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Preface

The Convention on Lorigange Transboundary Air Pollution (CLRTAP) was adopted in 1979 and
entered into force in 1983. The Convention has been extended by eight Protocols, of which Iceland
has ratified the Protoal 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 SONG, NMVOC and NH

According to Article 8 of thedivention, Parties shall exchange information on emissions of
pollutants. To comply with this requirement and with the NECD, Iceland has prepared an
Informative Inventory Report (IIR) for the year 2015. The IIR together with the associated
NomenclatureF 2 NJ wSLI2 NI Ay3 Gl ofSa obCcw GlofSao Aa LOSTtE !
under the Convention, and covers emissions in the period 224G This report emphasizes on
emissions of Persistent Organic Pollutasgdceland has only ratifiedeProtocol on Persistent

Organic Pollutants (POPs). Emissions of the indirect greenhouse gageSQNDd NMVOYH

and SQare provided in the NFRbles as they are calculated to comply with the reporting
requirements of the NEC&nd theUnited Natons Framework Convention on Climate Change
(UNFCCCEmission 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
the pollutantsare given in this reporfurther estimates for SOPM sand PMofor the volcano
Eyjafjallajokull that erupted in 2010, the volcano Grimsvotn that erupted in 2011 and Holuhraun
eruption in 2014 an@015 are provided.

The IIR is written by the Envinment Agency of Iceland (BA

EnvironmentAgency of Iceland, Reykjavik, March2017.
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ExecutiveSummary

Background

The Convention on Lorigange 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
Persisent Organic Pollutants (POPs). The Protocol on Persistent 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 diiee (NECD2001/81/EC was added to the

EEA agreement, with national emission targets set for Iceland fgM8) NMVOC and NHAt the

time of writing, work is underway at the EAI and the Icelandic government to evaluate and work at
the incorporation @ the new National Emissions Ceiling directive (2016/2284) into the EEA
agreement.

Informative hventory Report, Iceland 20

To comply with the requirements of the Convention and of the national emission ceilings directive,
Iceland has prepared an Informative Inventory Report (IIR) for the ydat. Z0he IIR together with
GKS aa20AF0GSR b2YSy Ot GdzNE F2NJ wSLE2NIAy3a Glof Sa
of reporting under the Convention, and covers emissions in the period 429Q5. This report
emphasizes on anthropogenic essions of Persistent Org& Pollutants (Dioxin, PAH4CBand

PCB, as Iceland has only ratified the Protocol on Persistent Organic Pollutants. Anthropogenic
emissions of the indirect greenhouse gases{NE and NMVOC) and Sk provided in the NFR
tables as they are calculated to comply with the reporting requirements of the UN&®ICE the
NECDFor this submission emission estimates for ammonia)Nidrticulate matter (PMblack

carbon (BCand heavy metals (HMire provided for a few emissigourcesPCB and HMmissions

are reported for the first time in this report.

A short description of the trends and the calculation method for those pollutants are given in this
report. Further estimates for SOPM s and PMiofor the volcano Eyjafjallékull that erupted in 2010,
the volcano Grimsvétn that erupted in 2011 and Holuhratuption in 2014and 2015are provided.

This report and the NFR tables are available on the EIONET Central Data Repository:
http://cdr.eionet.europa.eu/is/un/clrtap/
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Informative hventory Report, Iceland 20

Responsible institute

The Environment Agenof Iceland (EAI), an agency under the direction of the Ministry for the
Environment and Natural Resources is responsible for the annual preparationitamission 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 under
the United Nations Economic CommissionEorope (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.

Trends in POPs emissions

All sources of POPs emissionsiatuded 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 to 2015 dioxin emissiodsecreasedy 89%% Figure ESL). In 2015 he largest contributos
of dioxin emissions in Icelangere waste incineratiorand commercial fishingEnergy sector).
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Figure ESL Trends in dioxin emissions by source, 12005.

PAH4 emissions from 1990 to 20décreasedy 83%(Figure ES). In 2015 he largest contributor
of PAH4 emissions in Icelangre the metal industryindustry sectoy followed byroad transport
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(Energy sector) ahwaste incineration (Waste sectar)
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Figure E Trends in PAH4 emissions by sector, 13%1b.

Theestimatedhexachlorobenzen (HCB) emissions from 1990 to 2@dr®asedoy 246% Figure ES.
3). The largest contributasf HCB emissions in Icelaisdvaste incinerationvith and without energy
recovery followed by emissions originating from navigation and fishimgissions from waste
incineration with energy recovery are reportedder the Energy sectolhere was no waste
incineration with energy recovery igeland in2015.HCB emissions from the industry sector
increased in 2004, following the opening of a secondary aluminium plaetsulden increase in
HCB emission estimatasthe waste sector for the year 2004 is partly explained by a lack of an
emission factor in the EMAP/EEA 2013 guidebook for open burning of waste (NFR 5C2). Open
burning of waste was a large means of waste management practice in Icela@0@teHoweveran
increase in the amount of waste incinerated in incineration plants without recavezyirredin 2004
while a reduction of the amount of waste burné@dthe open occurreéh that same year.
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Interpretations of the HCB trend analysis should be done eédtle as emissions have only been
estimated for a few sources.
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Figure ES3 Trends in HCB emissions by sector, 18905.

Polychlorinated biphenyl (PCB) emissestimatesare reported for the first time in this reporThe

PCB emissions from 1990 to 2018reased byp1% Figure ES.)4The largest contributasf FCB

emissions in Iceland vgasteincineration with and without energy recoveryEmissions from waste
incineration with energy recovery are reported under the Ejyesector. There was no waste

incineration with energy recovery in 201Bhe only source pf PCB estimated from industrial

processes is secondary steel production (2C1). The only secondary steel plant in Iceland started its
activities in 2014; In 2015, pradtion was much less than in the year before, leading to a decrease in
PCB emission¥he sudden increase in PCB emission estimates in the waste sector can partly be
explained by the lack of an emission factor in the EMEP/EEA 2013 guidebook for opeg btirnin

waste (NFR 5C2). The guidebook provides suggests PCB emissions from open burning of waste to be
Gy2G | LILX AOFo0ftS¢e¢ gKAES Iy SYA&aaAA2Y FFOG2NI Aa 3IAL
5C1la). However, an increase in the amount of wastamerated in incineration plants without

recovery occurred in 2004 while a reduction of the amount of waste burned in the open occurred in
that same year

Interpretations of thetotal PCB trend analysis should be done with care as emissions have only been
estimated for a few sources.
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Figure ES4 Trends in PCB emissions by sector, 12005.
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1 Introduction

Informative hventory Report, Iceland 20

1.1 Background Information

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

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 tldinmal emissions

by sources.

The Convention has been extended by eigtotocols, of which the Protocol on Persistent Organic
Pollutants (PO#Protocol) has been signed and ratified by Iceland. TheM@Bcol was ratified by
Iceland in May 2003 and entedt into force in October 2003.

In 2009, the National Emission CejlirDirective (NECD) 2001/81/EC was incorporated to the EEA
agreement, with national emission targets set for Iceland fos, 8IQ, NMVOC and NHThe targets

set were 90 kt, 27 kt, 31 kt and 8 kt, respectively, to be reached by 2010. In December 2046, a ne
directive, the National Emissions Ceiling Directive (2016/2284), entered into force in all EU Member
States. The new NECD includes the same pollutants as the one it replaces, with the addition of CO,
Cd, Hg, Pb, POPs (PAH, dioxins/furans, PCBs, HgBPFiMand BC if available as obligatory

reporting and TSP, As, Cr, Cu, Ni, Se and Zn as voluntary repitrtimg time of writing, work is
underway at the EAI and the Icelandic government to evaluate and work at incorporation of the new
National Enssions Ceiling Directive (2016/2284) into the EEA agreement; legteruific targets are

yet to be determined.

The present report together with the associated NFR (Nomenclature for Reporting) tables is'sceland
contribution to the 2017#eporting under tle Convention. As Iceland has only ratified B@PR
Protocol the report emphasizes anthropogenic emissionBOPsand covers anthropogenic
emissions of dioxin, PAHHCBand RCBIn the period 1992015 as well as gridded data for dioxin,
PAH4 and HCB ftre years 1990, 1995, 2000, 2005 and 2010. A description of the trends and
calculation methodis given. Anthropogenic emissions of the indirect greenhouse gases@@0Q
NMVOC)NH and SQ@are provided in the NFR tables for information purposes, ag e
calculated to comply with the reporting requirements of the UNF&@&{of the NECLEmission
estimates for ammoni@NH;) particulate matter(PM), black carbon (BC) and heavy metals (ldi)
provided for a few emission sources. A short descriptiometrends and the calculation methed
for those pollutants are given in this report. Further estimates fof, ®Obsand PMy for the volcano
Eyjafjalajokull that erupted in 201Ghe volcano Grimsvoétn that erupted in 20&thd Holuhraun
eruption in 204 and 2015are provided. Emissions of heavy metal$celand were estimated for the
first time for this submissian

1.2 Institutional Arangementdor Inventory Preparation

The Environment Agency of Iceland (EAI), an agency under the auspices of they Ntinisie
Environment and Natural Resources, has oveealbonsibility fothe annual preparation and
submission of theational nventoryto the UNECERTAP 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 and distribution of responsibilities in the Icelandic emissions inventory system for reporting to
the CLRTAP.

1.3 Methodologies &ata Sources
The general emission model is based on the equation:

Emission (E) = Activilgvel (A) - Emission Factor (EF)
The standard equation for estimating PAH emission factor (example for B[b]F) is:
Emission factor (B[b]F) = Emission Factor (B[a]P) - Profile ratio B[b]F/ B[a]P

The EAI collects the bulk of data necessary to run the geeeviasion model, i.e. activity data and
emission factors. Activity data is collected from various institutions and companies, as well as by EA
directly. The National Energy Authority (NEA) collects annual information on fuel sales from the oil
companies.This information was until 2008 provided on a voluntary basis. From 2008 and onwards,
Act no. 48/2007amending Act no. 87/2003 about the National Energy Authpeityables the NEA to
obtain sales statistics from the oil companies. Statistics Icelandhvidthe center for official

statistics in Iceland, provides information on population, G&duction of various products,

imports of solvents and otherrpducts, import of fertilizers ananport and export of fuels. The EA
collects vaious additionddata through the annual emission reports reported under the European
Emissions Trading System (EU ETS), European PdRetaaseand Transfer Register-ERTR),

Green Accounting reports from industry submitted under Regulatior88/2002 and directhfrom
operators EA also estimates activity data with regardwaste.

Data for using the transport model COPERT originates from EMS5AUSAd for emission estimates
from road transport (NFR 1A3b) for selected pollutants between 2000 and 201v¢{sealetails in
the energy sector). The following text is supplied by EMISIA SA regarding the data:

The vehicle fleet and activity data provided by EMISIA SA for the compilation of national
emission inventories with use of the COPERT model reflect olinbedéedge of national

situation in each country until 2014. The time series has been created using the

road transport dataset and methodology of the TRACCS and FLEETS research projects. More

1 http://emisia.com/products/copertdata
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specifically, TRACCS dataset of the period-2009 as been combined with the FLEETS
dataset of the period 2002005 and, together with the latest 2022D14 update, an aligned

and up to date time series for the period 260@4 has been produced. The quality,
completeness, and consistency of TRACCS antiS-t&#&sets, which have been extensively
reviewed and crosshecked, together with the expertise of EMISIA on transport data, ensure
that the compiled COPERT data are also of good quality.
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Important note: The fuel consumption produced by COPERT wheithesaglata has been
crosschecked in terms of consistency with national submissions in UNFCCC.

Aviation emissions for 2068015 are reported for the first time using the Eurocontrol dataset.

Other amission factors are mainly taken frometEmission Inventy GuidebooKEEA, 20163he
Emission Inventory Guidebo@kEA, 2013}he Standardized Toolkit for Identification and
Quantificatian of Dioxin and Furan ReleagedNEP, 2005Annual Danisthnformativelnventory
Reportto UNECENERI, 2016Emissions of Black carbon and Organic carbon in Norway2(®BD
(Aasestad, 2013)s well as the Norwegian regeUtsipp til luft av dioksiner Norgeg

Dokumentasjon av metode og resultatéBtatistics Norway, 2002nd Utslipp til luft av noen
miljogifter i Norge- Dokumentajon av metode og resultatéBtatistics Norway, 2001ioxin was
measured at several locations in Iceland in 2011, including waste incineration plaménium

plants and theferrosilicon plant. PAHwas also measured at 1 aluminium plant and the ferrosilicon
plant. The results from dioximeasurements from the waste incineration plant have been used for
waste incineration emission estimates since the 2012 submisdRasults from the measurements at
industrial siteshave been used since ti#913 submission.

1.4 Key @tegories

NoKeyCategér ! yIte&aAia oY/ !0 gta AyOftdzRSR Ay LOSt | yRQ:
undertaken based on Approach 1 outlined in the 2016 EMEP Guidelines. The KCA has been

performed using the current CLRTAP inventory data. Data for 1990 and 2015 has bedpaktrac

each pollutant and NFR code. KCA has been performed for each pollutant, calculating both the level
assessment and trend assessment. Memo items and notation keys have been excluded. The sectors

that contribute to more than 80 % of the inventory adentified for each pollutant in ascending

order. Formatting has been used to ensure that these sectors are easily identifiable for each

pollutant.

But given that this is first KCA performed, it is important to be able to take some time to review the
outputs and the process. It will then be possible to consider resource implications and data format
requirements of further improvements.

Future improvements might be concerned with the following points:

1 The EMEP Guidelines explain that as part of the KCAsi)aybcategories which cumulatively
contribute more that 60 % should be treated with significance. Only the 80 % threshold is considered

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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in the current KCAand the inclusion of thé (i 2 LJ¥¢ ¢ n 2% ndaghe Consid&ralFoNtBel
submissions.

1 The BMEP 2016 guidance recommends that when using Approach 1, where possible categories should
be disaggregated into their major fuel types. This data is not curreedlglily accessiblélhe efforts
required for improving this in future submissions will beessed.

1 The current KCA does not consider the crosgrelations between categories.
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The results presented in this submission represesigaificantimprovement on previous
submissios. Iceland is committed taleliveringfurther progresswhere it does noentail
disproportionate effort

Tablel.1 presents the results of the key category analysis for the 2015 level for reported POPs. The
key category analyses for all other pollutants included in the inventory are presenfetha l11.

Tablel.1 Keycategoryanalysis for reported PORs2015

Component Key categories Total
P (Sorted from high to low from left to right) (%)
National Municipal w aste Ope’?
A S . burning of
DIOX Fishing incinerati on waste 85 95
NFR 1AA4ciii NFR 5Cla NER 5C2 :
(41.97 %) (36.5 %) (7.45 %)
Open burning Ferroalloy Aluminium Accidental fires ggggetr:ar:?;zrt:rs
PAHA of waste production NFR production NFR 5E NER 1A%bi 811
0 .
NFR 5C2 2C2 NFR 2C3 (12. 41 %) (8.0 8%)
(23 .81 %) (18. 83%) (17.99%)
Clinical w aste Municipal w aste
incineration incineration Fishing
HCB NER 5C1la NER 5Cla NFR 1A04CIII 81.21
(38.09 %) (25.67 %) (17.45 %)
Vl\\lllggglpal Fishing Iron and
PCB incineration NPR LA4cii ste(;l i 91.62
9 production .
NFR 5Cla (22.35 %) NER 2C1
(57 .24%) (12.03% )

1.5 Quality Assurance &u@lity Control

The objective of QA/QC activities in national emissions inventories is to improve transparency,
consistency, amparability, completeness, accuracy, confidence and timelide€@#A/QC plaror the
annual inventory of Iceland h&x&en prepared. The document describes the quality assurande

guality control programlt includes the quality objectives and an invemtguality assurance aral

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
acquisition and calculations drthe use of approvedtandardizedrocedures for emission

calculations, measurements, estimating uncertainties, archiving information and reporting. Source
category specific QC measures have been developed for several key source categories. A quality
manual for the Icelandic air emission inventory has been prepareis. altailable the B@ 4 6 So6a A G S
(ust.is/library/Skrar/Atvinnulif/Loftslagsbreytingar/iceld QAQC plan.pyf

A range of QAQC checks have been performed on the Icelandic inventory:
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1 Recalculation checkcomparing the values reported in the current (2017) and previous
(2016) versions of the inventory.
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9 Trends checkto identify outliers and chages 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 valués the inventory.

1 Notation keys checkto summarise the occurrenasf each notation key to ensure
consistency and accuracy in the inventory.

1 PAHs sum checkio ensure that the sum of the four reported PAHs equals the reported
GhG2a0GFKté t1 1 SYAaaAz2yao

1 Particulate Matter check to ensure that reported TSP emissions are tgethan or equal
to PMho, and similarly that reported Pldemissions 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 ary 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 comprehengdikés ensures that all results from the QAQC
process fed back into the cotinuous improvement programme:urther details are available under
Annexil.

1.6 Uncertainty Kaluation

In February 2017, new templates were created for uncertainty estimates based on the 2016 EMEP
Guidelines. The new templates were not ugedthis submission, but implementation is in progress
and they will be used for the next submission.

There are two main challenges in calculating uncertainty estimatsmating the uncertainty of
activity data and implementing countgpecific emissin factors. The utilisation of the new
uncertainty templates in future submissions will be accompanied by a review of uncertainties, and
will therefore improve the uncertainty estimates as well as providing more transparent
documentation.

1.7 General Asessmenof Completeness

The aim is tanake in the highest possibli&evel of disaggregatigmestimates of all known emissions
to airin the informative inventory reportThis year is the first year that the Icelanéhventory

covers all & pollutants under theCLRTAREmissions for heavy metals and PCB were added for the
first time for this submission. The inventory is generally complete, however Hrersome

pollutants and/or categories that have not been estimatgdall a only for part of the time series
The activitiespollutantsnot includedin the present submissiowere not estimatediue tolack of
SYAaaArzy FILOU2NR O6LRtfdzityGoao ftAAGSR a ayz2i
EMEP/EEA guidebook), laclkdata, and/or that additbnal work was impossible due to time
constraints in the prepat#n of the emission inventory.

Emissions not estimated in the 2017 submission include:
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1.7.1

1.7.2

1.7.5

Energy (NFR 1)
Public Electricity and Heatd®luction:NH;, PCB and HCB emissions for all years (lack of
emission factors in the EMEP/EEA 2013 Guidebook)
Road Tansport:
0 Pre2000 emission estimates for NHHCB, PCB and BC
o0 Nonexhaust emissions
Distribution of oil products
Industrial processes (NFR 2)
Emissions fronQuarrying and mining of minerals, andhstruction and demolition activity
data nd currently available
PM from food and beverages industilack of emission factors
Emissions from some othe@roduct uses have not been estimated, e.g. use of
Shoes, inks and glue.

Agriculture (NFR 3)
NGO, NMMVOC and NEtmissions for all categories within 3D (other than inorganic N
fertilizers and Urine and dung deposited by grazing animals)

Waste (NFR 5)

Somepollutants originating from composting

PAH and PCB emissions from hazardous and clinical waste é@ticiner
HCB and IPy from open burning of watesluding bonfires)

Waste water handling

HCB and PCB emissions from accidental fires.

Categories reported as Included Elsewhere (IE)

The table below indicates the categories where the notation key IE hasuseel in the reporting for
some or all pollutants.
Tablel.2 Categories included elsewhd@015 emission estimates)

Reported under

NFR category Pollutants (NFR)

Stationary combustion in

1A2a manufacturing industries and Dioxin 2C1 Iron and steel production
construction: Iron and steel
Stationary combustion in
1A2b manufacturing industries and Dioxin 2C3 Aluminium production
construction: Norferrous metals
1Adbii Residential: Household anduglening NOx, NMVOC, SOx,NHz 1Adai Stationary combustion:
(mobile) PM,CO, Dioxin, PAH, HC Commercial/institutional
1A4ci Agriculture/Forestry/Fishing: NOx, PMs, BC, CO, Dioxir 1Adai Stationary combustion:
Stationary PAH, HCB Commercial/institution&
1A4Gii Agriculture/Forestry/Fishing: Ofbad  NOx, NMVOC, SOx,PM, E 1A2avii Stationary combustion:
vehicles and other machinery CO, Dioxin, PAH, HCB 9 Commercial/institutional
Mobile combustion in
5C1bi Industrial waste incineration Dioxin 5C1la manufacturing industries and
construction
5C1bii Hazardous waste incineration Dioxin 5C1la Municipal waste incineration
5C1biii Clinical waste incineration Dioxin 5C1la Municipal waste incineration
5Clbiv  Sewage sludge incineration Dioxin 5Cla Municipal wastencineration
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1.8 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 sourcategories and quality assurance and qualiytrol. Chapter 2 provides
information on trenddn emissions and Chapters 3 teibvide information oremission trends by
secbr, activity data and methodologies used for emissioltgkations by sector. Glpter 8contains
information on spatially distributed emissions within the EMiEid.
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1.9 Recalculationand improvements
The 2017 submission includes for the first time estimates of PCB and heavy metals wherever activity
data allowed such calculations.

