland foz, 8IG, NMVOC and NHThe targets

set were 90 kt, 27 kt, 31 kt and 8 kt, respectively, to be reached by 2010. In December 2016, a new
directivereplaced the NEC{he Reduction of National Emissions of Certain Atmospheric Pollutants,
2016/2284 commonly and hereafter referred to as the new NE@Dtered into force in all EU
Member States. The new NECD includes the same pollutants asefiereplaces, with the addition

of CO, Cd, Hg, Pbh, POPs (PAH, dioxins/furans, PCBs, HGEYMpMnd 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 theEAI and the Icelandic government to evaluate and wowkardsthe incorporation

of the new National Emissions Ceiling Directive (2016/2284) into the EEA agreement;-spedaifid
targets are yet to be determined.

The present report together with the assated NFR (Nomenclature for Reporting) talzdes
Icelands contribution to the2018reporting under the Convention. As Iceland has only ratified the
POR Protocol the report emphasizes anthropogenic emissionRO@Psand covers anthropogenic
emissions ddioxin, PAKH, HCBand RCBIn the period 199€015 as well as gridded data for dioxin,
PAH4 and HCB for the years 1990, 1995, 2000, 2005 and 2010. A description of the trends and
calculation methodis given. Anthropogenic emissions of the indirect ghemrse gases (NOCO,
NMVOC)NH and SQ@are provided in the NFR tables, as they are calculated to comply with the
reporting requirements of the UNFC@x of the NECLEmission estimates for particulate matter
(PM) black carbon (BC) and heavy metadM) are provided for a few emission sources. A short
description of the trends and the calculation mettsoidrthose pollutants are given in this report.

Estimates for S@ PMsand PMg for the volcano Eyijafjajokullwhicherupted in 2010the volcano
Grimsvotrwhicherupted in 2011and Holuhraun eruption in 201and 2015are alsoprovided
(Chapter7).

1.2 Institutional Arangementdor Inventory Preparation

The Environment Agency of Iceland (EAI), an agency under the auspices of the Ministry for the
Environment and Natural Resources, has oveealbonsibility fothe annual preparation and
submission of theational hventoryto the UNECIEERTAP ConventiorEAcompilesand maintains

the emission inventory and reports to the Conventidfigurel.l illustrates the flow of information

and allocation of responsibilitie$he methodologies and data sources used for different sectors are
described in Chapter 1.3.
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CLRTAP

A

Industry: return questionnaires to EA
(activity data, process specific data, imports)

Environment Agency
(EA)

National Energy Authority: estimate fuel use by

Compiles relevant activity data and emission sector

factors

Runs emission models

Statistics Iceland: compile statistics on live-stock,
use of fertilizers, import of fuels and solvents

Figurel.l Information flow anddistribution of responsibilities in the Icelandic emissions inventory system for reporting to
the CLRTAP.

1.3 Protocol on Persistent Organic Pollutants

The Protocol on Persistent Organic Pollutants (POPs) was adopted on 24 June 1998. It entered into
force on23 October 2003. It focuses on a list of 16 substances that have been singled out according

to an agreed risk criteria. The substances comprise eleven pesticides, two industrial chemicals and
three byproducts/contaminants. The ultimate objective is tom@nate any discharges, emissions

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

emissions of dioxins, furans, PAHs and HCB below their levels in 1990 (or an alternative year between
1985 and 1995). For the incineration of municipal, hazardous and medical waste, it lays down

specific limit values. Aldrin, chlordane, @tdecone, 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 bamed with a regulation in 1996. Lindane (HCH) was used in Iceland until the early nineties.
Sales statistics exist for 1990 to 1992, and the use of lindane was banned in 1999. PCB was banned in
Iceland in 1988.

1.4 Inventory Preparation

The EAcollects the bulk of data necessary to run the general emission model, i.e. activity data and
emission factors. Activity data is collected from various institutions and compguesrding to
Regulation No. 520/2017as well as bthe EA directly:

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

2. Until 2011 the Farmers Association of Iceland (FAI), on behalf of the Ministry of Agriculture,
was responsible for assessing the size of the animal population each year, when the Food
and Veterinary Authority took over that responsibility. Oquest from the EA, the FAI
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assistedhe development o method to account for young animals that are mostly
excluded from national statistics on animal population. Animal statistics have been further
developed to better account for replacement animalsatordance with recommendations
from the ERT that came to Iceland for arcountry 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 imgord export of fuels.

4. The EAI collects various additional data through the annual emission reports reported under
the European missions Trading System (EU ETS, accordiagttdo. 70/2012 on Climate
Changg European Pollutant Release and Transfer Regigl@RTRaccording to Regulation
No. 990/2008, Green Accounting reports from industry submitted under Reguldimn
851/2002

5. Data for using the transport model COPERT originates from EMISdAd3ised for emission
estimates from road transport (NFRA3Db) for selected pollutants from 2000 onwards (see
more details in the energy sector).

6. Aviation emissions for 2008016 are reported using the Eurocontrol dataset.

7. Emissiorfactors are mainly taken from thEémission Inventory GuidebofikEA, 2016}the
Emission Inventory Guidebo@ikEA, 2013}he Standardized Toolkit for Identification and
Quantification of Dioxin and Furan Relea@gSEP, 2005Annual Danistnformative
Inventory Report to UNEQRERI, 2016Emissions of Black carbon and Organic carbon in
Norway 199€2011(Aasestad, 2013s well as the Norwegian reportislipp til luft av
dioksiner Norgeg Dokumentasjon av metode og resultatéBtatistics Norway, 2002nd
Utslipp til luft av noen miljogifter i NorgeDokumentajon av metode og resultat¢Btatistics
Norway, 2001)

8. The EAalsocollectsactivity data with regard to waste.

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

The annual inventory cycl€&igue 1.2) describes individual activities performed each year in
preparation for next submission of the emission estimates.

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

2 Utslipp til luft av dioksiner i Norgeair emissions of dioxins in Norwgypocumentation of methods and results
3 Utslipp til luft av noen miljogifter i Norge Dokumentasjon av metode og resultatefir emissions of several
pollutants in Norway Documentation of methods and results
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1 INVENTORY PLANNING 2 INVENTORY PREPARATION
Setting quality objectives Collecting activity data
Prioritisation of potential improvements Estimating greenhouse gas
Revision of methods and emission emissions and removails
factors Implementing QC checks

Uncertainty assessment

Key source analysis
Recaiculations
Documentation and archiving

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

Figue 1.2 The annual inventory cycle.

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

After compilation of activity data, emission estimates and uncertaintiesalelated and quality
checks performed to validate results. All emission estimates are imported into the CRF Reporter
software.

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

After an approval by the director and the inventory team at thé, E#e gas air pollutaninventory is
submitted by the EA

1.5 Tiers

A tier represents the level of methodological complexity. There are three tiers used in the emission
estimate; Tier 1 that is the simple (most basic) method; Tier 2, the intermediate; and Tier 3, the most
demanding in terms of complexity and data requirentse
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1.6 Key @tegowy Analysis (KCA)

A key category means a source category of emissiondhtma significant influence on Iceland’s

total emissionsA KCA has been undertaken based on Approach 1 outlined in the 2016 EMEP
Guidelines. The KCA has been perfed using the current CLRTAP inventory data. Data for 1990 and
the most recent year of the time seribas been extracted for each pollutant and NFR cédeCA

has been performed for each pollutant, calculating both the level assessment and trend assessm
Memo items and notation keys have been excluded. The sectors that contribute to more than 80 %
of the inventory are identified for each pollutant in ascending order. Formatting has been used to
ensure that these sectors are easily identifiable forrepollutant.

Informative hventory Report, Iceland 2@

The KCA analysis is a relatively recent addition to the emissions inventory programme, and therefore
it is important tonote the outputs and the process. It will then be possible to consider resource
implications and data format requirement$ further improvements.

Future improvements might be concerned with the following points:

- The EMEP Guidelines explain that as part of the KCA analysis, subcategories which
cumulatively contribute more that 60 % should be treated with significance. Ong(l9é
GKNBaK2fR A& O2yaARSNBR Ay GKS OdNNByd Y/ ! 3 |
may be considered for future submissions.

- The EMEP 2016 guidance recommends that when using Approach 1, where possible
categories should be disaggregatetbitheir major fuel types. This data is not currently

readily accessibl&he efforts required for improving this in future submissions will be
assessed.

- The current KCA does not consider the cro@selations between categories.

The results presented ihis submission represent a significant improvement on previous
submissions. Iceland is committed to delivering further progress where it does not entalil
disproportionate effort.

Tablel.1 presents the results of theurrentkey category analysis for POPs. The key category
analyses for all other pollutants included in the inventory are presentédirexill.
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Tablel.1 Keycategoryanalysis for reported PORs2016.

Key categories

0,
Component (Sorted from high to low from left to right) Total (%)
National Fishing  Accidental fires OOfpvigskthmlng
DIOX NFR 1A4ciii NFR & NFR 5C2 85.81%
(65.21%) (10.37%) (10.23%)
Open burning of  Ferroalloy Aluminium Accidental fires Road transport:
waste production NFR production NFR 5E Passenger cars NF
NFR5C2 2C2 NFR 2C3 1A3bi
PAH4 (22.84 %) (18.14%) (17.07%) (12.04%) (8.95%) 85.96%
Fishing
NFR 1A4ciii
(6.91 %)
Clinical waste Municipal waste Fishing
incineration NFR incineration NFR ~ NFR 1A4ciii
HCB 5Cla 5Cla 82.23%
(39.17%) (26.47%) (16.60%)
Municipal wvaste  Fishing I:gr;li:rli(:)zteel
incinerationNFR  NFR 1A4ciii p
PCB 5C1a NFR 2C1 90.84%
(57.24%) (22.35%) (12.03%)

1.7 Quality Assurance &u@lity Control

The objective of QA/QC activities in national emissions inventories is to impemaparency,
consistency, comparability, completeness, accuracy, confidence and timek@s¢QC plan for the
annual inventory of Iceland h&x&en prepared. The document describes the quality assurande

guality control programlt includes the quély objectives and an inventory quality assurance and a
guality control plan. It also describes the responsibilities and the time schedule for the performance
of QA/QC procedures. The QC activities include general methods such as accuracy checks on data

aqquisition and calculations and the use of approgtahdardizedrocedures for emission

calculations, measurements, estimating uncertainties, archiving information and reporting. Source

category specific QC measures have been developed for several keg satggories. A quality

manual for the Icelandic air emission inventory has been prepared. It is availablelfh& EA5 S 6 a A

(ust.is/library/Skrar/Atvinulif/Loftslagsbreytingar/lceland QAQC plan odf

A range of QAQC checks have been performed on the Icelandic inventory:

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

the inventory.

- Trends checkto identify outliers and changes in the trend in the most recent three years of

the inventory.

- Negative and zero values check® highlight the occurrence of negative values (LULUCF is

not included) and zero values in the inventory.

- Notation keys chek - to 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
aazakftée t!

I SYAa

AA2YED
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- Particulate Matter check to ensure that reported TSP emissions are greater than or equal
to PMuw, and similarly that reported PMemissions are greater than or equal to PM

In all cases, the findings of the checks are reviewed, not only to identify where corrections may be
required, but also to consider whether 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 comprehengdikes esures that all results from the QAQC
process feed back into the stinuous improvement programme:urther details are available under
Annexil.

1.8 Uncertainty Ealuation

Theuncertainty analysigs under review and will be included in next submissidrereare two main
challenges in calculating uncertainty estimatestimating the uncertainty of activity data atitat
of country-specific emission factors. The utilisation of new uncertainty templates impiooth the
uncertainty estimatesandprovidesmore transparent documentation.

1.9 General Asessmenbf Completeness

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

to air in the informative inventory reporThe inventory is generally complete, however thare

some pollutants and/or categories that have not been estimatedll a only for part of the time

series The activitiegdollutantsnot included in the present submissigrere not estimateddue to

a0l 2F SYAaaAirzy TFFLO(G2NR oLRtfdzilydioao ftAaitSR | a
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 inventdeland uses the notation key NR for sources

which arenot estimatedfor all pollutants other tharlPOPsand thepollutantsthat are reported to

the UNFCCC under the Kyoto Protocol.

1.9.1 Categories not estimatgtiE)
The table below shows an overview of thighsectors and the pollutants not estimated.

NFR code NFR category Pollutants not reported (NE) Reason
1Ala Public electricity and heat production N, B(aP, PAH, HCB, PCBs No T1 EF in GB 2016
Stationary combustion in manufacturing .
1A2a . . . NH, HCB, PCBs No T1 EF in GB 2016
industries anctonstruction: Iron and steel
Stationary combustion in manufacturing
1A2b industries and construction: Neferrous NH;, HCB, PCBs No T1 EF in GB 2016

metals

Stationary combustion in manufacturing
1A2e industries andcconstruction: Food processing NHs, HCB, PCBs No T1 EF in GB 2016
beverages and tobacco

Stationary combustion in manufacturing
1A2f industries and construction: Nemetallic NH;, HCB, PCBs No T1 EF in GB 2016
minerals

Mobile Combustion imanufacturing

1A2gvii industries and construction: (please specify NHs, HCB, PCBs No T1 EF in GB 2016
the IIR)
Stationary combustion in manufacturing
1A2gviii industries and construction: Other (please NH;, HCB, PCBs No T1 EF in GB 2016

specify in the IIR)
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NFR code NFR category Pollutants not reported (NE) Reason
1A3ai(i) International aviation LTO (civil) NH;, B(ap, B(b)f, B(K)f, Ipy, PAH No T1 EF in GB 2016
1A3aii(i) Domestic aviation LTO (civil) NH;, B(ap, B(b)f, B(K)f, Ipy, PAH No T1 EF in GB 2016
1A3biiv Road transport: Passenger cars, LDV, HDV HCB, PCBs No T1 EF in GB 2016

mopeds&motorcycles

Road transport: Passenger cars, LDV, HDV

1A3btiv mopeds&motorcycles (1990999) NHs, PMes, PMo, BC, Heavy metal:  Not part of the COPERT dataset
. . - NMVOCB(ap, B(b)f, B(k)f, Ipy, .
1A3bv Road transport: Gasoline evaporation PAH. HCB. PCBs No T1 EF in GB 2016
B(a)p, B(b)f, B(K)f, Ipy and PAH
1A3bvi Road transport: Automobile tyre and brake B(ap, B(b)f, B(k)f, Ipy, PAH, HCE emissions will be estimated in the
wear PCBs future. There is no T1 EF in GBL6
for HCB and PCBs.
1A3bvii Road transport: Automobile road abrasion B@p, B, B;(Igj)é;py, PAH, HCE No T1 EF in GB 2016
1A3dii National navigation (shipping) NHs, B(ap, B(K)f, Ipy No T1 EF in GB 2016
NH3 emissions will be estimated it
1A3eii Other (please specify in tHER) NHs, HCB, PCBs the future. Thereisno TLEF in G
2016 for HCB and PCBs
1A4bi Residential: Stationary NHs No T1 EF in GB 2016
NH3 emissions witle estimated in
1A4bii Residential: Household and gardening (mob NH;, HCB, PCBs the future. Thereisno TLEF in G
2016 for HCB and PCBs
. . . NH3 emissions will be estimated i
1A4cii Ag”CUIture/';?}?igé’:';ggﬁi'ngbad vehicles NH;, HCB, PCBs the future. Thereisno T1 EF in G
y 2016 for HCB anBCBs
1A4ciii Agriculture/Forestry/Fishing: National fishin NHs, B(ap, (B(k)f, Ipy No T1 EF in GB 2016
1B2av Distribution of oil products Sox, PCDD/PCDF No T1 EF in GB 2016
2A6 Other mineral produ_cts (mineral wool Nox, NMVOC No EF in GBO16
production)
2B1 Ammonia production NHs Missing AD
2C1 Iron and steel production NHs, B(ap, (B(K)f, Ipy No EF in GB 2016
2C2 Ferroalloys production NHs No EF in GB 2016
2C3 Aluminium production NMVOCNH: No EF in GB 2016
. NOx, $x, PCDD/PCDB(aP, B(b)f, .
2D3g Chemical products B(K)f, Ipy, PAH, HCB, PCBs No EF in GB 2016
. PCDD/PCDB(ap, B(b)f, B(k)f, Ipy, .
2D3i Other solvent use PAH. HCB, PCBs No EF in GB 2016
3Da2a Animal manure applied to soils NMVOC, 6x No EF in GB 2016
3Da2b Sewage sludgapplied to soils NOx, NMVOC, &, NH: Not estimated because it occurrs o
a very small scale
3Da2c Other organic fertilisers applied to soils NMVOC, 6x, NHs Not estimated because it occurrs o

(including compost)

a very small scale
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NFR code NFR category Pollutants not reported (NE) Reason
3Da3 Urine and dungleposited by grazing animal NMVOC, 6x No EF in GB 2016
3Da4 Crop residues applied to soils NOx, NMVOC, &, NH; No EF in GB 2016
3Db Indirect emissions from managed soils NMVOC, 6x, NHs No EF in GB 2016
3De Cultivated crops NOx, SOx,NH;, CO No EF B 2016

All pesticides mentioned in the
guidebook have been banned in
3Df Use of pesticides NOx, NMVOC, &, NH; Iceland for many years and before
that were used to a very small
degree.

Biological treatment of wasteSolid waste

5A disposal on land NHs No EF in GB 2016
5B1 Biological treatment of wasteComposting NOx, NMVOC, & No EF in GB 2016
5C1bii Hazardous waste incineration NHs, B(ap, B(b)f, B(K)f, Ipy No EF in GB 2016
5C1biii Clinical waste incineration NHs, B(ap, B(b)f, B(K)f, Ipy No EFRn GB 2016
5C1biv Sewage sludge incineration NHs No EF in GB 2016
5C2 Open burning of waste NHs No EF in GB 2016
5D1 Domestic wastewater handling NMVOCNH: No relevant gcél\ggylgata/ No EF i
5D2 Industrial wastewater handling NMVOCNH: Norelevant aecgvz'tgl%ata/ No EFir
5D3 Other wastewater handling NMVOCNH: No relevant activity data / No EF i
GB 2016
5E Other waste (please specify in [IR) HCB, PCBs No EF in GB 2016

1.9.2 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.2 Categories included elsewhere

Pollutants Reported under
NFR code NFR category included
elsewere (IE) NFRcode NFR category

Stationary combustion in manufacturing
1A2f industries and construction: Nemetallic Dioxin, S©@ 2A1 Cement production
minerals (Cement)

Road transport: Mopeds and motorcycles all reported

1A3biv (1990:2005) pollutants 1A3bi Passenger cars
1A3eii Transport: Other all reported 1A2gvii Mobl_le com_bustlon in manufgcturlng
pollutants industries and construction
. Residential: Household and gardening all reported " Mobile combustion in manufacturing
1A4bii ) 1A2gvii . . -
(mobile) pollutants industries and construction
. Agriculture/Forestry/Fishing: Ofbad vehicles  all reported " Mobile combustion in manufacturing
1A4cii . 1A2gvii . ) -
and other machinery pollutants industries and construction
oB1 Amoniaproduction NOX 2B10a Chemical Industry; Other (Fertilizer
production)
3B4d Manure managementgoats PM, TSP 3B2 Manure managementsheep
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Pollutants Reported under
NFR code NFR category included
elsewere (IE) NFRcode NFR category
5C1bi Industrial waste incineration Dioxin 5C1la Municipal waste incineration
5C1bii Hazardous waste incineration Dioxin 5Cla Municipal waste incineration
5C1biii Clinical waste incineration Dioxin 5Cla Municipal waste incineration
5C1biv Sewage sludge incineration Dioxin 5Cla Municipal waste incineration

1.10 Structureof thereport

The report idivided into 8chapters. Chapter 1 provides general information on the institutional
arrangements for inventory preparation, inventory preparation process, methodologies and data
sources used, key source categories and quality assurance and goatityl. Chapter 2 pvides
information on trenddn emissions and Chapters 3 t@rbvide information oremission trends by
secbr, activity data and methodologies used for emissioltgkations by sector. Chapterc®ntains
information on spatially distributed emissions within the EMitid.

1.11 Recalculationand improvements

A recalculation file has been used fhis submission. This QAQC file compares Y&a(2015) and
the base year (1990) for the current and piays submissions for all pollutants. The data has been
compiled to enableny changes in the data to be easily identified and justifications for changes
provided where requied. As far as possible, the recalculation check includes all reported sectors.

The mainsectorspecificrecalculations and improvementione for this submissioare mentioned
belowfor each sectagrand all recalculations are described in more details in each subsector in the
relevant chapter.

1.11.1 Energy
The main recalculations in the engrgector include:

- Bmissions from international fishing, previously included in the memo item International
Navigation, are now reported in Fishi(iFRLA4cii).

- Update of various emission factors to the values provided in the EMEP/EEA 2016 Guidebook.

- Fixng an error in PAH estimates in Road Transport (NFR 1A3b)

- Addition of suybhur emissions from test boreholes from one powerplant.

The main improvements done in the energy sector include:

- Addition of emissions from biofuels in Road Transport (NFR 1A3b)

- Addition of particulate matter, HCB, PCB and heavy metal emissions from stationary
combustion in Energy industries (NFR 1A1), Manufacturing industries and construction (NFR
1A2) and Commercial/Institutional/Residential (NFR 1A4a and 1A4Db), providedla Tier
emission factor was available in the EMEP/EEA 2016 Guidebook.

1.11.2 Industrial processes and product §iePU):

Very few recalculations and improvements were done in the IPPU sdttermairrecalculations are
due to a bange in methodology to estimate NOYMVOC and CO emissions from ferroalloy
production
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1.11.3 Agriculture
The main recalculatiorsnd improvementsn the Agriculture sector include:

- Due to changed NHeporting only emissions from manure management are included in 3B
and emissions from manure apgdi to soils are now included in 3Da2a
- TSP, PMand PMsemissiondrom sheepwere estimated for the first time

1.11.4 Waste
The main recalculation and improvement in the waste sertolude:

- Updated methodology for activity data estimations for solid weditgposal
- HCB and PCB emissions were reviewed and updated for the year20@90

1.12 Planned improvements

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

- Addinga comprehensive uncertainty alyais

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

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

- Improvingthe key category analysis, as described above in Paragraph 1.6.

- Review the setup of the Informative Inventory Report

Furthermore, severaectorspecific improvementare planned. The main improvemersdse
mentionedbelowfor each sector, and all plannesiprovements are described in more details in
each subsector in the relevant chapter.

1.12.1 Energy

The 2018 work plan includes a complete review and restructuring of the Energy seétitdhe

assistance of the consulting company Aether Itd. Thiswellide updating/redesigning calculation
spreadsheets, harmonising energy data processing between various organisations (such as EA, the
national Energy Authority and Statistics Icelameyjsing all assumptions and ewisn factors across

the sector revising dlroad transport calculation methodologigsroducing a complete uncertainty
analysisand updating the NIBnd lIRext. Furthermore, Road transportation emissions will be

refined with the use of the Copert modehere possible. Additionallyork is undeway with the EA

team responsible for the surveillance of fuel imports in order to develop cotsgegific fuel
specificationsin particular liquid fuels.

1.12.2 Industrial processes and product use

The main improvement planned for the IPPU sector considgtarmfionising the reporting under
CLRTAP with the reports under tB®RTR RegulatioB-PRTRaccording to Regulation No.
990/2008.

1.12.3 Agriculture

The main planned improvementsr the Agriculture sector are to include morgormation on

activity data regarthg the NFR 3B and 3D in future submissions, in line with the 2016 CEIP in country
review recommendations.
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1.12.4 Waste

The maimplanned improvementi the wastesector are to addurther information on the
methodological informatiorto the IR jmprove activitydata 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 file in Iceland

The emissions profile for Iceladiffers from that seen for other European countries &ange of
issues:

- Bmissions from generation of electricity and space heating are very low owing to the use of
renewable energy sources. Almost all electricity in Iceland is produced with hydropower
(around70% and geothermal powefaround30%) with wind power and fossil fuederived
power accounting for less than 0.1%

- Geothermal energy sources are used for space heating in over 90% of all homes. It should be
noted, though, that significant amounts sfilphuras hydrogersulphide(H:S) are emitted
from geothermal power plants

- Around 90%of the fuel used in the energy sector is used by mobile sources (transport,
mobile machinery and fishing vessels)

- Bmissions from industrial processes, especially from-fesrous metal production, have
higher sharen Iceland than in most other countries. This can be seen in the facatbahd
75%0f the electricity produced in Iceland in P®was used in the metal production industry.
The production capacity has ireased considerably since 1990.

The emissionprofile in Iceland is further influenced by the fact that Iceland was severely hit by the
economic downturn in 2008, when its three largest banks collapsed. During the years prior to the
crisis the economy experienced a significant upswing, resulting awtbeg things in an increase in

fuel consumption. The crisis resulted in a serious contraction of the economy and as a result, oil
consumption decreased. The result of this can be seen in several pollutants associated with fuel
consumption, with a clear @& in 2007, or the year preceding the crisis. In recent years the economy
has been experiencing an upswing and fuel consumption is increasing again.

2.2 Emission Trends for NONMVOC, SONH, Particulate Matter, BC and CO

The total amount of SONGQ, NH, NMVOC, CO, PM PM: s, TSRand BG&missions in Iceland in 1990
and2016is presented ifTable2.1, and an overview of all key categories for these pollutants is
included in Annex Ill.