In the energy sector, until last yeawailable activity data necessary for estimatargissions from

civil aviation could not been divided into landing and taie(LTO}RNd cruise, and all emissions

were included into the aviation memo itemBhus,LTO emidens were missing from the national
G2d0rfad C2N) GKAA &SIHNRA &adzoYAaarazys (KSwhiehdzNR O2 y i
alloweda proper estimation of LTO vs. Cruise emissionsttaihclusion oLTO in national totals.

HCB, PCB, Patlate matter and heavy metal emissions from national navigation, national fishing

and internationahavigationwere estimated for the first time in this submission.

lfaz2 F2NJ GKS FANRG GAYS Ay GKA&a &SI NEnEpors dzo YA aaA 2
model COPERT to estimate emissions of heavy metals and PM from 2000. See more details on the
recalculations in SectioB.6.2

Main changes in the Industry sector include the additéPCB from secondary steel pradion, PM
and NHfrom mineral wool production, heavy metals from ferroalloy production, Cu and heavy
metals from Tobaccd-urthermore, fotthe first time emissions from fireworks are included, with
estimates ofSQ, CO, NQ PM and heavy metals.

Significat changes were made in th@rganizationand set up of the calculation files in the
agriculture sector, along witminor changes in methodology.

In the waste sector, significant changes were made from the 2016 submission. These changes
include, amongstther, splitting up of municipal solid waste incineration into appropriate
subcategories, reporting of open pit burning and bonfires under the appropriate category with
revised emission factors, and reporting of POPs and heavy metals from sources praabusly
estimated.

Subsectoispecific recalculationand changesre discussed under the relevant sectors.

1.10 Planned improvements

Improvements in the energy sector include a revision of emission factors used in navigation/fishing
industry to update to the newesitvailable emission factorBor road transportation, planned
improvements include the estimation of nastimated sources and acquiring comprehensive data
for the vehicle fleet to further facilitate the use of the transport model COPERT.

Improvements inte industry sector include a revision of all emission factors currently taken from
the revised 1996 IPCC Guidelines, to update them to the most current emission factors. This will
potentially impact the NOx, NMVOC and CO of ferroalloy produddmer planned improvement is
to add emission estimates for 2A5a Quarrying and mining of minerals other than coal and 2A5b
Construction and Demolition.
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There are plans to review digestible energy content for both cattle and sheep in order to reflect
changes that havoccurredin animal nutrition since 1990. Gross energy intake and average animal
weight for cattle and sheep will also be reviewed and updated if necessary. This might have changed
since data was last updated in view of changes in feed and breeding.
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Forthe waste sector, several improvements are suggested for each subsector and this includes a
review of the activity data used in the calculations and PCB and HCB estimations for open burning of
waste (NFR 5C2). Further improvements are given under eachciabs1 Chapteb.

Another planned improvement consists of adding a comprehensive uncertainty analysis, as described
above (Paragraph.6).
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2 Trenddn Emissions

2.1 Emission Rfile in Iceland

Theemissions profile for Iceland is unusual in some respects.lyi-gatissions 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 wittydropower(apprax. 70% in 201%and geothermal power
(approx.30% in 2@.5), with wind power and fossil fueerived power accounting for less than 0.1%
(0.05 and 0.01%, respectively, according from data from the N&E#ermore,geothermal energy
sources are used for spa heating (in over 90% of all homes). It should be noted, though, that
significant amounts ofulphuras hydrogersulfide (H:S) are emitted from geothermal power plants.
Secondly, 89%of the fuel used in the energy sector is used by mobile sources (wanspobile
machinery and fishing vessels). Thirdly, emissions from industrial processes, especially from non
ferrous metal production, havahigher share in Iceland than in most other countries. This can be
seen in the facthat around75%o0f the electicity produced in Iceland in015was used in the metal
production industry. The production capacity hag@#ased considerably since 1996.1990,87.8 kt

of aluminium wereproduced in ongrimaryaluminium plantand 628 kt of ferrosilicon in one
ferroslicon plant. In 1998 a seconimaryaluminium plant was established and a third in 2007. In
1999 a third furnace was added to the ferrosilicon plamt2004, a secondary aluminium smelter
opened, followed by a second one in 20?2015, 857.3 ktof aluminium were produced at three
primaryaluminium plants 2.2 ktof aluminium at two secondary aluminium plants, &f¥.9 kt of
ferrosilicon at the ferrosilicon plant.

The emissions profile in Iceland is further influenced by the fact that Icelandavasely hit by an
economic crisis late year 2008, when its three largest banks collapsed. The blow was particularly
hard owing to the large size of the banking sector in relation to the overall economy as it had grown
to be ten timeghe annual GDP. Theisisresulted ina serious contraction of the economy, a
depreciation of the Icelandic kréna (ISK), and a drastic increase in external debt. This has led to
contraction in private consumptiomjigher fuel prices and contracti@f the construction secto

2.2 Emission iends forPersistent Organic Pollutar{BOPs)

The Protocol on Persistent Organic Pollutgi®Psjvas adopted on 24 June 1998. It entered into
force on 23 October 2003. It focuses on a list of 16 substances that have been singlecbodingc

to anagreed risk criterialThe substances comprise eleven pesticides, two industrial chemicals and
three byproducts/contaminants. The ultimate objective is to eliminate any discharges, emissions
and losses of POPs. The Protocol bans the pramuahd use of some products outright (aldrin,
chlordane, chlordecone, dieldrin, endrin, hexabromobiphenyl, mirex and toxaphene). Others are
scheduled for elimination at a later stage (DDT, heptacH@B PCR Finally, the Protocol severely
restrictsthe use of DDTHCH (including lindane) afRCBs. The Protocol includes provisions for
dealing with the wastes of products that will be banned. It also obliges Parties to reduce their
emissions of dioxins, furans, PAHs and HCB below their levels ifjat@80alternative year between
1985 and 1995). For the incineration of municipal, hazardous and medical waste, it lays down
specific limit valuesAldrin, chlordane, chlordecone, dieldrin, endrin, hexabromobiphenyl, mirex and
toxaphenehave never been duced in Iceland. Of these chemicals only aldrin has been used in
Iceland, though not since 1975. DDT and heptachlor have not been used in Iceland since 1975 and
were banned with a regulation in 1996. Lindane (HCH) was used in Iceland until the edignine
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Sales statistics exist for 1990 to 1992, and the usmdéne was banned in 1999. PCBsA@nned in
Iceland in 1988.
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The total amount of dioxinBAH4, HCB and PCB emitted in Iceland in 1990 and 20Esénted in
Table2.1 Emission®f POPs in Iceland 1990 and 80Mioxin emissions have decreased88f6 and
PAH4emissiondy 82% from 1990 to 208. HCBand PCEmissionshaveincreasedsignificantly by
248 for HCBand 201%or PCBduringthe sameperiod.

Table2.1 Emission®f POPs in Iceland 1990 and 301

Dioxin PAH4 HCB PCB

vear [ FTEQ] [ [ka] [kl

1990 12.52 0.52 0.02 0.03

2015 1.37 0.09 0.08 0.09
Trend 19902015 -89% -82% 246% 201%

The trends inatal POPs emissions relative to 1990 emissions is shokigumne2.1. A decreasing

trend is observed for dioxin and PAH4 emission estimates while an increase is observed for HCB and
PCB. Important to not here is that HCB and BX@Bsions are not estimated from open burning of

waste due to the lack of emission factors in the EMEP/EEA guidebook. This is expected to affect these
trends significantly. Furthermore, HCB and PCB emission estimates is done for a few sources only and
these trends should therefore be interpreted with care. It is expected for these trends to change as
more sources are estimated.
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Figure2.1 Trends irtotal POPs emissiod®90-2015 (% 0f1990 emissior)s

2.2.1 Trerds in doxinemissions

Dioxins form a family of toxic chlorinated organic compounds that share certain chemical structures
and biological characteristics. Dioxins are members of two closely related families: the
polychlorinated dibenzo(p)dioxins (PCDOscdngeners) and polychlorinated dibenzofurans (PCDFs;
135 congeners). Dioxins ke@mcumulate in humans and wildlife due to their fat solubility and 17 of
these compounds are especially toxic. Dioxins are fordugithgcombustion processes such as
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commerial or municipal waste incineration and from burning fuels like wood, coal or oil. Dioxins can
also be formed in natural processes such as forest fires. Diatsosnter the environment through

the production and use of organochlorine compounds, chihleaching of pulp and paper, certain
types of chemical manufacturing and processing and other industrial procttegeseate small

guantities of dioxins. Cigarette smoke also contains small amounts of dioxins.

Emissions of dioxins apresentedin g FTEQInternationalToxic Equivalents)2,3,7,8
tetrachlorodibenzep-dioxin (TCDD) is the masixic of the dioxin congeners. Other congeners (or
mixtures thereof) are given a toxicity rating from 0 to 1, where TCDD is 1. The total dioxin toxic
equivalence (TEQ) value expresses the toxicity as if the mixture were pure TCDD.

In 1990, the total emissions of dioxins in Icelavete 12.52g|-TEQ. Ir2015total emissions were
1.37g FTEQ. This impliest@crease 089% overthat time period. Figure2.2 shows thedioxin
emissons by source from 1990 to 261
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Figure2.2 Dioxin emissions 199015 by sector

Figure2.3 showsthe main sourceof dioxin emissions it990 and2015. The main reason for the
significant reduction of dioxin emissions are reduced emissions from waste incineration. [th015
waste sectowasthe sourceof 50%0f the dioxin emissiondMost of the dbxin emissions in the
waste sector come from waste incineration. Other important sources under the waste sector are
bonfiresand accidentalires. The energy sector (46%) is the second lardestin contributor,
commercial fishindpeing the largest souraoeithin that sector It is worth mentioning that transport
(energy sectorand industrial processdimdustry)are only responsible fot% each of the total dioxin
emissions.
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Figure2.3 Dioxin emission sresby sector, 1990 ang015.

Practices of waste disposal treatment have undergone a radical change in Icelantogic&his is
the main reason fothe decline indioxinemissions by9%from 1990 t02015. Open pit burning that
used to be the most comon means of waste disposal outside the capital area, has gradually
decreased since 1990. At the same titlhe total amount of waste being incinerated has decreased
while increasing levelsereincinerated with energy recovelyeported under 1Ala and 1A4In the
last years those incineration plants have been closedrdone by oneAt the end of 205 only one
incineration plant was operating in IcelandheTincineration plant is called Kalka and it does not
recover energyOpen pit burning is practicglhonexistent todaythe lastsite was closed by the end
of 201Q Emissions from bonfires around New Year celebrations are includedvagte

incineration sectorEmissions from bonfires have decreased since 1990, due to the fact that Isonfire
are fewe and better controlled Guidelines for bonfires, published in 2000, include restrictions on
size, burnout time and the material allowed.

Dioxin enissions from electricity generation and space heating are very low because they are
generated from renewablenergy sources. Emissions in this sector are dominated by emissions from
waste incineration with energy recovenyhich are reported undetAla and 1A4.

Dioxin enissions from road transport decreasbyg90%between1990 t02015 despitean increaseén
the number of vehiclesnd56%increasein fuel consumption. This is due to the phase of leaded
fuel.

Emissions have decreassthce 199Grom the fishing sector as well as from the other transport
sector due to less fuel consumption in these sectdfsr commercial fishing this decline amounted

to 39%.Emissiondrom commercial fishing are high compared to the fuel consumption. The
emission factors for burning fuel at sea are much higher than when burning fuel on land, due to the
presence of salt (ahtherefore chlorine) in the air going to the engints1990, emissions from
commercial fishingvere 7%of the national total. 12015, emissions from commercial fishing
amountedto 42%as emissions from most other sourdesve decreased drastically ss&990.

Dioxin enissions from industrial processssctorhaveincreased by51% duringhe period due to
increased activity in the metals production secté&duminumproduction has increased from B39
tonnes in 1990 t@57,319tonnes in2015, andferrosilicon has increased from @82tonnes to
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117,94%o0nnes in the same period secondary steel making facility opened in 2014, contributing to
a large percentage of the dioxin emissions from the industry sector.

A peak in emissions from accidental ficeg be seen in 2004 when a major fire broke out at a
recycling company (Hringras). In the fire 300 tonnes of tires, among other segavaste materials,
burned.A fire broke out in the same company in 2011 and was estimated to beH8tze of that
in 2004.In 2014, a major fire broke out in an industrial laundry service wharong other materials,
around 6080 tors of asphalt roll roofing burned

2.2.2 Trends irpolycyclic aromatic hydrocarbons (PA¢fs)ssions

The polycyclic aromatic hydrocarbons (PAk) 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 cartmmaining materials like oil, coal,
wood or waste. Fireganproduce fine PAldarticles;they bindto ash particles and sometimes move
long distances through the aiiThus,PAHs have been ubiquitouslistributed in the natural
environmentfor thousands of years. The four compounds bengi@he, benzo(bfluoranthene
benzo(kjluorantheneand indeno(1,2,2d)yyreneare used as PAH indicators for the purposes of
emission inventories, as specified in the R®Rotocol.

In 1990, the total emissions of PAH4 in Iceland vidre. 1kg. In 2015 total emissionsvere 90.3kg.
This implies @ecreaseof 83% over the time periodFigure2.4 shows the emidgens by source from
1990 to2015
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Figure2.4 PAH4 emigens 19962015 by sector

The main reasons for threductionin PAH4emissions since 1990 is decreased emisdi@ms waste
incineration. Since 20054P#4 emissions fronndustrial processe@ndustry)haveincreaseddue to
increased production capacity ihe nonferrous metls production sector.

33



@

Informative hventory Report, Iceland 20

1 Energy
1990 4% 2 Industry 2015
g 1 Energy
2%
25%
5 Waste
36%
\—/’ Waste \.

94% 2 Industry

39%

Figure2.5 PAH4 emission sharbg sector, 1990 and 2015

Asmentioned above, the production capacity in the metal production sector has increased
substantiallyin recent yearsThe main increase in emissions happened in the years-2008 as
well as in 2006008. Between 1998 and 2000 the increase in emissions was due to increased
production capacity both in the aluminium and the ferrosilicon industry. In tlaesy20062008 the
cause was increased production capacity in the aluminium industry.

. @ 0KS YAR mMappnQa SO2y2YAO IAINRgGK 3IFAYSR Y2YSyid
one of the highest growth rates of GDP among OECD countries. Late yealc2G0&l was severely

KAG o0& 'y SO02y2YAO ONRaiAa yR GKNBS 2F LOStIYyRQA
contraction of the economy, followed by increased unemployment and a depreciation of the

Icelandic kréna. The increase in G 1990 to 2007 resulted in higher emissions from most

sources, in particular from road transport and the construction sector. The crisis led to collapse of

the construction sector in the autumn 2008AH4Emissions from thenanufacturing industries &

construction sectowere 53%lower in 205 than in 2007.

Road transport is also an important source of PAH4 emissions in Iceland. PAH4 emissions are
estimated to have increased by around 100% since 188€idental fires are an important source of
PAH4 enssions in Iceland. Emissions fraetidental firesvere 35%higherin 2015than in1990 A

peak in emissions from accidental fires can be seen in 2008 when unusually many vehicle fires were
registered.

PAH4Emissions from commercial fishing rose from 1890996 because a substantial portion of the
fishing fleet was operating in distant fishing grounds, consuming more fuel. From 1996 the emissions
decreased again reaching 1990 levels in 2@ have been generally following the same

decreasing trend ace then In 2A.5, the emissionsvere around 30%below 1990 levels.

PAH4Emissions from the waste incineration have decreasedroynd 9846from 1990 to 205,
partly because primitive incineration plants and open pit burning were closed down.
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2.2.3 Trendsn hexachlorobenzene (HC8&hissions

Hexachlorobenzene (HCB) or perchlorobenzene is a chlorocaitothe molecular formula k.
HCBis a fungicide that was first introduced in 1945 for seed treatment, especially for control of bunt
of wheat. HCB is crantly emitted as a byroduct in the manufacture of several chlorinated
solvents. On the whole, processes resulting in dioxin formation also result in HCB emid§iénis.
considered to be probable human cancerog#iCB is a very persistent environni@rchemical due
to its chemical stability and resistance to biodegradatidmalysis 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 betweer1 990 and 2003, due to lack of emission factbiss HCB
emissions estimates from the waste sector are almost-egisting during 199Q003 In 1990, the
total estimatedemissions oHCBN Icelandwere21.7 g. In 205 total emissions wer&5.3 g. This
impliesan increaseof 246%8%60ver the time period, which is not likely to reflect the real trend since
1990, as emissions froopen burningare missinglf HCB emissions from 2004 and 2015 are
compaed, it implies a decrease o#8Figure2.6 represents the trend iestimatedHCB emissions by
source from 1990 t@015
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Figure2.6 HCB emissions 192015 by sector(estimates for waste missing 199003)

Themain sourcs ofestimatedHCB emissions are waste incineration with and without energy
recovery and industrial processes (secondary aluminum production and cement production). A
sudden increase in HCB emissions from industrial processes is seen in 2004 when argecond
aluminum production plant was establishdeirom 2009, production started decreasing, until 2013
where another secondary production plant opened, reversing the decreasing. thestiown in
Figure2.6, waste was responsible f@7%of the estimatedHCB emissions in Iceland in 80The
reduction of HCB emissions in the energy sector is explained by -alehuatof four waste
incineration plants with energsecovery on the period 2012015
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2.2.4 Trends in polychlorinated biphenyl @@missions

PCB emissions in Iceland 198W15 where estimated for the first time for this submission. Emission
estimates for the wastsector during the years 1998003 have not been included, as they are
represented as NA for open bit burning in thedglines(EEA, 2016)The only sourcefd®CB

estimated from industrial processes is secondary steel production (2C1). The only secondary steel
plant in Iceland started its activities in 2014; In 2015, production was much Essrhhe year

before, leading to a decrease in PCB emissions.
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Figure2.7 PCB emissions 1999015 by sector (estimates for waste missing 12003).

2.2.5 Trends in persistent organiolfutants (POPS) lmgain sourcesectors

POPs emissions trends in the energy seateishown inFigure2.8 as a percentage of the 1990
levels.Figure2.9 shows the trends in the contribution of PO&missions from the sector from 1990
2015. In 2015he energy sectocontributedto 46%and 24%of total dioxin and PAH4 emissions,
respectivelyThe contribution of the energy sector to the toRRAH4 emissiornisas decreased since
1990 even though themaissions have increased over the same period of time.
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Figure2.9 Trends in the contribution of POPs emissions from the energy sector (% of total pollutant emissions).

POPs emissions trends in the industrial searershown inFigure2.10as a percentage of the 1990
levels Figure2.11 shows the trends in the contribution of POPs emissifstam theindustrialsector
from 19902015 In2015the industrial sectocontributed 39%of total PAH4 emission$5%of total
HCB emissiong% of total dioxin enssionsand 12% of total PC8nissionsThe industrial sectonas
not reduced its emissions of any POPs pollutant since 1990. The contribution of the sector in the
total PAH4 emissions has besteadily increasinfrom 30%in 1990to around50%in 2015. The
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large increase in HCB emissions from 220@9leads to a contribution of the industrial sector of
around20%overthat period.
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Figure2.11 Trends in the contribution of POPs emissions from the industrial sector (% of total pollutant emissions).