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

and the environment. Iceland implemented the Maial Emissin Ceiling Directive 2001/81/E&o

its legislation in 2009, with emission target reductions for NOx, BRVOC and Nito be reached

by 2010. These pollutants are reported here. Furthermore, emissions oI NMVOC and SO

are also calculated to comply with the reporting requirements of the UNFCCC. For this submission
emission estimates for ammonia and particulate matter are provided for a few emission sources. A
short description of the trends of those pollutants is giwenhe following section.
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NO«  NMVOC S NHs PMes PMo TSP BC co
kNO;  [ki] kiSO [k ki ki [ki] ki [ki]
1990 3090 1430 2135 559 111 136 146 0.23 57.65
2015 24.45 7.46 4957 5.40 135 172 1.78 020 12222
Trend 1992016  -21%  -48%  13% 3% 21% 26% 22% 14%  112%

The emission trends of the total NONMVOC, SONH, CO, PMs, PMyo, TSPand BGmissions
relative to 1990 levels is shownHigure2.1. The emissions of SMas increased significantly since
1990 levelsThis includes 43 from geothermal plast all sulfur species emitted are to be reported,
as S@equivalents CO emissions hawapproximately doubledince 1990. The most significant
decrease in emissions are NMVOC emissions whichrbagaly halvedsince 1990 levels
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Figure2.1 Trends in NQ NMVOC, SONH;, PM s, 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 tB801NECD: For SQhe target was 90 kt ankas not

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

have been below that value since 2008; For NMVOC, the maximum alle®@&dt, and the

emissions have been decreasing steadily since 1994, where the maximum NMVOC emissions
occurred (15 kt in that year); The déinissions have been stable between 5 and sitkce 1990,

below the maximum allowed of 8 ks of June 2018he implementation of the new NECD into the
EEA agreement (Directive 2016/2284ntered into force in 2016 for member states) is being
discussed by the Icelandic government, but no new sioistargets have been set.

2.2.1 Trends in sulphur oxides @©missions

In 2016, total sulphur emissions in Iceland, calculated as 9@ includingreduced species such as
H.S were 132%above the 1990 level he keycategoriesare geothermal energgnd metal
production Figure2.2 shows the sectoral emission trends since 198 main sources for SOx
include:
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SO, [kt]

Geothermal energyNFRLB2d): Geothermal energy exploit@n is by far the largest source
of sulphur emissions in Iceland. Sulphur is emitted from geothermal power plants in the form
of HS and the emissions have increasathstantiallysince1990 due to increased activity in
this field,with electricity production at geothermal power plants increas
approximatelL5-fold since 1990However, in recent years the $€missions have started
decreasing following the onset in 2014 of a sulphur capture and storage project (Sulfix) at
one of the gethermal power plantsA part of the exhaust geothermal gas, primarily,CO
H.S, H, is cleaned by diverting the gas into a scrubbing unit wherea@®HS are dissolved

in water. The gasharged water is then reinjected back into the geothermal systdma. T
gases, once reinjected, react with the basaltic host rock in the geothermal system to form
calcite and metasulphideqpyrite, pyrrhotite).

Metal production (NFR2CO): Emissions from industrial processes are dominated by metal
production. Until 1996 idustrial process S@missions were relatively stable. Since then, the
metal industry has expanded which has ledtdostantiallyincreased emissions of 20
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Figure2.2 SQ emissiondyy sector, since 1990.

Sources which following political agreements are not included in national totals, but are reported
separatelyasas®l f f S RA & $Hikptdr emissions from volcanic activity aegorted as a
memo-item that arefor Iceland:

In 2010 the volcano Eyjaflajokull started erupting. The eruption lasted from™ef April
until 239 of May. During that time 127 kt. of $®ere emitted or 71% more than total
anthropogenicemissions in Iceland in 2010.

In 2011 the volcano Grimsvotn started erupting. €hgption lasted from 2% until 28" of
May. During that time 1000 kt of 2@ere emitted or 12 times more than total
anthropogenicemissions in 2011.
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- Alarge eruption started in Holuhraun on August'2®14 and ended on February®2015.
It was the liggest eruption in Iceland since the Laki eruption 17:88al S@emission from
this eruption was estimated 12,006 kt. Divided on calendar years 10,880 kt ofaSO
emitted in the year 2014 and 1,126 kt of S©the year 2015. To put these numbers in in
perspective it can be said that the total Sgnission from all the European Union countries
for the year 2012 was 4,576 Kihe emission from the eruption in the year 2014 i.e. from
August 29 2014 to December 312014 was more than twice the total $@mission from all
the European Union countries for the whole year. For September alone, during the most
intensive period of the eruption, the S@mission from the eruption was similar to the
annual emission of the European Union.

2.2.2 Trends in nitrogepxides (N& emissions

In 2016, total NOkemissions in Iceland were Zdbelowthe 1990 levelThe main sources of nitrogen
oxides (NQ in Iceland ardishing transport metal productiorandmobile combustion in machinery,
construction and other offoadvehicles Figure2.3 shows the sectoral emission trends since 1990.

- Hshing(NFR 1Adid): BEmissions from commercial fishing rose in the years 1990 to 1996
when a substantial portion of the fishing fleet was operating in distant fishing grounds. From
1996 emissions decreased, reaching the 1990 levels in 2001. Emissions rose again in 2002 but
havedeclined since with exception of 2009 due to less fuel consumption. Emissithres in
current emission yeawere around a third lower thathe 1990 level. Annual changes are
inherent to the nature of fisheries.

- Transport(NFRLA3) NOx enissions from trangort come 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
significant increase in the tiile fleet in the past few years has had a negative impact on
NOXx emissions, with emissions again on the rise.

- Metal production (NFR2O): Since 1990 the production capacity of the metal factories has
seen a significant increase, and the NOx emissions ihaxeased accordingly.
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Figure2.3 NOxemissiondy sector, since 1990.

2.2.3 Trends in particulate matter (PM) and BC emissions

In 2016, TSP emissions were.@0%higher thanthe 1990 levelwith a comparabléncrease for Pivb

and PMs. The main sources &fM emissionsarefishing,metal production, municipal waste

incineration andransport Volcanic activity is also a significant contributor, although these emissions
do not count towards the national total&igure2.4, Figure2.5 and Figure2.6 shows the sectoral
emission trends in total suspended particulate (TSP)yBMI PM s since 1990.

Fishing (NFR 1A41i Emissions from commercial fishing rose in the years 1990 to 1996

when asubstantial 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 since with exception of 2009 due to less fuel consumptidasiéns in the

current emission year were around a third lower than the 1990 level. Annual changes are
inherent to the nature of fisheries.

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

Waste (NFR 5)t is important to note that abatement technologies are not included in these
emissions estimates, suggesting there might be an overestimation of the PM emissions from
waste incineration from 2004. EA is plampito acquire technological specifications

regarding abatement technologies for future submissions.

Transport (NFR 1A3Fluctuations in PM emissions result from the combination of changes
in the pollution control standards with increase in vehicle flgiee.It is important to note

that PM emissions from road transport have not been estimated before 2000, due to the
lack of data, suggesting a significant underestimation of these emissions before 2000.
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Black carbon emissions since 19¥e beerestimated for several subsectofseeFigure2.7), in
particular within the Energy sector (public electricity and heat production, aviation,
fishing/navigation, road transport) and within the Waste sector (Waste incinerat@mnjhe Energ
sector, commercial fishing is the dominant source of BC emissionsyedathtransporta significant
contributor. BC emissions from waste have been decreasing since 498@ximately halving since
1990 due to thedecrease in open burning of waste.
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Figure2.7 Black Carbon (BC) emission by seaioice 1990.
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- In 2010 the volcano Eyjafjallajokull erupted. The eruption lasted frdfrolApril until 23°
of May. During that time around 6,000 kt. of RMere emitted or around 10,000 times
more than total estimateananmadeemissions in 2010.

- In 2011 the volcano Grimsvétn erupted. The eruption lasted frotrufil 28" of May. The
eruption at Grimsvotn was much larger than at Eyjafjallajokull, elnals 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
estimated but the EAI has scaled the emissions of partiesilasing the ratio of Sulphur

emissions from the two eruptions (1000/127). This gives an approximate estimate of around

47,000 kt. PMpand 13,000 kt. of Pkt As these emissions from volcanos are natural they
are not included in national totals.

- Alarge eruption started in Holuhraun on August'22014and ended on February 22015.
Unlike the eruptions in Eyjafjallajokull and Grimsvétn, which were magmatophreatic
eruptions, theeruption in Holuhraun was effusive eruption i.e. the lava stedidilys out of
the volcano without explosive activity. Ash production was negligible and emisskivhof
and PMswas not estimated.

2.2.4 Trends in ammonia (NHemissions
In 2016, total NH; emissions in Icelandere 3%belowthe 1990 level Ammonia emissionsra mostly
from the agriculture sector (NFR. Bjgure 2.8 shows the sectoral emission trends since 1990.

- Agriculture(NFR 3)Manuremanagement, manure deposition of grazing animals on
pastures, and fertilizer application are the main souréaaisfons have been fluctuating

between 5 and 6 kt. Nd$ince 1990. Emissions decreased by 13% between 1990 and 2004

but have been increasing again since then. The overall trend between 1990 ahd/20a
smalldecrease. The main driver behind the general ttamd its oscillations is the trend in

livestock population. Sheep and cattle are the main ammonia emissions causing categories

constitutingaround two thirdsof total NH emissions. NiEemissions from fertilizer
application plays only a minor role.
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Figure 2.8 NH; emissiondy sector, since 1990.

2.2.5 Trends in noamethane volatile organic compounds (NMVOC) emissions

In 2016, total NMVOQmissions in Iceland wearound halfthe 1990 levelThe main sources of
NMVOGmissionsaretransport, domestic solvent use, manure management and fistiiggre2.9
shows the sectoral emission trends since 1990.

- Trarsport (NFRLA3)Y NMVOC missions from transportome mostly fronroad transport
These emissions decreased rapidly after the use of catalytic converters in all new vehicles
became obligatory in 1995. Emissions from solvent use have been around 1stiamé
downward trend in recent years.

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

- Manure maragement (NFR 3BMorse and cattle manure management systems are
responsible for close to 20% of NMVOC emissions in Iceland. The variations over the years
are mostly linked to livestock population fluctuations.

- Fishing (NFR 1A4ni Emissions from commelal 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 since withixception 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 NMVOQmissiondy sector, since 1990.

2.2.6 Trends in carbon monoxide (CO) emissions

In 2016, total COemissions in Iceland wesgpproximately doublehe 1990 levellndustrial Processes
werethe most prominent contributor to CO emissions in Iceldfigure2.10 shows the sectoral
emission trends since 1990

1 Metal production (NFR 2CThe main source of CO is primary aluminium production. The
various increases correspona éxpansions in production capacity.

1 Transport(Sector 1A3)emissions from road transport have decreased rapidly after the use
of catalytic converters in all new vehicles became obligatory in 1995.
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Figure2.10 COemissiondy sector, since 1990.

2.2.7 Trends in SONQ, NH, NMVOC, CO, PM and BC by Main Source Sectors
Energysector: Figure2.11 showsemissiontrendsfor SQ, NOx, Ngl NMVOC, CO, PM and iBGhe
energy sector as a percentage of the 1990 levels. The contribution of the energy sector in the total
SQ emissions has, leever, remained relatively stable at around 80% until 2012 due to a similar
increase in the emissions in the industrial sector over the same period of $Simee 2012, the SO
emissions from geothermal energy have decreased due to reinjection of geothsufolaur into the
subsurface. Emissions of BC in the energy sector is shown to have increased since 1990. However, BC
emissions from road transportation has not been estimated before 2000 due to the lack of data,
suggesting a significant underestimatiohBC emissions before that year; the same applies to other
PM emissions. Emissions of iNRMVOC and CO have beganerallydecreasing in the energy

sector since 199@shas thecontribution of this sector to the total emissions of these pollutants.
Mobile fuel combustion (fishing, transport and machinery) is by far the largest pollutant source
within the energy sector (apart from sulfur emissions from the geothermal industry)
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Figure2.11 Trends in NQNMVOC, S&and CO emissions from the energy sector (% of 1990 levels).

Industrial processes and product ussector: Figure2.12 shows trends in the emissions $6, NOx,
NH, NMVOC, CO, PM and iBGhe industrial sector as a percentage of the 1990 levels. The
industrial sector contributions to the total nelPOPs pollutants emissions in 204& 9%for NQ,
22%for NMVOC24% forSQ, 83%for CO46% for PMs, 43% br PMy, 47% forTSP and% for BC.
The contribution of NEemissions to the total emissions is zero (not applicable or not estimated).
The large increase in CO emissions from the industrial sector has made this sector the dominant
contributor of CO emissns in Iceland. Emissions of all the reported R emissiondhave
increased in the industrial sector since 19@@h the exception of NHvhich has decreased
Contributions of the industrial sector to the total emissions has also increased oveathateriod.
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Figure2.12 Trends in NQ NMVOC, SONH;, CO, PMs, PMioand TSP emissions frdhe industrial secto(% of 1990
levels).

Agricultural sector Figure2.13 shows trends in the emissions 86, NOx, N5l NMVOC, CO, PM and
BCin the agricultural sector as a percentage of the 1990 leVidie agricultural sector contribution

to the total emissions in 2@lis Po for NQ, 26% for NMVOC, 98% for &% for PMs, 11% for
PMand 14% for TSP. The contribution of other ABOPs emissions to the total emissions is zero
(not applicable or not gtimated). No significant decrease in emissions haeredin this sector
since 1990. N@emissions have been fluctuating around the 1990 levels with a relatively high
amplitude but still remains a negligible contributor to the totalM@nissions throulgout the period
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Figure2.13Trends in NQ NMVOC, N§IPM s, PMigand TSP emissions from the agricultural se@@oof 1990 levels).

Waste sectorFigure2.14 shows trends in themissions 06Q, NOx, Nkl NMVOC, CO, PM and BC
the waste sector as a percentage of the 1990 levigle waste sector contributioto the total
emissions in 2018 #4for NMVOC; N@ SQ,NH and CO emissions from the waste sector
contribute to less than 1% of the total emissions for each pollut@htinges occurring in 2003 are
due to the increased importance of municipal waste incineration.
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Figure2.14 Trends in in NQNMVOC, SONH;, COBC, PMs, PMoand TSRmissions from the waste seci@6 of 1990
levels).
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2.3 Emission iends forPersistent Organic Pollutants (POPSs)

The total amounbf dioxing PAH4, HCB and PCB emitted in Iceland in 1990 ari2frksented in
Table2.2. All POPs have decreased since 1990, with substantial decreasesmadd PAH4
emissions

Informative hventory Report, Iceland 2@

Table2.2 Emissionsf POPs in Icelari®90and 2016.

Dioxin PAH4 HCB PCB
vear [g FTEQ] [ [ka] [ka]
1990 12.62 0.53 0.09 0.21
2016 0.99 0.09 0.09 0.10
Trend -92% -82% -3% -51%

2.3.1 Trends in bxinemissions

In 1990, the total emissiorns dioxins in Iceland were 126 }TEQ. In 2016 total emissions were
0.99¢g FTEQ. Thidemonstratesa decrease of around 90% over that time periddgure2.15 shows
the dioxin emissions by source from 1990.

Dioxins form a family of toxic chlorinated organic compounds that share certain chemical structures
and biological characteristic®ioxins are members of two closely related families: the

polychlorinated dibenzp)dioxins (PCDDs; 75 congeners) and polychlorinated dibenzofurans (PCDFs;
135 congeners). Dioxins bé@cumulate in humans and wildlife due to their fat solubility and 17 of
these compounds are especially toxic. Dioxins are fordugohgcombustion 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 finesiri3 also enter the environment through

the production and use of organochlorine compounds, chlorine bleaching of pulp and paper, certain
types of chemical manufacturing and processing and other industrial processes that create small
guantities of dioxig. Cigarette smoke also contains small amounts of dioxins.

Emissions of dioxins are presented inTgEl)International Toxic Equivalents). 2,3,7,8
tetrachlorodibenzep-dioxin (TCDD) is the masixic of the dioxin congeners. Other congeners (or
mixturesthereof) are given a toxicity rating from 0 to 1, where TCDD is 1. The total dioxin toxic
equivalence (TEQ) value expresses the toxicity as if the mixture were pure TCDD.
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Figure2.15 Dioxin emissionky sector, sinc&990

The main reason for the significant reduction of dioxin emissions are reduced emissions from waste
incineration.The waste sectonow accounts for approximately half thfe dioxin emissiondMost of

the dioxin emissions in the wassector come from waste incineration. Other important sources

under the waste sector areonfiresand accidentalires. In recent yearghe main contributor to

dioxin emissionfas beerthe energy sector, witfishingbeing the largest source within thater.

It is worth mentioning that transpoifenergy sectorand industrial processgidustry)are only
responsible fowery small contributions to the national total.

Waste sectorNFR 5)Practices of waste disposal treatment have undergone a radical
change in Iceland since 1990. This is the main reason fauthstantialdecline indioxin
emissionsincel990Q Below are described various factors that have influenced the diozin
emission pofile from the waste sector:

1

Open pit burning that used to be the most common means of waste disposal outside the
capital area, has gradually decreased since 1@8§f&n pit burning is practically non
existent today, the last site was closed by the en@@i0;

The total amount of waste being incinerated has decreased while increasing levels were
incinerated with energy recovery (reported under 1Ala and 1A4)

Inrecentyears those incineration plants have been closed dovt thetime of this
inventory,isonly one incineration planbperating in Iceland. The incineration plant is
called Kalka and it does not recover enefgmissions from bonfires around New Year
celebrations are included in the waste incineration sector. Emissions from bonfires have
decreased since 1990, due to the fact that bonéirere fewer and better controlled
Guidelines for bonfires, published in 2000, include restrictions on size, burnout time and
the material allowed.
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1 A peakin emissions from accidental fires occurred in 200dvehmajor fire broke out at
a recycling company (Hringrés). In the fire 300 tonnes of tires, among other separated
waste materials, burned. A fire broke out in the same company in 2011 and was
estimatedto be 10% the size of that in 2004. In 2014, a mijerbroke out in an
industrial laundry service when, among other materials, aroun8®@ons of asphalt roll
roofing burned.

- Energy generatioifNFR 1AlaDioxin emissions from electricity generation and space
heating are very low because they are getiedsfrom renewable energy sources. Emissions
in this sector are dominated by emissions from waste incineration with energy recovery
(which occurred in the years 192812), reported under 1Ala.

- Transport(NFR 1A3)Dioxin enissions from road transpodubstantiallydecreasedsince
1990 despitean increasen the number of vehicles and fuel consumption. This is due to the
phaseout of fuel additives associated witkadedpetrol.

- Fishing (NFR 1A4ciiigmissions have decreased since 1990 from thénfisbector as well as
from the other transport sector due to less fuel consumption in these sectors. For
commercial fishing this decline amountemla little less than halfEmissions from
commercial fishing are high compared to the fuel consumption. efhission factors for
burning fuel at sea are much higher than when burning fuel on land, due to the presence of
salt (and therefore chlorine) in the air going to the engines. In 1990, emissions from
commercial fishing werkess than a tenttof the nationd total. Emissions from commercial
fishingcurrentlyamounted to65%of the total emissionas emissions from most other
sources have decreased drastically since 1990.

- Metal production (NFR 2CPpioxin emissions from industrial processssctorhave
substantially increased during the periqdiue to increased activity in the metals production
sector. Aluminumproduction has increasely approximately an order of magnitude since
1990 andferrosiliconproductionhasapproximately doubledh the same periodA
secondary steel making facility opened in 2014, contributing to a large percentage of the
dioxin emissions from the industry sectéiuctuations in secondary Aluminium production
in the years 20142016 have a significant impact on the emission profile.

2.3.2 Trends irpolycyclic aromatic hydrocarbons (PAgta)ssions

In 1990, the total emissions of PAH4 in Icelamde 526kg. In 2016 total emissiongere 94 kg. This
showsa decrease of 8% over the time periodFigure2.16 shows the emissions by source from 1990
to 2016.

The polycyclic aromatic hydrocarbons (PAH) are molecules 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 waste. Firesanproduce fine PAldarticles;they bind to ash particles and sometimes move
long distances through the aiThus,PAHs have been ubiquitously distributed in the natural
environment for thousandsf years. The four compounds benzgfakene benzo(bfluoranthene
benzo(kjluorantheneand indeno(1,2,2d)yreneare used as PAH indicators for the purposes of
emission inventories, as specified in the R®Rotocol.
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Figure2.16 PAH4 emissionsy sectory since 1990

Thekey sectordeading to PAH4 emissioagse waste, metal productionroad transport and
commercial fishing (both energy sectofhe main reasons for theductionin PAHZmissionssince
1990 is decreased emissions from waste incineratsomilar to the trend in dioxin emissions
discussed above

- Waste (NFR 5PAH4 Emissions from the waste incineration have decreased by a®&dnad
sincel990, partly becauseutmodedincineration pants and open pit burningave been
closed downAccidental fires are an important source of PAH4 emissions in Iceland.
Emissions from accidental fires wegignificantly higher in 201#han in 1990. A peak in
emissions from accidental fires can be seeB088 when unusually many vehicle fires were
registered.

- Metal production (NFR 2CBince 2005 PAH4 emissions from industrial processes (Industry)
have increased due tsubstantiallyincreased production capacity in the metal production
sector.The contribution of the sectdo the total PAH4 emissions has been steadily
increasing fron2%in 1990 to aroundi0%in 2016. The main increase in emissions
happened in the years 199800 as well as in 20e08. Between 1998 and 2000 the
increase in missions was due to increased production capacity both in the aluminium and
the ferrosilicon industry. In the years 202608 the cause was increased production
capacity in the aluminium industry.

- Transport(NFR 1A3)Road transport is also an importasurce of PAH4 emissions in
Iceland. PAH4 emissiofrem this sectorare estimated to havancreased by approx. 50%
since 1990.
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- Fishing (NFR 1A4ciifpAH4 Emissions from commercial fishing rose from 1990 to 1996
because a substantial portion of the fispifieet was operating in distant fishing grounds,
consuming more fuel. From 1996 the emissions decreased again reaching 1990 levels in
2004, and have been generally following the same decreasing trend since then. In the current
inventory year, the emissits were around a third of 1990 levels.

2.3.3 Trends in Bxachlorobenzene (HC&hissions
Total HCEmissionsare in 2016 were almost the same as in 1990, arc@hgd. Even so, has there
been changes in HCB emissions during the period-2926, which can be seenkigure2.17.

Hexachlorobenzene (HCB) or perchlombene is a chlorocarbon with the molecular formué€
HCBis a fungicide that was first introduced in 1945 for seed treatment, especially for control of bunt
of wheat. HCB is currently emitted as agnpduct in the manufacture of several chlorinated

solvents. On the whole, processes resulting in dioxin formation also result in HCB emis&iiBhis
considered to be probable humararcinogen HCB is a very persistent environmental chemical due
to its chemical stability and resistance to biodegradatidnalysis of trends in HCB emissions in
Iceland must be interpreted with care as only few sources have been estiraatedmissions from
open pit burningare not estimated between 1990 and 2003, due to lack of emission fattiassHCB
emissions estimates from the waste sector are almost-agisting during 1992003
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Figure2.17 HCB emissiorsy sector, since 1990

The main sources @fstimatedHCB emissions aoéinicalwaste incineration, incineration with
energy recovery (occurring in the years 1998 2, and reported under Energy production 1A1a),
fishing and secondary aluminium production.

- Waste (NFR 5As shown ifFigure2.17, waste was responsible for 67% of the estimated HCB
emissions in Iceland in 261
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Waste incineration with energy recovery (NFR 1AlBjeincrease in HCB emissions in
1993, and thaeduction of HCB emisgisin 2012in the energy sector is explained by a shut
down of four waste incineration plants with energgcovery on the period 2012016

Fishing (NFR 1A4ciifmnissions from commercial fishing rose in the years 1990 to 1996

when a substantial portionf the fishing fleet was operating in distant fishing grourssisce

then emissions have been fluctuating, 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.

Metal production (NFR 2CHA sudden increase in HCB emissions from industrial processes is
seen in 2004 when a secondayminiumproduction plant was establishe@&rom 2009,
production started decreasing, until 20@88ere another secondary production plant

opened, reversing the decreasing trend

2.3.4 Trends in polychlorinated biphenyl (PCB) emissions

The main source of PCB in Iceland is waste incineration, even though PCB emissions from waste has
decreased significantlyree 1990Emissions due to waste incineration with energy recovery, which

was occurring during the period 192812, are reported under 1Ala Energy industries. Fishing also
contributes to a significant part of PCB emissidiee only sourcefd®CB estimaid from industrial
processes is secondary steel production (2C1). The only secondary steel plant in Iceland started its
activities in 2014
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Figure2.18 PCB emissions Bgctor, since 1990.

Waste (NFR 5As shown irFigure2.18, waste was responsible fo0% of the estimatedCB
emissions in Iceland in 261
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2.3.5

Waste incineration with energy recovery (NFR 1AIB)eincrease in PCB emissions in 1993,
and thereduction of PCB emissionis 2012in the energy sector is explained by a sdoivn
of four waste incineration plants with energgcovery on the period 2012016

Fishing (NFR 1AA4ciifmnissions from commercial figiy rose in the years 1990 to 1996

when a substantial portion of the fishing fleet was operating in distant fishing groGtse

then emissions have been fluctuating, due to changed conditions in the fishing industry
(renewing of fishing fleet, status &iEh 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 PCB.

Metal production (NFR 2CYThe only PCB emissions reported from the Industrial processes
and product use sector are from secondary steel production, which was occurring in the
years 2014 til 2016Fluctuationsn PCB emissiorisom this activity reflects fluctuations in
yearly prodiction.

Trends in persistent organiolfutants (POPS) lvgain sourcesectors

Energy sectorPOPs emissions trends in the energy seateishown inFigure2.19 as a percentage
of the 1990 levels In 2016the energy sector contributetb 72% and26% of total dioxin and PAH4
emissions, respectivelfhe contribution of the energy sector to the toRAH4 emissionsas
decreased since 1990 even though the emissions have increased over the same period of time.
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Figure2.19 Trends in POPs emissions fribra energy sectof@ of 1990 levels).

Industrial sector:POPs emissions trends in the industrial seatershown inFigure2.20as a
percentage of the 1990 level§he industrial sector has not reduced its emissions of any POPs
pollutant since 1990In 2016the industrial sector contribute@9% of total PAH&missiors, 12%o0f
total HCB emissiong% of total dioxin em&onsand 18% oftotal PCBemissions
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Figure2.20 Trends in POPs emissions fribia industrial secto(% of 1990 levels).