POPs emissions trends in the waste seatershown inFigure2.12 as a percentage of the 1990
levels.Figure2.13 shows the trends in the contribution of POPs emissions from the sector from
19902015 In 2015the waste sector contributed t67%of total HCB emissionS0% of total dioxin
emission 36%of total PAH4 emissiorend 65% of total PCB emissioRCB and PCB emission
estimates from the waste sector are, as mentioned previously, due partly to the lack of emission
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factors for open burning of waste. Furthermore;® and HCB emissions are estimated for a few
number of sources only and are therefore not presented in the figure.
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Figure2.13 Trends in the contribution of POPs emissions from the waste sector (% of total pollutant emissions).

No POPs emissions are occurring in Iceland from categories belongfregagricultural sear.
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2.3 Emission iends forNGQ, NMVOCSOx, NH, Particulate MatterBC and CO

Nitrogen oxides (N£ nonmethane volatile organic compounds (NMVQg&ybon monoxide (CQ)
ammonia (NB) and particulate matter (TSP, RIPM:s) have an adverse effect on humaealth

and the environment. Icelanidnplemented the National Emission Ceiling Directive 2001/81ifE€

its legislation in 2009, with emission target reductions for NOx, BVOC and NiHto be reached

by 2010. These pollutants are reported here. Rartmore, enissions of NQ CO, NMVOC and §O

are alsocalculated 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 descriptim of the trends of those pollutants is given in the following section.

Informative hventory Report, Iceland 20

The total amounbf SQ, NG, NH, NMVOC, C® Mo, PMs and TSEmissionsn Iceland in 1990
and 2015s presented iTable2.2. The most incease in emissions from 1990 to 204Be emissions
of SQ whichhaveincreased byl 6%6during that time period

Table2.2 Emissions of SONQ, NH, NMVOC, CO and AM1990 and 2015.

NO« NMVOC SG& NHs PM.s PMio TSP BC co
[kt] NO; [kt] [kt] SO [kt] [kt] [kt] [kt] [kt] [kt]
1990 28.12 14.28 20.93 5.77 0.89 1.12 1.20 0.12 57.6462
2015 21.06 6.98 56.31 5.58 1.23 1.60 1.66 0.19 119.2971
Trend 1990
2015 -25% -51% 169% -3% 39% 43% 38% 58% 107%

The emision trends of the total NQNMVOC, SONH, CO, PMs, PMiand TSP emissions relative

to 1990 levels is shown Figure2.14. The emissions of @S emissions as $for emissions from
geothermal plants) hasicreased significantly since 1990 levels oatnpund16%46.CO emissions

have increased by around 100% since 1990. The most significant decrease in emissions are NMVOC
emissions which have decreased 326 since 1990 levels.
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In 2015 the emissions of all pollutants included in the NECD 2001/81/EC were below the emission
maxima set by the NECPBor SQ the target was 90 kt and waeverexceededluring the reporting
period, For NOx, the maximum allowed was 27 kt, and the emissions have been below that value
since 2008; For NMVOC, theaximumallowed was 31 kt&and the emissions have been decsewy
steadily since 1994, where the maximum NMVOC emissions occurred (15 kt in that year)3The NH
emissions have been stable between 5 and 6 kt since 1990, below the maximum allowed of 8 kt. As
of March 2017, the implementation of the new NECD into th& BEgfeement (Directive 2016/2284
entered into force in 2016 for member states) is being discussed by the Icetemvaéicmment but no

new emission targets have been set.

2.3.1 Trends irsulphuroxides (SQ) emissions

SOx emissions include all forms of sulfiac)uding reduced species such aSibeothermal energy
exploitation is by far the largest source®tdilphuremissions in Iceland. Sulphsemitted from
geothermal power plants in the form of8 and theemissionshave increased b04% sincel 990

dueto increased activity in this field, as electricity production at geothermal power plants has
increased 15old sincel990.The expansion of the metal production sector has been accommodated
with parallel investments in increased power capacity, especéhy 2005. However, in recent

years the HS emissions from geothermal power plants have decreased because of reinjection of
geothermal gases back into the geothermal system. In 2014P@Mer commissioned a capturing
station next to Hellisheidi geotherrhpower plant, SW Iceland. A part of the exhaust geothermal gas,
primarily CQ, HS, H, is cleaned by diverting the gas into a scrubbing unit wherea@®OHS are
dissolved in water. The gabargedwater is then reinjected back into the geothermal €yst In

2015, 3900 tons G@nd 2200 tons kb were reinjected. The gases, once reinjected, react with the
basaltic host rock in the geothermal system to form calcite and metal sulfides (pyrite, pyrrhotite).

Other significant sources &Q in Iceland areridustrial processes and manufacturing industry and
construction(seeFigure2.15). Emissionfrom industrial processes are dominated by metal
production. Until 1996 industrial proceS8 emissions were relativelstable. Since thenhe metal
industry has expanded which higl to increased emissions 80 (331%increaseof SQ emissions
from ferroalloys and aluminium production compared to 1990 levels).fiEheneal industry is the
main contributor toSQ emissiams from fuel combustion in theategoryManufacturing Industries
and ConstructionEmissions from the fishmeal industry increased from 1990 to 1997 but have
declined since as fuglasreplaced with electricity and production has decreastée emissions
were 78%belowthe 1990 level in 2(&

Sulphur emissions from thedmmercialffishing fleet depend upon the use of residual fuel oil. When
fuel pricesgo up,the use of residual fuel oil rises and the use of gas oil drops. This leads to higher
Sulphuremissions as th&ulphurcontent of residual fuel oil is significantly higher than in gas oil. The
rising fuel prices since 2008 have led to highelphuremissions from the fishing fleet in recent

years. Emissions from the fishing fleet 2015 were 22%below the 1990emissionsandfuel
consumptionwas31%less.

In 2015total Sulphuremissions in Iceland, calculated as,S@re16%6 above the 1990 level, but
108% above the 1990 level when excluding emissions freothgermal power plants
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Figure2.15 SQ emissions 1992015 by sctor.

In 2010 the volcano Eyjafjallajokull started erugtifhe eruption lasted from 4of April until 23
of May. During that time 127 kbf SQ were emitted or71% more thartotal man made emissiona
Icelandin 2010.

In 2011the volcanoGrimsvoétnstarted eruptirg. The eruption lasted fror@1%t until 28" of May.
During that time DO0Kkt. of SQ were emitted orl2 timesmore than total man made emissions in
2011.

A largeeruption startedin Holuhraun on August 2014 and ended on February*22015.1t was

the biggest eruption in Iceland since the Laki eruption 1788l S@emission from this eruption

was estimated 1206 K. Dividedon calendaryears 10880 kt of S@was emited in the year 2014

and 1,126kt of SQin the year 2015. To put these numbers in in perspective it can be said that the
total SQ emission from all the European Union countriestfor year 2012 was 876 kt. So the
emission from the eruptiomithe year 2014 i.e. from August'?9014 to December 312014 was
more than twice the total S@emission from all the European Union countriestfoe whole year.

For September alone, during the most intensive period of the eruption, the®i3sion fom the
eruption was similar to the annual emissiohthe European Unio. As these emissiorfsom
volcanosare natural they are ot included in national totals.

2.3.2 Trends in itrogen oides (N emissions

The main sources of nitrogen oxid@$Q) in Icelard arecommerciaffishing, transport, and the
manufacturing industry and constructigseeFigure2.16). The NQemissions frontommercial

fishing rosdn the yearsl990 to 1996nhen a substantial portion of the fighg 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 consumption.
Emissions i2015were 31%below the 1990 level. Annual changes are inherent to the nature of
fisheries. Emissions from transport are dominated by road transport. These emissions have
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decreased rapidlybf 20%)after the use of catalytic converters in all new vehicles became obligatory
in 1995, despite the fact that fuel consumption has increaseB@®y.The rise in emissions from the
manufacturing industries and construction until 2007 are dominated by increased activity in the
construction sector during the perioth 2015 emissions fom manufacturingndustry and
construction(1A2)were 37%lower than in 1990. This is due to the collapse of the construction
sector (including less emission from the cement plant) and to less fuel consumption at fishmeal
plants as fuel has been replaceith electricity and production has decreased. Totak Bi@issions,

like the emissions from fishing, increased until 1996 and decreased thereafter until 2001. Emission
rose again between 2001 and 2004 and then decreased again.
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Figure2.16 NOxemissions 1992015 by sector

2.3.3 Trends in mmonia (N emissions

Ammonia emissions (NHare mostly from theagriculture secto(NFR R Manure management,

manure deposition of grazing animals on pastures, anditagtiapplication are the main sources.

NH; emissions from the@ther sectors are minimaEmissions haveden fluctuating between 5 an@l

kt. NHs since 1990. Emissions decreassdl3% between 1990 and 2004 but have been increasing
again since therilhe owerall trend between 199@nd2015wasa5%decrease The main driver

behind the general trend and its oscillations is the trend in livestock population. Sheep and cattle are
the main ammonia emissions causing categories constituting thare65% of total NH; emissions.

NH: emissions from fertilizer application plays only a minor role
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Figure2.17 NH; emissions 199Q015by sctor.

2.3.4 Trends in on-methane volatile organiompounds (NMVO@missions

The mainsources of normethane volatile organic compounds (NMVOC) are transorergy
sector)and solvent uséindustry sector)as can be seen irigure2.18. Emissions from transport are
dominated by road transport.liese emissions decreased rapidly after the use of catalytic converters
in all new vehicles became obligatory in 1995. Emissions foiverst use have been around 1 kind
show a downward trend in recent years. Other emissions include emissions fromriabpeicesses
(industry) where food and drink production is the most prominent contributor. The total emissions
showed a downward trend from 1994 8915 The emissions iR015 were 51%below the 1990

level.
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2.3.5 Trends in arbonmonoxide(CO)missions

Industrial Processdgndustry)is the most prominent contributor to CO emissions in Iceland, as can
be seen irFigure2.19, being responsible f@6%of total COemissionslt is worth mentioning that
emissions fromroad transporthave decreased rapidly after the use of catalytic converters in all new
vehicles became obligatory in 199he emissions 8015 were 107%abovethe 1990 level.
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Figure2.19 CO emissions 1991015 by sector

2.3.6 Trends in prticulate matter (PMand BGmissions

The trend in emissions GISPPMc and PM;s can be seen ifriguresigure2.20Figure2.21Figure

2.22. Emissions fronthe energy and industrgectois dominatethe estimated emissions of

particulates in Icelandmportant here is that PM emissions from road trandgmave not been
estimated before 2000 (due to the lack of data) suggesting a significant underestimation of these
emissions before 2000As stated above, the production capacity in the metal production sector has
increased substantiallyeading to an inease in PM emissionBM emissions from the energy sector
originate for the most part from commercial fishinggricultural emissionsiostly stem from

livestock manure managementSRemissionsvere 38% above the 1990 level in 2015.
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Figure2.22 PM; semissions 190-2015 by sector

Black carbon emissiorssnce 1990 were estimated for several subsectors for the first imtleis
submission, in particular within the Energy sector (public electricity and heat production, aviation,
fishing/navigation, road transporgnd within the Waste sector (Waste incineratioBC emissions

from the Energyector mosthoriginate from road transport and from fishingubmission. 2015 BC
emissions for Road Transport were consequently assumed the same in 2014 and 2015. Thés effect i
not seen in the figure due to the dominant emission estimates from fislid@gemissions from waste
have been decreasing since 199@h 2015 emission81% below the 1990 and the reason is

decrease in open burning of waste.

The total estimated black daon emissions in 2015 were approximat&B4 tonnes, with activities
within the Energy sector contributing to almost 80% of the total BC estimgigarg2.23). Road
transport and national fishing are the maiowsces of black carbon in the energy sector.
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Figure2.23 BlackCarbon (BC)emissionl990-2015 by sector.

In 2010 the volcano Eyjafjallajokatupted. The eruption lasted from ¥4of April until 23 of May.
During that timearound 6000kt. of PMyowere emitted oraround 19000 timesmore than total
estimatedman made emissions in 2010.

In 2011the volcanoGrimsvotnerupted. The eruption lasted frora1st until 28" of May. The eruption

at Grimsvotrwas much larger than at Eyjafjallajokull, and it has been estimated that during the first
day moreSulphurand particulates were emitted than during all the Eyjafjallajokull eruption. An
estimate of the total particulates emitted has not been estimated ttnet EA has scaled the

emissions of particulates using the ratioRulphuremissions from the two eruptions (1000/127).

This gies an approximate estimate afound 47000 kt.PMicand 13000 kt.of PMys. As these
emissiondrom volcanosare naturalthey are not included in national totals.

A largeeruption startedin Holuhraun on August #2014 and ended on February®2Z015.Unlike
the eruptions in Eyjafjallajokull and Grimsvétn, which wesgmatghreatic eruptions, the

eruption in Holuhraun was effusive eruption i.e. the lava steadily flows out of the volcano without
explosive activityAsh productiorwas negligible and emission Bl and PM swas not estimated.

2.3.7 Trendsn SQ, NG, NH, NMVOC, C®@Mand By Main SurceSectors

Figure2.24 shows trends in the emissions of r®OPs pollutants in the energy sector as a
percentage of the 1990 levelBigure2.25 shows the trends in the contribution of ndPOR
emissiors from the sector from 199Q015 Theenergy secto contribution to the totalnon-POPs
pollutantsemissionsn 2015is 86% for NQ 44% for NMVOC[6% for SQ 2% for NH, 13 for CQ
32%for PM10,37%for PM: sand 92%for BC Emissions of S@re 140% higher in 2018han in 1990.
The contribution of the energy sector in the to0 emissions hghowever, remained relatively
stable ataround80%until 2012due to a similar increase in the emissiomghe industrial sectoover
the same periodf time (seeFigure2.26). Since 2012, the $S@missions from geothermal energy
have decreased due to reinjection of geothmal sulfur into the subsurfac&missions of BC in the
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energy sector is shown to have irased since 1990. However, BC emissions from road
transportation has not been estimated before 2000 due to the lack of data, suggesting a significant
underestimation of BC emissions before that year; the same applies to other PM emissions.
Emissions of 8k, NMVOC and CO have been steadily decreasing in the energy sector sinas 1990
well contribution of this sector to the total emissions of these pollutants.
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Figure2.26 shows trends in the emissions of r®OPs pollutants in the industrial sector as a
percentage of the 1990 levelBigure2.27 shows the trends in the contribution of ndPOPs

emissiors from the sector from 199Q015 The industrial sector contributicrto the total nonPOPs
pollutants emissions in 201d&re 10%for NQ, 24% for NMVO(24% for S@ 86%for CO 52% for

PM 5, 47%for PMio, 52% for TSRNd4% for BCThe contibution of NH; emissions to the total

emissions is zero (not applicable or not estimatddie large increase in CO emissions from the
industrial sector has made this sector the dominant contributor of CO emissions in Ideraisdions

of all the reportednon-POPS emissiomss increased in the industrial sector since 1990.

Contributions of the industrial sector to the total emissions has also increased over that same period.
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Figure2.27 Trends in the contribution of NONMVOC, SOCOand PMemissions from thendustrialsector (% of total
pollutant emissions).

Figure2.28 shows trends in the emissions of r@®OPemissionsn the agriculturalsector as a
percentage of the 1990 levelBigure2.29 shows the trends in the contribution of néPOPs
emissiors from the sector from 199Q015 Theagriculturalsector contribution to the totaémissions
in 2015is 4% for NC& 28% for NMVOQ8%for NHs, 3%for PMbs, 12%for PMy and 15%for TSP.
Thecontribution of other noAPOPs emissions to the total emissions is zero (not applicable or not
estimated).No significant decrease in emissions have been in this sector since 1988mi¢Sions
have been fluctuating around the 1990 levels with a reldgivegh amplitude but still remains a
negligible contributoto the total NOxemissions throughout the period
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Figure2.28 Trends in ®, NMVOCNH;, PM>5, PMipand TSP emissions from thgriculturalsecbr 19962015 (% of 1990
levels)
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Figure2.29 Trends in the contribution of NCNMVOCNH; and PM emissions from tteggriculturalsector (% of total
pollutant emissions).

Figure2.30 shows trends in the emissions in the waste sector as a percentage of the 1990 levels.
Figure2.31 shows the trends in the contribution of emissions from the sector from 12®15.

Important heke is that abatement technologies are not included in these emissions, suggesting there
might be a large overestimation of the PM emissions from waste incineration from 2004. EA is
planning to acquire technological specifications regarding abatement tecissl for the next
submissionThis also applies to 2@mission estimatesThe waste sector contribution to the total
emissions irRr015is4.1%for NMVOCNO,, SO,NH and CGemissions from the waste sector

contribute to less than 1% of the total emisssoior each pollutant.
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2.4 Emission trends for Heavy Metals

Heavy metal emissions were estimated foe tiirst time inthis submission, with estimates for 1990

and 2015 shown iffable2.3. Not all possible categories were estimated, and future improvements
include making the heavy metal estimates more complete where possible. Categories nattedtim
include, amongst others, stationary combustion, automobile road abrasion and tyre and brake wear,
aluminium production, solvent and product use, pesticides and fertilizer use and wastewater
handling.Furthermore, heavy metal estimates from road traogpare not available prior to 2000.
Because of the incomplete documentation of heavy metal emissions in Iceland, all trends and
contributions from various sectors should be viewed with caution.

Table2.3 Estmated emissions of heavy metals, 1990 and 2015.

Pb Cd Hg As Cr Cu Ni Se Zn

[t] [t [t [t [t] [t [t] [t [t]
1990 0.22 0.0071 0.0082 0.0521 0.0421 0.29 1.49 0.0303 1.22
2015 1.69 0.0421 0.0505 0.0501 0.0794 1.39 1.06 0.0218 1.20

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

Figure2.32, Figure2.33Figure2.34 show emission trends for Pb, Cd and Hg per sector. Overall the
emission 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 recowargnergy (included in the Energy sector

under NFR 1Ala Public electricity and heat production) started in Iceland, leading to an increase in
Pb, Cd and Hg. The amount of waste burned with recovery of energy peaked in 2007, and after that
decreased until @13 after which year this activity stopped. Municipal waste incineration without
energy recovery started in 2001 and increased by a factor of 50 in 2004, and has been approximately
constant since then. By far the biggest source of Pb and Cd in the indastoy is the use of

fireworks. In 2007, at the height of the Icelandic economic upswing, record sales of fireworks caused
the emission of close to one ton Pb.
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Figure2.34 Hg emissions 1992015 by sector

2.4.2 Trends in additional Heavy Metals (As, Cr, Cu, Ni, Se, Zn)

Figure2.35to Figure2.40 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 theggrsector. Trends in As,

Cr, Ni and to a lesser 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). Ehsharp increases in 2000 in Cu, Cr and Zn are 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 othepmanity heavy metals

are largely produced by fireworks, 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 f&evehicle fires and larggcale fires). The emission
pattern for Zn is differentRigure2.40), with the main contribution being road transport (not

estimated before 2000) and waste incineration.
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3 Energy (NFR sector 1)

3.1 Overview
The energyector is divided into the following subsectors:

- Energy industries (NFR 1A1)

- Manufacturing Industries and Construction (NFR 1A2)

- Transport (NFR 1A3)
- Other sectors (NFR 1A4)

- Fugitive emissions (NFR 1B2)

For the 2017 submission, the following main changes were made to the emission estimates:

- COPERT data was acquired and used to estimate emissions of previotedyimated
sources within road transportation (NFR 1A3b). This includes the estimati@awe§ imetals
from road transportation. Data was however only retrieved for the years ZI@! and
2015 estimates were assumed to be the same as the 2014 estimates for the newly included
pollutants.

- EUROCONTROL data was further used for estimating emsi$gion international aviation

(NFR 1A3ai(i)) and domestic aviation (NFR 1A3aii(i)) where before it was based on fuel sales

and reported under memo items International aviation cruise (civil) (NFR 1A3ai(ii)) and

memo item domestic aviation cruise (civijFR 1A3aii(ii)), respectively.
- New estimates for NFR 1Ala, now includes emission estimates both for waste burning and

oil burning. Before, only emissions from waste burning was included in this sector.

3.1.1 Sectoratrends¢t ht Qa

Summary tables forthe PORL S YA &daAz2ya

TNRY

0 K&bleSly SNHE& a

Table3.1 Overview of emission estimates of P@Bm the energy sectdn 2015 (NA; Not applicable, NE Not estimated

NO- Not occurring.

Dioxin B(a)P B(b)F B(k)F IPy PAH4 HCB PCB
[gFTEQ] i [t] [t] [t] [t] [kal [kal
1A1 Energy industries 4.E05 8.E05 6.E04 7.E05 3.E07 8.E04 NE/NO NE/NO
Manufacturing
1A2 industries and 5.E03 1.E04 6.£04 9.E04 2.E04 2.E03 NA/NO NA/NO
construction
1A3 Transport 5.E02 2.E03 4.E03 3.E03 3.E03 1.E02 7.E04 6.E04
1A4 Other sectors 6.E01 6.E05 6.E03 5.E05 5.E05 6.E03 1.E02 2.E02

Fugitive emissions

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

Energy, Total

0.63

0.0027

0.012

0.0041

0.0033

0.022

0.014

0.021

¢ NBY RA

%

tht Qa
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3.1.2 Sectoratrendsg Other pollutants
Summary tablesforthenen ht Qa SYA&daizya FTNRY (aKeS2. SYSNHe aSoi

¢NBYyRa Ay tht Qa SYA & Bidué/lth®aghRighresid Bydubdedtds TR K2 6y A Y
emission estimates are based on the availability of emission factors and data.
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Table3.2 Overview of emission estimates of pollutaotseréi K I 'yt h t Wa ¢ Nothagplicabie MNE Ndi dstimated,
NO- Not occurringNR- Not relevant).
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NO« NMVOC SG NHs PMz5 PMio TSP BC CO

[kt] [kt]
NO» (kt] sg kt] k] k] kt] (kt]

1A1  Energy industries 0.0036  5.E05 0.0090 NE/NO 2.EO4 3.E04 5.E04 2.E05 8.E04

Manufacturing

1A2 industries and 1.64 0.23 0.50 NE/NO NR/NO NR/NO NR/NO 0.08 0.49
construction
1A3 Transport 5.41 2.52 0.09 0.10 0.14 0.17 0.02 0.07 14.45

11.00 0.32 1.47 NE/NO 0.32 0.34 0.34 0.03 1.10
1A4  Other sectors

Fugitive emissions

1B2 from distribut_ion NONE/ o) 4049 NO/NE/ NO/NR NO/NR/ NO/NR/ NO/NR/  NO/NE/
of oil production NA NA INA NA NA NA NA
and energy
production

Energy, Total 18.1 3.08 425 0.098 0457 0511 0.361 0.179 16.0
(Table continued) Pb Cd Hg As Cr Cu Ni Se Zn

[t [t] [t [t [t [t [t] [t [t]

Energy industries

1A1 2.E04 7.E05 6.E05 1.E04 7.E05 1E04 2.E03 3.E04 6.E04
Manufacturing

1A2 mdustneg and NR/NO NR/NO NR/NO NR/NO NR/NO NR/NO NR/NO NR/NO NR/NO
construction

1A3  Transport 0.070 3.E03 2.E04 6.E04 0.038 0.97 0.043 4.E03 0.48

1A4  Other sectors 0.020 2.E03 4.E03 0.023 0.025 0.14 1.E+00 0.017 0.17

Fugitive emissions

o NA/NR/  NA/NR/ NA/NR/ NA/NR/N NA/NR/ NA/NR/ NA/NR/ NA/NR/ NA/NR/
1B2 from distribution of

. . NO NO NO O NO NO NO NO NO
oil produdion and
energy production

Energy, Total 0.090 0.0046 0.0043 0.024 0.064 1.11 1.04 0.022 0.65

Emission datéor these pollutants is provided in tHéFR tables

3.2 Introdudion

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

Economic Gaoperation and Development (OECD) countries in the per capita consumption of primary
energy. The per capita primary energy consumption in 2014an@md 796 GJ. However, the
proportion of domestic renewable energy in the total energy budget is about 85%, which is a much
higher share than in most other countries. The cold climate and sparse population calls for high
energy use for space heating atndnsport. Also, key export industries such as fisheries and metal

SLOSEYR dzasa GKS y2daFGA2y 188 bw F2N) y2d Sathaa vl G SR
are reported to theUNFCCC under the Kyoto Protocol.
5 http://cdr.eionet.europa.eu/is/un/clrtap/(Envelope A)
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production are energyntensive. The metal production industry used approximately 75% of the total
electricity produced in Iceland in 2015. Iceland relies heavily on its geothermal eoerges for

space heating (over 90% of all homes) and electricity production (30% of the electricity) and on
hydropower for electricity production (70% of the electricity). Thus, emissions in the energy sector
originate predominantly from mobile sourcesaatransport, fishing and equipment in the
construction sector, as well as waste incineration with energy recovery.

Informative hventory Report, Iceland 20

3.3 General Methodology

Emissions from fuel combustion activities are estimated at the sector level based on methodologies
suggested by th2006 IPCC Guidelines. They are calculated by multiplying energy use by source and
sector with pollutant specific emission factors. Activity data is provided by the National Energy
Authority (NEA), which collects data from the oil companies on fuel salesdbyr. The division of

fuel sales by sector does not reflect the 2006 IPCC sectors perfectly so EA has made adjustments to
the data where needed to better reflect the IPCC categories. This applies for the sectors 1A1 Energy
industries, 1A2 Manufacturingdustry (stationary combustion) and 1A4 Residential. Tables

explaining this adjustment are in Annexhe firsttable in Annebh & y I YSR aCdzSt alt f Sa

residual fuel oil) by sectors 1Ala, 1A2 (stationary) and 1A4 (stationasyprovided byhe National

9y SNHe ! dziK2NRGEeéd ¢KAE GloftS O2yidlAya GKS 2NRIA

way for gasoil: First fuel consumption needed for the known electricity production with fuels is
calculated (1Alg electricity production), asuming 34% efficiency of the diesel engines. The values
calculated are compared with the fuel sales for the category 10X60 Energy industries (hnomenclature
from the NEA).

- Inyears where there is less fuel sale to energy industries, according to thetasilgics
(1,185 tonnes in 2015), as would be needed for the electricity production (1006 tonnes in
2015), 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 swirgrpaols.

- In years where there is surplus, the extra fuel is added to the category 10X40 House heating
and swimming pools. In 2015 there was a surplus in the energy industries category, so 179
tonnes were added to the category 10X40 House heating and swignpuiols. So now the
category 10X40 has 1473 tonnes in 2015 (1294+179).

- 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
aregiven in the lower table of AnndxlIt is 300 tonnes in 2015. These values are subtracted
from the adjusted 10X40 category, leaving 1173 tonnes in the category in 2015304@Y.3
This rest is then 1A4gResidential.

- For years where there is still fuelthe category 10X90 Other (4767 tonnes were left in that
category in 2015), this is added to the 10X5X Industry (originally with 5394 tonnes in 2015).
This is the fuel use in 1AAndustry (5394+4767=10161 tonnes in 2015).

Explanation for the adjustmetrior residual fuel oil is given in Annkx

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

Informative hventory Report, Iceland 20

3.4 Energy Industries (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, $énd NMVOC waste 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 AnAetivty data on waste is collected/lEAI
directly from the plants.

3.4.1 Electricity & heat (1Ala)

Electricity was produced from hydropower, geothermal energy and fuel combustion in 201« (

3.3), with hydropower as the main source oéetricity (NEA, 2014)Electricity was produced with

fuel combustion at two locations that are located far from the distribution system (two sparsely
populated islands, Grimsey and Flatey). Some public electricity facilitiesehaergency backup fuel
combustion power plants which they can use when problems occur in the distribution system. Those
plants are, however, very seldom used, apart from testing and during maintenance.

Table3.3 Electricity production in Iceland (GWh).

1990 1995 2000 2005 2010 2014 2015
Hydropower 4,159 4,678 6,352 7,015 12,592 12,873 13,780
Geothermal 283 288 1,323 1,658 4,465 5,238 5003
Windpower - - - - - 8 11
Fuel combustion 6 8 5 8 2 2.4 4
Total (GWh) 4,448 4,974 7,680 8,681 17,059 18,122 18,798

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

Geothermal energy is the main source of heat production in Iceland. Some district heating facilities,
that lack accesw geothermal energy sources, use electric boilers to produce heat from electricity.
They depend on curtailable energy. These heat plants have backup fuel combustion in case of
electricity shortages or problems in the distribution system. Three distriatitg facilities burn

waste to produce heat and are connected to the local distribution system. Emissions from these
waste incineration plants are reported under Energy Industries. A description of the method to
estimate emissions from waste incineratiolapts is given in Chaptér6.

3.4.1.1 Activity data

Activity data for electricity and heat production with fuel combustion and waste incineration are
given inTable3.4. No fuel consumptiofor 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 plant was established in Iceland. Because the Karahnjukar hydropower project
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(hydropowerplant built for this aluminium plant) was delayed, the aluminium plant was supplied

with electricity for a while from the distribution system. This led to electricity shortages for the
district heating system and industry depending on curtailable ene@yimg to increased fuel
combustion. The different fuel composition from year to year (waste, fuel) effects the IEF (Implied
Emission Factor). For example, the IEF for dioxin in this sector is higher in years when fuel
combustion is low and the sectordeminated 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 (unfaleora
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 2014 2015
Gas/Diesel ail (electricity) 1.40 2.12 1.12 1.97 0.43 0.60 0.60
Residual fuel oil (heat) 2.99 3.08 0.07 0.20 NO 0.19 0.19
Solid waste (heat) NO 4.65 6.05 5.95 8.11 NO NO

3.4.1.2 Emission factors

Emission factors are taken from the EMEP/EEA 20iti&lgook where emission factors are provided
for gas/diesel oil and Residual fuel oil in this sector. Emission factors for the burning of waste with
energy recovery are taken from table23of chapter 5C1a of the EMEP/EEA 2013 guidebook. Due to
the lack ofemission factors given in the guidebook the following pollutants are not estimated:

- Gas oil: N§ PCB, HCB.
- Residual fuel oil: NiAPCB, BaP, HCB.
- Waste: Emission estimates for all pollutants reported.

Emission factors for BaP, BbF, BKF are taken frbfa 84 of chapter 1A2 of the EMEP/EEA 2013
guidebook. In the guidebook, emission factor is only given for IpY and not the other PAH4 pollutants
for NFR sector 1Ala.

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

3.4.1.3 Recalculations

For the D17 submission, new emission estimates for several pollutants were calculated based on
available emission factors in the the EMEP/EEA 2013 guidebolnd@O emission factor were
furthermore updated in accordance with the EMEP/EEA 2013 guidebook. Tisgi@mfactor

changed from 1300 kg/TJ to 65 kg/TJ for Bl from 350 kg/TJ to 16.2 kg/TJ for CO, consequently
leading to a decrease in emissions of these two pollutants. Activity data for this sector remained
unchanged from the 2016 submission.

3.4.1.4 Planne& improvements
Acquire emission factorsforn@a G A YF 6 SR t ht Qa LRftfdzilyda FyR NBLJ:
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3.5 Manufacturing Industries & Construction (NFR 1A2)

3.5.1 Manufacturing industries, stationary combustion (1-42a

3.5.1.1 Activity Data

Information on the tdal amount of fuel used by the manufacturing industries was obtained from the
NEA and adjusted by EAI (see Annex ). The total fuel consumption per fuel type can bélsdén in
3.5. The sales statistics for theamufacturing industry (as adjusted by EAI) are given for the sector as
a total. There is thus a given total, which the usage in the different subcategories must sum up to.
The sales statistics do not specify the fuel consumption by the different industiaces. This

division is made by the EAI on basis of the reported fuel use by all major industrial plants that fall
under law no. 70/2012 on Climate Change (metal production, cement) and from green accounts
submitted by the industry in accordance witbgulation no. 851/2002 for industry not falling under
law no. 70/2012. Fuel consumption in the fishmeal industry from 1990 to 2002 was estimated from
production statistics, but the numbers for 2003 to 2014 are based on data provided by the industry
(appliation 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 2012). The difference between the given total for themeuid the sum of the fuel use of
the reporting industrial facilities are categorized as 1A2f othergpecified industry. Emissions are
calculated by multiplying energy use with a pollutant specific emission factor. Emissions from fuel
use in the ferrodoys 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 1A2fi. For PAH4, emissions from the mineral wool production aestimiated, and

for dioxin, emissions from the cement industry are reported under industrial processes (2A1).

Informative hventory Report, Iceland 20

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

1990 1995 2000 2005 2010 2014 2015
Gas/Diesel oil 5.07 1.13 10.25 22.19 9.39 4.57 3.59
Residual fuel oll 55.93 56.22 46.21 25.01 16.55 1.61 4.99
LPG 0.48 0.39 0.86 0.93 1.05 1.19 1.19
Electrodes (residue) 0.80 0.29 1.50 0.00 0.40 0.00 0.00
Steam coal 18.60 8.65 13.26 9.91 3.65 0.00 0.00
Petroleum coke 0.00 0.00 0.00 8.13 0.00 0.00 0.00
Waste oil 0.00 4.99 6.04 1.82 1.36 0.85 0.85

3.5.1.2 Emission factors

Emission factors for dioxin for liquid fuel used in stationary combustion in manufacturing industry are

taken fromthed ! G af A LI GAf f dfBtatisticsNoriRdy 200aPMARNEBsbn facelA S ¢

for coal used in stationary combustion (used in the cement industry) as well as the profile ratio are
GF1Sy FTNRBY (KS Q&KestindatiGnnng PAM eMmissidnlndh® Enssion Inventory
DdzZARS6221¢ 099! HAANTO® ¢KS . It SyArAaaArzy TFIFOd2N
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 tabled3(Tier 1 EF for 1A2 combustion in industry using liquid

fuels) from chapter 1.A.2 of the Emission Inventory Guidebook (EEA 2013). The emission factors for
dioxin and PAH4 are presentedTiable3.6.
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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] [mg/GJ] [mg/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 29 1.1 1.08
Electrodes residues IE 0.14 PR: 0.05 PR: 0.01 PR:0.8
Steam coal IE 0.14 PR: 0.05 PR: 0.01 PR:0.8
Petroleum coke IE 1.9 15 1.7 15
Waste ol 4 1.9 15 1.7 1.5

ICoal, electrodrodes residues and petroleum coke are only used in the 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 spéciemission factors for NO
and CO are taken from the 2006 IPCC Guidelines for National Greenhouse Gas In#p@ies
2006) Emission factors for NMVOC are taken from EMEP guidebooK2BA3 2013Bulphur
emissions from use of petroleum coke occur in the cement industry. Further waste oil has mainly
been used in the cement industry. Emission estimates faf@@he cement industry are based on
measurements.

3.5.2 Manufacturing industries, abile combustion (1LA2gvii)

3.5.2.1 Activity data

Activity data for mobile combustion in the construction sector is provided by the NEA. Oil, which is
reported to fall under vehicle usage, is in some instances actually used for machinery and vice versa
as it happes that machinery refuels at a tank station, (thereby reported as road transport), as well

as fuel that is sold to contractors, to be used on machinery, is used for road transport (but reported
under construction). This is, however, very minimal and theadion is believed to level out.

Emissions are calculated by multiplying energy use with a pollutant specific emission factor. Activity
data for fuel combustion are given Trable3.7.

Table3.7 Fuel use (kt), mobile combustion in the construction industry.

1990 1995 2000 2005 2010 2014 2015
Gas/Diesel oil 37.98 46.74 61.89 67.78 32.23 40.46 30.03

3.5.2.2 Emission factors

Emission factors for dioxin from mobile sourcésfa G+ 1 Sy FNRBY a! Gaf ALILI GACf
(Statistics Norway, 2002 hey are 0.1 ug/t fuel. PAH emissions are not estimated from this source.

SQ emissions are calculated from thec8ntent of the fuels. Emissidactors for N@, CO and

NMVOC are taken the revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories:
Reference ManuglPCC, 199&)nd the EMEP guidebook 20(BEA, 2013Emissia factors for BC

are taken from Emissions of Black Carbon and Organic Carbon in NorwagQi99Basestad,

2013)
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3.6 Transport (NFR 1A3)

3.6.1 Civil aviation (1A3a)

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

(1A3ai(i)), Domestic LTO (1A3aii(i), International cruise (1A3ai(ii) and Domestic cruise (1A3aii(ii)). As
RSTAYSR o0& 9dNRO2yi(iNRt a[¢hé AyOfdzRS& Gl EA 2dziz
approach (fromah@ K 2F onnn Fi®0S fFyRAYy3a YR GFEEA Ayo
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 imnaltitotals, whereas

SYraarzya 200dzZNNAyYy3I RdzZNAYy3d GKS ONMzA aS LI NI 2F (K
not counted in the national totals.

Emissions for the years 20@015 are taken directly from the Eurocontrol dataset for Iceland, which
differentiates between Domestic, International, LTO and Cruise emissions. The pollutants reported
from the Eurocontrol dataset include: NOx,xSCO, NMVOC, TSP, olhd PMs. For the years
19902004, emissions were estimated based on fuel type (jevgeme vs. aviation gasoline), and
emissions attributed to either LTO or Cruise using a ratio calculated from the Eurocontrol dataset
(see below), with sales data allowing the distinction between international and domestic use.

3.6.1.1 Activity data

Activity data $ provided by the NEA, which collects data on fuel sales by sector. This data
distinguishes between national and international usage. In Iceland, there is one main airport for
international flights, Keflavik Airport. Under normal circumstances almosttethational flights

depart and arrive from Keflavik Airport, except for flights to Greenland, the Faroe Islands, and some
flights with private airplanes which depart/arrive from Reykjavik airport. Domestic flights sometimes
depart from Keflavik airport inase of special weather conditions. Qil products sold to Keflavik

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

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

- 20052015: Fuel activity data is included in the Eurocontrol dataset. However, the dataset only
includes total amount of fuel but (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 approximation of the ratio of aviation
gasoline to jet kerosene to calculate a weightiagerage NCV, which was used to convert the
total burnt fuel reported by Eurocontrol into TJ.

Activity data for fel sales for domestic and international aviation are givehable3.8 and Table3.9.

Table3.8 Fuel sales (Kt domestic siation.

1990 1995 2000 2005 2010 2014 2015
Jet Kerosene 8.409 8.253 7.728 7.39 6.066 12.3 5.99
Aviation gasoline 1.681 1.131 1.102 0.872 0.648 0.5 0.5
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Table3.9 Fuel sales (kt), international aviation
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1990 1995 2000 2005 2010 2014 2015
Jet Kerosene 69.4 74.64 129.15 133.2 119.52 177.47 213.74
Aviation gasoline 0.2 0.18 0.03 0.40 0.01 0.002 0.01

A complete timeseries for fuel sales used in the emission estimates are provided NERetables
undeNJ af AljdzZA R FdzSt a¢ TFT2NJ 6KS NBEt SwBluglsiusetiCtve & SO0 2 NJ 6
sectors).

3.6.1.2 Emission factors

1990-2004: Total emissions (LTO + Cruise) were calculated using following emissions factors:
Emission factors for dioxin were taken frahe Standardized Toolkit for Identification and
Quantification of Dioxin and Furan ReleaéblEP,2003) Y R FNB Y G! Gaf ALILI GAf f dz
b 2 NJSatistics Norway, 2002)PAH4 emissionsane not estimated as no emission factors are
included in the EMEP/EEA 2016 Guidebook, notherge emissiongstimated by Eurocontro5Q
emissions were calculated from thec8ntent of the fuels provided by the National Energy Authority.
Emission facts for NOx, CO and NMVOC were taken from the 2006 IPCC Guidelines for National
Greenhouse Gas Inventories and the revised 1996 IPCC Guidelines for National Greenhouse Gas
Inventories: Reference ManudPCC, 1996As per the &ocontrol 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. Fo international aviation, it was assumed that TSP 3)PMPM 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 2015 for international LTO and cruise, respgctind applied to the period
19902004.

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.

20052015: 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 1.2804.

The emissino factors for the period 199Q004 are presented iflable3.10, and for particle matter in
international aviation inrable3.11.

Table3.10 Emission factors for dioxin, NOx, CO and NMVOC by fuel19p82004 (Except dioxin, where the EF apply for
1990-2015)

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

8 http://cdr.eionet.europa.eu/is/un/clrtap/ (Envelope A)
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Table3.11 Emission factors for TSP and BC, international aviai®®90-2004

Informative hventory Report, Iceland 20

TSP PMio PM2s BC

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

3.6.1.3 Recalculations and planned improvements

¢tKS SYAaarzy OFftOdzZ IGA2y YSiK2R2t23& ¢l a OKIy3aASK
distinction between LTO and Cruise had not been implemented. Therefore, the LTO emissions were
marked& &Ly Of dzZRSR 9f aS6KSNB¢ Ay fl1 ad @SINNR& &ddzYAa
1A3ai(ii) (International cruise) and 1A3aii(ii) (Domestic cruRkenned improvements include a

reassessment of the emission factors used in the emission estimatdsef@etiod 199€2004.