Waste sectorPOPs emissions trends in the waste seatershown inFigure2.21 as a percentage of
the 1990 levelsin 2016the waste sector contributed t@1% of total HCB emissiorzl% of total
dioxin emission36% of total PAH4 emissioasd 630 of total PCB emissians

200%
150%
100%
X 50%
[=]
[=2]
[=3]
= 0%
@
(=]
£
o -50%
[=T:]
o
(1]
5 -100%
-150%
2 cd o = w o~ 00 2 o o4 oM = v w0 - 0o g O ~ M = w
h h h h h [=a] h (=2} < [=a] (=] (=] (=] [~] (=] [~] [~ = [~ (=] = = = = — — —
h h ch G h h @ h o o O O o O O O o O O O o o O O =]
— ™ o 1 N o o ot Lo I o IR o R o [ I o I o I o | [ B o B o R o (]
e D OXIN o B3P e B F BkF Ipy PAH4 HCB PCB

Figure2.21 Trends in PORsmissions from the waste seci@b of 1990 levels).

Agricultural sectorNo POPs emissions are occurring in Iceland from categories belongirgg to
agricultural sector.
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2.4 Emission trends for Heavy Metals

Emissiorestimate for 1990 and 2@lshown inTable2.3. Not all possible categories were estimated,
and future improvements include making the heavy metal estimates more complete where possible.
Categories not estimated include, amongst others, automobile road abrasidtyre and brake

wear, aluminium production, solvent and product use, pesticides and fertilizer use and wastewater
handling.Furthermore, heavy metal estimates from road transport are not available prior to 2000.
Because of the incomplete documentatiohteeavy metal emissions in Iceland, all trends and
contributions from various sectors should be viewed with caution.

Table2.3 Estimated emissianof heavy metals, 1990 and 2016

Pb Cd Hg As Cr Cu Ni Se Zn

[t] [t] [t [t] [t] [t] [t [t] [t]
1990 0.29 0.0083 0.0133 0.0554 0.0529 0.32 1.55 0.0340 1.43
2016 175 0.0446 0.0559 0.0529 0.0822 141 1.12 0.0239 1.26

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

Figure2.22, Figure2.23 and Figure2.24 show emission trends for Pb, Cd and Hg per sector. Overall
the emisson profiles are roughly similar for these three heavy metals, as their emission are linked to
the same sources. The main contributors to the estimated emissions are energy (since 1993), and
waste (since 2004). In 1993, waste incineration with recoveryefgy (included ithe Energy

sector under NFR 1Ala Public electricity and heat production) started in Iceland, leading to an
increasein Pb, Cd and Hg. The amount of waste burned with recovery of energy peaked in 2007, and
after that decreased until 2018fter which year this activity stopped. Municipal waste incineration
without energy recovery started in 2001 and increased by a factor of 50 in 20tk been
approximately constant since then. By far the biggest source of Pb and Cd in the indusirysstint

use of fireworks. In 2007, at the height of the Icelandic economic upswing, record sales of fireworks
caused the emission of close to one tenofPb.
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Figure2.22 Pb emissionby sector sincel99Q
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Figure2.24 Hg emissionby sector since 1990.

2.4.2 Trends in additional Heavy Metals (As, Cr, Cu, Ninpe

Figure2.25to Figure2.30 show emission trends for As, Cr, Cu, Ni, Se and Zn per sector. With the
exception of Zn, the trends are overall dominated by emissions from the energy sector. Trends in As,
Cr, Ni and to eebkser extent Se all show similar patterns, with the main sources being fuel usage in
commercial fishing and road transport (with the exception of As, for which emissions from road
transport were not estimated). The sharp increases in 2000 in Cu, Cr amnd due to the fact that
emissions from road transport were not estimated for these elements prior to 2000. In the industrial
sector, the main source of arsenic emissions is metal production. All othepnnanity heavy metals

are largely produced by fiveorks, with sharp peaks in emission in 2007 where fireworks sales
reached an aftime maximum. In the waste sector, heavy metal emissions come mostly from waste
incineration, followed by other waste (building fires, vehicle fires and lacgée fires). Ténemission
pattern for Zn is differentRigure2.30), with the main contribution being road transport (not

estimated before 2000) and waste incineratio
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Figure2.26 Cr emissions by sect@ince 1990
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Figure2.27 Cu emissionBy sector since 1990

\

/

\
.I
|

M 3 Agriculture

|

!
4
#
|‘

¥
)
i
[
!

1

W
(]
[]
1
]
]
[}
1
]
\

0
»
- ’ M
%
v
[
w
[

|

Figure2.28 Ni emissiondy sectoy since

0
5
1,0

0,5
0,0

910z
SToz
r1oZ
E10T
(4L
110
010z
600C
800T
00T
900¢
S00c
gt
€00L
00t
100C
000
6661
8661
L66T
9661
S66T
66T
€661
661
T66T
0661

= 5 Waste

m1Energy m2IPPU

58



J))

Informative hventory Report, Iceland 2@

ll

0,05

Il

|

-
-

-
‘

A
W
w

|

o,
ey

|

.

~
~
s

|

m 1 Energy =5 Waste

|

Figure2.29 Se emissions by sectsincel99Q

0,04
0,03
0,02
0,01
0,00

[4] 8s

910¢
S10¢
PTog
€10t
[414]4
TT0Z
010¢
600¢
800¢
£00¢
900¢
S00¢
P00
£00¢
€00t
100t
000¢
6661
8661
L661
9661
G661
66T
€661
2661
1661
0661

m 2 IPPU m 3 Agriculture

910z
ST0z
¥10¢
eIt
fanirs
TT0
010z
600¢
800¢
1002
9002
5002
#00¢
€002
002
1002
0002
6661
8661
1661
9661
S66T
66T
€661
66T
1661
0661

m2 IPPU m 3 Agriculture

M1 Energy =5 Waste

Figure2.30Zn emissions by sect@ince 1990

59



@

Informative hventory Report, Iceland 2@

3 Energy (NFR sector 1)
3.1 Overview

The energy sector in Iceland is unique in many ways. Iceland rémaksdhg Organisation for

Economic Gaoperation 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 calls for high energy use for space heating and transport. Also, key export industries such
as fisheries and metal production are eneigtensive. The metal production industry @saround
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 prodagipyox.30% of

the electricity) and on hydropower for electricity mhaction (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 recoery. One exception to this is the emission afSHrom geothermal powerplants,

which is by far the largest key category in Iceland’s inventory for sulphur (calculategt as SO
equivalent).

The EA has been working with a consulting company (Aether Itd.éov gears to improe the
Icelandic inventory, anthe 2018 work plan includes a complete review and restructuring of the
Energy sector, including updating/redesigning calculation spreadsheets, harmonising energy data
processing between various organisakso(such as EA, the national Energy Authority and Statistics
Iceland) revising all assumptions and emission factors across the saetaising all road transport
calculation methodologieproducing a complete uncertainty analyarsd updating the NI&nd IIR

text. Furthermore, Road transportation emissions will be refined with the use of the Copert model
where possible. Additionallyvork is underway with the EA team responsible for the surveillance of
fuel imports in order to develop countgpecificfuel specificationsin particular liquid fuels.

The energyector is divided into the following subsectors:

- Enerqgy industries (NFR 1A1)

- Manufacturing Industriesrad Construction (NFR 1A2)
- Transport (NFR 1A3)

- Other sectors (NFR 1A4)

- Fugqitive emissions (NFR 1B2)
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3.1.1 Sectoraltrendgt ht Qa

{dzYYF NB d1

of Sa

T2NJ GKS

t ht Qa

S YTakleBA. 2 v &

FTNRY

Table3.1 Overview of emissi@of POPs from the energy sector in 8QUA¢ 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] [kg] [ka]
Energy
1A1 . . 2.E05 NE/NO NE/NO NE/NO 2.E07 NE/NO NE/NO NE/NO
industries
Manufact.
1A2 industries and 0.0058 1.E04 7.E04 0.00104 2.E04 0.00206 NE NE
construction
1A3 Transport 0.0540 0.00297 0.00452 0.00495 0.00317 0.0156 7.E£04 4.E04
1A4  Other sectors 0.651 2.E05 0.00656 2.E05 3.E05 0.00663 0.0147 0.0216
Fugitive
emissions .f

1B2 distribution of NA/NE/NO NA/NE/NO NA/NE/NO NA/NE/NO NA/NE/NO NA/NE/NO NA/NE/NO NA/NE/NO
oil production
and energy
production
Energy, Total 0.710 0.00311 0.0118 0.00601 0.00337 0.0243 0.0155 0.0220
¢NBYyRa Ay thtQa SYA aBidue3lth®aghRighre3id BySubsedNd. & K 2
2.0
18
16
1.4 I I I
E 10 ll,;’ I
= 08 N
£ N1
8 06
a
0.4
0.2
0.0
& 2 8 8 3 af x &y g g3z s g 883930323
[+)] [+)] [+)] [+)] [+)] [+)] [+)] [+)] [+)] [+)] [=] [=] [=] [=] [=] [=] [=] [=] [=] [=] [=] [=] [=] [=] [=] [=] [=]
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1A4 Other sectors

B 1A2 Manufacturing industries and construction
W 1B2 Fugitive emissions from energy production

Figure3.1 Dioxinemissions fronthe energy sectorsincel990.

B 1Al Energy industries
B 1A3 Transport
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Figure3.4 PCBemissions fronthe energy sectorsincel990.

3.1.2 Sectoral trendg Other pollutants

Summary tables forthenen ht Qa

Table3.2 Overview of emissiors T
occurring, NR Not relevant).

L2t tdzii - yia

2005

2006 EEE—
2007 _
2003 EE—
2009 —

2010 _

2011

2012

2013 Y
2014 |

2015 |
2016

m 1A2 Manufacturing industries and construction
1A4 Other sectors

S theé engrgy dector is shown Trable3.2.

2 & @AcNNot iagplicable, tNE Kotkestimatdd yNOMNat m

NOx NMVOC SG NH; PMy s PMjo TSP BC CcO
[kt NOJ] [kt] [kt SQ] [kt] [kt] [kt] [kt] [kt] [kt]
1a1  ENeroy 2E03 205 000338 NENO 4.E05 1E04 2.E04 9.E06  5.504
industries
Manufact
1A2 industries and 1.30 0.140 0.514 NE/NO  0.0915 0.0915 0.0915 0.0458 0.381
construction
1A3 Transport 6.43 2.99 0.093 0.0983 0.141 0.166 0.0166 0.0723 18.51
1A4  Other sectors 12.8 0.453 1.59 NE/NO 0.350 0.381 0.380 0.0674 1.21
Fugitive
emissions f NO NO NO NO NO NO NO
1B2 distribution of NE 0.00810 3549 NE NR NR NR NR NE
oil production NA NA NA NA NA NA NA
and energy
production
Energy, Total 20.5 3.59 37.7 0.0983 0.582 0.638 0.489 0.185 20.1

4Iceland uses the notation key NR for sounstxich arenot estimatedfor all pollutants other thalPOPsnd the
pollutantsthat are reported to the UNFCCC under the Kyoto Protocol.
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Pb Cd Hg As Cr Cu Ni Se Zn
[ [ [t [t] [ [ [t] [t [t

Energy industries

1A1 1E04 4E05 4E05 6.505 4E05 8E05 20E04 2504 1.E04
Manufact

1ap Industiesand g oo0 s0s 1E04  3E0S 2504 2504  8.E06  1EO04  0.0286
construction

1A3  Transport 00703 000282 3.E04 5E04 00381 0975 00351 0.00387 0.480

1A4  Other sectors 0.0226 0.00192 0.00460 0.0251 0.0276  0.154 1.06 0.0195 0.195

Fugitive
emissions.f
1B2 distribution of ol NR/NO NR/NO NR/NO NR/NO NR/NO NR/NO NR/NO NR/NO NR/NO
production and
energy
production
Energy, Total 0.0931 0.00479 0.00504 0.0256 0.0660 1.13 1.10 0.0236 0.704

3.2 General Methodology

Emissiongrom fuel combustion activities are estimated at the sector level based on methodologies
suggested by the 2006 IPCC Guidelaresthe 2016 EEA/EMEP Guidebobhey are calculated by
multiplying energy use by source and sector with pollutant specific @nigactors. Activity data is
provided by the National Energy Authority (NEA), which collects data from the oil companies on fuel
sales by sector. The division of fuel sales by sector doesntiogly match the2006 IPC@nd NFR
categoriesthus the EA haideveloped a method to attribute fuel consumption to the various
IPCONFRcategories This applies for the sectors 1A1 Energy industries, 1A2 Manufacturing industry
and 1A4/b Commercial/Institutional an&esidentiakector. The adjustment is done in ttiellowing

way for gasoil: First fuel consumption needed for the known electricity production with fuels is
calculated (1Alg electricity production), assuming 34% efficiency of the diesel engines. The values
calculated are compared with the fuel sales floe category 10X60 Energy industries (nomenclature
from the NEA)Fuel consumption attributed to 1A2a Iron and Steel, 1A2b-féorous metals and

one company under 1A2f nemetallic minerals is taken froBUETS report¢cf. Directive

2003/87/EC of the lropean Parliament and of the Counaillbmitted by the ferroalloy, aluminum

and mineral wool companies. The rest of the fuel consumption is then attributed as follow:

- Inyears where there is less fuel sale to energy industries as would be needed for the
electricity production, the fuel needed to compensate is taken from the category 10X90
Other; and if that is not sufficient from the category 10X40 House heating and swimming
pools.

- Inyears where there is surplus, the extra fuel is added to the categotgdBlouse heating
and swimming pools.

- NEA has estimated the fuel use by swimming pools (1A4a), but it should be noted that the
majority of swimming pools in Iceland have geothermal water. The estimated fuel use values
are given in the lower table of Ann&These values are subtracted from the adjusted 10X40
category, and the rest is attributed 1Ad&Residential.
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- For years where there is still fuel in the category 10X90 Other, this is added to the 10X5X
Industry. This is the fuel use in 1Ahdustry.

Activity data for fuel combustion as received by the NEA can be foulwnexl: Explanatio2 ¥ 9! L Wa
Adjustment of Data on Fuel Sales by Secto

Fuel combustion activitief&ll into into two main categories; stationary and mobile combustion.
Stationary combustion includes Energy Industries, Manufacturing Industries and a partGthtre
sectors (Residential and Commercial /Institutional sector). Mobile combustion includes Civil Aviation,
Road Transport, Navigation, Fishing (part of the Other sectors), Mobile Combustion in Construction
(part of Manufacturing Industries and Constractisector) and International BunkeBmissions

from take-off and landing of all flights (i.e. domestic and international) count towards the national
totals, wheras emissions occurring during cruise for all flights are reported as memo item.

3.3 Energy Indusies (NFR 1A1)

Energy Industries include emissions from electricity and heat production. Iceland has extensively
utilized renewable energy sources for electricity and heat production, thus emissions from this sector
are low. For dioxin, PAH4, S8hd NMVOG@vaste incineration with energy recovery is the main

source of emissions for this category. Activity data on fuel use for the energy industries are based on
data provided by the NEA and adjusted by EAI, see Annex I. Activity data on waste is colledied by E
directly from the plants.

3.3.1 Electricity & heatNFRLAla)

The main sources of electricity in Iceland are hydropower and geothermal energy. In recent years,
wind power development has taken plafeable3.3). As can be seen in this table, only a very small
fraction of electricity is produced with fuel combustioreericity was produced with fuel

combustion at two locations that are located far frahe distribution system (two sparsely

populated islands, Grimsey and Flatdyythermore, ®me public electricity facilities have

emergency backup fuel combustion power plants wiaoh usedvhen problems occur in the
distribution system. Those plants afgowever, very seldom used, apart from testing and during
maintenance.

Table3.3 Electricity production in Iceland (GWh).

1990 1995 2000 2005 2010 2015 2016
Hydropower 4,159 4,678 6,352 7,014 12,592 13,781 13,470
Geothermal 283 288 1,323 1,658 4,465 5,003 5,067
Fuel combustion 5.6 8.4 4.4 7.8 1.7 4.0 2.7
Wind power NO NO NO NO NO 11 9
Total (GWh) 4,447 4,975 7,679 8,680 17,059 18,799 18,549

Activity data (the amount of gasoil used) for electricity production with fuel combustion is calculated
from the information on electricity production (GWh), based on the energy content of the gasoil (43
TJ/kt) assuming 34% efficiency.

Geothermal energis the main source of heat production in Iceland. Some district heating facilities,
that lack access to geothermal energy sources, use electric boilers to produce heat from electricity.
They depend on curtailable energy. These heat plants have backugfublistion in case of

electricity shortages or problems in the distribution system. Three district heating facilitieedurn
waste to produce heat andiere connected to the local distribution systermowever since 2013 no
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more waste burning with energy reeery is occurring in Icelan&missions from these waste
incineration plants are reported under Energy Industries. A description of the method to estimate
emissions from waste incineration plants is given in Chapter

Informative hventory Report, Iceland 2@

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 and
2011. The use of residual fuel oil in 2007 was much higher than in surrounding years. In 2007 a new
aluminium pant was established in Iceland. Because the Karahnjukar hydropower project
(hydropower plant built for this aluminium plant) was delayed, the aluminium plant was supplied

with electricity for a while from the distribution system. This led to electridityrgages for the

district heating system and industry depending on curtailable energy leading to increased fuel
combustion. The different fuel composition from year to year (waste, fuel) effects the IEF (Implied
Emission Factor). For example, the IEHif@xin 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 distribution system caused by snow avalanches in northwest
Iceland (the Westfjords) and icing in the northern part of the country), 1997/1998 (unfavorable
weather conditions for hydropower plants during the winter) and 2007 (explained above).

Table3.4 Fuel combustion and waste incineration (kt) for electricity and heat production.

1990 1995 2000 2005 2010 2015 2016
Gas/Diesel oil (electricity) 1.40 212 112 1.97 0.43 1.01 0.67
Residual fuel oil (heat) 2.99 3.08 0.07 0.20 NO 0.14 0.02
Solid waste(heat) NO 4.65 6.05 5.95 8.11 NO NO

3.3.1.2 Emission factors

Emission factors ar€iers 1 factorsaken from the EMEP/EEA 2duidebook(Chapter 1.A.1. Energy
Industries, Tables-8 (Fuel oil) and-8 (Gas oil))Emission factors for the burning of waste with
energy recovery are taken fronafle 32 of chapter 5C1a of the EMEP/EEA 2013 guidebook. Due to
the lack of emission factors given in th@16guidebook the following pollutants are not estimated:

- Gas oil: N§ PCB, HCBaP, BbF, BKkF.
- Residual fuel oil: N5, PCB, BaP, HCB.

Emissions of S@re calculated from the-8ontent of the fuels.

3.3.1.3 Recalculationand improvements
Several recalculations were done fbrs submission in Sector 1A1:

- In previous submission ancorrect NCV value was used for heavy fukeldis was corrected
for the 2018 submission, and affected Particulate Matter, POPs and heavy metal emissions,
with emissions for these pollutants 6.4% lower than in the 2017 inventory.

- Emission factors for PMand PMo from fuel oil were incorrect, and were updated to the
2016 EMEP/EEA Guidebook values

- In previous inventorieBaP, BbF, BKF emission factorsgas oilwvere taken from 1A2
Manufacturing Industrie¢Table 34), as they are not estimated in the tables okl Energy
Industries(Table 36). However, to ensure consistency with the Guidebook, these emissions
were now also marked as NE for 1A1.

- Units for dioxin emissions were corrected
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3.3.1.4 Planned improvements

All parameters needed for estimag emissions in thisubsector(including activity data calculations,
fuel specifications, emission factors, etc) will be reassessed duringdapih review of the Energy
Chapter (see alsBection3.2).
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3.4 Manufacturing Industries & Construction (NFR 1A2)

3.4.1 Manufacturing industries, stationary combustidliFRLA2ag)

3.4.1.1 Activity Data

Information on the total amount of fuel used by the manufacturing industries was obtained from the
NEA andattributed to the various subsectotsy EAI (see Annex Using data reported under the EU
ETS for the larger companid¢siel consumption in the fishmeal industry from 1990 to 2002 was
estimated from production statistics, but the numbers for 2003 to 2adetbased on data provided

by the industry (application for free allowances under the EU Emissions Trading System (EU ETS) for
the years 2005 to 2010, information from the Icelandic Association of Fishmeal Manufacturers for
2003, 2004 and 2011 and 201Zhe difference between the given total for the sector and the sum

of the fuel use of the reporting industrial facilities are categorized ag\tif@ther nonspecified
industry. The total fuel consumption per fuel type can be seemable3.5. Emissions from 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 reported
under 1A2f. For PAH4, emissioranirthe mineral wool 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 mawtdiring industry.

1990 1995 2000 2005 2010 2015 2016
Gas/Diesel oil 5.07 1.13 10.25 22.19 9.39 10.16 14.00
Residual fuel oil 55.93 56.22 46.21 25.01 16.55 10.18 8.65
LPG 0.48 0.39 0.86 0.93 1.05 0.50 0.91
Electrodes (residue) 0.80 0.29 1.50 NO 0.40 NO NO
L 18.60 8.65 13.26 991 3.65 NO NO
Other bituminous coal
Petroleum coke NO NO NO 8.13 NO NO NO
NO 4.99 6.04 1.82 1.36 1.59 0.86

Waste oil

3.4.1.2 Emission factors

Emissions are calculated by multiplying energy use with a pollutant specific enfggimmEmission
factors for dioxin for liquid fuel used in stationary combustion in manufacturing industry are taken
fromtKS G! Gat ALILI GAf {Stafsics NofvayRDERAR A eyhBdibh factols oNH S ¢
coal ugd in stationary combustion (used in the cement industry) as well as the profile ratio are taken
FNRBY GKS OKFLIWISNI a!'y FLIWNRFOK (2 SalbtAYlFdAiazy 27F t
(EEA 2007). The BaP emission factor for industrial coal ctimivdor large plants is taken from
Appendix 3 of the chapter and the profile ratio is found in section 7. PAH emission factors for liquid
fuels are taken from table-8 (Tier 1 EF for 1A2 combustion in industry using liquid fuels) from
chapter 1.A.2 othe Emission Inventory Guidebook (EEA&OHowever, it is assumed that the PAH
emission factors given in the Table should be in pg/GJ rather than mg/GJ (after comparison with
Table 337, Volume 1.A.4)
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The emission factors for dioxand PAH4are presated inTable3.6.

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
[ug FTEQ/t fuel] [ug/GJ] [ng/GJ] [Mg/GJ] [Mg/GJ]
Gas/Diesel Oll 0.1 1.9 15 1.7 15
Residual fuel oil 0.1 1.9 15 1.7 15
LPG 0.06 0.72 2.9 1.1 1.08
Electrodes residues IE 0.14 PR: 0.05 PR: 0.01 PR:0.8
Other Bituminous Coal IE 0.14 PR: 0.05 PR: 0.01 PR:0.8
Petroleum coke IE 1.9 15 1.7 1.5
Waste oil 0.1 1.9 15 1.7 15

Coal, electrodes residues and petroleum coke are only irstite cement plant; all dioxin emissions from the cement
plant are reported under 2A1. PR: profile ratio.

SQemissions are calculated from thec8ntent of the fuels. Source specific emission factors for NO
and CO are taken from the 2006 IPCC Guideforadational Greenhouse Gas Inventories. Emission
factors for NMVOC are taken fraifme EMEPEEAguidebook 206. Sulphur emissions from use of
petroleum coke occur in the cement industry. Further waste oil has mainly been used in the cement
industry. Emigsn estimates for Sgor the cement industry are based on measurements.

This inventory includes for the first time Particulate Matter and Heavy Metal emissions for all fuel
types, based on Tier 1 emission factors taken from TabésBlid fuels), B (gaseous fuels) and-48
(liquid fuels) in the EMEP/EEA 2016 Guidebook on 1A2.

Due to the lack of emission factors given in #886guidebook the following pollutants are not
estimated:

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

3.4.1.3 Recalculationand improvements
Various recalculations were done since the last submission, mainly corrections and updates of
emission factors to default Guidebook values. The recalculations include:

- Updated NOx, NMVOC, CO EF for LPG

- Updated PAH EFs t Tiedefaults for 1A2 Manufacturing and construction

- Emissions from mineral wool production and cement production previously reported under
1A2gviii, now reported under 1A2f nanetallic minerals.

Further difference relative to last year’s submissiothé we now report emissions for particulate
matter and heavy metals, using fuel consumption as the activity data and tiers 1 emission factors.

3.4.1.4 Planned improvements

All parametersieeded for estimating emissions in this subsector (including activityadtalations,
fuel specifications, emission factors, etc) will be reassessed duringdmpih review of the Energy
Chapter (see als®.2). Furthermore, PCB and B@mission estimates will be added where possible.
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3.4.2 Manufacturing industries, mobile combustidiFRLA2gvii)

3.4.2.1 Activity data

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

Currently, activity data and information available from the National Energy Authority do not allow to
separate fuels sold to machinery in construction, agriculture or other uses for the entire time series,

but provides data on fuel sold from fuel deliyerucks (as opposed to fuel sold at petrol stations)

Thus category 1A2gvii efbad vehicles and other machinery includes all emissions derived from

fuels sold to offroad machinery, including Agriculture/Forestry/Fishing-©#d vehicles and other

madinery (1A4cii ) as well as transport activities not reported under road transport such as ground
activities in airports and harbours (1A3eii). The latteo OF G SA2 NA S& | NB NRN] SR | &
tablesand are all included under 1A2g\Aictivity datafor fuel combustion are given ifiable3.7.

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

1990 1995 2000 2005 2010 2015 2016
Gas/Diesel oil 37.98 46.74 61.89 67.78 3223 30.03 34.13

3.4.2.2 Emission factors

oYArAaaArzy TILOU2NB F2NJ RAZEAY FTNRY Y26AftS &2dzNDSA
(Statistics Norway, 2002 hey are 0.1 ug/t fuel. PAH emissions are not estimated from this source.