3.6.2 Road vehicles (1A3b)
This sector covers the emission estimates from exhaust emissions from various types of road

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

3.6.2.1 Methodology

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

GAGK FdzStf yR @GSKAOES LRffdziltyldi aLISOATAO SYA&EA?Z
NMVOC and CO. génissions are estimated based on tB€ontent of the different types of fuels

used in road vehicles and by assuming that all Sulphur is converted in tB® combustion process.

The transport model COPERT v4 is furthermore used to make emission estimates for emission
estimates of pollutafi & 2 G K S NJ (,ANMYOQ, &Ct afBSDhe fohowing text is taken from
the COPERT website regarding the applied methodéalogy

G ¢ KS /nmeth@elohy is part of thEMEP/EEA air pollutant emission inventory
guidebookfor the calculation of air pollu Yy i SYA&aAz2yaodé

Data that was acquired in the 2017 submission for the use of COPERT is limited to the years 2000
2014 and the assumption is consequently made that the emission estimates for the pollutants
estimated with COPERT are the same for 2015 &0fb4. Pre2000 emission estimates for the
pollutants estimated with COPERT are not reported and have not been estimated.

3.6.2.2 Activity data
Total use of diesel oil and gasoline are based on the NEA's annual sales statistics for foSsldieels (
3.12).

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

1990 1995 2000 2005 2010 2014 2015
Gasoline 127.8 135.6 142.6 156.7 148.2 132.0 133.5
Diesel oil 36.6 36.9 47.5 83.5 106.4 112.7 126.4

NEA made estimations on how the fuel consumption is divided between different vehicles groups,
i.e. passenger cars, light duty vehicles, and heavy duty vehicles are used for the period 1990 to 2005.

7 http://emisia.com/products/copert
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From 2006 to 2015 EAI estimated how thelfoensumption 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 Transport Authority (ICETRA), using average fuel consumption based
on the 1996PCC Guidelines Regarding Average Fuel Consumption Per Group. The data for 2006 to
2015 contains information on motorcycles. Therefore, the time series is not fully consistent as two
different methodologies are used. For the years 1990 to 2005 emissimmsniotorcycles are

included in emissions from other vehicles.

Informative hventory Report, Iceland 20

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 new cars. The assumptions are shoviaigare3.5. Although threeway catalysts

have been mandatory for a long time now, it is assumed that the proportion of cars with-trage
catalyst stagnateat 86%, as the catalysts usually lose their function after about 10 years.
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Passenger cars, advanced catalyst control

Figure3.5 Assumptions on emission control technology in passenger cars used in the emission estimates.

For the 2017 submission dataset for COPERT was acquired from 20QD4. This data is detailed

for Iceland and includes, among other data, a division of the fleet population into 276 groups
depending on vehicle type and technology based on European emission control standabddag01

was for COPERT not received before the 2017 submission and therefore the same fleet composition
was used in 2014 and 2015.

3.6.2.3 Emission factors

Emission factors for dioxin are taken from the Standardized Toolkit for Identification and

Quantification oDioxin and Furan ReleasgdNEP, 2005)They are presented irable3.13. Emission
FIOG2NR F2NJt! 1 IINB GF1Sy FNRBY GKS OKFLIISNI a!y I
Emission Inventory Guithook(EEA, 2007 Emission factors for PAH4 are presentethifie3.14.
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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(ap Ratio to B(a)P |

[mg/GJ] [I/200 km] pg/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
Pas.cars diesel direct ing. 0.7 7 11.79 0.9 1 1.1
Pass.cars dieselindirect in;. 2.8 7 47.14 0.9 0.8 0.9
Light duty vehicles direct inj. 0.7 10.9 7.57 0.9 1 1.1
Light duty vehicles indirect inj. 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 IPCC
GuidelineqIPCC, 199&)nd depend on vehicle type and emission control.

Emission factors for other pollutants depend upon vehicle type and emission control. They are taken
from the revised 1996 IPCC Guidelig€CC, 199&)nd are presented irmable3.155.

Table3.15Emission factors for NOx, CO, NMVOC and BC for European \bliest estimated)

NOXx CO NMVOC BC
[a/kg fuel] [g/kg fuel] [g/kg fuel]  [g/kg fuel]

Passenger cars gasoline, uncontrolled 27 550 63 NE
Passenger carsgasoline, noncatalyst control 37 300 72 NE
Passenger carsgasoline- three way catalyst 8.2 45.9 7.1 NE
Light duty vehicles gasoline 29 360 59 NE
Heavy duy vehicles- gasoline 40 346 32 NE
Motorcycles- gasoline 2.7 730 530 NE
Passenger carsdiesel 11 12 3 0.325
Light duty vehicle- diesel 16 18 4.6 0.644
Heavy duty vehiclesdiesel 42 36 8 0.202

Emission factors for other reported pollutants issed on COPERT emission factors (EMEP/EEA
guidebook).

3.6.2.4 Recalculations
For the 2017 submission, COPERT data was used in the calculations with the following main changes
from the 2016 submission when comparing emission estimates for reporting year 2014:
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- Correction in the reporting of NOx and NMVOC and dioxin from passenger cars (NFR 1A3bi)
and mopeds and motorcycles (NFR 1A3biv) .
- New emission estimates for the following pollutants from 2@014:
1 Main Pollutants: NH
1 Particulate matter: PMs, PMyo and BE.
9 Priority heavy metals: Pb, Cd.
91 Additional heavy metals: Cr, Cu, Ni, Se and Zn.

Informative hventory Report, Iceland 20

For the 2017 submission, new emission estimates for BC was included for 2013 and 2014 based on
COPERT. Emissions for BC increased between the 2016 and 2017 submissiohiglue to t

3.6.2.5 Planned improvements
Planned improvements with the highest priority are the following:

f  Acquire emissionfactorsn@a G AYF SR t ht Qa yR SadAyYlFdiS GKS

1 Acquire comprehensive data for vehicle fleet {2@00 to facilitate further use of the GERT
transport model in the emission estimates.

1 Comparison of emission estimates between COPERT and current estimates, iNM@C,
CO and SO

3.6.3 National navigation (1A3dii)
Emissions are calculated by multiplying energy use with a pollutant specifisiemiactor.

3.6.3.1 Activity data
Total use of residual fuel oil and gas/diesel oil for national navigation is based on the NEA's annual
sales statistics for fossil fuels. Activity data for fuel combustion are givEabile3.16.

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

1990 1995 2000 2005 2010 2014 2015
Gas/Diesel ol 11.75 7.04 3.43 6.20 8.46 4.29 7.89
Residual fuel oil 7.17 4.76 0.54 0.88 2.61 2.14 0.44

3.6.3.2 Emissia 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 for NOx, G and NMVOC are taken from Table 1.48 in the revised 1996 IPCC Guidelines for
National Greenhouse Gas Inventories for ocgaing ships. Emission factors for PCB, HCB, PM, BC
and heavy metals were taken from the EMEP/EEA 2006 Guidelines for navigagomsAibn

factors are presented in

Tables.17.

8 Elemental carbon assumed to be comprised of Black carbon only, as suggested by the EMEP/EEA 2013
guidebook.
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Table3.17 Emission factors form national navigation emissions.

NOx NMVOC CcO TSP PMo PMzs
[kg/TJ] [kg/TJ] [kg/TJ] [kalt fuel] [kg/t fuel] [kg/t fuel]
Marine diesel oil 1800 52 180 15 15 14
Bunker fuel oil 1800 52 180 6.2 6.2 5.6
BC Dioxin B(b)F Pb Cd Hg
% of TSP [“gﬂ';;]EQ/ U gt fuel] [g/t fuel] [/t fuel] [g/t fuel]
Marine diesel oil 12% 4 0.04 0.13 0.01 0.03
Bunker fuel oil 31% 4 0.04 0.18 0.02 0.02
As Cr Cu Ni Se Zn
[/t fuel] [g/t fuel] [g/t fuel] [g/t fuel] [g/t fuel] [/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

3.6.3.3

Recalculations ahplanned improvements

No recalculations were made for this sector. Planned improvements include an update of emission

factors currently taken from the revised 1996 Guidelines.

3.6.4 1A3di(i) International navigation (memo item)

The retail supplier divides fuake between international navigation (including foreign fishing

vessels) and national navigation based on identification numbers which differ between Icelandic and
foreign companies. The methodology and emission factors for marine bunkers are the same as
described for national navigation, and the emission factors can be found in

Tables.17. The resulting emissions are reported as a memo item and are not included in national
totals.

3.7 Other Sectors (NFR 1A4)

3.7.1 Commerdal, institutional & residential fuel combustion (1A4a, 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 an@nesas far

from public heat plants. Two waste incineration plants used waste to produce heat. One of them
used the heat for heating a swimming pool and a school building (Skaftarhreppur, closed down in
December 2012), and the other one used the heatheaiting a swimming pool (Svinafell, closed

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

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

3.7.1.1 Activity data

Activity data forfuel use is provided by the NEA, which collects data on fuel sales by sector. EAI
adjusts the data provided by the NEA as further explained in Annex |. Activity data for waste
incineration are collected by the EAI directly. Activity data for fuel conidnusind waste incineration
in the Commercial/Institutional sector are givenTible3.18.
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Table3.18 Fuel use (K}, commercial/institutional sector.
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1990 1995 2000 2005 2010 2014 2015
Gas/Diesel ol 1.8 1.6 1.6 1.0 0.3 0.3 0.30
Waste oll 3.3 - - - -
LPG 0.3 0.3 0.5 0.5 0.2 0.3 0.34
Solid waste NO 0.5 0.6 0.6 0.3 NO NO

Activity data for fuel combustion in the Residential sector is givaiabie3.19. The table displays

that the use of kerosene increased substantially from 2005 to 2010. Kerosene is used in
summerhouses but also, to some extent, in the Commercial sector for heating of commercial
buildings. The usage has been Very over the years and therefore the kerosene utilisation has all
been allocated 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 hasvateti some diesel

car owners to use kerosene on their cars as the kerosene does not havaxC@espite 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 2014 2015
Gas/Diesel ol 8.73 6.36 6.03 3.24 1.92 3.63 3.63
LPG 0.42 0.45 0.72 0.93 1.42 0.77 0.77
Kerosene 0.51 0.15 0.15 0.17 1.22 0.76 0.76

3.7.1.2 Emission faors

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

LPG (Liquifie@etroleum Gas) and 4 pg/t for waste oil. Emissions eh&Ccalculated from the-S

content of the fuels. Emission factors for other pollutants are taken from the revised 1996 IPCC
GuidelineqIPCC, 199&nd the EMEP/EEA aiollutant emission inventory guidebodEEA, 2013)

Default EFs from Tables 1.7 to 1.11 in the Reference Manual were used in cases where EFs were not
available. Emissions from waste incineration with recovery, where tieegy is used for swimming
pools/school buildings are reported here. The IEF for dioxin in the sector shows fluctuations over the
time series. From 1994 to 2012 (as stated above one plant was closed down in 2010 and the other
one in 2012) waste was incirsted to produce heat at two locations (swimming pools, school

building). The IEF for dioxin for waste is considerably higher than for liquid fuel. Further waste oil
was used in the sector from 1990 to 1993. This combined explains the rise in IE-itwoth

sector.

3.7.2 Agriculture, forestry & fishing (1A4c)

Emissions from fuel use in agriculture and forestry are included elsewhere, mainly within the
construction (1A2fii) and Residential sectors (1A4bi); thus, 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.
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3.7.2.1 Activity data

Total use of residual fuel oil and gas/diesel oil for the commercial fishing is based on the NEA's
annual salestatistics for fossil fuels. Activity data for fuel combustion in the Fishing sector are given
in Table3.20.

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

1990 1995 2000 2005 2010 2014 2015
Marine diesel olil 174.90 191.13 21111 171.68 128.16 102.24 116.33
Bunker fuel oil 32.42 53.44 16.01 26.30 41.41 37.38 27.33

3.7.2.2 Emission factors

Emission factors for dioxin and PAH (only B(b)F) are taken from Utslipp til lufixanedioNorge
(Statistics Norway, 20025Qemissions are calculated from thec8ntent of the fuels. Emission

factors for NOx, CO and NMVOC are taken from Table 1.48 in the revised 1996 IPCC Guidelines for
National Greenhous&as Inventories for oceagoing ships. Emission factors for PCB, HCB, PM, BC
and heavy metals were taken from the EMEP/EEA 2006 Guidelines for navigation. All emission
factors used for calculating emissions from this sector are the same as those usedatibnal
navigation sector (1A3dii) and are presented in

Tables.17.

3.8 Fugitive Emissions (NFR 1B2)

3.8.1 Distribution of oil products (1B2av)

NMVOC emissions from distribution of oil products are estimated by nhitigpthe total imported

fuel with an emission factor. The emission factor is taken from the EMEP/EEA air pollutant emission
inventory guideboolk; 2009(EEA, 2009nd is 9 kg/Mg. Data on total import of fuels are taken from
Siatistics Iceland.

3.8.2 Geothermal energy (1B2d)

Iceland relies heavily on geothermal energy for space heating (90%) and to a significant extent for
electricity production (30% of the total electricity production in 2014). Geothermal energy is
generally consided to have relatively low environmental impact. Emissions ofat®commonly
considered to be among the negative environmental effects of geothermal power production, even
though they have been shown to be considerably less extensive than from fosgibfuer plants, or

19 times lesgBaldvinsson, 2011)Very small amounts of methane, but considerable quantities of
Sulphur in the form of hydrogen suppliecd.@) are emitted from geothermal power plants.

3.8.2.1 Activity data

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 measurements. The enthalpyflamdof 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 calculatedrfeach 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-8B discharge from individual wells.

77



@

Informative hventory Report, Iceland 20

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

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

1990 1995 2000 2005 2010 2014 2015
Electricity production (GWh) 28291  288.18 132295 1658.00 4465.00 5238.41 5238.41
Sulphur emissions (as SCkt.) 13.33 11.01 26.02 30.31 57.70 46.71 46.71

3.9 Uncertainties and timeseries consistency

No uncertaintyanalysis has been done for the waste sector and work has been done to facilitate such

calculations for future submissions. For road transport (NFR 1A3b), emission estimates are missing
for pollutants calculated with COPERT due to the lack of activitypdet2000 used in the model.

3.10 QA/QC and verification procedures

The QC activities include general methods such as accuracy checks on data acquisition and
calculations and the use of approved standardised procedures for emission calculations, estimating
uncertainties, archiving information and reporting, as further elaborated in the QA/QC manual. No
source specific QA/QC procedures have been developed yet for the Energy sector.
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4 Industrial Proesses (NFR sector 2)

4.1 Overview

Mostthe expansion of the indusal sector, the contribution of this sector to the total emissions has
been increasing since 1990. By far the major category within the industry is metal production, and
the emission trends of the various pollutants closely match the opening and ctifsiagious

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, which mostly originate from solvents
and product use, NHwhich comedrom 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).

4.1.1 Sectoral trends POPs

The emissions from the industrial processedaein 2015 are shownddow inTable4.1. The

complete emission dataset can be found in the NFR Talfliggire4.1 to Figure4.4 show the trends

for Dioxin, PAH4, HCB@&PCB since 1990, subdivided into the 6 subsectors belonging the industrial
sector.

Table4.1 Dioxin, PAH, HCB and PCB emissions from industrial pro@86®A¢ Not applicable, NE Not estimated, NO
- Not occurring)

Dioxin  B(a)P B(b)f B(K)f IPY PAH4 HCB PCB
[OFTEQ] [t [t [ [ [t (k] [ka]
2A  Mineral industry 4.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 0.056 2.E03 0.022 6.E03 2.E03 0.035 0.011 0.011

2D Solvent and productus 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  1.E05  1.E05  1.E05  7.E05 NA/NE/NO NA/NE/NO
product use

Other industry
produdion

Industrial Processes, Total ~ 0.056 0.0025 0.022 0.0064 0.0024 0.035 0.011 0.011

2H NA NA NA NA NA NA NA NA

The main source of POPs is the metal production industry (2C). In 2015, three primary aluminium
smelters, one secondary aluminium productionifiag one ferrosilicon plant as 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 very small percentage compared to the metal production industry.

Figure4.1 shows the dioxin emissions from the industrial sector. The increases iR1B®®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 steedipction facility, whose production was

much less in 2015 than in 2014 leading to the sharp decrease in 2015. The dioxin emissions from 2A
mineral industry mostly originated from a cement factory that ceased production in 2011 .

9 http://cdr.eionet.europa.eu/is/un/clrtap/(Envelope A)

79


http://cdr.eionet.europa.eu/is/un/clrtap/

@

PAH4 emissions, shownHhigure4.2, also originate almost exclusively from the metal production
industry. As for dioxin, the stewise increase in emissions corresponds to the expansion of the

industry.
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Figure4.1 shows the dioxi emissions from the industrial sector. The increases in 19®® and in
2007-2008 correspond to the opening of two new primary aluminium smelters, and the increase in
2014 corresponds to the opening of a secondary steel production facility, whose pimtuas

much less in 2015 than in 2014 leading to the sharp decrease in 2015. The dioxin emissions from 2A
mineral industry mostly originated from a cement factory that ceased producti@@1d.

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

industry.
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Figure4.1 Dioxin emissionis the industrial sector, 1992015
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Figure4.3HCB emissions the industrial sector, 1992015

Figure4.3 shows HCB emission trends. The main HCB source was the cement industry, until 2004
where a secondary aluminium production facility, Alur, opened leading to an increase in HCB
emissions. In 2010, Alur started stepping da¥we production, with a corresponding decrease in HCB
emissions. In 2013, another secondary aluminium plant, Kratus, opened, leading to a new increase in

production.
Figure4.4 shows the PCB emissions. Only one PCB sourcenmtstifor this sector, which is the
secondary steel production industry. Operations at the plant started in 2014, with a much lower
production in 2015 than in 2014.
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Figure4.4 PCB emissiomsthe industral sector, 199015
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 2015 emissions for NOx, NMVOC, SOx,MN#s, PMyo, TSP, BC

and CO, as well as heavy metals. Figures showing the evolution of the emissions since 1990 for each

pollutant, by subsector, are shownAmnexIV.

B 2H Other industry production

Table4.2 NOx, NMVOC, SOx, )NNAM and CO emissions from industrial proces#5 (NA¢ Not applicable, NE Not

estimated, NO Not occurring)

NO« NMVOC S& NHs PM,s PMyg TSP BC cO
KINO, [k  [K{SG [k [k [k] [k [k [ki
2A  Mineral industry NO/NE/NA NO/NE/NA 9.E04 0016 0013 0015 0017 3.E04  0.029
2B Chemical industry NO NO NO NO NO NO NO NO NO
2C Metal production 212 0.10 137 NO/NE 059 067 077 00081  103.1
2D Solvent androduct use NO/NE/NA 121 NO/NE/NA NANO 1E04 8.E04 0.0039 6.506 NO/NE/NA
o Other solvent and 7E04 00013 00018 00011 0039 0068 0074 3.E05  0.020
product use
oy Otherindustry NA 0.35 NA NA NR NR NR AR NA
production
Industrial Processes, Tat 2.12 1.66 13.7 0.017 0.64 0.75 0.86 0.008 103.1
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Table4.3Heavy metal emissions from industrial proces2@35(NA¢ Not applicable, N@Not occurring, NRNot
relevant0)

Pb Cd Hg As Cr Cu Ni Se Zn
[t] [t] [t] [t] [t [t [t [t] [t]
2A  Mineral industry NA/NO  NA/NO Ng’ N NAINO NANO NANO NANO NANO  NANO
2B Chemical industry NO NO NO NO NO NO NO NO NO
2C  Metal production 0014  1E03 2E04 3E03  3E03  3E03  3E03 NR/NO  0.022
,p  Solventad product NANRIN NANRIN ,_ . NANRIN NANRIN NANRIN NANRIN NANRIN NANRIN
use o o : o o o o o o
o Othersolventand 0.47 9.E04 4.E05 8.E04  9.E03 0.27 0.018  3.E06 0.16
product use
oy Otherindustry NA NA NA NA NA NA NA NA NA

production

Industrial Pracesses, Total  0.49 0.0019 0.02 0.0041 0.012 0.27 0.021  3.E06 0.18

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 (2H2 Food and beverage
production) are the biggest source of NMVOC and heavy metals. Heavy metal emissions in Iceland
mostly come from fireworks use.

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

4.2 General methodology

Methodology is based on the newest EMEP/EEA air pollutant emission inventdepgok (EMEP,
2016). In general, emissions are calculated by multiplying the quantity of production or product use
with pollutant-specific emissions factors. Emissions factors are taken from EMEP/EEA air pollutant
emission inventory guidebook (EMEP, 201}, Standardized Toolkit for Identification and
Quantification of Dioxin and Furan Releases (UNEP, 2005), Utslipp til luft av dioxiner | Norge
(Statistics Norway, 2002), The 2006 IPCC Guidelines for Greenhouse Gas In#R@tie200&)s

well as plantspecific emission factors derived from direct measurements at the plants. Activity data
is collected from data reported under the EU ETS, Statistics Iceland, Green Accounting or directly
from the operators. Detailed, activitypecific methodology for emission estimates is described for
each subsector.

This chapter on Industrial Processes (NFR sector 2) isdlivigethe following chapters:

- Mineral Industry (NFR 2A)

- Chemical Industry (NFR 2B)

- Metal Production (NFR 2C)

- Solventand Product use (NFR 2D)

- Other solvent and product use (NFR 2G)
- Food and Beverages Industry (NFR 2H2)

0 OStFyR dzaSa GKS y2ialdAaz2y 18e bw F2N y2i Satbat YI §SR

are reported to the UNFCCC under the Kyattdtol.
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4.3 Mineral Industry (NFR 2A)

4.3.1 Cement production (2A1)

The single cement plant in Iceland produced cement from shell sand and rhyolite in a rotary kiln
usinga 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 crushed to form cement.

The production at the cement plant in lead slowly decreased after 2000. The construction of the
Karahnjukar hydropower plant (building time from 2002 to 2007) along with increased activity in the
construction sector (from 2003 to 2007) increased 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 ceapedation.

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 factors

Emission factor for dioxin is taken from the Toolkit for Idécdtion and Quantification of Dioxin and

Furan Releases (2013). The factor applies for wet kilns, with ESP/FF temperature < 200°C and is 0.05
Mg FTEQ/t cement. The HCB emission factor is based on the chapter Sources of HCB emissions from
the Emissionnventory GuidebookEEA, 2007 Emission factors for TSP, Bind PM sare based on
measurements and the BC emission factor (3% of PN based on the 2013 Emission Inventory
Guidebook (EEA, 2013). Emission estimates@prfe based on measurements from the plant, but

include both processelated and combustiomelated emissions, and the total S€missions are

reported in the Energy sector under 1A2gviii (Other stationary combustion in manufacturing
industriesand constizOG A2y 0 X F YR YFEN]J SR L9 Ay wu!wm /SYSyl
and NMVOC originate mainly from combustion and are also reported under 1A2gviii. All emission
factors are summarized in the table below.

Table4.4 Emission factors for cement production

Dioxin HCB TSP PMuo PMzs BC
[Mg/t I-TEQ] w>3K [ka/kt] [ka/kt] [ka/kt] % of PM2.5
Cement production 0.05 11 220 200 100 3

4.3.1.3 Recalculations and planned improvements
No recalculations were performed between the previous and the current submission. No major
improvements of this subsector are plaed at the moment.

4.3.2 Mineral wool production (2A6)
There is one Mineral Wool Production Plant in operation in Iceland.

4.3.2.1 Activity data
Activity data for the mineral wool plant is based on data submitted to the EAIl under the EU ETS and
in Green Accounting.
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4.3.2.2 Emision factors

Emissions of dioxins are calculated from the amount of electrodes 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 emissioare not estimated. Emissions of,%@e calculated using

the S content of the electrodes used. Emission factors of C&ardHISP were calculated based on
measurements at the factory. IN the case of;idAd TSP, measurments were available for 2009,
2011, 2013 and 2015. For those years the actual measurments were used to derivespgeiéic
emission factor. For the years inbetween, the average of the emission factor of the previous year and
of the following year was used. For all years prior to 2@0® average of 2009, 2011, 2013 and 2015
was used. PM and PM swere calculated from TSP using the TSP vgo WMPM s ratios given in

the EMEP/EEA 2016 Guidelines. BC was calculated using the ratipggifAivi in the 2016

Guidelines. NOx and NMV@@issions originate from combustion and are reported under sector
1A2gviii.

Table4.5 shows the emission factors used for mineral wool production.

Table4.5 Emission factors for minal wool production (N& TSP: Values are EFs for 19008)

NHs CcO TSP PMuo PM; s 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

4.3.2.3 Recalculations and planned improvements
No recalculations were performed between the previous and the current submission. No major
improvements of this subsector are planned at the moment.

4.4 Chemical Industry (NFR 2B)

4.4.1 Other (2B10a)

The only chemical industry that existed in Iceland was the piimluof fertilizer andsilicium The
fertilizer production plant was closed down in 2001 and the silicium production plant was closed
down in 2004. This industry is not considered to be a source of POPs nor heavy metals.

4.4.1.1 Activity data

When the fertilizeproduction plant was operational it reported its emissions of @ NO to the
EAIl At the silicium production plant, silicium containing sludge was burned to remove organic
material. Emissions of G&nd NQwere estimated on the basis of thed®ntentand Ncontent of
the slidge provided by the operator.

Activity data for both industries are presentedliable4.6.

Table4.6 Production data for 1990, 1995 and 2000 for fertiliaed silicium production (in kt.)

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

For Silicium production, emissions of £2@dNO, were estimatedbased orthe Gcontent and N

content of the sludge provided by the operator. Average NOx IEF for the perioeR0890vas 15.6 t
NOXx/kt Si production. Other emissions from soda ash use were not estimated and are considered to
be small.

For the fertilizer production, the average IEF for NOx for the period 2281 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 werestimated for thigndustry.

4.4.1.3 Recalculations and planned improvements
No recalculations were performed for this submission. For sakRimissionpther emissions from
soda ash use will be included.

4.5 Metal Production (NFR 2C)

4.5.1 Secondary steel production (2C1)

Since 2014 a secoad, steelmaking facility (GMR) has been operating in Grundartangi next to the
ferrosilicon plant and the aluminium smelter Nordural. GMR produces steel from scrap iron and steel
from the aluminium smelters. Carbonates and slags are added to the smeltinggs; wich occurs in

an electric arc furnace.

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

45.1.2 BEmission factors

All emissions are calculated using Tiers 2 emission factors 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 factehjch is unrelated to technology.

Table4.7 shows all emission factors used.

Table4.7 Emission factors for secondary steel production

NO NMVOC SQ TSP PMio PMzs BC CcoO
[kgft] [kgft] [kght] [kg/t] [kgft] [kgft] % of PM2.5  [kg/t]
Secondary steel 0.13 0.046 0.06 0.03 0.024 0.021 0.36 1.7
Dioxin HCB PCB
o Mo mong
Secondary steel 3 0.03 25
As Cd Cr Cu Hg Ni Pb Zn
[9/t] [9/t] [9/t] [9/t] [9/t] [9/t] [9/] [9/t]
Secondary steel 0.015 0.2 0.1 0.02 0.05 0.7 2.6 3.6

45.1.3 Recalculations and planned improvements
No recalculationsvere performed between the previous and the current submission. No major
improvements of this subsector apanned at the time of writing
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4.5.2 Ferroalloy production (2C2)

Ferrosilicon (FeSi, 75% Si) is produced at one plant in Iceland. The raw mateagki$Rj@). The

quartz is reduced to Si and CO using reducing agents. The waste gas CO and some SiO burns to form
CQ and silica dust. In the production raw ore, carbon material and slag forming materials are mixed
and heated to high temperatures foeduction and smeltingReadyto-use iron pellets for the

production are imported so no additional emissions occur from the iron part of the FeSi production.
The carbon materials used are coal, coke and wood. Electric (submerged) arc furnaces with
Soedeberg electrodes are used. The furnaces are ssmered. Emissions originate from the use of
coal and coke as reducing agent, as well as from consumption of electrodes. Waste gases are
cleaned via dry absorption units (bhguse filters). When the tempature inside the units gets too

high, emergency bypass of the baguse filters is induced. The operating permit for the ferrosilicon
plant contains provisions on the maximal duration of such incidences (in percent over the year).

Informative hventory Report, Iceland 20

45.2.1 Activity data

The comsumption 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 emissiargsgiven inTable4.8.

Table4.8 Raw materials (kt) and production (kt) at the ferrosilicon plant.

1990 1995 2000 2005 2010 2012 2013 2014
Electrodes 3.8 3.9 5.7 6.0 4.8 4.3 4.9 3.8
Coal 45.1 52.4 73.2 86.9 96.1 103.0 115.1 45.1
Coke oven coke 24.9 30.1 46.6 42.6 30.3 295 30.9 24.9
Charcoal - - - 2.1 - - - -
Waste wood 16.7 7.7 16.2 15.6 11.3 25.7 27.2 16.7
Limestone - - 0.5 1.6 0.5 2.4 2.2 -
Production (FeSi) 62.8 71.4 108.7 111.0 102.2 107.8 117.9 62.8
Coarse Microsilica 0.9 1.0 1.4 1.6 1.1 1.4 1.4 0.9
Fine Microsilica 13.2 15.0 214 24.3 17.0 21.0 20.8 13.2

4.5.2.2 Emission factors

In 2011 emissions of dioxin and PAH4 (BaP, BaF, BkF, IPy) were measured at the ferrasilicon pl
These measurements were used to obtain plant specific emission factors perabpreduction

that were used for the whole time series. Emission factor for CO is 1.62 kg/t FeSi is taken from table
2.16 and enission factors foNOxand NMVOGare takenfrom table 1.9 and 1.1bf the revised 1996
IPCC Guidelines for National Greenhouse Gas Inventories: Reference (fR@Tal1996)Emission
factorsare presented imable4.9. Sulphur emissions weigalculated from $ontent of the reducing
agents for the time period 1992002, and were taken directly from Green Accounting reports
submitted yearly by the factory since 2003.

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

filtered exhaust and the amount of particulates that are released during emergency bypass of the
SEKIFdzali® 9YA&aarAzy TFILOG2NI F2NJ FAf 6 SNBR SEKI dzaid A a
Available Techniques in the Non Fezd  a S ( | f ¥Eulopeahdzanimi&Ridd, 2@01)is 5

mg/Nm?. This factor is then multiplied with the plant specific yearly amount of exhaust (fh Nira

calculate the bypass emissions, first the total Microsilica, foollected and sold e.g. to cement

producers) and coarse (cyclone dust) are added up and divided by the hours per year (8760 hrs.) to
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get Microsilica production rate per hour. This is known for all years since 2005. The production rate
is then multipliel 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
Accounts, submitted in accordance with Regulation no. 851/2002. The bsgiadsr 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 years 1990 to 2001 based on total
produced FeSi at the plant each yearc8i@012, TSP are obtained from the yearly Green Accounting
report submitted to EAI. The emission factor for BC is taken from the Norwegian IIR (2016).

Informative hventory Report, Iceland 20

All emission factors are presented in the table below.

Table4.9 Emission factors from ferroalloys production.

NOx NMVOC CcoO PMio PMzs BC

[kg/TJ] [kg/TJ] [kg/t FeSi] % of TSP % of TSP % of PM2.5
FeSi - - 1.62 95 95 0.23
Coal 300 20
Coke 300 20
Charcoal 300 20
Waste wood 100 50
Electrodes 300 20 - - -

Dioxin B(a)P B(b)F B(k)F IPy

[ug/t FeSi] [mg/t FeSi] [mg/t FeSi] [mg/t FeSi] [mg/t FeSi]

FeSi 0.114 2.79 102.22 29.68 9.39
Coal
Coke
Charcoal
Waste wood
Electrodes

Several heavy metals (As, Cd, Cr, Cu, Hg, Pb and Zn) were measured in silicon dust in 2014. These
measurements were used in combination with the emitted TSP to calculate heavy metals emissions
since 1990. Hg was found to be below detectioa & 9 mg/kg silicon dust) in all samples. The

heavty metal contents in silica dust are showT able4.10.

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

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

4.5.2.3 Recalculations and planned improvements

Small modifications were made to the NCVs for coal, coke, wood and charcofitd tlee updated
values in the 2006 IPCC guidelines: \&@ues, previously calculated based on estimates of S
contents in raw materials, have been replaced by estimates provided directly by the factory for the
period 20032015. Planned improvements indie revising NOx, NMVOC and CO methodology
calculations to update the emission factors (currently taken from the revised 1996 IPCC Guidelines
for National Greenhouse Gas Inventories: Reference mdiR@&IC, 199R)
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4.5.3 Primary alumiium production (2C3)

In 2015 aluminium was produced at three primary aluminium plants in Iceland. Best Available
Technology (BAT) is used at all plants, lesed prebake systems with point feeding of alumina,
efficient process control, hoods coverititg entire pot and efficient collection 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.

4.53.1 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 givéabte4.11.

Table4.11 Aluminium production (kt).

1990 1995 2000 2005 2010 2014 2015
Primary Al production 87.8 100.2 226.4 272.5 818.9 839.5 857.3

4532 Emission factors

In 2011 emissions of dioxin were measured at one of the aluminium plant§{Nd). The same

plant also measured PAH4 in 2002 and in 2011, and the average emission factors from these two
measurements were calculated. The measurements were used to obtain plant specific emission
factors per tonne of production that were used foretiwhole 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 detection limit in the cleaned gas. Emission factors
are deived from the concentration of dioxin and PAH4 in the raw gas. They are preseritadla

4.12.

NOx and CO were taken from Table 3.2 in the Emission Inventory Guidebook (2016). Particulate
matter was calculated from informatioon particulates per tonne of produced aluminium that the
aluminium plants report in their Green Accounting reports submitted to the EAI. Ratios of
TSP:PM:PM:sas well as the BC emission factor were also taken from the 2016 Guidebook. All
emission factas are presented ifable4.12. Emissions of S@re estimated from $ontent of

alumina and electrodes.

Table4.12 Emission factors, primary aluminium production.

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

4.5.3.3 Recalculaons and planned improvements

Recalculations were performed for particle matter, adjusting the ratios betwesin, PM and PM s
to match ratios suggested by the EMEP/EEA 2016 Guidebook. No major improvements of this
subsetor are planned at théime of writing.
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4.5.4 Secondary aluminium production (2C3)

Secondary aluminium production started in 2004 at Alur in Helguvik. In 2012, another facility, Kratus,
opened next to the Nordural smelter at Grundartangi. At the end of 2014, Alur was acquired by
Kratus and khsecondary aluminium production moved to Grundartangi. The plant recycles scrap
aluminium from the two primary aluminium plants in southwest of Iceland, by melting scrap metal in
batches in a rotary kiln.

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

Table4.13 Secondary aluminium production (kt

2005 2010 2014 2015
Secondary Al production 2.25 2.04 2.42 2.20

4.5.4.2 Emission factors

Emissions of dioxin, HCB and PM are estimated. The dioxin emission factor comes from the
Standardized Toolkit for Identification and Quantification of Dioxin and Furan Re(¢HSE®, 2005)
The lowesvalue (0.5 pg/t aluminium) for secondary aluminium production was chosen as the plant
only recycles scrap metal from primary aluminium plants and no coated aluminium, so organic
compounds in the input material is minimum. Also no chlorine is addeckipribcess and further
oxy-fuel burners are used. The HCB, TSRy FMAsand BC emission factors are taken from the
Emission Inventory Guidebo@EEA, 2016)Measurements of dioxin at the plant in 2012, showed
that the EF 00.5 pg/t represents the plant well.

Dioxin HCB TSP PMio PMzs BC
[ug/t All [a/t Al] [kg/t] [kg/t] [kg/t] % of PMs
Emission factors 0.5 5 2 1.4 0.55 2.3

4543 Recalculations and planned improvements
No recalculations were performed between the previam the current submission. No major
improvements of this subsector are planned at thme of writing

4.6 Solvent and Product Use (NFR 2D)

Activities related to 2D Solvent and product use mostly generate NMVOC (1.21 kt NMVOC in 2015).
When volatile chemicalare exposed to air, emissions are produced through evaporation of the
chemicals. The use of solvents and other organic compounds in industrial processes and households
is an important source of NMVOC evaporation. Emissions of other pollutants than NWVB/©Gnly
estimated from road paving with asphalt (2D3bioxin, PM and BC), Domestic solvent use (2D3a

Hg) and other solvent use (Creosot&D3i- PAH). In most cases where the emissions are reported

as NE / Not estimated in the NFR tables, emygsiof Ot 2 NB | NB YIFINJ SR Fa abz2i
EMEP/EEA guidelines. The categories Paint Application, Degreasing, and Other NMVOC emissions
from printing and other product use have in common that their activity data consists of data about
imported goals. This data was received from Statistics Iceland.

Emission factors for all subcategories of 2D3 are presentédbied.14 below. References and more
details about individual emission factors are included in the respeatider chapters
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Table4.14 Emission factors for sector 2D3

NMVOC TSP PMio PM5 BC
unit fg/unit] [kg/unit [kg/unit [Kg/unit]  [% of
] ] PMz.5]
2D3a Domestic solvent use head 1800 - - - -
2D3b Road pavinwith asphalt t asphalt 16 14 3 0.4 5.7%
2D3d Coating applications kg paint 230 - - - -
. kg cleaning
2D3e Degreasing product 460 - - - -
2D3f Dry cleaning kg textile treated 177 - - - -
2D3g Chemlcal productspaint kg product 11 ) i i i
manufacturing
2D3h Printing kg ink 500 - - - -
2D3i Creosotes kg creosote 105 - - - -
2D3i Orggnlc solverborne kg preservative 945 ) i i i
preservatives
Dioxin BaP BbF BkF Ipy
unit &>3a | [mg/uni [mg/unit [mg/unit .
TEQunt] 4 ] ] [mglunit]
2D3a Domestic sobnt use head - - - - -
2D3b Road paving with asphalt t asphalt 0.007 - - - -
2D3d Coating applications kg paint - - - - -
. kg cleaning
2D3e Degreasing product - - - - -
2D3f Dry cleaning kg textile treated - - - - -
2D3g Chemlcal productspaint kg product ) ) i i i
manufacturing
2D3h Printing kg ink - - - - -
2D3i Creosotes kg creosote - 1.05 0.53 0.53 0.53

2D3i Organic solverborne
preservatives

kg preservative
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Table 4.14 (cont’d)

unit Hg
[mg/unit]

2D3a Domestic solve use head 5.6
2D3b Road paving with asphalt t asphalt -
2D3d Coating applications kg paint -
2D3e Degreasing kg cleaning produc -
2D3f Dry cleaning kg textile treated -
2D3g Chemical productspaint manufacturing kg product -
2D3h Printing kg ink -
2D3i Creosotes kg creosote -
2D3i Organic solverborne preservatives kg preservative -

4.6.1 Domestic solvent use including fungicides (2D3a)
Domestic solvent use is calculated using a default per capita value, agepérin the 2016
EMEP/EEA Guidebook (Table 3.1 Chapter 2.D.3.a)

46.1.1 Activity data
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 1I8¥®«0/capita. Hg was also
estimated, using the default 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 Recalculations and planned improvements

In the 2016 submission an emission factor of 2.7 kg N@W@pita was used, as was given in the
2013 Guidebook. With the updated value of 1.8 kg/NMVOC, the recalculated emissions decreased
accordingly. No major improvesnts are planned at this stage.

4.6.2 Road paving with asphalt (2D3b)
Asphalt road surfaces are cooged 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 Activity data
Information on the amount of asphalt produced comes from Statisticsridalatil 2011, and directly
from the companies producing asphalt since 2012.