SQ emissions are calculated from thecBntent of the fuels. Emission factors for NCQNMVOC

particles as well as BC are the default values the 2016 EMEP/EEA Guidebook (Takle éhapter

1A4).

3.4.2.3 Recalclationsand improvements

The emission factors for NOx, NMVOC and CO were updated to T1 defaults. Particulate matter
emissions are reported for the first time. Furthermore, emissions fromenai wool production and

from cement production were previously reported under 1A2gviii, now they are reported under 1A2f
Nornrmetallic minerals.

3.4.2.4 Planned improvements

All parametersieeded for estimating emissions in this subsector (including activity ciltulations,
fuel specifications, emission factors, etc) will be reassessed duringdapih review of the Energy
Chapter (see alsBection3.2). FurthermoreNH;, PCB, HCB and heavy metal emission estimates will
be added where possible.

3.5 Transport (NFR 1A3)

3.5.1 Civil aviationNFRLA3a)

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

(1A3ai(i)), Domestic LTO (1A3aiifiternational cruise (1A3ai(ii) and Domestic cruise (1A3aii(ii)). As
RSTAYSR o0& 9daNRO2Yy i iNRBf d&a[¢hé AyOftdzRSa GFEA 2dziz
' LILINBF OK OFNBY || KSAIKG 2F onnn Bfiowakeightdf yRAY 3 |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

emissions occurring during the cruiseN\dB 2 F G KS Ff A3IKG&a FNBE NBLEZ2NISR |
not counted in the national totals.
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Emissions for the years 20@916 are taken directly from the Eurocontrol dataset for Iceland, which
differentiates between Domestic, International, LTO and<ereimissions. The pollutants reported
from the Eurocontrol dataset include: NOx,xSCO, NMVOC, TSP, ihd PMs. For the years
19902004, emissions were estimated based on fuel type (jet kerosene vs. aviation gasoline), and
emissions attributed to efter LTO or Cruise using a ratio calculated from the Eurocontrol dataset
(see below), with sales data allowing the distinction between international and domestic use.
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3.5.1.1 Activity data

Activity data is provided by the NEA, which collects data on fuel sakschyr. 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 and arrive from Keflavik Airppgxcept 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 conditions. Oil products solfldviKe

airport are reported as international usage. The deviations between national and international usage
are believed to level out. Activity data stems from different datasources depending on the year:

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

- 20052016: Fuel activity data is included in the Eurocontrol dataset. However, the dataset only
includes total amount of fuel burnt (in kt), without differentiating between jet kerosene and
aviation gasoline. Since these two types of fuel have slightly different NCV’'s (44.3 TJ/kt for
aviation gasoline, 44.1 TJ/kt for jet kerosene), in order to obtain total fuel activity data in TJ,
the NEA's annual sales statistics were used as an apprasimat the ratio of aviation
gasoline to jet kerosene to calculate a weightegerage NCV, which was used to convert the
total burnt fuel reported by Eurocontrol into TJ.

Activity data for fuel sales for domestic and international aviation are givéalite3.8 and Table3.9.
Note that these are the sales statistics provided by the NEA, andtimeclude informations from
Eurocontrol.

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

1990 1995 2000 2005 2010 2015 2016
Jet Kerosene 8.41 8.25 7.73 7.39 6.07 5.74 12.30
Aviation gasoline 1.68 1.13 1.10 0.87 0.65 0.49 0.50

Table3.9 Fuel sales (kt), international aviation

1990 1995 2000 2005 2010 2015 2016
Jet Kerosene 69.40 74.64 129.15 133.20 119.52 213.74 290.78
Aviation gasoline 0.20 0.18 0.03 0.40 0.01 0.01 NO

3.5.1.2 Emission factors

19902004: Total emissions (LTO + Cruise) were calculated using following emissions factors:
Emission factors for dioxin were taken from the Standardized Toolkit for Identification and
Quantification of Dioxin and Furdtelease$UNEP, 2008) Y R FNB Y & ! Gaf A LI GAf
b 2 NJSEatistics Norway, 2002)PAH4 emissions were not estimated as no emission factors are
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included in the EMEP/EEA 2016 Guiddhomr are those emissions estimated by Eurocon®a.
emissions were calculated from thec8ntent of the fuels provided by the National Energy Authority.
Emission factors for NOx, CO and NMVOC were taken from the 2006 IPCC Guidelines for National
Greenhouse Gas Inventories and thevised 1996 IPCC Guidelines for National Greenhouse Gas
Inventories: Reference ManudPCC, 1996As per the Eurocontrol dataset there is no particle
emission from turboprop airplanes, only from jets; However, data on plane types for the time period
19902004 is not available. Thus particle matter emissions are not estimated for domestic aviation
for that time. For international aviation, it was assumed that TSP & PMM s, as is the case in the
Eurocontrol dataset. An emission factor was calculated from the Eurocontrol dataset using the
average |IEF for 2005 til 20for international LTO and crisrespectively, and applied to the period
1990-2004.

In order to allocate emissions to LTO and Cruise, respectively, a distribution factor was calculated
using the 2005 Eurocontrol data for each pollutant, and this factor was applied to the2D88I0
dataset.

20052016: Emissions were taken from the Eurocontrol dataset without further calculations, with the
exception of dioxin for which estimates were not provided in that dataset. Dioxin was therefore
calculated in the same way as for the period 12904

The emission factors for the period 199004 are presented ifiable3.10, and for particle matter in
international aviation imrable3.11.

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

Dioxin NOx CcO NMVOC
[ug FTEQ/t fuel] [kg/TJ] [kg/TJ] [kg/TJ]
Jet Kerosene 0.06 250 100 50
Aviation gasoline 2.2 250 100 50

Table3.11 Emission factors for TSP and BC, international aviati®®0-2004

TSP PMuo PMzs BC

[kg/TJ] [kg/TJ] [kg/TJ] % of TSP
International LTO 2.86 2.86 2.86 18%
International Cruise 4.41 4.41 4.41 18%

3.5.1.3 Recalculationand improvements
No recalculationsvere done for this submission.

3.5.1.4 Panned improvements

Planned improvements include a reassessment of the emission factors used in the emission
estimates for the period 1992004 as well as to establish the continuity of the time series when
changing from preeurocontrol (19962004) to theEurocontrol dataset (estimates since 2005).

3.5.2 Road vehicleNFRLA3D)

This sector covers the emission estimates from exhaust emissions frisausv&ypes of road

transportation vehicles based on fuel sales statistics supplied annually by the National Energy Agency
(AEA).
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3.5.2.1 Methodology

Emissions from road vehicles are estimated by multiplying the fuel use, by type of fuel and vehicle,

with fueland@S KA Of S L2t f dzi yi aLISOAFAO SYArAaarzy 7T 0G2N
NMVOC and CO. Sénissions are estimated based on th€&ntent of the different types of fuels

used in road vehicles and by assuming thastdfihur is converted to SOn the combustion process.

The transport model COPERT(ddveloped by Emisia Si&)furthermore used to make emission
SaldAYFGSa FT2NI SYAaarzy SaidAaAY)NMBGC, @fandSdtief dzi | yia 2
following text is taken from the COPERAbsite regarding the applied methodoldgy

d ¢ KS /nmeth@eology is part of thEMEP/EEA air pollutant emission inventory
guidebookF 2 NJ G KS OF £ Odzf [ GA2Yy 2F AN LRt tdzityid SY

Data that was acquirefifom Emisian the 2017 submission for the use of COPERT is limited to the
years 2002014 and the assumption is consequently made that the emission estimates for the
pollutants estimated with COPERT are the sam@®d6 and2015 as for 2014. Py2000 emission
estimdes for the pollutants estimated with COPERT are not reported and have not been estimated.

3.5.2.2 Activity data

Total use of diesel oil and gasoline are based on the NEA's annual sales statistics for foSsldieels (
3.12). Biofuels were added for the first time in this inventory, also from NEA’s sales statistics, and
emissions from some of the pollutants were estimated.

Table3.12 Fuel use (kt), road transport.

1990 1995 2000 2005 2010 2015 2016
Gasoline 12781 13560 14260 156.73 14821 132.47 136.36
Diesel oil 36.57 36.86 47.46 83.48 10643 126.37 146.08
Biomethane NO NO NO NO 0.44 3.77 3.88
Biogasoline NO NO NO NO NO 1.93 4.70
Biodiesel NO NO NO NO 0.14 11.92 11.41

For the period 1990 to 200&he fuel consumption attribution to the various vehicle grouips,
passenger cars, light duty vehicles, and heavy duty vehi@ssestimated by th&lEA From 2006
onwardsEAl estimated how the fuel consumption is divided between the different vehicles groups,
using information on the number of vehicles in each group and the driven mileage in each group
from the Icelandic TranspoAuthority (ICETRA), using average fuel consumption based on the 1996
IPCC Guidelines Regarding Average Fuel Consumption Per BmuR006onwards the data
containsinformation on motorcycles. For the years 1990 to 2005 emissions from motorcycles are
included in emissions from other vehicles.

The EAI has estimated the amount of passenger cars by emission control technology. The proportion
of passenger cars with thregay catalysts has steadily increased since 1995 when they became
mandatory in all nevears. Although thresvay catalysts have been mandatory for a long time now, it

is assumed that the proportion of cars with thragy catalyst stagnates at 86%, as the catalysts

usually lose their function after about 10 years.

5 http://emisia.com/products/copert
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Biofuels

This year’s inventy includes for the first time emissions from biofuel used in road transport. This
include biogasoline (bioethanaindbiodiesel. Biogasoline and biodiesel are mixed with their fossil
equivalent and sold as a mixture at the fuel stations, therefore biolgas and biodiesel use was
distributed between the various vehicle classes using the same distribution ratios as their fossil
counterparts.Biomethane from landfill gas has also been used for road transport and the GHG
emissions are estimated under the BRICC reportingoweverpollutant emissions from

biomethane have not been estimated.

3.5.2.3 Emission factors

Emission factors for dioxin are taken from the Standardized Toolkit for Identification and
Quantification of Dioxin and Furan ReleafdBIEP, 2005)They are presenteid Table3.13.
9YAaaArzy TFFLOG2NAR F2NJt! Il IINB dF1Sy FTNRY GKS
the Emission Inventory Guidebo@kEA, 2007 Emission factorfor PAH4 ar@resented inTable

3.14.

Table3.13 Emission factors for dioxin, road vehicles.

Dioxin
[ug FTEQ/t fuel]
Gasoline, leaded 2.2
Gasoline, unleaded, no catalyst 0.1
Gasoline, unleaded, with catalyst 0
Gas/ Diesel ol 0.1
Table3.14 Emission factors for PAH4, road vehicles.
B(a)P Fuel cons. B(a)P Ratio to B(a)P
[mg/GJ]  [I/100 km] pa/kg fuel B(b)F B(K)F [Py
Passenger carsgasoline, conventional 11 8.5 17.14 1.2 0.9 1
Passenger carsgasoline, catalyst 0.4 8.5 6.23 0.9 1.2 1.4
Light duty vehicles gasoline 11 13.6 10.71 1.2 0.9 1
Pass.cars dieseldirect ing. 0.7 7 11.79 0.9 1 1.1
Pass.cars dieselindirect inj. 2.8 7 47.14 0.9 0.8 0.9
Light duty vehicles direct in;. 0.7 10.9 7.57 0.9 1 11
Light duty vehicles indirect in;. 2.8 10.9 30.29 0.9 0.8 0.9
HDV(diesel) 1 29.9 3.94 5.6 8.2 1.4
Other use, gas/diesel oil, (*HDV) 1 29.9 3.94 5.6 8.2 1.4

SQemissions are calculated from thec8ntent of the fuels. Emission factors for the pollutants NOX,
NMVOC and CO are taken from the revised 1996 Gu@ielinegIPCC, 199&nd depend on vehicle
type and emission control.

OKI

Emission factors for other pollutants depend upon vehicle type and emission control. They are taken

from the revised 1996 IPCC GuideliG€sCC, 199@)nd are presented ifiable3.15.
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Table3.15 Emission factors for NOx, @@dNMVOC

NOx (60) NMVOC
[g/kg fuel] [g/kg fuel] [g/kg fuel]
Passenger cars gasoline, uncontrolled 27 550 63
Passenger carsgasoline, noncatalyst control 37 300 72
Passenger carsgasoline- three way catalyst 8.2 45.9 7.1
Light duty vehicles gasoline 29 360 59
Heavy duty vehiclesgasoline 40 346 32
Motorcycles- gasoline 2.7 730 530
Passenger carsdiesel 11 12 3
Light duty vehicle diesel 16 18 4.6
Heavy duty vehiclesdiesel 42 36 8

Emissiorof other reported pollutantPM, BC, Pb, Cd, Cr, Cu, Ni, Se anavérg calculated with
COPERA3Nd the builtin emission factors. However, since the newest dataset available from Emisia
only covers the years up until 2014, emissions from 2812016 were set to be equal to those of

2014.

For biofuels, the EFs for NONMVOC, S&nd CO were taken to be the same as those of their fossil
equivalent.

3524

3.5.25

Recalculationand improvements
Error in reported estimates for PAH corrected, leading to 8% and 20% increase for
emissions from Passenger cars, LDV and HDV respectively.
NQ, NMVOC, Sfand CO emissions from biofuels were reported for the first time in the
current inventory (Biodiesel used since 2008, and biogasoline since 2015). Emissions f
biomethane (used since 20017) were not estimated.

Planned improvements

Planned improvementimclude:

As part of the overall Energgctor review (see also Sectidr?), all methodologies,
assumptions, emission factors and calculation spreadsheet®deta road transport
calculations will be reviewed and improved where necessary

Acquire comprehensive dataset for uselie COPERT transport modiel collaboration with

the Iceland Transport Authority.

Comparison of emission estimates between COPERGuareht estimates for NOx, NMVOC,
CO and SO

NMVOCEmissions from gasoline evaporation (NFR 1A3bv) are currently not estimated, but
they will be added to the inventory in future submissions.

Work is underway within a Nordic workgroup funded by the No@bancil of Ministers to
develop nordic emission factors for tyre and brake wear (NFR 1A3bvi). Results from this work
will be used in future submission to estimate emissions from this subsector.
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3.5.3 National navigationNFRLA3dii)
Emissions are calculatdy multiplying 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 combustiergaven inTable3.16.

Table3.16 Fuel use (kt), national navigation.

1990 1995 2000 2005 2010 2015 2016
Gas/Diesel oil 11.75 7.04 3.43 6.20 8.46 7.89 8.53
Residual fuel oil 7.17 4.76 0.54 0.88 2.61 0.44 0.18

3.5.3.2 Emission factors

Emission factors for dioxin and PAH (only B(b)F) are taken from Utslipp til luft av dioxiner i Norge
(Statistics Norway, 20025Qemissions are calculated from thec8ntent of the fuels. Emission
factors forall other pollutatnts are T1 emission factors from the EMEP/EEA 2016 Guidebook on
navigation (Shipping), Tables 3.1 (bunker fuel oils) and 3.2 (marine diesel/gad eithission factors
are presented in

Table3.17.

Table3.17 Emission factorsof national navigatioremissions.

Dioxin BbF HCB PCB Pb Cd Hg
nmy/t fuel g/t fuel mg/t fuel mg/t fuel g/t fuel g/t fuel g/t fuel
Marine diesel oil 4 0.04 0.08 0.038 0.13 0.01 0.03
Bunker fuel oil 4 0.04 0.14 0.57 0.18 0.02 0.02
As Cr Cu Ni Se Zn
g/t fuel g/t fuel g/t fuel g/t fuel g/t fuel g/t fuel
Marine diesel oil 0.04 0.05 0.88 1 0.1 1.2
Bunker fuel oil 0.68 0.72 1.25 32 0.21 1.2
NOx NMVOC CcoO TSP PM10 PM2.5 BC
kglt fuel kalt fuel kg/t fuel ka/t fuel kalt fuel kg/t fuel % of TSP
Marine diesel oil 78.5 2.8 7.4 15 15 1.4 31%
Bunker fuel oil 79.3 2.7 7.4 6.2 6.2 5.6 12%

3.5.3.3 Recalculations and improvements
NOx, NMVOC, CO and BC emission factors were updated to reflect T1 emission factors from the 2016
EMEP/EEA guidebook.

3.5.3.4 Panned improvements
Plannedmprovements include a revision of national navigation emission factors as a part of the
comprehensive energy sector review (see also section 3.2).

3.5.4 International navigation (memo itenNFRLA3di(i)

The reported fuel use numbers are based on fuel salés flam the retail suppliers. The retail
supplier divides their reported fuel sales between international navigation and national navigation
based whether the vessel is sailing to an Icelandic or agiote@rbour (regardless of flagh
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LINS @A 2 deientdrigd; fiuskis@lesio foreign fishing vessels were included in this category, but as
explained below in the recalculations sectioinlA4c Fishinghis has now been corrected. Fuel sales
data provided by the NEA allows the correct attribution of &a@t to fishing vessels vs. international
ships for the time period 1995 to the current year. However, during the years 1990 til 1994 fuel sales
statistics were recorded differently and fuel sold for international use was recorded without
information on wlether 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®9®0 This was done by
averaging the percentage of fuel sold to fishing vessels relative toftatbsales over the years 1995

til 1999, for diesel oil and fuel oil; this percentage was then applied to the fuel sales for the years
1990 til 1994.

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

3.5.5 TransportOther(NFR 1A3eii)

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

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

not allow to allocate fuels sold to machinery to the various subsectors.

3.6 Other Sectors (NFR 1A4)

3.6.1 Commercial, institutisal & residential fuel combustioNFRLA4a, 1A4b)

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

from public heat plants. Two waste incineration plants used waste to produce heat. One of them
used the heat for heating a swimming pool and a school building (Skaftarhreppur, closed down in
December 2012), and the other one used the heat for heatisgiienming 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 pools in the country are heated with oil.

3.6.1.1 Activity data

Activity data for fuel usés provided by the NEA, which collects data on fuel sales by sector. EAI
adjusts the data provided by the NEA as furtbeplained in Annex |. fwity data for waste
incineration are collected by the EAI directly. Activity data for fuel combustion astéweineration
in the Commercial/Institutional sector are givenTiable3.18.

Table3.18 Fuel use (kt), commercial/institutional sector.

1990 1995 2000 2005 2010 2015 2016
Gas/Diesel oil 1.80 1.60 1.60 1.00 0.30 0.30 0.15
Waste ol 3.27 - - - -
LPG 0.29 0.31 0.46 0.50 0.17 0.37 0.41
Solid waste NO 0.45 0.58 0.58 0.35 NO NO

Activity data for fuel combustion in the Residential sector is givarabie3.19. The table displays
that the use of kerosene increassdbstantially from 2005 to 2010. Kerosene is used in
summerhouses but also, to some extent, in the Commercial sector for heating of commercial
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buildings. The usage has been very low over the years and therefore the kerosene utilisation has all
been alloated to the Residential sector. The increase in usage in the years 2008 to 2011 is believed
to be attributed to rapidly rising fuel prices in the transport sector. This has motivated some diesel
car owners to use kerosene on their cars as the kerosems dot have CQax, despite the fact that

it is not good for the engine. Since 2012 the, @R covers also kerosene and the use decreased
rapidly again.

Table3.19 Fuel use (kt), residential sector.

1990 1995 2000 2005 2010 2015 2016
Gas/Diesel oil 8.73 6.36 6.03 3.24 1.92 117 0.95
LPG 0.42 0.45 0.72 0.93 142 0.93 0.96
Kerosene 0.51 0.15 0.15 0.17 1.22 0.19 0.03

3.6.1.2 Emission factors

Emission factors (EFs) for dioxin from stationary combustion are taken from Utslipp til luft av dioxiner
i Norge(Statistics Norway, 2002They are 0.1 pg/t fuel for gas oil and kerosene, 0.06 ug/t fuel for

LPG (Liquified Patleum Gas) and 4 ug/t for waste oil. Emissions ofad®®calculated from the-S

content of the fuelsAll other emission factors used are Tier 1 emission factors taken from volumes
1A4a and 1A4b in the 2016 EMEP/EEA Guidebook for the appropriate fudEtgjssions from

waste incineration with recovery, where the energy is used for swimming pools/schibdings 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
incinerated to produce heat at two locationsisnming 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 for the whole sector.

3.6.1.3 Recalculationandimprovements
- Emission factors for NOx, NMVOC and CO were set to the 2016 T1 defualt values.
- Particulate matter, HCB and PCB emissions added to the inventory for the first time this year.
- Dioxin emissions corrected for 1A4bi (previously there was an erithie calculation file)

3.6.1.4 Planned improvements

All parametersieeded for estimating emissions in this subsector (including activity data calculations,
fuel specifications, emission factors, etc) will be reassessed duringdmpih review of the Energy
Chapter (see als@ection3.2).

3.6.2 Agriculture, forestry & fishingNFRLA4c)

Emissions from fuel udgy machinery and offoad vehiclesn agriculture and forestrgreincluded in
Mobile construction in manufacturing industries and construction (1A2giwmice currently available
activity data from the National Energy Authority do not allow to allocate fuels sold to machinery to
the various subsectorghus, emissions reported here only 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 theowercial fishing is based on the NEA's

annual sales statistics for fossil fuesid includes both national and international fishing (see also

the discussion on recalculations below)y LINBE @A 2dza &SI NBQ Ay @Syid2NASaA:Z
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vessels wre included innternational navigationbut as explained below in the recalculations section
of 1A4c Fishinghis has now been corrected. Fuel sales data provided by the NEA allows the correct
attribution of fuel sold to fishing vessels vs. internatibships for the time period 1995 to the

current year. However, during the years 1990 til 1994 fuel sales statistics were recorded differently
and fuel sold for international use was recorded without information on whether it was used for a
fishing vessel manother type of ship. Therefore, the share of fuel use by fishing vessels had to be
approximated for the years 1990994. This was done by averaging the percentage of fuel sold to
fishing vessels relative to total fuel sales over the years 1995 til 1®98iesel oil and fuel oil; this
percentage was then applied to the fuel sales for the years 1990 til 1994.

Activity data for fuel combustion in the Fishing sector are givéralrie3.20.

Table3.20 Fuel use (kt), fishing sector.

1990 1995 2000 2005 2010 2015 2016
Marine diesel olil 199.80 23181 256.85 19994 15825 14252 13361
Bunker fuel oil 3262 57.15 2227 3261 69.89 5245 29.00

3.6.2.2 Emission factors

Emission factors for dioxin and PAH (only B(b)F) are taken from Utslipp til luft av dioxiner i Norge
(Statistics Norway, 20025Qemissions are calculated from thec8ntent of the fuels. Emission
factors forall other pollutants are T1 emission factors from the EMEP/EEA 2016 Guidebook on
navigation (Shipping), Tables 3.1 (bunker fuel oils) and 3.2 (marine diesel/gad eithissin factors
arethe same as those used for national navigation, andpaesented in

Tables.17in the discussion pertaining to national navigation.

3.6.2.3 Recalculationand improvements
- International fishing, previously reported under international navigation (i.e. in memo item),

isnowindizZRSR Ay mM! nO® ¢KAa fSIFIRa G2 | O2y&aARSNI o
@SINDa adzoYAdaAizys 2N Hce:» AYONBIFaS 2F GKS Hn
submission.

- Several emission factors were updated to reflect T1 default values tier2@16 EMEP/EEA
Guidebook.

3.6.2.4 Planned improvemengnd improvements

Planned improvements include a revision of fishing emission factors as a part of the comprehensive
energy sector review (see also section 3.2). Furthermore, work is scheduled to attemgpv¢ofrom

tiers 1 to Tiers 2 for all pollutants for which Fishing is a key category (Dioxin, HCB, PCBxPAH, NO
NMVOC, Particulate matter and most heavy metals).

3.7 Fugitive Emissions (NFR 1B2)

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

3.7.1 Distribution of oil productdNFRLB2av)
NMVOC emissions from distribution of oil products are estimated by multiplying the total imported
fuel with an emission factor
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3.7.1.1 Activitydata
The calculations are based on yearly fuel import data provided by Statistics Iceland.

3.7.1.2 Emission factors
The emission factor is taken from the EMEP/EEA air pollutant emission inventory guidetiisk
(EEA, 2009nd is %g/Mg.

3.7.1.3 Recalculationand improvements
A small error in activity data for gasoline in 2015 was corrected (difference in NigivifSslons
between2017 and 2018 submission is 0.04%)

3.7.1.4 Planned improvements
The emission factor for NMVOC will be updated to thki& published in the newest Guidebook.

3.7.2 Geothermal energyNFRLB2d)

Iceland relies heavily on geothermal energy for space heating and to a significant extent for
electricity production 27% of the total electricity production in 261 Geothermal energygi

generally considered to have relatively low environmental impact. Emissions, af € @mmonly
considered to be among the negative environmental effects of geothermal power production, even
though they have been shown to be considerably less extensive than from fossil fuel power plants, or
19 times lesgBaldvirsson, 2011) Very small amounts of methane, but considerable quantities of
sulphur in the form of hydrogen supplied 48) are emitted from geothermal power plant§he HS

values are stoichiometrically converted to 2@d reported as such.

3.7.2.1 Activitydata and emissions

The HS concentration in the geothermal steam is site and tspecific, and can vary greatly

between areas and the wells within an area as well as by the time of extraction. The total emissions
estimate of HS is based on direct measunents. The enthalpy and flow of each well are measured
and the HS concentration of the steam fraction determined at the wellhead pressure. The steam
fraction of the fluid and its % concentration at the wellhead pressure and the geothermal plant

inlet pressure are calculated for each well. Information about the period each well discharged in each
year is then used to calculate the annuaSHilischarge from each well and finally the totg kit
determined by adding up the.B discharge from individual &

The CarbFix project, located at the Hellisheidi Power Plant, has been pioneesicgpG@e and
reinjection on site into the basaltic subsurface, and has proven rapid and complete reaction to
calcium carbonate precipitatgdlatter, et al., 2016)A sister 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 had a significant

impact on sulphr emissions from geothermal power production, with a decrease of avergge H
emissions per KWh from 5.3 g/kWh in 2013 to 3.7g/kWh, corresponding to a decrease in emission
from this subsector from 53 kt. @ 2013 to 35 kt. S£On 2016.