4.6.2.2 Emission factors

The emission factors for NMVOC and BC are taken from Table 3.1 in Chapter 2.D.3.b in the EMEP/EEA
emission inventory guidebook 2016 (Tier 1). Emissions fafdoi&SP are based on measurements

from the secondargest asphalt production plant. PM2.5 and PM10 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. Emissions of 3ONQ, andCO are expected to originate mainly from combustion and are

therefore not estimated here but accounted for under sector 1A2g.
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4.6.2.3 Recalculations and planned improvements
No recalculations were performed between the previous and the current submission. No majo
improvements of this subsector are planned at the moment.

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

4.6.3.1 Activity data

The EMEP guidebook (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). It is as&d that all paint imported and produced domestically is
applied domestically during the same year. Therefore the total amount of solvent based paint is
multiplied with the emission factor. For the time before 1998 no data exists about the amount of
solvert 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
from 19901997. For 2015 no domestic data production was avkdlabherefore an average of the

last 5 years was used.

4.6.3.2 Emission factors

The Tier 1 emission factor refers to all paints applied, e.g. waterborne, powder, high solid and solvent
based paints. The existing data on produced and imported paints however, lihgkasible to

narrow activity data down to conventional solvent based paints. Therefore Tier 2 emission factors for
conventional solvent based paints could be applied. The activity data does not allow for a distinction
between decorative coating applicati for construction of buildings and domestic use of paints.

Their NMVOC emission factors, however, are identical: 230 g/kg paint applied.

4.6.3.3 Recalculations and planned improvements

Small recalculations were done because of improved activity data obtainedtfre Icelandic
Recycling Fund for 2013 and 2014. The recalculations amouft®@ kt NMVOC in 2014, or 5.7%
difference between old and new calculations. Planned improvements include access to better
disaggregated activity data from Statistics Iceland &rom the Icelandic Recycling Fund.

4.6.4 Degreasing & dry cleaning (2D3e & f)

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

by Tier 2, based on the default amount of textile cleaned 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 produithported 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 xylenes (XYL). In Iceland, though, PER is mainly
usedfor dry cleaning (expert judgement). In order to estimate emissions from degreasing more
correctly without underestimating them, only half of the imported PER was allocated to degreasing.
Emissions from dry cleaning are estimated without using data oestawsed (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 the imported xylenes were
allocated to degreasingntissions 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
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mentioned above, 1,1,1frichloroethylene (TCA), how banned by the Montreal Protocol, idddr
the time period during which it was imported and used. Another category included is paint and
varnish removers.
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Emissions from dry cleaning were calculated using the Tier 2 emission factor feciopgh

machines provided by the EMEP guideboakivity 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 degreasingsamultiplied with the NMVOC Tier 1 emission
factor for degreasing: 460 g/kg cleaning product.

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

4.6.4.3 Recalculations and planned improvements
No recalculations were performed between the previous and the current submission. No major
improvemeris of this subsector are planned at ttimme of writing

4.6.5 Chemical products (2D3g)

The only activity identified for the subcategory chemical products, manufacture and processing is
manufacture of paints. NMVOC emissions from the manufacture of paints \aknélated 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

4.6.5.2 Emission factor
NMVOC emissions from the manufacture of paingevcalculated using the 2016 EMEP guidebook
Tier 2emission factor of 11 g/kg product.

4.6.5.3 Recalculations and planned improvements

Small recalculations were done because of improved activity data obtained from the Icelandic
Recycling Fund for 2013 and 2014e Tacalculations amount t60.008 kt NMVOC in 2014. Planned
improvements include access to better disaggregated activity data from the Icelandic Recycling Fund.

4.6.6 Printing (2D3h)

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

4.6.6.2 Emision factors
NMVOC emissions for printing were calculated using the EMEP guidebook Tier 1 emission factor of
500g/kg ink used.

4.6.6.3 Recalculations and planned improvements
No recalculations were performed between the previous and the current submission. No majo
improvements of this subsector are planned at tivee of writing
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4.6.7 Other product use (2D3i)

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

are three main types of preservative: creosote, organic stbdeh 8 SR 62 Fi Sy NBFSNNBR
organic solvend & SR LINBa SNII (A @S a Qreosdtelis{oil pbeparet fyoR calltai S NJ 6 2
distillation. Creosote contains a high proportion of aromatic compounds such as polycyclic aromatic
hydrocarbons (PABIdn Iceland, creosotes were used from 1990 to 2010, and have been banned

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

preservatives.
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4.6.7.1 Activity data

Activity data consists of annual import of creosotes and wigaolventborne preservatives, and the
assumption that all these products are applied during the year of impogort data on both wood
preservatives was received from Statistics Iceland.

4.6.7.2 Emission factors

Emission factors for PAH are taken from chagt&.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 PAH: BbF, BkF and IPy. NMVOC emidssomsvood preservation were calculated using

the EMEP gdebook 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 Recalculations and planned improvements
No recalculations were performed between the previous and the cursabtission. No major
improvements of this subsector are planned at the moment.

4.6.8 Other solvent and product use (2G)
The two emission sources estimated in this category are use of tobacco and fireworks. Firework
related emissions are reported for the fittaine in thissubmission

Tobacco smoking is a minor source of dioxins, PAH and other pollutants including heavy metals,
whereasfireworksare the most significant source of heavy metals in the industrial processes sector.

4.6.8.1 Activity data

Activity data consisof all smoking tobacco and all fireworks imported, and are provided by Statistics
Iceland. Fireworks import data could only be obtained for the period 2285, and for the period
19901994 emissions were calculated assuming the same activity datal89%n

4.6.8.2 Emission factors

For tobacco use, emission factors foriNOCO, Nk TSP, PM, BC, NMVOC, dioxin and PAH4 were
taken from Table 44 in Chapter 2.D.3.i, 2.G in the Emission Inventory Guidebook (EEA, 2016).
Emission factors for heavy metals are tattenm the Danish IIR (2016), which uses emission factors
derived from burning of wood.

For firework use, emission factors for SO0, NQ TSP, PM and heavy metals were taken from Table
3-13 in Chapter 2.D.3.i, 2.G of the Emission Inventory Guidebodk PBEG).

All emission factors are presentedTiable4.15.
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Table4.15 Emission factors for use of tobacco and of fireworks, per mass unit of imported goods

NO NMVOC SO NH: TSP PMio PM;s BC (6{0]
[ka/t] [ka/t] [ka/t] [kat] [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(@P  B(b)F B(k)F IPy
[ng FTEQ/M]  [9/1] 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
l9/] [9/] [9/] [9/] l91] l91] l91] [9/] [9]
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 Recalculations and planned improvements

No recalculations took place since last submission. However in last submission some solvents from
subcategory 2D were counted in 2G, that are now counted in 2D. Furthermore, fk@ndssions

FNBE NBLER2NISR F2NJ 0KS FANRG GAYS Ay (GKA& &dzoYAaaha
GKA&a &@SFNRa G20t FT2NJ OFGS3A2NE WD® tfl yySR AYLINZ
fireworks imports for the period 1990994.

4.7 Food & Beverages Industry (NFR 2H2)
The only other industry production occurring in Iceland is the food and beverages industry. The only
pollutant emitted in this industry is NMVOC.

4.7.1.1 Activity data

Production statistics were obtained by Statisticddod 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
2015. Production statistics were extrapolated for the years 1990 to 2004. Further production of
bread, c&es 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 NMVOC 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
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4.7.1.3 Recalculations and planned improvements

Small recalculations were performed due to incorrect calculations in the 2016 submission, and due to
a revised emission factor for bread production (previously the EF for North America was used (8
kg/t), now @rrected to the European EF (4.5 kg/t)). The difference amounts to 0.05 kt NMVOC for
2014, or 16% of the NMVOC emissions for that year.
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5 Agriculture (NFR sector 3)

Icelandis selfsufficient in all major livestock products, such as meat, milk, and &gagitional

livestock production is grassland based and most farm animals are native breeds, i.e. dairy cattle,
sheep, horses, and goats, which are all of an ancient Nordic origin, one breed for each species. These
animals are generally smaller than theebds 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 barley and rapeseed are grown on limited

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

5.1 Overview

The main pollutant emitted from the agriculture sector is ammoniag[dHd the largest source is
manure management. Dioxin, PAH, HCB, PCB and Heavy Metals emissions are not applicable, not
occurring or not estimated. $umary tables for the emissions from the agriculture sector are shown
below inTable5.1 and Table5.2. All emissions are reported in tiéFR Tablés

5.1.1 Sectoraltendsg 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 sectdiN2@I%ot applicable NO- Not occuring).

Dioxin  B(@)P B(b)F  B(k)F IPy PAH4 HCB PCB
[0 FTEQ] [ [t [t [t [t (kg] (kg]
3B Manure management NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO NA/NO  NA/NO
erp producthn 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), NM¥@{particulate matter emissions are estimated

for animal husbandry and manure management (3.B) as well as crop production and agricultural soils
(3.D). The estimated emissions are presented below in table 5.2.

Table5.2 NQ, NMVOC, SONH;, PM, BC athCO emission estimaté®m the agriculture sector, 201BIA¢ Not applicable,
NE¢ Not estimated NO- Not occurring).

NOx NMVOC S& NHs PM2s  PMwo TSP BC CoO
[kt] NO2 [kt] [kt] S& [kt] [kt] [kt] [kt] [kt] [kt]
3B Manure management 0.05 1.9572 NA/NO 4.30 0.03 0.12 0.17 NA/NO NA/NO

Crop production and

agricultural soils

Field burning of agricultural
3F, 31 wastes and Agriculture othe  NO NO NO NO NO NO NO NO NO

sectors

Agriculture, Total 0.85 1.96 NA/NE/NO 5.46 0.04 0.19 0.245 NA/NR/NO NA/NE/NO

0.81 6.93E08 NA/NE 1.16 0.004 0.07 0.07 NR/NO NA/NE

I http://cdr.eionet.europa.eu/is/un/clrtap/(Envelope A)
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Emission trends of estimated pollutants from 199D15 can be seen in figures 5514.
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Figure5.1 NOxemissionsn theagriculturesector 19902015.

Trends in NOx emissions from agriculture can be seen in figure 5.1. Emissions are mostly coming
from 3.D crop production and agricultural soils with peaks in emissions in 2008 and 2014.
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Figure5.2 NMVOGmissionsn the agriculturesector 19962015.

NMVOC emissions from agriculture are mostly coming from manure management, a significant drop
was seen in 2062003, mostly due to a drop in the population afid/ cows.
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Figure5.5 PMy emissionsn theagriculturesector, 19962015.

Figure 5.4 and 5.5 show a steady increaseantigulate matter (PMsand PMy). The trend is driven
by increased emissions from manure management mostly from increasing powgstiock.

Acccording to the 2016 EMEP/EEA Guidebook , heavy metal emissions in the agriculture sector only
arise from theburning of crop residues. Since this activity does not occur in Iceland, there are no
heavy metal emisens in the agriculture sector.

5.2 General Methodology
This chapter on Agriculture (NFR sector 3) is divided into the following chapters:

- Manure managementNFR 3B)

- Crop production and agricultural soils (NFR 3D)

- Agriculture other, including use pgsticides (NFR 3D and 3l)
Methodology is based on chapters 3.B and 3.D of the EMEP/EEA air pollutant emission inventory
guidebook (EEA, 2016) and all equatiossvall as the majority of emission factors and other
parameters stem from the guidebook chapters. 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 ingead.

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

For estimating emissions of Mahd NOx in 8 manure management, thiéow 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 ofTAN and losses at all different stages of the manure management process. The set of
equations provided by the EMEP GB was applied to more disaggregated livestock categories than the
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NFR methodology demands (e.g. mature ewes, rams, animals for replaceménambs 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, but reported undegrécultural soils (3.D). 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 the Nithd NOX Activity data, emission factors and other
parameters used in 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 timmailsi spent in housing.

5.3 Manure Management (NFR 3B)

5.3.1 Activity data

All emission estimates in 3.B depend on annual average populations (AAP) of livestock categories.
Data on livestock population comes from a census conducted by the Icelandic Food and \Mfeterinar
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 imatude data on young animals, e.g. fattening pigs.
Therefore, the number of animals not included in the census is estimated using information on
fertility rates, number of offspring, number of animals slaughtered, etc. When calculating the AAP of
livestok categories 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 considerable higheséone categories than the ones published

by the IFVAHttp://mast.is/default.aspx?pageid=647aa0®b58452¢99de-8994d03bf7cy or the
complete methodology of calculatinthe AAP please refer to Iceland’s National Inventory Report on
Greenhouse Gas Emissid&\l, 2015)

Table5.3 shows the AAP of Icelandic livestock categories for selected yearsl8@@eThe most
prominent trends in the development of livestock populations since 1990 are a decrease in dairy
cattle and sheep population and an increase in swine and poultry population.

Table5.3 Annual aveage population of livestock according to NFR categorization in Iceland for 1990, 1995, 2000, 2005,
2010, 2012, 2013, 2014 and 2015.

1990 1995 2000 2005 2010 2012 2013 2014 2015
3Bla Dairy cattle 32,249 30,428 27,066 24,538 25,711 24,761 24,210 26,159 27,441
3B1lb Nordairy cattle 42,654 42,771 45,069 41,441 48,070 46,752 44,556 48,285 51,335
3B2  Sheep 861,815 719,530 729,290 711,327 748,002 744,065 735,859 759,470 737,992
3B3  Swine 29,645 31,130 32,267 38,438 40,515 43,978 30,581 36210 42,542
3B4a Buffalo NO NO NO NO NO NO NO NO NO
3B4d Goats 504 511 608 641 1,065 1,252 1,301 1,441 1,472
3B4e Horses 73,867 80,246 75,630 76,629 78,849 75,948 56,896 66,483 65,915
3B4f Mules and asses NO NO NO NO NO NO NO NO NO
3B4gi Layingens 214,975 164,402 193,097 166,119 174,519 200,169 202,116 219,163 119,811
3B4gii Broilers 454,305 188,812 338,756 595,171 537,933 572,090 576,864 596,358 127,184
3B4giii Turkeys 0 3,044 10,908 8,120 10,496 11,037 11,662 12,038 0
3B4giv Other poulty 5,277 5270 2,498 1,716 1,346 991 1,490 1,432 153

3B4h  Other (fur animals 49,592 37,893 41,431 36,948 37,627 40,439 64,764 51,788 48,038

102


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

@

Informative hventory Report, Iceland 20

5.3.2 Emission factors & associated parameters

NHs and NO Tier 2 emissions depend on the total amounts of N andriTéinure. 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 TARKctions provided in the EMEP GB. The nitrogen
excretion (NEX) rate per livestk category is calculated using default values from p. 10.58 of-2ol. 4

of the 2006 IPCC guidelines (IPCC, 2006) that take animal weight and therefore the smaller size of
Icelandic breeds into account. The NEX for dairy cattle is country specifisdététiand Sveinsson,
2010). Total N and TAN have to be allocated to either slurry or solid manure management. Fractions
for slurry and solid manure management are country specific and identical to the ones used in
Iceland’s National Inventory Report (2813). The same is valid for the fractions of the year spent
inside. Two more parameters used in the calculation of TAN mass flow are the amount of 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 EMEP GB default data of hay used per day
adjusted for the time periods animals stay inside. The above mentioned parameters are summarized
in Table5.4. All manures 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 absence ofaleésuior

sheep slurry, EMEP GB default values for cattle were used instead.

Table5.4. Parameters used in calculation of Ndhd NO emissions of manure management.

ossoksonory AN R T PO e’ e MOCHS
3Bla Dairy cattle 94,8(7295) 0.6 1 0 265
3B1b Nordairy cattle 39.9 (1560y 0.6 1 0 30
3B2  Sheep 14.3 (629§ 0.5 0.3 0.7 200 133 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 0 201 134 0.54
3B4e Horses 29 (5.735.6)* 0.6 0 0 51 140 0.58
3B4gi Laying hens 14 0.7 0 1 365
3B4gii Broilers 0.8 0.7 0 1 365
3B4giii Turkeys 14 0.7 0 1 365
3B4giv Other poultry 1.2 0.7 0 1 365
3B4h  Other (fur animals) 5(5-12p 0.6 0 1 365

1Range for time period due to increase in milk producfiétange given fosubcategories (cows and steers used for
producing meat, heifers, and young cattleRange given for subcategories (ewes, rams, animals for replacement, and
lambs);* Range given for subcategories (mature horses, young horses, and¥&asge given fosubcategories (foxes,
minks, and rabbits).

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

NH; emissions reported under 3.B manure management exclude emissions from manure deposited
on fields by grazing animals, which areagpd under 3.D agricultural soils. Total ammonia {NH
emissions have been decreasing gradually during the last two decades, from 4.54 kt. in 1990 to 4.3
kt. in 2015. This decrease is mainly due to a decrefiiee sheep population. Sheep account for
almost 44% of total Nfkemissions and cattle for approximately 40%. 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 seeFRigureb.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, occur only during storeyehdve been
decreasing from 57 tonnes in 1990 to 46 tonnes in 2015, or by roughly 20%. This decrease is mainly
due to the decreas sheep population already mentioned above. NO emissions from sheep
constitute roughly 2/3 of total NO emissions from Bt@ck. NO emissions from poultry amount to

24% 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 manure is
stored as slrry, 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 1.96 kt. The largest source of NMVOC emissioosiisdttle 49%, horses 29%
and sheep 10%.

PMo emissions increased from 100 tonnes in 1990 to 111 tonnes in 2015 (10%). Emissions were
highest in 2007 at 121 tonnes. Both the general increasing trend since 1990 and the decrease since
2007 are almost exasively due to variations in the broiler population, which 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%abPtdb emissions
between 1990 and 2011) are laying hens, dairy cattle, cattle, and sheep (each aro@@da)0
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Total PMsemissions varied between 28 and 34 tonnes (highest in 2015) from 1990 to 2015 and
showed no clear trend. Emissions fraattle corstituted more than 70% of total emissions,
emissions from swine and broilers each amount to 10% of total emissions.

TSP emissions have been slightly increasing from 151 t. in 1990 to 173 t. in 2015, the increase is
mostly due to poultry and swine.

5.4 Crop Poduction & Agricultural Soils (NFR 3D)

5.4.1 Activity data

Activity data for NsINO and NMVOC emissions consists of the amount of fertilizer nitrogen applied
to agricultural soils. For Nithis amount is divided into type of fertilizer N. The total amount afi N
fertilizer is provided in the annual reports of the IFVA
(http://mast.is/matvaelastofnun/utgafa/skyrslur/#arsskyrsluiNO data exists that provides
information on the tyjs 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 and other NK
- less than one per cent of nitrogen is contairiedirea (Bjarnason, written communication)

Calcium ammonium nitrat ammonium nitrate and otheXK have identical EF. Therefore their share
of total fertilizer was set to 99%. Urea has a considerably higher EF. Its share was set to one per cent.

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
maintained by the Agricultural University of Iceland. Data regartfiagrea of barley fields comes

from the Farmers Association of Icelarmndtf://bondi.lbhi.is/lisalib/getfile.aspx?itemid=2214nd

Bragason, written communication). The area of gradddies calculated by subtracting the area of

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

5.4.2 Emission factors

NH; emission factors were takefinom Table 2 in the EMEP GB 2013 (p.14). These emission factors
depend on the mean spring air temperature, i.e. the mean temperature of theethrenth period
following the day when accumulated day degrees since JanSdrgve reached 400 °C. According to
this definition the mean spring temperature in Iceland is about 9 °C.

NO and NMVOC emission factors were taken from Tatilefthe EMEP GB)23 (p.11) and were
0.026 and 5.9689 kg/kg (EEA, 2009) fertilizer applied, respectively.

PMo and PMz semission factors for barley and grass were taken from Tab&ar®d 35 of the EMEP
GB, respectively (p. 115).

Emissions

Total NH emissions forwp production and agriculturaoils varied between 1.1 and 1.3 kilotonnes
between 1990 and 2015. In 2015 72% of emissions originate from manure deposited by livestock
during grazing and 27% originate from N fertilizer applied to agricultural soils.efoigdions do not
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show any discernible trend: primarily because the size of (and thus emissions from) the sheep
population decreases with time, but the horse population increases. N fertilizer application was
highest in 2008 but a weakening of the Icelancurrency has made the import of fertilizer more
expensive and thusly 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 with a pgaR008 at 0.61 kilotonnesnd a

decline since then. In 2015 NO emissions amounted to 0.46 kilotonnes and is increasing again after
2008. NMVOC emissions from crop production and agricultural soils were 69 grams.