Table3.21 shows the electricity production with geothermal energy and the totgblBul emissions
(calculated as S

Table3.21 Electricity production and emissions from geothermal energy in Iceland.

1990 1995 2000 2005 2010 2015 2016
Electricity production (GWh)  282.91 288.18 1322.95 1658.00 4465.00 5003.00 5067.28
Sulphur emissions (as SCkt.) 13.33 11.01 26.02 30.31 57.70 40.54 35.20
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3.7.2.2 Recalculationand improvements

Emissons from beistareykir, a geothermal site in Northern Iceland, had not been included in previous
submissionsThe power plant has been under construction since 2015 and production was formally
started in November of 2017. However, test boreholes have been in operation since 2008, and those
emissions have now been added, representingnereaseof 1.8kt S0, for 2015 between the 2017

and the 2018 submission

3.7.2.3 Panned improvements
For future submissions the plan is to differentiate between emissions linked to electricity production
and those linked to district heating.
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4 Industrial Proesses (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 fan#ie contributor to the emissions frothis
sectoris metal production, and the emission trends of treious pollutants closely match the
opening and closing of various facilities.

While most of the pollution originating from the industrial processes sector can be traced back to the
metal production industry, exceptions include NMVOC and Hg, whichyraginate from solvents

and product uselNH; which comes from the mineral wool industry, and most heavy metals other

than Hg that are emitted during the use of fireworks and tobacco (2G Other solvent and product
use).

The Industrial Processes and Produse (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®lER2G)

- Food & Beverages Industry (NFR 2H2)

4.1.1 Sectoral trads- POPs
The emissions from the industrial processes sector irb20& shown below iTable4.1, and the
trends since 1990 are shovior Dioxin, PAkK HCB and PGBFigure4.1 to Figure4.4.

Table4.1 Dioxin, PAH, HCB and PCB emissions from industrial proces$g®RMNot applcable, NE, Not estimated, NO
- Not occurring)

Dioxin B(a)P B(b)f B(K)f IPY PAH4 HCB PCB
[0FTEQ]  [1] [t] [t] [t [t] [ka] [ka]
2A  Mineral industry 5.E05 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 0.0652 0.00246 0.0219 0.00637  0.00234 0.0368 0.0107 0.0190

Solvent and product
use

2D 1.E06 NA/NE/NO NA/NE/NO NA/NE/NO NA/NE/NO NA/NE/NO NA/NE/NO NA/NE/NO

o Other solvent and 3E05  3.E05  1E05  1.E05  1E05  6.E05 NA/NE/NO NA/NE/NO

product use

Other industry
production

Industrial Processes, Tota 0.0653 0.00249 0.0220 0.00638 0.00235 0.0368 0.0107  0.0190

2H NA NA NA NA NA NA NA NA

The main source of PORghe metal production industry (2C). In B)ihree primaryaluminium

smelters, one secondary aluminium production facility, one ferrosilicon ptang silicon plabas

well as one secondary steel plant were operating in Iceland. Solvents and other solvent and product
use (2D, 2G) also emit POPs, but to a venjlgmecentage compared to the metal production

industry.
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Figure4.1 shows the dioxin emissions from the industrial sector. The increases iR1B®2®8and in
2007-2008 correspond to the opening of two new primary aluminium smelters, and the increase in
2014 corresponds to the opening of a secondary steel production facility, whose production was
fluctuating from year to year leading to fluctuations inxlioemissionsThe dioxin emissions from

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

PAH4 emissions, shownhigure4.2, also originate almost exclusively from the metal production
industry. As for dioxin, the stepise increase in emissions correspondsh® expansion of the

industry.
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Figure4.1 Dioxin emissionom the industrial sectqrsince 1990.
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Figure4.3 HCB emissiorfsom the industrial sectarsince 1990.

Figure4.3 shows HCB emission trends. The main HCB source was the cement industry, until 2004
where a secondary aluminium production faciligened leading to an increase in HCB emissions. In
2010, this facilitystarted stepping down the production, with a corresputing decrease in HCB
emissions. In 2013, another secondary aluminium plant opened, leading to a new increase in
production.HCB emissions from primary aluminium production, solvents and other product use are
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Figure4.4 shows the PCB emissions. Only one PCB source is estimated for this sector, which is the
secondanysteel production industry. Operations at the plant started in 2G the fluctuation in
emissions directly reflect fluctuations in production. No other sources are estimated in the IPPU
sector, mostly because no PCB emissions are expected from maosesavithin the sector, with the
exception of some solvents and product use for which there are no available emission factors in the
2016 EMEP/EEA Guidebook.
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Figure4.4 PCB emissiorisom the industrial setor, since 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 trendsother pollutants

Table4.2 and Table4.3 show the 206 emissions for NOx, NMVOC, SOxz, ¥Nb.s, PMo, TSP, BC

and CO, awell as heavy metals. Figures showing the evolution of the emissions since 1990 for each
pollutant, by subsector, arghown in Annex IV.
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Table4.2 NOx, NMVOC, SOx, NNAM and CO emissions framdustrial processes, 26INA¢ Not applicable, NE Not
estimated, NO Not occurring NR- not reported.

NO« NMVOC  SG NHs PM2s PMo TSP BC co
KINO:  [k]  [K]SO [k [ki] [ki] [ki] [ki] [ki]
o Mineral NONE/ NONE/ 4 g3 00121 000995 00113 00128  2.804  0.0223
industry NA NA
g Chemical NO NO NO NO NO NO NO NO NO
industry
Metal
2C . 225 000568  12.1 NO/NE 0574 0651 0741 000786  102.1
production
Solventand  NO/NE/ NO/NE/ NO/NE/
2D oduct use oA 1.25 A NANO  1.EO04  9E04 000424 7.506 oA
Other
2G solventand  6.504  0.00122 0.00182 0.00105 00381 00670 00729  3.E05  0.0182
product use
Other
2H industry NA 0.357 NA NA NR NR NR NR NA
production
Industrial 2.25 1.62 121 00131 0622 0730 0831 000810 102.1

Processes, Total

Table4.3Heavy metal emissions from industrial processes; POA¢ Not applicable, NONot occurring, NRNot

relevant)
Pb Cd Hg As Cr Cu Ni Se Zn
[t [t [t] [t [t [t] [t [t] [t
Mineral
28 ndustry NANO NANO NANO NANO NANO NANO NANO NANO  NANO
op Chemical NO NO NO NO NO NO NO NO NO
industry
Metal
2C . 00222 000165 4E04 000351 0.00329 0.00326 0.00532 NR/NO  0.0346
production
,p Solventand  NANRI NANR/ oo NAINRI NAINRI  NAINR/  NANR/  NANR/  NANR/
product use NO NO ' NO NO NO NO NO NO
Other solvent
2G  and product 0472  9.E04  4E05  8.E04 000943 0267 00181 3.E06  0.157
use
oy Otherindustry NA NA NA NA NA NA NA NA
production
Industrial Processes o 1o, 000255 0.00231 0.00435 00127 0271 00234 3.E06  0.192

Total

The metal production subsector accounts for most of the NOx, SOx, PM, BC and CO pollution,
whereas solvent and product use as well as other industry production are the biggest source of
NMVOC and heavy metals large share ofdavy metal emissions in leeld comes from fireworks
use.
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In general, emissions of most pollutants have increased since 1990, mirroring the expansion of the
industry, the population growth (30% between 1990 and 2015), with dips of varying magnitude after
2007 following a major finamal crisis that drastically affected the Icelandic economy.

4.2 General methodology

Methodology is generally based on the most recent EMEP/EEA air pollutant emission inventory
guidebook (EMEP, 2016). In most cases, emissions are calculated by multiplyjogritisy of
production or product use with pollutargpecific emissions factors. Emissions factors are also taken
from the EMEP/EEA Guidebook (2016), the Standardized Toolkit for Identification and Quantification
of Dioxin and Furan Releases (UNEP, 2Q4S)pp til luft av dioxiner | Norge (Statistics Norway,
2002), the 2006 IPCC Guidelines for Greenhouse Gas InverfiBs3, 200&)s well as planspecific
emission factors derived from direct measurements at the plantsvisctiata 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 methodology for emigsi estimates is described for each subsector. Work is underway to
harmonise this reporting with reporting under theARTR Regulation (Regulation (EC) No 166/2006).

4.3 Mineral Industry (NFR 2A)

4.3.1 Cement productionNFR2A1)

The single cement plant in Icelantbduced 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 form clinker and
then aushed to form cement.

The production at the cement plant in Iceland slowly decreased after 2000. The construction of the
Kéarahnjukar hydropower plant (building time from 2002 to 2007) along with increased activity in the
construction sector (from 2003t2007) 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 than in 2007, due to the
collapse of the construction sector. Late 2011 the plant ceased operation.

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

4.3.1.2 Emission factrs

Emission factor for dioxin is taken from the Toolkit for Identification and Quantification of Dioxin and
Furan Releases (2013). The factor applies for wet kilns, with ESP/FF temperature < 200°C and is 0.05
Hg FTEQ/t cement. The HCB emission factdrased on the chapter Sources of HCB emissions from

the Emission Inventory Guidebo@kEA, 2007 Emission factors for TSP, Bind PM sare based on
measurements and the BC emission factor (3% ofgPM based on the 2BIEMEP/EEA Guidebaok
Emission estimates for $&re based on measurements from the plant, but include both process

related and combustiomelated emissions, and the total $émissions are reportednder2Al

Cement production. Emissions of PAH, NOx, CONBRIOC originate mainly from combustion and
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are reported under 1AR(Stationary combustion in manufacturing industries and construction: non
metallic minerals); proces®lated emissions for those pollutents are marked Not Estimated as they
are in Table.1 of Section 2.A.1 Cement production in the 2016 EMEP/EEA Guidehlbeknission
factorsusedare summarized in the table below.

Table4.4 Emission factors for cement production

Dioxin HCB TSP PMio PMzs BC
[ng/t 1-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 Recalculationand improvements
No recalculations were made cement production (2Afpr this submission.

4.3.1.4 Panned improvements
No improvements areurrently planned fothis 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 activity is currently not estimated. It is planned to provide estimates for this in future
submissions.

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

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 rmineral production
chapter.

4.3.7 Mineral wool productionFR2A6)

There is one mineral wool production Planbiperation 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 described in Article 27 of the ETS Directive. The operator submits annual emission
reports to the EA.

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

4.3.7.2 Emission factors

Emissions of dioxins are calculated from the amount ofteddes used in the production process.

The emission factor is taken from Utslipp til luft av dioxiner i Norge (Statistics Norway, 2002) and is
1.6 ug ITEQ/t electrodes. PAH emissions are not estimated. Emissions afeS€lculated using

the S contenbf the electrodes used. Emission factors of CQ,aid TSP were calculated based on
measurements at the factoryn the case of NkHand TSPneasurementsvere available for 2009,
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2011, 2013 and 2015. For those years the aatushsurementsvere used taderive a yeasspecific
emission factor. For the yearsbetween the average of the emission factor of the previous year

and of the following year was used. For all years prior to 2009, the average of 2009, 2011, 2013 and
2015 was used. Piland PM swere calculated from TSP using the TSP vso PWMPM sratios given

in the EMEPEEAGuUidebook (2016)BC was calculated using the ratio to RMiven in the 2016
Guidelines. NOx and NMVOC emissions originate from combustion and are reported under sector
1A2gviii.Table4.5 shows the emission factors used faineral wool production.

Table4.5 Emission factors for mineral wool production §NFSP: Values are EFs for 19008)

NHs CcoO TSP PMuo PM; 5 BC Dioxin
% of
0, 0,
[t/kt] [t/kt] [t/kt] % of TSP % of TSP PM2.5 [maft]
Mineral wool production 2.64 2.66 2.56 0.88 0.78 0.02 1.6

4.3.7.3 Recalculationand improvements
No recalculations were made mineral wool production (2A@pr this submission.

4.3.7.4 Panned improvements
No improvements areurrently planned fothis subsector

4.4 Chemical Industry (NFR 2B)

4.4.1 Ammonia production (NFR 2B1)

Ammonia was produced amongst other fertilizers during the period 288. The associated
emissions are marked as Included Elsewhere under 2B1 Ammonia Production, and are imcluded i
the emissions reported under 2Ba@ther: Fertilizer Production. Themission estimation
methodology associated with ammonpaoduction is also describetiere.

4.4.2 Nitric acid production (NFR 2B2)
This activity does not occur in Iceland.

4.4.3 Adipic acid produion (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 doesot occur in Iceland. Emissions from the use of soda ash in the silicium (diatomite)
industry (NFR 2B10a; reported until 2004) are reported under that NFR code.

4.4.7 Chemical industn®ther NFR2B10a)

The only chemical industry that existed in Iceland waspttoeluction of fertilizer and

siliciunfdiatomite. The fertilizer production plant was closed down in 2001 andltatomite

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

When the fertilizer production plant was operational it reported its emissions gfad@® NO to the
EAI. At thaiatomite production plant, silicium containing sludge was burned to remove organic
material. Emissions of G&nd NQwere estimated on the bsis of the @&ontent and Ncontent of
the sludge provided by the operatdActivity data for both industries are presentedliable4.6.

Table4.6 Production data for 1990, 1995 and 2000 for fertilizer and silicium production (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

Fordiatomite production, emissions of G@nd NQwere estimated based on the¢ntent and N

content of the sludge provided by the operator. Average NOx IEF for the perioe0890wvas 15.6 t
NOx/kt Si production. Other emissions from soda ash use were not estimated and are considered to
be small.

Forthe fertilizer production, the average IEF for NOx for the period 18811 was 0.296 t NOx/kt
fertilizer production. As there is no data readily available about the types of fertilizers produced at
the time, no other pollutants were estimated for this umtry.

4.4.7.3 Recalculationand improvements
No recalculations were made for this submission.

4.47.4 Panned improvements
No improvements are currently planned for this subsector.

4.5 Metal Production (NFR 2C)

4.5.1 Iron andsteel productionIFR2C1)

From 2014 til 201@& secondry steelmaking facilitwas operatinglt produced steel from scrap iron
and steel from the aluminium smelters. Carbonates and skaage added to the smelting process,
whichoccuredin an electric arc furnace.

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

4.5.1.2 Emission factors

All emissions are calculated using Tiers 2 emissictoifs for electric arc furnaces (Table 3.15,
EMEP/EEA Guidebook 2016), with the exception of HCB for which there is no Tiers 2 estimate. In this
case we used the Tier 1 emission factor, which is unrelated to technology.

Table4.7 shows all emission factors used.

Table4.7 Emission factors for secondary steel production.

NOc NMVOC SO TSP PMo PMys BC co
[kg/t] [kg/t] [kg/t] [kg/t] [kg/t] [kg/t] % of PM2.5 [kg/t]
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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/] [9/] [9/t] [9/t] [9/t] [9/t] [9/] [9/]
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 Panned improvements
No improvements areurrently planned fothis subsector

4.5.2 Ferroallog production NFR2C2)

As of 2016, two factories were producing Ferroalloys in Iceland. Elkem Iceland (Elkem island ehf.) has
been producing FeSi75 since 1979, whereas United Silicon (Sameinad Silikon hf.) started production
of Silicon metal in November @016. Both operators are under the EU Emission Trading Scheme (as
per Directive 2003/87/EC). In both factories, raw ore, carbon material and slag forming materials are
mixed and heated to high temperatures for reduction and smelting. In the case of Elaatmic
(submerged) arc furnaces with consumable Soederberg electrodes are used. The furnaces-are semi
covered.

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

the units gets too high, emergency bypassh&f baghouse 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 EAI 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 sgibns are given ihable4.8.

Table4.8 Rawmaterialsuse(kt) and production (kt) ferrosilicon and silicon produati.

1990 1995 2000 2005 2010 2015 2016
Electrodes 3.83 3.88 5.73 6.00 4.79 5.27 5.42
Coking oal 4512 52.38 73.20 86.87 96.10 115.10 123.56
Coke oven coke 24.92 30.14 46.63 42.59 30.26 30.85 24.67
Charcoal NA NA NA 2.08 NA NA 0.960
Wood 16.65 7.73 16.20 15.55 11.29 27.20 27.81
Limestone NA NA 0.469 1.621 0.497 2.19 2.38
Production (FeSiS) 62.79 71.41 108.70 110.96 102.21 117.95 125.69
Microsilica 14.02 15.94 22.70 25.84 18.12 22.18 21.30
Slag NA NA NA NA NA NA 0.23
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45.2.2 Emission factors

FeSproduction:

In 2011 emissions of dioxin and PAH4 (BaP, BaF, BKF, IPy) were measured at the ferrosilicon plant.
These measurements were used to obtain plant specific emission factors perabpneduction

that were used for the whole time serieSmissio factors for CO, NOX and NMVOC were taken from
Table 8.18 of the BREF document on+femous mineralgJoin Research Center, 2014) the case

where a range was given, the highest value of the range was chosenmi$®amfactorsare

presented inTable4.9. Sulphur emissions were calculated fromdhtent of the reducing agents for

the time period 1992002, and were taken directly fno Green Accounting reports submitted yearly

by the factory since 2003.

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

filtered exhaust and the amount of particulates that are released during emergenagdwyb the
SEKIFdzald® 9YA&aaArzy FIOG2N F2NJ FAft GSNBR SEKI dzald A&
' @At LFo0tS ¢SOKYAIldzSa Ay ([{HiBpednZgmmBSoNI@OMEA5 a SGF £ a L
mg/Nm?. This factois then multiplied with the plant specific yearly amount of exhaust (if)Nfo

calculate the bypass emissions, first the total Microsilica, fine (collected and sold e.g. to cement

producers) and coarse (cyclone dust) are added up and divided by the hours per year (8760 hrs.) to

get Microsilica production rate per hour. Thiskinown for all years since 2005. The production rate

is then multiplied with the bypass time 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
Accaunts, submitted in accordance with Regulation no. 851/2002. The bypass rate for previous years

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 Y4890 to 2001 based on total

produced FeSi at the plant each year. Since 2012, TSP are obtained from the yearly Green Accounting
report submitted to EAI. The emission factor for BC is taken from the Norwegian IIR (2016).

Si production:

Emission factors faParticulate Matter are Tier 1 default values as published in the 2016 EMEP/EEA
Guidebook.The NOx emission factor is taken from the BREF document ofermonis mineralgJoin
Research Center, 201480 emissions are repoed 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 emission factorased for céculating emissions from FeSi and Si produciimmpresented in the
table below.

Table4.9 Emission factors frorfie Si and $roduction.

NOx NMVOC CcO TSP PM10 PM.s
[kag/t prod.] [kg/t prod.] [kg/t prod] [kg/t prod.] % of TSP % of TSP
FeSi 11 0.045 2.5 2.4 95 95
Si 13 NE NE 1 0.85 0.6
BC Dioxin B(a)P B(b)F B(k)F IPy
% of PM2.5 [ug/t FeSi] [mg/t FeSi] [mg/t FeSi] [mg/t FeSi] [mg/t FeSi]
FeSi 0.23 0.114 2.79 102.22 29.68 9.39
Si 10 NE NE NE NE NE
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Several heavy metals (As, Cd, Cr, Cu, Hg, Pb and Zn) were measured in silicahalfestrasilicon
plant in2014. These measurements were used in combination with the emitted TSP to calculate
heavy metals emissions since 1990. Hg was found to bevimgtection (i.e. <9 mg/kg silicon dust)
in all samples. The heavty metal contents in silica dust are shoWaiie4.10.

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

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

4.52.3 Recalculationand improvements

The methodology for calculating NOx, NMVOC and CO emissions was changed. Instead of using the
approach of calculating emissions due to combustion of raw materials (using material weights and
emission factors per energy unit, from thevised 1996 IPCC Guidelines for National Greenhouse Gas
Inventories: Reference manudPCC, 1995)emission factors suggested in the BREF docufdeint
Research Center, 201vere used instead, usinproduction quantities reported by the operators.

4.5.2.4 Panned 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 aluminium productiolNFR2C3)

In 2016 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 covering the entire pot and effictatiection of air pollutants.

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

45.3.1 Activity data
The EAI 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 givéabie4.11.

Table4.11 PrimaryAluminium production (kt).

1990 1995 2000 2005 2010 2015 2016
Primary Al production 87.8 100.2 226.4 272.5 818.9 857.3 847.9

4532 Emission factors

In 2011 emissionsf dioxin were measured at one of the aluminium plafitse same plant also
measured PAH4 in 2002 and in 2011, and the average emission factors from these two
measurements were calculated. The measurements were used to obtain plant specific 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 PAH4 are below detectiioit In the cleaned gas. Emission factors
are derived from the concentration of dioxin and PAH4 in the raw gas. They are presehtdddn

4.12.

NOx and CO were takdrom Table 3.2 in th2016 EMEP/EEBuidebookParticulate matter was
calculated from information on particulates per tonne of produced aluminium that the aluminium
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plants report in their Green Accounting reports submitted to the EAI. Ratios of TSPMM as well
as the BC emission factor were also taken from the 2016 Guidebook. Emissionsref &limated
from Scontent of alumina and electrodder the time prior to reporting of SO2 emission in the
Green Accounts (2062013, depending on the company), and from 8@ission calculations
reported in the Gren accounts in the later year&ll emission factors are presentedTiable4.12.

Table4.12 Emission factors, primary aluminium production.

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

4.53.3 Recalculationand improvements
SQ emissions were recalculated after obtaining new plapécific S@emission factors.

4.53.4 Panned improvements

All emission factors used in Iceland will be compared with those used in other Nordic countries and it
will be reassessed whether changes need tartagle. Furthermore, work is underway to harmonise

this reporting with the EPRTR reports.

4.5.4 Secondary aluminium productidNFR2C3)

Secondary aluminium production started in 2004 at Alur in Helguvik. In 2012, another facility, Kratus,
opened next to the Ndural smelter at Grundartangi. At the end of 2014, Alur was acquired by

Kratus and all secondary aluminium production moved to Grundartangi. The plant recycles scrap
aluminium from the two primary aluminium plants in southwest of Iceland, by melting scedal in
batches in a rotary kiln.

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

Table4.13 Secondary aluminium production (kt.).

2005 2010 2014 2015 2016
Secondary Al production 2.25 2.04 2.42 2.20 2.10

4.5.4.2 Emission factors

Emissions of dioxin, HCB and PM are estimated. The dioxin emission factor comes from the
Standardized Toolkit fddentification and Quantification of Dioxin and Furan Rele@s&{EP, 2005)

The lowest value (0.5 pg/t aluminium) for secondary aluminium production was chosen as the plant
only recycles scrap metal from primary aluminiumnidaand no coated aluminium, so organic
compounds in the input material is minimum. Also no chlorine is added in the process and further
oxy-fuel burners are used. The HCB, TSRpNA sand BC emission factors are taken from the
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EMEFEEACuidebod (20L6). Measurements of dioxin at the plant in 2012, showed that the EF of
0.5 ug/t represents the plant well.

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

4.5.4.3 Recalculationandimprovements
No recalculations were made for this submission.

45.4.4 Panned improvements
No improvements areurrently planned fothis 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 andéloolds 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 (28§ and other solvent

use (Creosotes2D3i- PAH). 1 most cases where the emissions are reported as NE / Not estimated

Ay GKS bCw GloftSaxr SyirAaairzy 7T|EMEERSuded YI NJ SR
(2016) The categories Paint Application, Degreasing, and Other NMVOC emissions from prahting an
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 all subcategories of 2D3 are present@&dhie4.14 below. References and more
details about individual emission factors are included in the respective under chapters.

Table4.14 Emission factors for seat@D3.

NMVOC TSP PMuo PM:s BC
unit 0
[g/unit] [kg/unit]  [kg/unit ]  [kg/unit] [% 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 -
. kg cleaning
2D3eDegreasing product 460
. kg textile
2D3f Dry cleaning treated 177 -
2D3g Chemlcal productspaint kg product 11 )
manufacturing
2D3h Printing kg ink 500 -
2D3i Creosotes kg creosote 105 -
2D3i Organisolvent-borne kg 945 )
preservatives preservative
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Dioxin BaP BbF BkF Ipy
unit “>3 . . . .
TEQ/unN] [mg/unit] [mg/unit] [mg/unit] [mg/unit ]
2D3a Domestic solvent use head - - - - -
2D3b Road paving with asphalt t asphalt 0.007 - - - -
2D3dCoating applications kg paint - - - - -
2D3e Degreasing E?O(;’jljgtnmg - - - - -
2D3f Dry cleaning L(rge;t;.‘é((t;le - - - - -
e PRI g -
2D3h Printing kg ink - - - - -
2D3i Creosotes kgcreosote - 1.05 0.53 0.53 0.53
2D3i Organic solverborne kg ) i i i
preservatives preservative
Table 4.14 (cont’d)
unit Hg
[mg/unit]
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 Chemical productspaint manufacturing kg product -
2D3h Printing kg ink -
2D3i Creosotes kg creosote -
2D3i Organisolventborne preservatives kg preservative -

4.6.1 Domestic solvent use including fungicidéSR2D3a)
Domestic solvent use is calculated using a default per capita value, as per Tier EMEREEA
Guidebook (2016]Table 3.1 Chapter 2.D.3.a)

4.6.1.1 Activitydata
Activity data consists of the Icelandic population, and is given by Statistics Iceland.

4.6.1.2 Emission factors

The emission factor for NMVOC for western Europe was used, or 1.8 kg NMVOQEslt:=EA
Guidebook (2016) Hg was also estimated, using thefallt value of 5.6 mg/capita. Both emission
factors come from Table 3.1, Chapter 2.D.3.a of the 2016 Guidebook.

4.6.1.3 Recalculationand improvements
No recalculations were made for this submission.

4.6.1.4 Panned improvements
No improvements are currently planned fitmis subsector.
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4.6.2 Road paving with asphaltifR2D3b)
Asphalt road surfaces are composed of compacted aggregate and asphalt binder. Gases are emitted
from the asphalt plant itself, the road surfacing operations, and subsequently from the road surface.

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

4.6.2.2 Emission factors

The emission factors for NMVOC and BC are taken from Table 3.1 in Chaj3dr id.theEMEPEEA
Guidebook (2016]Tier 1). Emissions factors for TSP are based on measurements from the-second
largest asphalt production plant. Biand 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 Guidebook 2016. EmissigmMéGaf SO
and CO are expected to originate mainly from combustion and are therefore not estimated here but
accouwnted for under sector 1A2g.

4.6.2.3 Recalculationand improvements
No recalculations were made for this submission.

4.6.2.4 Panned improvements
No improvements are currently planned for this subsector.

4.6.3 Coating applicationdNFR2D3d)
The emissions in this category st&mmm paint applications. Only NMVOC emissions are estimated;
Emissions from other pollutants are either considered minimal or&dstent.

4.6.3.1 Activity data

The EMEEEACGuidebook (2016) provides emission factors based on amounts of paint applied. Data
exists on imported paint since 1990 (Statistics Iceland) and on domestic production of paint since
1998 (Icelandic recycling fund). Ifliketotal amount of solvent based paint is multiplied with the
emission factor. For the time before 1998 no data existsualite amount of solvent based paint
produced domestically. Therefore the domestically produced paint amount of 1998, which happens
to be the highest of the time period for which data exists, is used for the period from199D.

4.6.3.2 Emission factors

The Tie 1 emission factofrom the EMEPEEAGuidebook (2016)efers to all paints applied, e.qg.
waterborne, powder, high solid and solvent based paints. The existing data on produced and
imported paints however, makes it possible to narrow activity data dowsotorentional 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
construction of buildings and domestiise of paints. Their NMVOC emission factors, however, are
identical: 230 g/kg paint applied.

4.6.3.3 Recalculationand improvements

G GKS GAYS 2F tlad 8SINRAa adzoyYrAaairzys y2 | OGADA
and the average productiofor the years 2012014 was used. For the current submission we use

the actual 2015 AD, leading to a small recalculation (0.3% NMVOC increase).

4.6.3.4 Panned improvements
No improvements are currently planned for this subsector.
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4.6.4 Degreasing & dry cleaningfR2D3e & f)

Degreasing and dry cleaning only generate NMVOC emissions. Emissions related to degreasing 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 textileaned per capita. Since there is an overlap in
chemicals used for these two activities, they are discussed in the same chapter

4.6.4.1 Activity data

There is data on the amount of cleaning products imported provided by Statistics Iceland. Of the
chemicals listed by the EMEP guidebook, activity data is available for: methylene chloride (MC),
tetrachloroethylene (PER), trichloroethylene (TRI) and xyl€X€E). 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 imported PER was allocated to degreasing.
Emissions from dry &hning 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 production (expert judgement). Furthermore, only half of tingorted 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 addition to the solvents
mentioned above, 1,1,1frichloroethylene (T8), 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 were calculated using the Tier 2 emission factor feciapen

machines provided by the EMEP guidebook. Activity data for calculation of NMVOC emissions is the
amount of textile treated annually, which is assumed to be 0.3 kg/head (EMEP guidebook default)
and 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 EMEPEEAGuUidebook (2016jor degreasing: 460 g/kg cleaning product.

The NMVOC emission factor for opeincuit machines is 177g/kg textile treated. &rall dry
cleaning machines used in Iceland are conventional ctogedit PER machines, the emission factor
was reduced using the respective EMEP guidebook reduction default value of 0.89.

4.6.4.3 Recalculationand improvements
No recalculations were made fidris submission.

4.6.4.4 Panned improvements
No improvements are currently planned for this subsector.

4.6.5 Chemical products\FR2D3g)

The only activity identified for the subcategory chemical products, manufacture and processing is
manufacture of paints. NMVOC esgions from the manufacture of paints were calculated using the
2016 EMEP guidebook Tier 2.

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
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4.6.5.2 Emission factor
NMVQC emissions from the manufacture of paints were calculated usingMEFEEAGuidebook
(2016)Tier 2emission factor of 11 g/kg product.
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4.6.5.3 Recalculationand improvements

G GKS GAYS 2F tFad @SFNRA& adzo YA apaiks2wisavayadle, | OG0 A O A
and the average production for the years 26A@14 was used. For the current submission we use

the actual 2015 AD, leading to a small recalculation (1.35% NMVOC increase).

4.6.5.4 Panned improvements
No improvements areurrently planned fothis subsector

4.6.6 Printing NFR2D3h)

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 usingg@WEPEEAGuidebook (2016Tier 1
emission factor of 500g/kg ink used.

4.6.6.3 Recalculationand improvements
No recalculations were made for this submission.

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

4.6.7 Other product useNFR2D3i)

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

are three main types of preservative: creosote, organic sobkehta SR 62 Fi Sy NBFSNNBR
organicsolvend  a SR LINB & SN ( A @S a Qreasdtelis{oil ppeparet fyoR caalltal S NJ 0 2
distillation. Creosoteontains a high proportion of aromatic compounds such as polycyclic aromatic
hydrocarbons (PAHd) Iceland, creosotes were used from 1990 to 2010, and have been banned

since 2011. Other wood preservation substances used in Iceland are organic-bolkrent

preservatives.

4.6.7.1 Activity data

Activity data consistef annual import of creosoteand organic solverborne preservatives, and the
assumption that all these products are applied during the year of impogort data on both wood
preservatives was redged 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, 2016). They are 1.05 mg BaP per kilogramme of creosote, 0.53 mg per kilogramme creosote of
the other 3 PA: BbF, BKF and IPy. NMVOC emisgionswood preservation were calculated using

the EMEP guidebook Tier 2 emission factors for creosote preservative type (105 g/kg creosote) and
organic solvent borne preservative (945 g/kg preservative).

4.6.7.3 Recalculationand improvements
No recalculations were made for this submission.
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4.6.7.4 Panned improvements
No improvements areurrently planned fothis subsector
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4.6.8 Other solvent and product usifR2G)
The two emission sources estimated in this category are use of tobacco and fireworks.

Tobacco smoking is a minor source of dioxins, PAH and other pollutants including heavy metals,
whereas fireworks are the most significant source of heavy metals imthestrial processes sector.

4.6.8.1 Activity data

Activity data consist of all smoking tobacco and all fireworks imported, and are provided by Statistics
Iceland. Fireworks import data could only be obtained for the period 2886, and for the period
19901994 emissions were calculated assuming the same activity data as in 1995.

4.6.8.2 Emission factors

For tobacco use, emission factors foriNCO, Nk TSP, PM, BC, NMVOC, dioxin and PAH4 were
taken from Table 34 in Chapter 2.D.3.i, 2.G in the Emission Inventory Gomwle (EEA, 2016).

Emission factors for heavy metals are taken from the Danish IIR (2016), which uses emission factors
derived from burning of wood.

For firework use, emission factors for 500, NQ TSP, PM and heavy metals were taken from Table
3-13in Chapter 2.D.3.i, 2.G of the Emission Inventory Guidebook (EEA, [2@h6uld be noted that

the heavy metal emission factors presented in the EMEP/EEA Guidebook (2016), in particular that for
Pb, might not represent the legislation currently in plasgjch 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 substantial overestimation of Pb emissions from
fireworks.All emision factors are presented Trable4.15.

Table4.15 Emission factors 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 NE 4.15 27 27 27 0.45 55.1
Fireworks 0.26 NA 3.02 NE 109.83 99.92 51.94 - 7.150
Dioxin B(a)P B(b)F B(k)F 1Py
[ng FTEQH]  [g/] lo] lo] lo]
Tobacco 100 0.111 0.045 0.045 0.045
Fireworks NE NE NE NE NE
As Cd Cr Cu Hg Ni Pb Se Zn
lo/] l9] l9] l9/] loM] loM] lo1] [9/] lo]
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 30 764 NE 260

4.6.8.3 Recalculationand improvements
No recalculations were made for this submission.

4.6.8.4 Panned improvements
Heavy metal emissiofactor 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.
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4.7.1.1 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 years 2005 to
2016. Production statistics were expalated for the years 1990 to 2004. Further production of
bread, cakes and biscuits was estimated from consumption figures.

4.7.1.2 Emission factors
Emission factor for NMVOC were taken from the 2016 EMEP/EEA Guidebook, and are presented in
Table4.16.

Table4.16 NMVVOC 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

4.7.1.3 Recalculationand improvements
No recalculations were made for this submission.

4.7.1.4 Pannedimprovements
No improvements areurrently planned fothis subsector
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5 Agriculture (NFR sector 3)
5.1 Overview

Icelandis selfsufficient in all major livestock products, such as meat, milk, and eggs. Traditional
livestock production is grassland based andstrfarm animals are native breeds, i.e. dairy cattle,

sheep, horses, and goats, which are all of an ancient Nordic origin, one breed for each species. These
animals are generally smaller than the breeds common elsewhere in Europe. Beef production,
however,is partly through imported breeds, as is most poultry and all pork production. There is not
much arable crop production in Iceland, due to a cold climate and short growing season. Cropland in
Iceland consists mainly of cultivated hayfields, but barleyrapéseed are grown on limited

acreage.

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

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

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

Ammonia, nitric oxide, NMVOC and particulate matter emissions are estimated for anirbahilog
andmanure management @) as well as crop prodtion and agricultural soils (8.

The main pollutant emitted from the agriculture sector is ammoniasjMiAd the largest source is
manure management. Dioxin, PAH, HCB, PCB and Heavy Metals emissions artcadiepmot
occurring or not estimated. Summary tables for the emissions from the agriculture sector are shown
below inTableb.1 and Tableb.2.

5.1.1 Sectoral trendg POPs
Emissions of POPs from the agriculture sector are either not occurring or not applicable as seen in
table 5.1 below.

Table5.1 Dioxin, PAH4, HCB and PCB emissions from the agriculture sector, 2@I%otN#vplicable, NONot occuring).

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

[g FTEQ]  [f] [t] [t] [t] [t] (ka] (ka]
3B Manure management NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO
ap  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 oxide (expressed as NOx), NMVOC and particulate matter emissions are estimated
for animal hubandry and manure managementgBas well as crop prodtion and agricultural soils

(3D). The estimated emissions are presented beloable5.2.
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Table5.2 NO, NMVOC, SQNH;, PM, BC and CO emission estimates from the agriculture sector, 20¢&EtApplicable,
NE¢ Not estimated, NG Not occurring).

NOx NMVOC SO  NHs PMps PMi TSP BC co
KINO, [k] k]SO [k [k [k] [k [kt [kd
3B Manuremanagement 005 195 NAINO 248 003 012 018  NANO NA/NO
Crop productionand -, oo 55 NA/NE 280 000 008 008  NRINO NA/NE
agricultural soils
Field burning of
3F, g 2gricultural wastes NO NO NO NO NO NO NO NO NO
and Agriculture other
sectors
Agriculture, Total 1.68 195 NA/NE/NO 528 0.04 020 026 NA/NR/NO NA/NE/NO

Emission trends of estimated pollutants from 199016 can be seen in Figures 54.
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Figure5.1 NOx emissions in the agriculture sector, 1:20Q6.
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Trends in NOx emissions from agriculture can be se&igure5.1. NOx enssions are
predominantly from 3 crop production and agricultural soils with peaks in emissions in 2008 and
2014.
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Figure5.2 NMVOC emissions in the agriculture sector, 12006.
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Trends in NMVOC emissions from agriculture casdes inFigure5.2. NMVOC emissions mainly
arise from manure management. A significant reduction in emissions occurred betwee2@081
which was mainly caused by a drop in the population of dairy cows.
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Figure5.3 NH; emissions in the agriculture sector, 192016.

Trends in Nklemissions from agriculture can be seerfFigure5.3. The trend in Nkemissions is
relatively steady which is driven by relatively constant sheep livestock numbers.
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Figure5.4 and Figure5.5 show a steady increase in particulate matter (Rhd PMg) emissions
from the agriculture sector. The trend is driven by increased emissions from manure management,
which are mainly due ta growing poultry population.

According to the 2016 EMEP/EEA Guidebook, heavy metal emissions in the agriculture sector only
arise from the burning of crop residues. Since this activity does not occur in Iceland, there are no
heavy metal emissions froméhagriculture sector.
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5.2 General Methodology

The mehodology is based on chapters 3B amil& the EMEP/EEA air pollutant emission inventory
guidebook(EEA, 2016All equations as well as the majority of emission factors androth

parameters stem from the guidebook chapters correspondingly. For brevity the guidebook is referred
to as the EMEP GB. Equations and parameters are not listed here, reference is made to the
information in the EMEP GB instead.

Ammonia, nitric oxide, TSPMy and PM semissions are estimated with Tier 2 methobisthe
absence of higher tiers foZ8 NO and NMVOC emissions are estimated with Tier 1 e.g. horses in
solid storage.

For estimating emissions of hahd NOx in B manure management, tHéow 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 affelient stages 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 (e.g. mature ewes, rams, animals for replacement, and lambs instead of
just sheep). The resulting emissions were then aggregated to the respective NFR categories.

NH and NOx emissions from grazing animals are part of this N flow approach and are therefore
calculated in this context, although they are refmat under agriculturbsoils (®). Similarly, the
manure that is available as organic fertilizer for application to land is determined from the N flow
approach and is used as an input term in estimating theatid NOx. Activity data, emission factors
and other parameters useid these calculations will be discussed in the following chapters.

The Tier 2 methodology for PM emissions consists of the multiplication of livestock populations with
default emission factors for slurry and solid manure applied to the time animals spbatsing.

5.3 Manure Management (NFR 3B)

5.3.1 Activity data

All emission estimates irB3depend on annual average populations (AAP) of livestock categories.
Data on livestock population comes from a census conducted by the Icelandic Food and Veterinary
Authority (IFVA). Since this data 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 dait young animals, e.g. fattening pigs.
Therefore, the number of animals not included in the census is estimated using information on
fertility rates, number of offspring, number of animals slaughtered, etc. When calculating the AAP of
livestock categorig, the amount of livestock with a lifespan of less than one year is weighted with its
respective lifespan, e.g. a 6 month lifespan equals a factor of 0.5. The inclusion of young animals
leads to livestock populations being considerably higher for someyoetss than the ones published

by the IFVANRttp://mast.is/default.aspx?pageid=647aa0®b58452¢99de-8994d03bf7cy. For the
complete methodology of calculating the RAlease refer to Iceland’s National Inventory Report on
Greenhouse Gas Emissidi\l, 2018)

Table5.3 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 in swine and poultry population.

105


http://mast.is/default.aspx?pageid=647aa097-b558-452c-99de-8994d03bf7c7

@

Table5.3 Annual average population of livestock according to NFR categorization in Iceland for 1990, 1995, 2000, 2005,
2010, 2013, 204, 2015 and 2016.
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1990 1995 2000 2005 2010 2013 2014 2015 2016

3Bla Dairy cattle 32,249 30,428 27,066 24,538 25,711 24,210 26,159 27,441 26,347
3B1lb Nordairy cattle 42,654 42,771 45,069 41,441 48,070 44,556 48,285 51,335 53,677
3B2 Sheep 861,815 719,530 729,290 711,327 748,002 735,859 759,470 737,992 744,326
3B3 Swine 29,645 31,130 32,267 38,438 40,515 30,581 36,210 42,542 42,511
3B4a Buffalo NO NO NO NO NO NO NO NO NO

3B4d Goats 504 511 608 641 1,065 1,301 1,441 1,472 1,735
3B4e Horses 73,867 80,246 75,630 76,629 78,849 76,837 75,450 75,450 75,450
3B4f Mules and asses NO NO NO NO NO NO NO NO NO

3B4gi Laying hens 214,975 164,402 193,097 166,119 174,519 202,116 219,163 220,700 238,000
3B4gii Broilers 454,305 188,812 338,756 595,171 537,933 576,864 544,973 586,256 550,889
3B4giii Turkeys 0 3,044 10,908 8,120 10,496 11,177 10,466 11,810 8,720
3B4giv Other poultry 5,277 5,270 2,498 1,716 1,346 1,490 1,432 947 1,154

3B4h  Other (fur animals 49,592 37,893 41,431 36,948 37,627 64,764 51,788 48,038 38,773

5.3.2 Emission factors & associated parameters

NH; and NO Tier 2 emissions depend on the total amounts of N and TAN in manure. Total N is
calculated by multiplying livestock AAP with the nitrogen excretion rate per animal. TAN is calculated
by multiplying total N with livestock specific TAN fractions juted in the EMEP GB. The nitrogen
excretion (NEX) rate per livestock category is calculated using default values from p. 10.58-@f vol. 4
of the 2006 IPCC guidelin@BPCC, 2006hat take animal weight and therefore the smaller size of
Icelandic breeds into account. The NEX for dairy cattle is country s|feifisdottir & Sveinsson,

2010) Total N and TAN have to be allocated to either slurigotid manure management. Fractions

for slurry and solid manure management are country specific and identical to the ones used in
Iceland’s National Inventory Rep@¢BAI, 2018)The same is valid for the fractions of the ygaers

inside. Two more parameters used in the calculation of TAN mass flow are the amount of hay used in
animal housing and the amount of N contained in it (only for solid manure management). These
amounts (for sheep, goats, and horses) are based on EMEEBf&B data of hay used per day

adjusted for the time periods animals stay inside. The abueationed parameters are summarized

in Table5.4. All maure 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 absefaatofalaes for

sheep slurry, EMEP GB default values for cattle were used instead.
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Table5.4. Parameters used in calculation of Mhd NO emissions of manure management.

. Mean NEX Prop. Fraction Fraction Hou§ing Straw NMVOC
Livestock sector (NFR) [kg headl TAN(of N) slurry solid period kg/yr] [kg head1
yr-1] [days] yr-1]
3Bla Dairy cattle 90.1 (7295) 0.6 1 0 265
3B1b Nordairy cattle 39.9 (1560 0.6 1 0 322
3B2 Sheep 16.8 (729) 0.5 0.35 0.65 128 133 0.53
3B3  Swindattening pigs 7.6 0.7 1 0 365
3B3  SwineSows 23 0.7 1 0 365
3B4d Goats 20.3 0.5 0 1 201 134 0.54
3B4e Horses 19.3 (636) 0.6 0 1 51 140 0.58
3B4gi Laying hens 1.4 0.7 0 1 365
3B4gii Broilers 1.6 0.7 0 1 365
3B4giii Turkeys 1.4 0.7 0 1 365
3B4giv Other poultry 0.8 (0.21.2f 0.7 0 1 365
3B4h  Other (fur animals) 8.3 (512f 0.6 0 1 365

1Range for time period due to increase in milk producfiétange given for subcategories (cows and steers used for
producing meat, heifers, and young cattleRange given for subcategories (ewes, rams, animals for replacement, and
lambs);* Range givelfior subcategories (mature horses, young horses, and fé&s)nge given for subcategories (ducks
and geese)?Range given for subcategories (foxes, minks, and rabbits).

Tier 2 calculations of particulate matter emissions are based on information cantbent of time
livestock spends in housing and the fractions of manure either managed as slurry or as solid manure
(seeTable5.4 above). The majomntof laying hens in Iceland is kept in cages.

5.3.3 Emissions

NH; emissions reported under 3B manure management exclude emissions from manure deposited
on fields by grazing anifs, which are reported undeBagricultural soils. Total ammonia (§IH
emissiondrom manure management have been decreasing gradually during the last two decades,
from 2.64 kt. in 1990 to 2.48 kt. in 2016. This decrease is mainly due to a decrease of the sheep
population. Sheep account for roughly 46% of totak Miissions and cattlor approximately 35%.
Around 1/3 of emissions occur during livestock housing, 1/4 during manure storage and 2/5 after
spreading of manure. The described trends and fractions can be s&@guire5.6.
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Figure5.6 Ammonia (NK) emissions from animal husbandry and manure management in tonnes.

Nitric oxide emissions, in contrast to ammonia emissions, cmelyrduring storage. They have been
decreasing from 57 tonnes in 1990 to 46 tonnes in 2016, or by roughly 20%. This decrease is mainly
due to the decrease in sheep population already mentioned above. NO emissions from sheep
constitute 69% of total NO emissis from livestock. NO emissions from poultry amount to 28% of

total NO emissions. Other livestock categories with considerable shares are fur animals and horses.
Cattle and swine emissions constitute negligible amounts due to the fact that their mansieéd

as slurry, which gives rise to considerably lower emissions than solid manure management systems.

NMVOC emissions in 1990 were 1.98 kt. for manure management and have decreased slightly since
then and are now 1.95 kt. The largest source of NMViSstons are cattle 49%, horses 30% and
sheep 11%.

PMo emissions increased from 107 tonnes in 1990 to 120 tonnes in 2016 (12%). Emissions were
highest in 2007 at 127 tonnes. Both the general increasing trend since 1990 and the decrease since
2007 are almost exclusively due to variations in the broiler pomnatvhich quintupled between

1996 and 2007. Other livestock categories that emit substantial shares of totakRN&sions from
animal husbandry (besides broilers, which emitted on average around 30% of toigdfbdsions
between 1990 and 2016) are iag hens, dairy cattle, swine and sheep (each aroune2B9s).

Total PMsemissions varied between 28 and 34 tonnes (highest in 2015) from 1990 to 2016 and
showed no clear trend. In the latest year, emissions from cattle constituted 46% of total eraissio
and emissions from broilers and laying hens each amounted to approximately 15% of total emissions.

TSP emissions have been slightly increasing from 171 t. in 1990 to 184 t. in 2016, the increase is
mostly due to poultry and swine.

5.3.4 Recalculationand impovements

For manure management, the main recalculations were caused by chattgedporting. Now, 3B

only contains emissions from manure management and emissions from manure applied to soils are
included in 3Da2a.
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Updated livestock population informatidor horses and turkeys made a small impact on total
emissions from NO, NMVOC andsN&imilarly, improved subategorisation of nottlairy cattle
made small impacts oNH;emissions.

TSP, PM and PM s emissions were estimated for the first time for shaaghis submission and
updated population information for nodairy cattle and turkeys had a slight impact on total
emissions.

5.3.5 Planned Improvements
More information on activity data regarding the NFR 3B will be included in future submissions, in line
with the 2016 CEIP in country review recommendations.

5.4 Crop Production & Agricultural Soils (NFR 3D)

5.4.1 Activity data

Activity data for NeINO and NMVOC emissions consists of the amount of fertilizer nitrogen applied
to agricultural soils. For Nihis amount idivided into type of fertilizer N. The total amount of N in
fertilizer is provided in the annual reports of the IFVA
(http://mast.is/matvaelastofnun/utgafa/skyrslur/#arsskys). No data exists that provides
information on the types of N fertilizer. However, it is known that

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

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

Activity data for particulate matter emissions consists of the areas of crops cultivated. The total
amount of cropland is recorded in the Icelandic geographic land use database (IGLUD), which is
maintainedby the Agricultural University of Iceland. Data regarding the area of barley fields comes
from the Farmers Association of Icelarndtf://bondi.lbhi.is/lisalib/getfile.aspx?itemid=2214nd
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 fieldscafgvated about once every 10 years and hay is cut
twice per year on average (Brynjélfsson, written communication).

5.4.2 Emission factors

NH; emission factors were taken from Table 3.2 in the EMEP GB 2016 (p.17). These emission factors
depend on the mean sprg air temperature, i.e. the mean temperature of the three month period
following the day when accumulated day degrees since Jan§drgve reached 400 °C. According to

this definition the mean spring temperature in Iceland is about 9 °C.

NO and NMVOQmission factors were taken from Table 3.1 and Table 3.3 of the EMEP GB 2016 (p.14
& p.18) and were 0.04 and 0.86 kg/ha fertilizer applied, respectively.
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PMyo and PMz semission factors for barley and grass were taken from Tables 3.7 and 3.8 of the EMEP
GB2016 (p.20).

Emissions

Total NH emissions for crop production and agricultural soils varied between 2.6 and 2.9 kilotonnes
between 1990 and 2016. In 2016 66% of emissions originate from N fertilizer applied to agricultural
soils and 30% originate from manure deposited by livestock dufintal emissions do not show any
discernible trend, primarily because the size of (and thus emissions from) the sheep population
decreases with time, while the horse population increases. N fertilizer application was highest in
2008 but a weakening of ¢hicelandic currency has made the import of fertilizer more expensive and
thus lead to diminishing application.

The emission development of NO and NMVOC are linearly dependent from the application of
fertilizer and therefore show the same development wétipeak in 2008 at 1.87 kilotonnes and a
decline since then. In 2016 NO emissions amounted to 1.63 kilotonnes and NMVOC emissions from
crop production and agricultural soils were 64 grams.

PMo emissions decreased due to the decrease in total cropland #®rtonnes in 1990 to 76 tonnes
in 2016. It is estimated th& M, semissions have dropped from 3.2 tonnes in 1990 to 3.1 tonnes in
2016. The drop in PMis a little less than iRMigdue to a significant increase in the barley
cultivation.

5.4.3 Recalculationand improvements

For crop production and agricultural soils, the main recalculations were caused by chividged
reporting. Now, 3B only contains emissions from manure management and emissions from manure
applied to soils are included in 3aZSimilarly, NMVOC emissions were previously reported in 3Dal
and are now reported in 3De.

Furthermore, EF for NO améHswere updated from EMEP GB 2013 to EMEP GB2016. Last year,
there was a small error in the CropBarley (tonnes) used for calculatid?d @missions from farm

level agricultural operations including storage, handling and transport of agricultural products, which
has now been corrected.

5.4.4 Planned Improvements
More information on activity data regarding the NFR 3D will be included in futlmaissions, in line
with the 2016 CEIP in country review recommendations.

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, haalready been banned in Iceland in 1996 in order to conform to EU

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

chapter f of the EMEP GB not banned until 2009 is lindane. The last recorded sadianéltook

place in 1992 when 1 kg was sold. In 1990 and 1991, 2 and 16.2 kg were sold, respectively. It is
assumed that the lindane sold was applied during the same year. An EF of 0.5 as listed in Table 3.1 of
the chapter ®f of the EMEP GB (p. 5) was kg to these values resulting in HCH emissions of 1, 8,

1, and 0.5 kg for the years 199092.Tableb.5 gives an overview of the use of pesticides in Iceland.
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Table5.5 Pesticide use and regulation in Iceland.

Pesticide Last recorded use Year of ba
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)
6.1 Overview

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 thatwaste did not have to be transported

far for disposal. In 1967 the waste disposal site in Gufunes was set into operation and most of the
waste of the capital’s population 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 of waste. In some communities, waste burning was complemented with landfills for bulky
waste and ash. The existing landfill sites didmte to meet specific requirements regarding

location, management and aftercare before 1990 and were often just holes in the ground. Some
communities also disposed of their waste by dumping it into the sea. Akureyri and Selfoss, two of the
biggest communies outside the capital area opened municipal SWDS in the 1970s and 1980s.

Before 1990 three waste incinerators were opened in Keflavik, Hasavik and isafjéréur. In total they
burned around 15,000 tonnes of waste annually. They operated at low or vagyiqgetatures 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 locatatithe southwest part of Iceland opened and this facility is
currently the only waste incineration plant in Iceland. Open burning of waste was banned in 1999.
The last place to burn waste openly was the island of Grimsey which stopped doing so by end of
2010.

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

Reliable data about waste composition does not exist until recent years. In h86%taiste

management company Sorpa ltd. started serving the capital area and has gathered data about 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 landfill@ttinerated, and recycled.

The special treatment of hazardous waste did not start until the 1990s, i.e. hazardous waste was
landfilled or burned like notazardous waste. Special treatment started with the reusing of waste as
energy source. In 1996 théazardous waste committee (Spilliefnanefnd) was founded and started a
collection scheme for hazardous waste. The collection scheme included fees on hazardous
substances that were refunded if the substances were delivered to hazardous waste collection
points. Hazardous substances collected included oil products, organic solvents, halogenated
compounds, isocyanates, diised paints, printer ink, batteries, car batteries, preservatives,
refrigerants, and more. After collection, these substances were destragegicled or exported for

further treatment. The Hazardous waste committee was succeeded by the Icelandic recycling fund in
late 2002.

Clinical waste has been incinerated in incinerators either at hospitals or at waste incineration plants.

The trend in vaste 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 thewshuwila number
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of small sites. Currently a large majority of landfilled waste is being disposed of in managed SWDS.
Recycling of waste has increased due to efforts made by the government, local municipalities,
recovery companies, and others. Compostiraytetd in the mid1990sand has increased since then.
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Emission estimates from the waste sector include emission estimates from the following sources:

- Solid waste disposal on land (NFR 5A)

- Biological treatment of solid waste (NFR 5B)

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

- Other waste (NER 5E)

Each of these sources are described in more details in se@iBis 6.7. Emissions estimates for
waste incineration without energy recovery is included in thigiesecwhile emission estimates for
waste incineration with energy recovery are reported under sector 1A.

6.1.1 Sectoraltrendgt ht Wa
A summary of emission estimates for the waste sector is providéde6.1 for POPs pollutants.

Table6.1 Overviewof POP&missionsn 2016 (NA¢ Not applicable, NE Not estimated).

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

[ FTEQ] [t [t] [t] [t [t (kg] (kg]
5A Solid waste disposal on lanc  NA NA NA NA NA NA NA NA
5B1 Composting NA NA NA NA NA NA NA NA
5C Waste incineration 0.108 0.004 0.008 0.010 1.E07 0.022 0.063 0.063
5D Wastewater handling NE NE NE NE NE NE NE NE
5E Other waste 0.103 0.002 0.004 0.003 0.003 0.011 NE NE
Waste, Total 0.211 0.006 0.012 0.013 0.003 0.033 0.063 0.063
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Figure6.2 PAH4 emissions from theaste sectorsince 1990.

114



@

Informative hventory Report, Iceland 2@

0.08
007
0.06
0.05 B
W 004 “me-
8 o003 T
T -
0.02 -
0.01
0.00
g a3 8832858 8 8 2 8
[+3] (3] [+3] [+3] [+)] [+3] (431 [+3] [+3] (3] [+ (=] (=]
— — — — — — — — — — ~ ~ ™~

B 5A Solid waste disposal on land
m 5C Waste incineration
B 5E Other waste

Figure6.3 HCB emissi@from the waste sectg since 1990.

~,
.
s
- .
\
™
“
N
| |~|~
(o I e . B« ¢ B S Ty ~ 0 O [~
G ¢ O [+ I ]
G ¢ [T ]
— — — ™~ ™~

B 5A Solid waste disposal on land
B 5C Waste incineration
B 5E Other waste

0.20
0.18
0.16
0.14
0.12
0.10
0.08

PCB [kg]

0.0e
0.04
0.02
0.00

199
199
199
199
199
199
1996

Figure6.4 PCB emissions frotine waste sectqrsince 1990.

2002 I

#
i

2004

2004

2007

2005 I
2006 I
2008 EEE—
2009 —'J

2010 _I\‘

B 5B Composting

2012
2013
2014

2011
2015
2016

w 5D Wastewater handling

2006
2008

5B Composting
1 5D Wastewater handling

2011 —
2012 —
2013 m—
2014 —
2015 —
2016 I

The sudden increase in HCB and PCB is misleading since HCB and PCB emissions have not been
estimated for open burmig of waste. The main reason for tisgshat EMEP/EEA guidebook 2016
does not provide emission factors for the estimation of HCB and PCB emissions for open burning.

6.1.2 Sectoral trendg Other emissions

A summary of emission estimates for other pollutants tf

Table6.3 for the year 2016

t ht Qa

ATableMBIOA RSR A Y
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Table6.2 Overviewof NQ, NMVOC, SONH;, PM and C@missions from the waste sector in 2016

NOx NMVOC SQ& NHs  PMhs PMio TSP BC co

KINO, [k] [K]SO [ k] [ki] [k [k [ki]
5A Sr?ll':n"é’asw disposal 031 NA NE 66806 44505 92805  NA NA
5B1 Composting NE NE NE 0.01 NR NR NR NR 13802
5C Waste incineration 0.0 0011 0019 3E05 0101 014  01%9 0006  0.104
sp \Wastewater NA NE NA NE NR NR NR NR NE

handling

5E  Other waste 77804 0004  0.010 NA 0006 0006 0006 NR 0.014
Waste, Total 0.027 0326 0029 0006 0107 0.153 0205 0.006 0.131

Table6.3 Overview oheavy metals emissions from the waste seaid20L6.

Pb Cd Hg As Cr Cu Ni Se Zn

[t] [t [t] [t] [t] [t] [t [t] [t]
5A Solid waste disposal on lan.  NA NA NA NA NA NA NA NA NA
5B1 Composting NR NR NR NR NR NR NR NR NR
5C Waste incineration 1.08 0.037 0.049 0.023 0.0031 0.0064 0.0021 3.E04 0.044
5D Wastewater handling NR NR NR NR NR NR NR NR NR
5E Other waste 0.083 2.E04 1.E05 4.EO05 4.E04 3.E03 3.E04 NR 0,32
Waste, Total 1.16 0.037 0.049 0.023 0.0035 0.009 0.0024 3.E04 0.37

6.2 General Methodology

The methodology is mainly based on EMEP air pollutant emissientory guidebook (EMEP, 2016
Emissions estimates are calculated by multiplying relevant activity data by source with pollutant
specific emissions factors. Emissions factors are taken from Ensissi@ntory Guidebook (EEA,
2016), the Standardized Toolkit for Identification and Quantification of Dioxin and Furan Releases
(UNEP, 2005), Annual Danish Informative Inventory Repdinet&/NECE (National Environmental
Research Institute, 2011) and measurements at incineration plants.

The activity data used in for the emission estimates is mainly based on treated waste in Iceland which
is reported annually to the EA. This follows anlesion of waste being treated outside of Iceland

and its associated emissions. In addition to data on treated waste in Iceland, activity data for
accidental fires, cremation and bonfires is used for estimatimgssions from these sources.

6.3 Solid waste dmosal (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 dispbsite in Gufunes was set into operation and most of the
waste of the capital’s population 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 mang@@édS 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 largeajority 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 theXfi@Dsand has increased since the
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6.3.1 Methodology

Tier 1 approach of the EMEP/EEA&QUidelines 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.

6.3.2 Activity data

Total mass of waste landfilled Iceland is used for the emission estimates. Further information on

GKS FyydzZZt Ylaa 2F é6ladacsS tFyRFAE{ESR YR GKS &2 dzN
Inventory Report on Greenhouse Gas Emissions.

6.3.3 Emission factors

Emission factors from thiéer 1 approach of the EMEP/EEALBQuidebook is used for estimating
emissions from solid waste disposal and are preseiit#ole6.4. Emission factorare assumed
constant for all the years in the calculatiofi$is section discusses the emission estimates from solid
waste disposal on land and covers the enoissiofNMVOCSTSPPMyandPM. 5

The EMEP/EEA 2&uidebook mentions the possibility of sthquantities of N@Q NH and CO being
emitted from this activity. However, no emission factors for are provided in the guidebook and these
emissions have not been estimated in Iceland. Emissions of Hg are not estimatedrdaaceavith

Table 31 in chater 5A of the guidebook. Other pollutants are considered not applicable in
accordance with that same table.

Table6.4 Emission factors used in solid waste disposal (NER 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

6.3.4 Recalculationand improvements

Updated methodology used to estimate the activity data, in accordance to IPCC model/fraction, lead
to almost 1,8% increasasf NMVOC, Pl PMpand TSP emissions from solid waste disposal on

land (5A)In accordance with the IPCC Waste Model spreadsheet, provided as a part of the 2006 IPCC
Guidelines for National Greenhouse Gas Inventories, waste composition was updatgficaihethe
categories used for calculations. Organic slaughterhouse waste is now included in calculations for
food waste and demolition waste is now separated into industrial waste and inert waste.

6.3.5 Planned improvements

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

6.4 Biological treatment of solid waste (NFR 5B)

6.4.1 Composting (NF581)

6.4.1.1 Methodology

Recycling and biological treatment of waste started on a larger scale in the beginning of the 1990s.
Their share of total waste managementreased rapidly since theBmissions estimates are
calculated by multiplying waste amounts witllevant pollutant specific emission factors.
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6.4.1.2 Activity data

Compost production as a means of waste treatment started in Iceland in 1995 and the EA receives
annually the amount of waste going to compost production facilifRediable data about waste
composition does not exist until recent years. In 1991 the waste management company Sorpa Itd.
started serving the capital area and has gathered data about waste composition of landfilled waste
since 1999. For the last few years the waste sector has had totréata about amounts and kinds

of waste landfikd, incinerated, and recycled.

6.4.1.3 Emission factors

For composting, tie emission factor from the EMEP/EEA @@uidebookare used for estimating

NH; and CCemissions. Emission factors for other pollutants is not provided in the EMEP/E&A 201
guidebook. The emission factors are preseniedble6.4. and are assumecbnstant for all the years

in the calculations.

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

NHs (60)
[kg/t waste] [kg/t waste]
5B1 Composting 0.24 0.56

6.4.1.4 Recalculationg&nd improvements
No recalculations were done for composting (5B1}tis submission.

6.4.1.5 Planned improvements
For future submissions it is planned to improve the transparency fareRtissions from composting,
by providing more details on the source of activity data anaésypf composted waste considered.

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

6.5 Waste incineration and open burning (NFR 5C)

This section discusses the enissestimates from burning of wasteitch falls under the
subcategoriesyaste incineration (NFR 5Gi)d Open burning of waste (NFR 5Q8aste

incineration covers the emission estimates from waste incineration plants without energy retovery
and not fran waste incineration with energy recovery. Emission estimates for waste incineration
with energy recovery are reported in the relevant subsector under NFR sector 1A1 (Chapler
Waste incineration is separated further into Municipal Waste Incineration (NFR 5C1a), Industrial
Waste Incineration (NFR 5C1bi), Hazardous Waste Incineration (NFR 5C1bii), Clinical Waste
incineration (NFR 5C1biii), Sewage Sludge indineréNFR 5C1biv), Cremation (NFR 5C1bv) and
Other Waste Incineration (NFR 5C1bvi).

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

The scope of this section does not include the emissions of virasteerated outside of Iceland as
this would lead to double counting of the emission estimates in a common international emission
estimate inventory. Activity data on waste incinerated outside Iceland is provided to the EA annually

6 A quantitative definition of waste incineration with energy recovery is found in Annex IV of regulation
1040/2016 (1S).
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by the waste burning falities. Data on waste generation and waste management practices is
published by Statistics Iceland.

6.5.1 Waste incineration (NFR 5C1)

6.5.1.1 Municipal Waste Incineration (NFR 5C1a)
Incineration of waste in incineration plants without energy recovery started in 200land.

Methodology

The total amount of waste incinerated in all waste incinerafiants without energy recovery in

Iceland is multiplied with its pollutant specific emission factor as given in the EMEP/BEA 201
guidebook. This applies to most reped pollutants except for dioxin, where the emission estimates
are based on technology specific emission factors from the Standardized toolkit for the identification
of Dioxin and Furan releases (UNEP,2005).

Activity data

Activity data on incinerated wasfeom major incineration plants have been collected by the EA since
the year 2000. Waste incineration in incineration plants started in 1993 and currently there is a single
operating waste incineration plant in Iceland. Historic data which was not reptotdte EA was
estimated using the assumption of 500 kg of waste per inhabitant in communities where waste is
known to have been incinerated.

Emission factors

Tier 2 emission factors from tableZ3in the EMEP/EEA 20fuidebook is used for all polluten

except for NH, Se and Indeno(1,2&)pyrene. For Ni1Se and Indeno(1,2&)pyrene, tier 1
emission factors from table-B of the EMEP/EEA 204uidebook are used. The reason for this is the
lack of emission factors given for these pollutants inge®P of the guidebook.

Emission factors for dioxin from waste incineration are based on measurements at the plants, except
for Kalka which reports its emissions based on measurements. Average emission from these
measurements at similar incineration planiHoval technique) at Isafjéréur, Skaftarhreppur and
Vestmannaeyjar was close to 50 pg/t. As all these incineration plants are operated as batch, an
emission factor for those plants was chosen to be 100 pg/t. The incineration plant at isafjordur was
closed down in 2010, after a period of malfunctioning. No dioxin measurements took place at the
plant for the last three years of operation. Other pollutants were measured at the plant, indicating
that there were significantly more emissions from all palhts for the last three years of operation.

For those years, the emission factor of 300 pg/t for uncontrolled domestic waste burning, was taken
from the Standardized Toolkit for Identification and Quantification of Dioxin and Furan Releases
(UNEP, 2005)This factor is also used for the incineration plant at Svinafell (also Hoval technique),
based on measurements at the plant. For the incineration plant at Hisavik an emission factor of 10
Hg/t was chosen, based on measurements.

Recalculationand planed improvements

Inconsistence was found in the emission estimates that effected dioxin, HCB and PCB emissions from
municipal waste incineration (5C1a). The emissions were recalculated which lead to an increase in
HCB emissions but decrease in PCB andnd@rissions.

Planned improvements

For future submissions, there is need to acquire technology stratification to account for abatement
technologies in the Tier 2 methodology of the EMEP/EEA 2013 guidebook. An uncertainty analysis is
furthermore in thepipeline.
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6.5.1.2 Industrial Waste Incineration (NFR 5C1bi)

Methodology

Slaughterhouse waste is the only type of waste that is assumed to be constituting industrial waste
incineration for the year 20. Total reported slaughterhouse waste is multiplied by pollutpecific
emission factor to estimate these emissions. Emission estimates are preliminary and further
improvements are required for this sector.

Activity data
Activity data for this category has only been included for the y2@i52016while for the al other
years it is included in 5Cla.

Emission factors
Emission factors are assumed the same as for Municipal Waste Incineration (NFR 5C1a).

Recalculationand planned improvements
No recalculations were done for industrial wagteineration (5C1bi) fothis submission.

Panned improvements

It's planned to aquire chta for the years 199@016,review emission factors currently usadd add
emission estimates for those pollutants where the EMEP/EEA Guidebook provides emission factors.

6.5.1.3 Hazardous Wastkcineration (NFR 5C1bii)

Methodology

Total amount of hazardous waste is multiplied by a pollutant specific emission factor from the Tier 1
approach of the EMEP/EEA guidebook.

Activity data
Activity data for incinerated hazardous waste exists from 2006isndrrently being reported to the
EA.

Emission factors
Emission factor are taken fronaflle 31 of chapter 5C1b of the EMEP/EEA 2013 guidebook.

Recalculationand planned improvements
Emission estimates for hazardous waste was done for the first firtieei 2017 submission,
previously these emissions were reported under NFR sector.5Cla

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

6.5.1.4 Clinical Waste incineration (NFR 5C1biii)

Methodology
Total amount of clinical aste is multiplied by a pollutant specific emission factor from the Tier 1
approach of the EMEP/EEA guidebook.

Activity data
Activity data for incinerated clinical waste under this sector is from 2001.

Emission factors
Emission factors are taken from fab 31 and 32 of chapter 5Cbiii of the EMEP/EEA 2013
guidebook.
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Recalculationand planned improvements
Emission estimates for hazardous waste was done for the first time in the 2017 submission,
previously these emissions were reported under NFR sé&@da.

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

6.5.1.5 Sewage Sludge incineration (NFR 5C1biv)

Methodology

Total amount of sewage sludge is multiplied by a pollutant specific emission factor from the Tier 1
approach othe EMEP/EEA guidebook.

Activity data
Activity data for sewage sludge incineration vigduded in NFR sector 5C1a until 2014.

Emission factors
Emission factors are taken frotable 32 of chapter 5C1b dhe EMEP/EEA 2013 guidebook.

Recalculationand planned improvements
No recalculations were done to sewagladge incineration for thisubmission.

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

6.5.1.6 Cremation (NFR 5C1bv)

Methodology

Total number of bodies incinerated is multiplied by a pollutant specific emission factor from the tier
1 approach of the EMEP/EEA 2013 guidebook.

Activity data

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

Emission factors
Emission factors are taken fromable 31 of chapter 5Cbv of the EMEP/EEA 20g6idebook.

Recalculationand planned improvements
No recalculations were donerfaremation (5C1bv) for thsubmission.

Planned improvements
No planned improvements.

6.5.1.7 Other Waste Incineration (NFR 5C1bvi)
Data for other waste inoieration is not available for the time being. Improvements are needed
regarding this.

6.5.2 Open burning of waste (NFR 5C2)

Open burning of waste includes combustion in nature and open dumps as well as combustion in
incineration devices that do not control tle@mbustion air to maintain adequate temperature and

do not provide sufficient residence time for complete combustion. Incineration devices on the other
hand are characterized by creating conditions for complete combustion. Therefore, the burning of
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waste n historic incineration devices that did not ensure conditions for complete combustion is
allocated to open burning of waste. Open pit burning was a common procedure in the early nineties.
In general, open pit burning results in poor combustion cond#tidne to inhomogeneous and poorly
mixed fuel material, chlorinated precursors, humidity or catalytically active metals, but all these
factors influence the dioxin formation. It can therefore be hard to come up with a reasonable
emission factors. In addbin to that the activity data is quite uncertain as well, as no official statistics
are available.

LG A& I GONIXYRAGAZ2Y G2 fA3IKG dzL) 02y FANBA |G bSs
the country. In the early nineties, there were netections and no supervision with these bonfires.

In the early nineties, some surveillance officers from the Environmental and Public Health Offices
(Local Competent Authoritytarted to control these fires, by informing the bonfire personnel. In

2000 he EA, Iceland Fire Authority and National Commissioner of Iceland Police published guidelines
for bonfires. They include restrictions on size, burnout time and the material allowed. Since that

time only wood and paper are allowed on bonfirééso, theEnvironmental and Public Health Offices
supervise all bonfiredNow they are fewer and better organized.

6.5.2.1 Methodology

The total amount of waste incinerated in all waste open pit burning facilities in Iceland is multiplied
with its pollutant specific emissn factor as given in the EMEP/EEA 2013 guidebook. This applies to
most reported pollutants except for dioxin, where the emission estimates are based on technology
specific emission factors from the Standardized toolkit for the identification of Dioxifrarah

releases (UNEP,2005). Same methodology is used for emission estimates from bonfires with dioxin
being calculated differently. See more detailed description in the following sections.

6.5.2.2 Activity data

Historic data on open pit burning was estimatedhithe assumptions that 500 kg of wastes 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
EAl in the respéive 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 waste disposal have been found. Open pit
burning is likely to occur still at various rural sites, but this has not beémated. The amount of

waste burned in open pits has decreased rapidly since the early 1990s, when more than 30 thousand
tonnes of waste were burned. Between 2005 and 2010 there was only one site left burning waste
openly, on the island of Grimsey.iFhkite 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 EAI along with the municipality of
Reykjavik decided to weigh all the matéoéa single bonfire. Then the piled material was
photographed and height, width and length measured. The weight was then correlated to the more
readily measureable parameters pile height and diameter. The Environmental and Public Health
Offices were dead to measure height and diameter of the bonfires in their area, take pictures and
send to EA. From this information the total weight of bonfires was estimated for the whole country.
The amount was further extrapolated back to 1990, in cooperation arntkexpert from one
Environmental and Public Health Office that has been involved with this field of work for a long time.

6.5.2.3 Emission factors
For open pit burning, dioxin emission factor is taken from table 54 in the Standardized Toolkit for
Identificationand Quantification of Dioxin and Furan Releases (UNEP, 2005), it is 300 ug per tonne
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For banfires, dioxin emission factor have been estimated historically based on assumptions. From
2003 onwards an emission factor of 60 ug/t is used. This factor is taken from table 54 of the
Standardized Toolkit for Identification and Quantification of Diexid Furan Releases (UNEP 2005)
and is given for open burning of wood. For 1990 to 1995 an emission factor of 600 pg per tonne
burnt material was used. This relates to the fact that the burning material was very miscellaneous at
that time. It was commonractice 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 to double the emission factor used for open pit burningemission factor was
then interpolated from 600 pg to 60 pg per tonne burned material from 1996 to 2003. The emission
factors for other pollutants than dioxin are taken from tabld & chapter 5C2 of the EMEP/EEA

2013 guidebook.

6.5.2.4 Recalculationand planned improvements
No recalculations were done for open burning of waste (5C2) for this submission.

6.5.2.5 Planned improvements
Emission factors needed to estimate HCB and PCB emissions. Not provided in the EMEP/EEA 2013
guidebook in chapter 5C2.

6.6 Wastewder handling (NFR 5D)

According to the EMEP guidebook (EEA, 2013) wastewater will be an insignificant source for air
pollutants. However, in urban areas, NMVOC emissions from waste water treatment plants can be of
local importance. Activities consideredthin 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 into the sea either untreated or after primary treatment.
Only a mall amount of wastewater is treated with secondary treatment and latrines are not
occurring. Therefore, neBHG emissions have not been estimated from wastewater handling.

6.6.1 Methodology
No methodology is used due to the lack of relevant activity data.

6.6.2 Activity data
No relevant activity data.

6.6.3 Emission factors
No emission factors used.

6.6.4 Recalculationand improvements
No recalculations were done for wastewater handling (5D) for this submission.

6.6.5 Planned improvements
Acquire relevant activity data and estimatd@ther there might occur NMVOC emissions.
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6.7 Other waste (NFR 5E)

This section discusses the emission estimates from other waste and Iceland esfioates

accidental housendvehicle burningEmission estimates for all reported pollutants is provided
exceptfor NH;, BC, Se, HCB and PCB where emission factors have not been found or are considered
not applicable.

6.7.1 Methodology

For accidental house fires, emission estimates are calculated as the number of fire events times a
pollutant specific emission factor frothe Tier 2 approach of chapter 5E in the EMEP/EEA 2013
guidebook and the Danish IIR of 2015.

For accidental vehicle fires, emission estimates are calculated as the mass of vehicles burned times a
pollutant specific emission factor from the Danish IIR2 Weight of different types of vehicles are

used in the calculations and taken from tabl2® of the Danish IIR 2015. The assumption is made

that 70% of the total mass is burned.

6.7.2 Activity data

Activity data for vehicle and building fires were obtained for the years 2003 to 2012 from the Capital
District Fire and Rescue Service (CDFRS). Data for 2013 was unavailable and is therefore estimated
using the historic data from 2003 to 2012. Buildimgdiare classified by duration of response into

small, medium and large fires. The data is presentékhinle6.6. 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

6.7, dataon vehicle and building fires, extrapolated for Iceland, is presented. As the emission factors
used comply for full scale building fires, the activity data is scaled as a full scale equivalent where it is
assumed that a medium and a small fire leads t#%hd 5% of a large fire respectively, and that a
large fire is a full scale firéable6.6 and Table6.7 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 activither 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 outeayaling

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 a majaz fircident 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) aneiote 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. Athe 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 with thaverage 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 vehicle gyuding 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 andhé average weights of the different vehicle types (also Danish weight, as
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Table6.6 Vehiceé and building fires, capital area.

Building fires Total scaled
Year Vehicle fires <60 min 60-120 min >120 min building fires
2003 36 161 21 4 23
2004 25 153 24 5 25
2005 43 141 24 11 30
2006 34 130 24 9 28
2007 44 142 20 7 24
2008 64 150 25 9 30
2009 46 114 16 12 26
2010 34 118 17 9 24
2011 35 121 10 5 16
2012 36 99 24 9 26
2013 26 85 18 5 18
2014 35 99 20 12 27
2015 36 88 15 3 15
2016 33 93 19 7 22

Table6.7 Vehicle and building fires scaled for Iceland

Building fires Total scaled
Year Vehicle fires <60 min 60-120 min >120 min building fires
2003 54 242 32 6 34
2004 38 230 36 8 38
2005 65 212 36 17 46
2006 51 195 36 14 42
2007 66 213 30 11 37
2008 96 225 38 14 44
2009 69 171 24 18 39
2010 51 177 26 14 36
2011 53 182 15 8 25
2012 54 149 36 14 39
2013 39 128 27 8 28
2014 53 149 30 18 40
2015 54 132 23 5 24
2016 50 139 29 11 33

At the major industrial fire at Hringras in 2004, an estimaeatbunt of 300 tonnes of tires, among
other separated waste materials, burned.

For the major industrial fire in 2014, the estimated weight of the asphalt roll roofing burned down
was estimated to be around 80 tonnes and was assumed to be a large parterhtbsions from this
particular fire.
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6.7.3 Emission factors

Emission factor for undetached houses is used for all building fires except industrial building fires.
This is due to the fact that Icelandic regulation demand more fire resistance than the reguiations
the Scandinavian countries. Emission factors for detached building fires are taken from-tabfe 3
chapter 5E of the EMEP/EEA 2013 guidebook for all estimated pollutants provided in the guidebook
except for dioxin which is taken from the 2015 Dariglormative 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 Pi€BoNsidered not

applicable as the guideboakiggests.

Similarly, for industrial house fires, emission factors from tabdeod chapter 5E of the EMEP/EEA

2013 guidebook is used except for dioxin which is taken from the 2015 Danish Informative Inventory
Report (IIR) to the UNECE. Other ssstimated 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 andiBCB. NH
considered not applicable as the guidebook suggests.

For vehicle fires, the burned mass is then multipliethwi 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 Di@td Furan Releases (UNEP, 2005),
was taken. Using this factor, this single fire scaled like about 16 industrial building fires and PAH4
emissions were scaled accordingly.

Asphalt roll roofing was assumed to emit dioxin levels comparable to scrap tirels hds the

emission factor of 220 pg/(t of tires) given in the Standardized Toolkit for Identification and
Quantification of Dioxin and Furan Releases (UNEP, 2005). Dioxin emissions from other materials that
burned were included by assuming such that tine was comparable to 5 industrial buildings. Thus

the emissions from this particular fire corresponds to 5 industrial building fires plus the special
FaaSaaySyid 2F GKS FaALKFIEG NRft NR2FAYy3IAZ Ay G201 €
estimates were calculated by using emission factors from tak@ 6f the Annual Danish

Informative Inventory Report to the UNECE (National Environmental Research Institute, 2011) for
industrial buildings, scaled according to the estimation of correspondingsiridubuilding fires.

Emission factors for NONMVOC, S£and CO are also taken from the Danish IIR tat8.8ther

reported pollutants are taken from the EMEP/EEA guidebook 2013 ta®léNd emission factors are
provided for BC, Ni, Se, Zn, HCB a@B MHlis considered not applicable as the guidebook suggests.

6.7.4 Recalculationand improvements
No recalculations were done to other waste (5E) for this submission.

6.7.5 Planned improvements
Review of data used for 199D02 for the number of accidental housedavehicle fires. General
data improvement needed.

6.8 Uncertainties and time series consistency

No uncertainty analysis has been done for the waste sector and work has been done to facilitate such
calculations for future submissions. Generally, the uncetigsrare considered high due to the lack

of historic data and due to a number of assumptions. Timeseries consistency for HCB and PCB is
considered not sufficient due to the lack of emission factors for open burning of waste.
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6.9 QA/QC and verification

Additional QA/QC procedures welimplemented in the 2017 submission. It involves an assessment

2T OKlIy3aSa Ay Fftf NBLRNISR LRtfdzilyd Syaaairzya o
Checks on emission estimate trends and notation keys are further us8&StNA F& OdzNNBy G &St
emission estimates. Mass balance check on input data is furthermore laid out when allocating

procedures occur. QA/QC procedures implemented in the 2017 submissi@usedfor this

submissions.
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7 Natural SourceNFRL1)
7.1 VolcanoegfNFR 11A)

In this chapter emissiafrom the last threevolcanc eruptionsare reported. These eruptions are
Eyjafjalljokull eruptionApritMay 2010 Grimsvotn eruptionMay 2011 and Holuhraun eruption
September 2014ebruary 2015As emissions from #se eruptions are natural they areported in
this chapter and in the NFR Tables under Memo Item 11A, but@racluded in national totals.

Informative hventory Report, Iceland 2@

7.1.1 Eyjafjallajokull eruption 2010

TheEyjafjallajokuleruption lasted from 1% of April until 23 of May201Q For this eruption
emissions of sulphur dioxid&Q) and particulate matter were estimated and reported. The
emissions estimates are based on satellite observation on a daily basis during the eruption
(https://wiki.met.no/emep/emep_volcano plumeand amounted taapprox.127 ktof SQ, 6000 kt

of PMypand 1700 ktof PMb.s. These 6000 kt dPMyo were around3500 times more than total
estimated man made PMemissions in Iceland in 2010.

Figure7.1 Eyjafjallajokull eruption at & peak in April 201(Photo: Porsteinn J6hannsson).
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7.1.2 Grimsvoétn eruption 2011

TheGrimsvotreruption lasted from 2% of May until 28' of May2011 The eruption at Grimsvotn

was much larger thathat of Eyjafjallajokulthe year before and it has been estimated that during
the first day moresulphur and particulates were emitted than during all the Eyjafjallajokull eruption.
SQ emissions from Grisvotn have been estimated to be around 1000 kt. An estimate of the total
particulates emitted has not been estimated but the EAI has scaled the emissions of particulates
using the ratio of Sulphur emissions from the two eruptions (1000/127). This gi\aggpeoximate
estimate of 47,000 kt PMand 13,000 kt of Phk. Figure7.2, aNASA MODIS satellite image acquired
at 05:15 UTC on May 22, 2011 shows the plume froom&uttn casting shadow to the wesfPhoto
NASA/GSFC/Jeff Schmaltz/MODIS Land Rapid Response Team).
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Figure7.2 Grimsvotn eruption in May 2011.
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7.1.3 Holuhraun eruption 20142015
The eruption in Holuhraubegan on August 292014 and ended on February®22015. It was the
biggest eruption in Iceland since the Laki eruption 1783.

Emission estimates in the Holuhraun eruptiware done by the volcanic hazard team at the

Icelandic Met Office. According to information from Sara Barsotti and Melissa Anne Pfeffer the
estimates was done as followEhe emission rate of S@as calculated using wind parameters
provided by the HARMONIE numerical prediction model and column ntratiens of S@detected

with different types of DOAS measurements. The DOAS techniques used include two NOVAC
scanning DOAS instruments (Galle et al., 2010): one installed 7 km from the main degassing vent,
Baugur, but moved during the eruption due tcethdvancing lava to 10 km from the main vent; and a
second scanning DOAS installed 10 km from the main vent, but damaged by advancing lava two
weeks after the start of the eruption; campaign DOAS traverses, made as close to the main vent as
conditions alleved; and ring road DOAS traverg&islason, 201541l measurements were analyzed
closely to remove the data most impacted by scattering. For all technigues, the good quality
measurements were used to calculate daily average@emission rate. On days when good

guality data was acquired from more than one DOAS technique, the larger value was used, and then
these daily values were used to calculate the monthly averages. Some minor degassing from the
cooling lava continued &t the end of the eruption (maximum 3 kg/s; Simmons et al., 2016); this
contribution to the emissions is not included here.

Total S@emission from this eruption was estimated 12,0@6Divided on calendr years 10880 kt

of SQ were emitted in the year 214 and 1,126 kt of S the year 2015. To put these humbers in

in perspective it can be said that the total Rnission 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. Gigust/&29th

2014 to December 31st 2014 was more than twice the totaled@ssion from all the European

Union countries for whole year. For September alone, during the most intensive period of the
eruption, the S@emission from the eruption was similar tioe annual emission of the European
Union.

Negligible emission of ash was from this eruption and it was not estimated. Further information
about SQemissions from the eruption are fable7.1 below. As these emissions are natural they
are not included in national totals.

Table7.1 Eruption emission parameters.

Average monthly emision 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 theeruption, various institutionsvere in charge oflisseminainginformation to the public.

The Icelandic Met Office usglde 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 a daySQ dispersion dring the whole eruption modelled by CALPUFF are presenteigjime

7.4 as the frequency of hourly concentrations higher than the EU one hour limit val&C¥trat is

350 pg/n?.The values corresponding to each contour show how many times this concentration has
been exceeded at each location during this periddring the eruption, gs pollutionwasextensive
across all of Iceland. The NE part of the country suffered the highest impact from the eruption. The
model suggests thahe areawithin 50 km NE of the eruption site exceeded 350 pfton up to 20 %

of the time (about 30 days in total). Thenttzern part of Vatnajokull and the eastern part of

Hofsjokull glaciersrere frequently exposed to high grouddvel concentrations of S@or up to 15

days.
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Figure7.4 SQdispersion during the eruptiamodelled by CALPURpFesented as frequency of hourly concentrations higher
than the 350 pg/rd health limit. The monitoring stations mentioned in the text an#igure7.4 are also showi(Gislason,
2015)

To inform the public about ground level concentratiorSé the Environmental Agency of Iceland
shared information fron8Q monitoring stationsAt the beginning of theruption the ambient air
concentration of S@was measured at 11 permanent stations across Iceland recording 10 and 60
minutes average concentration. Seven of the stations continuously streamed the results to the
website of the Environmental Agencyloéland (EARttp://airquality.is. By late January 2015 the
number of these stations had risen to 21. All these instruments where trace level (ppah&gsers
equipped with pulsedluorescencespectrosopy meters. In addition to these accurate measuring
stations around 50 hand hel8iQ meters was distributed throughout the country and they were
usually operated by the local police. So the total numbes@fmonitoring devices was 71,
distributed in aggimerations all around the country.

Prior to the Holuhraun eruption, the grougkvel concentration of atmospheric g Iceland had

never been recorded as exceeding the 350 pigmurly limit. During the eruption, predicted and
measured values repeateddxceed this limi{seeFigure7.4 andFigure7.5) Much higher Sgpeaks,

lasting shorter than one hour, were frequently measured on hand held senbkerhighest being

21,000 pg/ni in Hofn. Continuous measurements started 2&dder 2014in Hofn as shown in

Figure7.5. There the hourly averaged concentration reached a maximum of 30503eog/rhl

January 2015. Over the monitoring periods showRigure7.5, SQ exceeded the one hour 350
ug/mithreshold 2.0 % of the time at Myvatn (for 17 consecutive hours and a total of 86 hours), 1.4 %
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in Reydarfjorour (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 % of theitirhifn (for 16 consecutive hours

and a total of 124 hours). The last unambiguous detection of the volcanic plume was at the Myvatn
station on February 18.
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Figure7.5 The S@concentration in air at four of the permanent gas monitoring stations presentejime?7.5. The 350

pg/m?3 health limit is shown by the red horizohtie. The grey vertical lines mark the eruption period. Permanent

SQ monitoring started at H6fn 28 October 20X &islason, 2015)

DFa SYAdaAzya FTNRBY GKS | 2f dzKNJF dzy SNHzZLIWGA2Yy NBadzZ
SQconcentrations in the UK and Ireland during two occasions in September(36rhidt, 2015)
Examples of the highest peaks during these events are shown from two monitoring siatlogland

in Table7.2 (taken fromhttp://www.geochemicalperspectivesletters.org/article1509 S2), along

with examples frommonitoring stations in the Netherlands, Belgium, and Austria. These stations are
equipped with pulsed fluorescence spectrometers with similar detection limits and uncertainty as the
Icelandic stations. Durinthe 22. of September the grountkvel concentations were highest in

Austria at 235 pg/ The Masenberg station in Austria is a background station at a high elevation
and far away from local emission sources and rarely records@entrations in excess of 30

pg/m?3. On this day unusually high concentrations were measured at most of the 30 monitoring
stations in Austria(Gislason, 2015)
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Table7.2 Highest one hour S@eak by countryGislason, 2015)
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Height Distance  Highest one
above sea from the hour SQ
Counry Station name Latitude Longitude level Date eruption peak
Ireland Ennis 52.84 -9 16 m 06.09.2014 1407 km 498 pg/m3
Ireland Portlaoise 53.04 -7.29 98 m 06.09.2014 1420 km 343 ug/m3
Netherlands Philippine 51.29 3.75 5m 22.09.2014 1905 km 82 ug/m3
Belgium Ghent region 51.15 3.81 12m 22.09.2014 1931 km 87 pg/m3
Britain Wicken Fen 52.3 0.29 3m 22.09.2014 1701 km 96 pg/m3
Austria Masenber 47.35 15.89 1210 m 22.09.2014 2754 km 235 ug/m3

Figure7.6 Holuhraun eruption inebtember 2014. The height of the lava fountains were around 100 m (Photo: Olafur F.
Gislason).
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8 SpatiallyDistributed Emissions on Grid

This chapter includes results of the Icelandiogyaphically distributed emissions for the years 1990,
1995, 2000, 2005 and 2010 lBAH4 and dioxinEmission data have been disaggregated to the
standard EMEP grid withrasolution of 5km x 50km. The reported emissions include gridded data
for sector totals as well as national totals. Emissions for aviation, navigation and fishing have not
been gridded.

When gridding the data all industrial sources and waste incif@raites (open pit burning and
incineration plants) have been mapped with coordinates and projected on the grid. Other emissions
like emissions from road transport, accidental fires, and bon fires have been divided on the grid
based on population dataSome minor sources like emissions from tobacco smoking have been
located where the populations density is highest, i.e. the capital area.

8.1 PAH4 missions in 1990, 1995, 2000, 2005 and 2010

Figures8.1 to 85 show national total emissions of PAH4 withie tEBMEFGrid in 1990, 1995, 2000,
2005 and 2010.

PAH4 1990
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Figure8.1 Emissions of PAH4 within the EM&RJ in 1990
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Figure8.4 emissions of PAH4 within the EM&Rd in 2005
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Figure8.5 Emissions of PAH4 within the EM&Rd in 2010.
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8.2 Dioxin Eissions 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 plarttigafjrdur (northwest Iceland, Westfjords)
results in higher emissions in 2010 than in the years befeigrres8.6 t08.10 show the national

total emissions of dioxin within the EMESRid in 1990, 1995, 2000, 2005 and 2010.

Dioxin 1990 | @
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Figure8.6 Dioxin emissions within the EMERid in1990.

138



@

Informative hventory Report, Iceland 2@

Dioxin 1995

301-400
[ <01 - 500
501 - 600
601-700
I 701 - s00

801 - 900

901 - 1000
2] 1001 - 1100

1101 - 1200
1201 - 1300
[ 1301 - 1400

E 1401 - 1500

1501 - 1600

[ 1601 - 1700

. 1701 - 1800

1801 - 1900

I 1901 - 2000

Figure8.7 Dioxin emissions within the EMERid in 1995.
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Figure8.8 Dioxin emissions within the EMERiId in 2000.
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Figure8.9 Dioxin emissions within the EMERid in 2005.
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Figure8.10 Dioxin emissions within the EMERid in 2010.
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Annex: Explanatio2 ¥ 9! LWa | R2dzatYSyaG e¥F 51 dFr 2y CdzSf { I €S

Fuel sales (gas oil and residual fuel oil) by sectors 1Ala, 1A2 (stationary) and 1A4 (statiqrarpyovided by the National Energy Authority

No. Category 1990 1995 2000 2005 2010 2015 2016
Tonnes Tonnes Tonnes Tonnes Tonnes Tonnes Tonnes

Gas/Diesel Ol

10X40 house heating and swimming pools 10623 8535 7625 4240 1637 1294 1048

10X5X industry 5072 1129 8920 15196 6663 5394 9446

10X60 energy industries 1300 1091 1065 21 1012 1185 726

10X90 other 0 458 1386 8928 2728 4767 4549

Residual Fuel Oil

10840 house heating and swimming pools 2989 3079 122 195 0 137 19
1085X industry 55934 56172 46146 25005 14917 10183 8649
10860 energy industries 0 0 0 0 0 0 0
10890 other 39 52 67 0 1629 0 0
ADJUSTMENTS
For gas oil:

First fuel consumption needed for the known electricity production with fuels is calculbfelhg electricity production), assuming 34% efficiency, the values calculated are compared witlelteales for the
category 10X60 Energy industries.
1 Inyears where there is less fuel sale to energy industries as would be needed for the electricity production, the fukisedea from the category 10X90 Other and when that is not sufficienttiiem
category 10X40 House heating and swimming pools.
1 Inyears where there is surplus the extra fuel is added to the category 10X40 House heating and swimming pools.
NEA has estimated the fuel use by swimming pdoiet§. These values are subtracted frohetadjusted 10X40 category. The rest of the category is et Residential.
For years when there is still fuel in the category 10X90 Other, this is added to the 10X5X Industry. This is the fli2gdednostry.

1990 1995 2000 2005 2010 2015 2016

Swimming pools 1800 1600 1600 1000 300 300 150

For Residual Fuel Oil:
The sectors 10840 and 10860 are added together. This is the fuel dgelbypublic heat plantsin year 1997 four tonnes are subtracted from this category as the category 10890 has minus four tonnes, leaving
category 10890 with 0 in 199The categories 1085X Industry and 10890 Other are added together, this is the fuel A&« imdustry.
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Annexll: Iceland QA/QC checks

A range of QAQC checks have been performed on the Icelandic inventory:

1 Recalculation checkcomparing the values reported in the current (B)hand previous
(2017) versions of the inventorfor the base year (1990) and the mostent year covered
by both versions (2015)

1 Trends checkto identify outliers and changes in the trend in the most recent three years of
the inventory.

1 Negative and zero values checki highlight the occurrence of negative values (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 checkio enaire that the sum of the four reported PAHs equals the reported
GhG2aGFKté t!1 1 SYAaaAz2yao

9 Particulate Matter check to ensure that reported TSP emissions are greater than or equal
to PMo, and similarly that reported PiMemissions are greater than or equal to PM

In all cases, the findings of the checks are reviewed, not only to identify where corrections may be
required, but also to consider whether 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 that all results from the QAQC process feed back into the continuous improvement
programme.

Recalculdaon Check

A recalculation file has been used for the 8&libmission. 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 beigagentified and justifications for change provided
where required. The current recalculation check considers all of the reported pollutants and activity
data; this includes heavy metals and PCBs which were added to the submission for the first time in
2017.

The recalculations check calculates the actual difference between the current and previous
submission. If one or both values are notation keys, and are not the same in both submissions, then
this is highlighted. If the values in both submissionsranmmeric but not equal, then the difference in
submissions as a percentage of the current submissions is also shown. In addition, where differences
occur the cells are highlighted for ease of reference. This process of identifying recalculation changes
andthe documentation of changes is in line with Chapter 4 of the 2016 EMEP guidelines regarding
the reporting of recalculations. Where a recalculation change occurs, it is necessary 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 recognises that the inclusion of additional years
as an improvement which will be implemented in subsegfuisubmissions.
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Trends Check

For each pollutant and NFR sector a trend QAQC file is used to calculate the percentage change
between the latest (208) and previous year (26) and the percentage change between 3Gihd

2014. The greatest changes are highlied for ease of reference and comments on these changes

I N3 LINPOARSR gKSNBE NBI|dANBR® ¢KAa OGNBYyRa v! v/
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This checlcould be improved through assessing the trend of the whole time series rather than the
last three years. Iceland will consider updating this check in future submissions; however given that
trends in historic data are rarely revised significantly, thid Ilswer priority.

Negative and Zero Values Check
Checks were performed to identify whether any negative or zero values occur in the NFR Annex |
submission file. No negative or zero values occurred and therefore no further action was needed.

Notation Keys li@ck

The number of occurrences of notation keys (NO, NE, IE, NA and NR) in the NFR Annex | submission
file are presented. This QAQC check is used to ensure that notation keys are applied consistently and
accurately within the inventory. The occurrence otation keys is presented as a count for each NFR
code for the years 20042016 with highlighted cells for ease of reference.

A more complete check of the entire time series will be considered for future versions of the
inventory. Then only incremental ahges would need to be considered.

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 (1¢2)3pyrene equals the reported
SYAAAA2FA ¢FFRIdaNGI 20 1 ad ¢KAa OKSO]l Aa LISNF2NXSR
OdZNNByYy (i &adzoYAaarzyd 2KSNB GKS adzy 2F GKS t! 1 &
ease of reference and where required the cause for differences are dateche

Particulate Matter Check

This check identifies any categories where the emissions reported for TSP are less than PM
emissions and where Plylemissions are less than Rbemissions. This enables the identification of
errors in reported PM emissiofmsed on the assumption that TSP >=2M PMs. 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 ease of reference and where required
documentation is provided.
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Annexlll: KCA results for neROPs pollutants

Key categories for NOx, NMVOC, SOx, NH3, PM2.5, PM10, TSP. BC ar@él CO, 201

Key categories

Component . . Total (%)
(Sorted from high to low from left to right and top to bottom)
Road transport: ) Mobile combustion
. o Road transport: A .
National fishing Heavy duty Ferroalloy production in manufacturing
) Passenger cars . )
NOX vehicles industries 81.49%
NFR 1A4ciii NFR 1A3biii NFR 1A3bi NFR 2C2 NFR 1A2gvii
522% 1084% 8.05% 5.71% 4.55%
Road transport: Road transport: Domestic solvent ~ Manure managment: Road transport:
Heavy duty . .
Passenger cars . use horses Light duty vehicles
vehicles
NFR 1A3bi NFR 1A3biii NFR 2D3a NFR 3B4e NFR 1A3bii
18.62% 9.84% 8.17% 7.87% 7.87%
NMVOC 80.8%%
Manure Manure
. - . L Food and
management management National fishing Coating applications .
) . beverages industry
Nondairy cattle  Dairy cattle
NFR 3B1b NFR 3Bla NFR 1AA4ciii NFR 2D3d NFR 2H2
6.41% 6.34% 6.07% 4.89% 4.79%
Other fugitive
emissions from
energy Aluminium
production production
SOx  (Geothermal 91.93%
energy)
NFR 1B2d NFR 2C3
70.78% 21.15%
. Manure Urine and dung Manure
Animal manure . . .
applied to soils management deposited by grazin¢c management Dairy
NHs Sheep animals cattle 8051%
NFR 3Da2a NFR 3B2 NFR 3Da3 NFR 3Bla
34.27% 21.27% 15.83% 9.14%
- . Mobile combustion
. _— Aluminium Ferroalloy Municipal waste . .
National fishing . . L . in manufacturing
production production incineration . .
PM2.5 industries 805%
NFR 1AA4ciii NFR 2C3 NFR 2C2 NFR 5Cla NFR 1A2gvii
25.94% 21.93% 20.64% 6.75% 5.33%
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. _ Aluminium Ferroalloy Municipal waste Road transport:
National fishing . . S ;
production production incineration Passenger cars
NFR 1AA4ciii NFR 2C3 NFR 2C2 NFR 5Cla NFR 1A3bi
22.13% 21.58% 16.29% 7.88% 4.59%
PM10 81.08%
Farmlevel Mobile combustion
agricultural in manufacturing
operations industries
NFR 3Dc NFR 1A2gvii
4.43% 4.18%
Aluminium . —_ Ferroalloy Municipal waste Farmlevel
. National fishing . L . agricultural
production production incineration )
operations
NFR 2C3 NFR 1A4ciii NFR 2C2 NFR 5Cla NFR 3Dc
TSP 24.97% 21.31% 16.55% 10.14% 4.26% 8132%
Other product use
(Fireworks, tobacco)
NFR 2G
4.09%
. _ MObIIe combu_st|0n Road transport: Road transport:
National fishing in manufacturing .
. . Passenger cars Heavy duty vehicles
BC industries 80.27%
NFR 1AA4ciii NFR 1A2gvii NFR 1A3bi NFR 1A3biii
33.70% 22.30% 14.62% 9.65%
Aluminium
production
CcO 82.25%%
NFR 2C3
83.2%%
Key categories for heavy metals, B01
Key categories
Component . . Total (%)
(Sorted from high to low from left to right and top to bottom)
Municipal waste Ot_her product use
S . (Fireworks,
incineration
Pb tobacco) 85.90%
NFR 5Cla NFR 2G
58.86% 27.03%
!\/Iu_nlupa_l waste National fishing Road transport:
incineration Passenger cars
Cd NFR 5Cla NFR 1Adcii NFR 1A3bi 83.76%
75.31% 4.29% 4.15%
Municipalwaste Clinical waste
incineration incineration
Hg NFR 5Cla NFR 2D3a 83.13%
49.51% 33.62%
National fishing .’V'“.”'C'p"’?' waste
incineration
As NFR 1Ad4cii NFR 5Cla 87.38%
47.38% 39.99%
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Road transport:

Other product use

National fishing Roadtransport Heavy duty (Fireworks,
Passenger cars )
Cr vehicles tobacco) 85.76%
NFR 1A4ciii NFR 1A3bi NFR 1A3biii NFR 2G
33.53% 29.07% 11.70% 11.47%
Road transport: Ot_her product use Road transport:
(Fireworks, Heavy duty
Passenger cars tobacco) vehicles
Cu 0 80.36%
NFR 1A3bi NFR 2G NFR 1A3biii
44.12% 18.98% 17.26%
National fishing
Ni NFR 1A4ciii 94.4%%
94.49%
National fishing
Se NFR 1A4cii 81.376
81.37%
Road transport: Other product use Road transport:
Accidental fires PO National fishing  (Fireworks, Heavy duty
Passenger cars .
7n tobacco) vehicles 86.69%
NFR 5E NFR 1A3bi NFR 1AA4ciii NFR 2G NFR 1A3biii
25.60% 25.02% 15.45% 12.42% 8.20%
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AnnexiV: Emission trend$990-2016per sector, nofPOPs pollutants.
Energy: NOx, NMVOC, SBH, CO and PM
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