PM emissions decreased due to the decseadn total cropland from 78 tonnes in 1990 to 72 tonnes
in 2015. It is estimated th&Msemissions have dropped from 3.2 tonnes in 1990 to 3.6 tonnes in
2015. The drop in PMis a little less due to strong increase in the barley cultivation.

5.5 Agricdture Other Including Use of Pesticides (NFR 3Df and 3l)

The PORrotocol focuses on a list of 16 substances, 11 of which are pesticides. A number of
pesticides, however, had already been banned in Iceland in 1996 in order to conform to EU

legislation (Ickand is part of the European Economic Ar8dje only pesticide of the ones listed in

chapter 3.D.f of the EMEP GB not banned until 2009 is lindane. The last recorded sale of lindane took
place in 1992 when 1 kg was sold. In 1990 and 1991, 2 and 16.2&gaole, respectively. It is

assumed that the lindane sold was applied during the same year. An EF of 0.5 as listed irlTa&ble 3

the chapter 3.D of the EMEP GB (p. 5) was applied to these values resulting in HCH emissions of 1,
8,1, and 0.5 kg for theears 199601992.Error! Not a valid bookmark selfeference.gives an

overview of the use of pesticides in Iceland.

Table5.5 Pesticide use and regulation in Iceland.

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

106



@

6 Waste (NFR sector 5)

6.1 Overview
Last update for this section was for the 2017 submission.
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Emission estimates from the waste sector include emissiomasgis from the following sources:

- Solid waste disposal on land (NER 5A)

- Biological treatment of solid waste (NFR 5B)

- Waste incineation without energy recovery (NFR 5C)
- Wastewater treatment and discharge (NFR 5D)

- Other waste (NFR 5E)

Each of these sources are described in more details in se@idits 6.8. Emissions estimatesr
waste incineration without energy recovery is included in this section, while emission estimates for
waste incineration with energy recovery are reporta@uder secto 1A.

For the 2017 submission, revision of the entire waste sector has been laid forward, with implications
on activity data, methodology and resulting emission estimates. The following main changes have
been made for the current submission.

- Municipal Satl waste incineration has been split up into respective subcategories of
Industrial solid waste incineration, hazardous waste incineration, clinical waste incineration
and sewage sludge incineration. Relevant emission factors for each subcategory has been
applied by using the EMEP/EEA 2013 Guidebook.

- Completeness has been greatly improved with an addition of emission estimates for several
pollutants across all waste sources currently reported in the inventory. This includes e.g.
emission estimates of heawyetal previously not being estimated.

- Emissions of open pit burning is now reported under NFR 5C2 (Open burning of waste) rather
than NFR 5C1 (Waste incineration). Emission factors have been changed accordingly as to
reflect the emission variation resitg from the different combustion conditions. Default
Emission factors from the EMEP/EEA 2013 Guidebook have been used.

- Emission estimates for bonfires has been revised for all other pollutants than dioxin, since
country specific emission factors were pieusly applied for dioxin emission estimates from
bonfires. Bonfires are now reported under NFR 5C2 instead of NFR 5C1.

- bdzYo SNI-@F(G xYIRRGISRE a2dzNOSa 2F thta FyR 20KSNJ L
Limitation of estimated sources is now mostly dudhte lack of availability of emission
factors in the EMEP/EEA 2013 guidebook.
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6.1.1 Sectoratrends¢t ht Wa
Asummary of emission estimates for the waste sector is providddaiie 6.1 for POPs pollutants

TaHle 6.1 Overview of emission estimates of POPs in 201% (N applicable, NE Not estimated).

Dioxin B(@aP B(b)F B(kF IPy PAH4 HCB PCB

g FTEQ] [t] [t] [t] [t] [t] [ka] [ka]
5A  Solid waste dispsal on land  NA NA NA NA NA NA NA NA
5B1 Composting NA NA NA NA NA NA NA NA
5C Waste incineration 0.602 0.004 0.008 0.010 1.E07 0.022 0.050 0.058
5D Wastewater handling NE NE NE NE NE NE NE NE
5E  Other waste 0.082 0.002 0.004 0.003 0.003 0.011 NE NE
Waste, Total 0.684 0.006 0.011 0.013 0.003 0.033 0.050 0.058
Not estimatedt ht Q& S Y A areddiieo/hiissing lergission factors in the EMEP/EEA 2013 guidebook.
TrendsinBt Qa SYA&aaAizy S aFigures.Lthr@uighFigus by Kigsectdr. A Y
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The sudlden increase in HCB and PCB is misleailing HCB and PCB emissions have not been
estimated for open burning of waste. Thain reason for this is th&MEP/EEA guidebo@K13
does not praoide emissiondctors for the estimation of HCB and PCB emissions for open burning.

6.1.2 Sectoratrendsg Otheremissions
I adzYYINE 2F SYAaairzy SadAyl GdSa Frabhs2aidk SNJ L2t £ dzi

Table6.3 for the year 20150verview of the trends from 1990 to 2015 can be saeAnnexIVand
the NFR tables.

Table6.2 Overview of emission estimatesh®, NMVOC, SONH;, AV and CQOn 2015.

NO NMVOC SG NH  PMxs PMgp TSP BC (6{0)

[kt] NO, [kt] [kt] S&  [ki] [kt] [kt] [kt] [kt] [kt]
5A  Solid waste disposal on lan  NA 0.27 NA NE 5.8E06 3.8E05 8.1E05 NA NA
5B1 Composting NE NE NE 0.01 NR NR NR NR 1.2E02
5C Wasteincineration 0.025 0.007 0.018 3.E05 0.097 0.142 0.191 0.006 0.103
5D Wastewater handling NA NE NA NE NR NR NR NR NE
5E  Other waste 6.5E04 0.003 0.007 NA 0.005 0.005 0.005 NR 0.013
Waste, Total 0.025 0.284 0.026 0.005 0.103 0.148 0.197 0.006 0.128

Table6.3 Overview of bavy metals emissions estimaies2015.

Pb Cd Hg As Cr Cu Ni Se Zn

[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 1.03 0.035 0.044 0.022 0.0029 0.0056 0.0019 3.E04 0.043
5D Wastewater handling NR NR NR NR NR NR NR NR NR
5E Other waste 0.084 2.E04 1.E05 4.E05 4.E04 3.E03 3.E04 NR 0.33
Waste, Total 1.12 0.036 0.044 0.022 0.0033 0.008 0.0022 3.E04 0.37

2http://cdr.eionet.europa.eu/is/un/clrtap/(Envelope A)
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6.2 Historical Background

For most of the 20th century solid waste disposal sites (SWDS) in Iceland were numerous, small and
located close to the locations of waste generation so that the waste did not have tarsported

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 190s the most common form of waste management outside the capital area was open
burning of waste. In some communities, waste burning was complemented with landfills for bulky
waste and ash. The existing landfill sites did not have to meet specific requitenegarding

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 communities outside the capital areaeopd 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 varying temperatures and
the energy prodced 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 Ickland.
2004 the incineration plant Kalka located at the southwest part of Icetgoened and this facility is
currently the only waste incineration plant in Icelar@pen 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 biologicakmtment 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 1991 the waste
management company Sua 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 to report
data about amounts and kinds of waste landfilled, incinerated, and recycled.

The special treatment of hazardous waste did not start until the 1990s, i.e. hazardous waste was
landfilled or burned like noiazardous waste. Special treatment started with the reusing of waste as
energy source. In 1996 the Hazardous waste committedié®piinefnd) 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 colegtincluded oil products, organic solvents, halogenated
compounds, isocyanates, diised paints, printer ink, batteries, car batteries, preservatives,
refrigerants, and more. After collection, these substances were destroyed, recycled or exported for
further treatment. The Hazardous waste committee was succeeded by the Icelandic recycling fund in
late 2002.

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

The trend in waste management practices hasitoward managed SWDS as municipalities have
increasingly cooperated with each other on running waste collection schemes and operating joint
landfill sites. This can be seen in Figure 6.1 which shteawdifferent waste management practices in
1990 and R10. Thislevelopmenthas resulted in larger SWDS and enabled the siwitdof a

number of small sites. Currently a large majorityasfdfilled wastes beingdisposed of in managed
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SWDS. Recycling of waste has increased due to efforts made by the gomerlome municipalities,
recovery companies, and others. Composting started in thelBfDs and has increased since then.

The shares of the different management practices found in the National Inventory Report on
greenhouse gases, delivered annuallyiie UNFCCC.
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Figure6.5 Waste management practices in 1990 (left) and in 2010 (right).

6.3 General Methodology

The methodology imainlybased on EMEP air pollutant emission inventory guidebook (EMEP, 2013).
Emissiongstimatesare calculated by multiplying relevant activity data by source with pollutant
specific emissions factors. Emissions factors are taken from Emissions Inventory Guidebook (EEA,
2013), the Standardized Toolkit for Identification and Qifamation of Dioxin and Furan Releases
(UNEP, 2005), Annual Danish Informative Inventory Report to the UNECE (National Environmental
Research Institute, 201Andmeasurements at incineration plants

The activity data used in for the emission estimatanagnly based on treated waste in Iceland which
is reported annually to the EA. This follows an exclusion of waste being treated outside of Iceland
and its associated emissions. In addition to data on treated waste in Iceland, activity data for
accidentaffires, cremation and bonfires is used for estimating emissions from these sources.

6.4 Solid waste disposal (NFR 5A)
This section discusses the emission estimates from solid waste disposal on land and covers the
emissions of the following pollutants:

- NMVOCs

- TSP

- PMpo
PMs

The EMEP/EEA 2013 guidebook mentions the possibility of small quantities, ddf@nd CO being
emitted from this activity. However, no emission factors for are provided in the guidebook and these
emissions have not been estimated in &rel. Emissions of Hg are considered to be not estimated in
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accordance with table-2 in chapter 5A of the guidebook. Other pollutants are considered not
applicable in accordance with that same table.

6.4.1 Methodology

Tier 1 approach of the EMEP/EEA 2013 gindslis used for the emission estimates for all estimated
pollutants. Thus, the total mass of waste disposed of in all landfill sites in Iceland is multiplied with its
pollutant specific emission factor.

6.4.2 Activity data

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

GKS FyydzZ t Ylaa 2F ¢gladasS tFyRFAT{ESR YR GKS &2 dzN
Inventory Report on Greenhouse Gas Emissions. Activity data is presentedNifRh@ble's.

6.4.3 Emisionfactors

Emission factors from the tier 1 approach of the EMEP/EEA 2013 guidebook is used for estimating
emissions from solid waste disposal and are presefiaole6.4. Emission factors are assumed
constant br allthe years in the calculations.

Table6.4 Emission factors used in solid waste disposal (NFR 5A)

NMVOC TSP PM10 PMzs
[kg/t waste] [g/t waste] [g/t waste] [g/t waste]
5A  Solid waste disposal 1.56 0.463 0.219 0.033

6.4.4 Recalculations

TSP, PM and PMemissions were estimated for the first time in the 2017 submission.

Recalculation of NMVVOC emissions for all years is a result of a change in methodology from using the
emission factor of 5.65 (gNWVOC)/(nd landfill gas) to using the emission factor of 1.56 kg/(t waste).

Both emission factors are provided in the EMEP/EEA 2013 guidebook. The changes result in an
increased estimate of NMVVOC emissions of approximately 0.09 kt or around 1% incredak in t
NMVOC emissions in 2014 compared to the submission in 2016.

A minor correction of notation keys for some pollutants has been laid out in accordance with the
EMEP/EEA 2013 guidebook.

6.4.5 Planned improvements
There are currently no planned improvements fiois source.

6.5 Biological treatment of solid waste (NFR 5B)
This section discusses the emission estimates from biological treatment of solid waste which consists
of the following subsources:

- Composting (NFR 5B1)

- Anaerobic digestion at biogas facilities RN5B2)

- Anaerobic digestion at biogas facilities is currently a-aocurringactivity in Iceland. For
composting, Iceland reports the emissions of CO ang EiHission factors for other
pollutants is not provided in the EMEP/EEA 2013 guidebook.

Bhttp://cdr.eionet.europa.eu/is/un/clrtap/(Envelope A)
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6.5.1 CompostindNFR 5B1)

6.5.1.1 Methodology
Emissions estimates are calculated by multiplying waste amounts with relevant pollutant specific
emission factors.

6.5.1.2 Activity data

Compost production as a means of waste treatment started in Iceland in 1995 and the EA receives
annually the amount of waste going to compost production facilities. Activity data is provided in the
NFR Tablé&

6.5.1.3 Emissiorfactors

For composting, tier 1 emission factor from the EMEP/EEA 2013 Guidebook is used for estimating
NH; emissions, while the tier 2 ession factor of the guidebook is used for estimating CO emissions.
The emission factors are present€dble6.4. and are assumed constant for all the years in the
calculations.

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

NHs (6{0)
[kg/t waste] [kg/t waste]
5B1 Composting 0.24 0.56

6.5.1.4 Recalculations

CO emissions were calculated for the first time in the 2017 submigsiominor correction of
notation keys for some phitants has been laid out in accordance with the EMEP/EEA 2013
guidebook.

6.5.1.5 Planned improvements
There are currently no planademprovements for this source.

6.5.2 Anaerobic digestion at biogas facilities (NFR 5B2)
This activity is nofccurring in Iceland.

6.6 Wase incineration and open burning (NFR 5C)
This section discusses the emission estimates from burning of waste and consists of the following
subsources:

- Waste incineration (NFR 5C1)

- Open burning of waste (NFR 5C2)
Waste incineration covers the emission esdies from waste incineration plants without energy
recovery® and not from waste incineration with energy recovery. Emission estimates for waste
incineration with energy recovery are reported in the relevant subsector under NFR seé&tor 1A
(Chapter3.4.1). Wade incineration is separated further into Municipal Waste Incineration (NFR
5C1a), Industrial Waste Incineration (NFR 5C1bi), Hazardous Waste Incineration (NFR 5C1bii), Clinical

¥http://cdr.eionet.europa.eu/is/un/clrtap/ (Envelope A)
15 A guantitative definition of waste incineration with energy recovery is found in Annex IV of regulation
1040/2016 (IS).
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Waste incineration (NFR 5C1biii), Sewage Slirdgeeration (NFR 5C1biv), Cremation (NFR 5C1bv)
and Other Waste Incineration (NFR 5C1bvi).
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Open burning of waste covers the emission estimates from ggeburning facilities and bonfires.

The scope of this section does not include the emissions sfenacinerated 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
by the waste burnindacilities. Data on waste generation and waste management practices is
published by Statistics Iceland.

6.6.1 Waste incineration (NFR 5C1)

6.6.1.1 Municipal Waste Incineration (NFR 5C1a)
Incineration of waste in incineration plants without energy recovery started @120 Iceland.

Methodology

The total amount of waste incinerated in all waste incineration plants without energy recovery in
Iceland is multiplied with its pollutant specific emission factor as given in the EMEP/EEA 2013
guidebook. This applies to mostported 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 aste from 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. Activity data is provided ilNffie Tablé$ Historic

data which was not reported to the EA was estimated using the assumption of 500 kg of waste per
inhabitant in communities where waste is known to have been incinerated.

Emissiorfactors

Tier 2 emission factors from table23in the EMEP/EEA 2013 guidebook is used for all pollutants
except for NH, Se and Indeno(1,2&)pyrene and PCDD/F. FordNSe and Indeno(1,2&)pyrene,

tier 1 emission factors from table Bof the EMEP/EEA 2013 guidebook are used. The reason for this
is the lack of emission factors given for these pollutants in tak2eo® 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. Avearagsi@n from these
measurements at similar incineration plants (Hoval technique) at isafjérdur, 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 chogerbe 100 pg/t. The incineration plant at isafjérdur 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 pollutants 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 IdentificationdQuantification of Dioxin and Furan Releases
(UNEP, 2005). This factor is also used for the incineration plant at Svinafell (also Hoval technique),

8 http://cdr.eionet.europa.eu/is/un/clrtap/ (Envebpe A)
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based on measurements at the plant. For the incineration plant at Husavik an emission factor of 10
Hg/t was chosen, based on measurements.

Informative hventory Report, Iceland 20

Recalculations

For the 2017 submission, Municipal Waste Incineration waste amounts were split into relevant
subsectors of Industrial Waste Incineration NFR (NFR 5C1bi), Hazardous Waste Incineration (NFR
5C1bii), ClinidaVaste incineration (NFR 5C1hiii) and Sewage Sludge incineration (NFR 5C1biv). This
generally results in a lower emission estimates of pollutants previously estimated for this sector
while emissions are introduced in the other sectors where waste wasaadid to. Emission

estimates from bonfires were furthermore moved into Open Burning of Waste (NFR 5C2) which
results in further reduction in emission estimates from the current sector and consequently an
increase in emission estimates from open burningvaste.

For the current submission, the following pollutants were estimated for the first time:

- Priority heavy metals: Pb, Cdg

- Additional heavy metals: As, Cr, Cu, Ni, Se, Zn

- POPs: PCB
ForDioxinemissionestimates, lenfiresare now reported under opemurning of waste (NFR 5C2)
andhence a reduction in reported emission estimateshe current sector.

Planned improvements

For future submissions, there is need to acquire technology stratification to account for abatement
technologies in the Tier 2 metdology of the EMEP/EEA 2013 guidebook. An uncertainty analysis is
furthermore in the pipeline.

6.6.1.2 Industrial Waste Incineration (NFR 5C1bi)

Methodology

Slaughterhouse waste is the only type of waste that is assumed to be constituting industrial waste
incineraion for the year 2015. Total reported slaughterhouse waste is multiplied by pollutant specific
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 year 2015 while for the all other years it
is included in 5C1a. Activity data is provided inltH€R Tablés

Emissiorfactors
Emission factors are assumed the same as for MunicipaleMasineration(NFR 5C1a).

Recalculations

For the 2017 submissions, preliminary emission estimates were included for the first time for all
pollutants for the year 2015 only. However, since the same emission factors are used as for
Municipal Waste Incineration (NFR 5C X&) changes in total emissions occur due to this.

Planned improvements
Acquire data for the years 19914 and review emssion factors currently used.

7 http://cdr.eionet.europa.eu/is/un/clrtap/(Envelope A)
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6.6.1.3 Hazardous Waste Incineration (NFR 5CZ1bii)

Methodology
Total amount of hazardous waste is multipliegddpollutant specific emission factor from the Tier 1
approach of the EMEP/EEA guidebook.

Activity data
Activity data for incinerated hazardous waste exists from 2006 and is currently being reported to the
EA. Activity data is presented in thER Tablé$

Emissiorfactors
Emission factor are taken from tablel3of chapter 5C1b of the EMEP/EEA 2013 guidebook.

Recalculations
Emission estimates for hazardous waste was done for the first time in the 2017 submission,
previously these emissions were reportedder NFR sector 5C1la.

Planned improvements
No planned improvements.

6.6.1.4 Clinical Waste incineration (NFR 5C1biii)

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

Activity data
Activity data for incinerated clinical waste under this sector is from 2001. Activity data is presented in
the NFR Tables

Emissiorfactors
Emission factors are taken from tabled &nd 32 of chapter 5Cbiii of the EMEP/EEA 2013
guidelook.

Recalculations
Emission estimates for hazardous waste was done for the first time in the 2017 submission,
previously these emissions were reported under NFR sector 5C1la.

Planned improvements
No planned impreements.

6.6.1.5 Sewage Sludge incineration (NFRbHG

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

Activity data

Activity data for 2015 is used in the 2017 submission. Review of activity data isargcégdivity

data is presented in thBIFR Tabl€s. Activity data for sewage sludge is included in NFR sector 5Cla
until 2014.

8 http://cdr.eionet.europa.eu/is/un/clrtap/(Envelog A)
9 http://cdr.eionet.europa.eu/is/un/clrtap/(Envelope A)
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Emissiorfactors
Emission factors are taken from table€3f chapter 5C1b of the EMEP/EEA 2013 guidebook.

Recalculations
Sewae sludge emission estimates included for the first time in the 2017 submission.

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

6.6.1.6 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 Reykjavik where human bodiexiaerated
along with the coffin. Activity data used is the total number of bodies incinerated and this data is
taken from the facility available online.

Emissiorfactors
Emission factors are taken from tablel®f chapter 5C1bv of the EMEP/EEA 2@diglebook.

Recalculations

For the 2017 submission, all pollutants that were not estimated before and where emission factor is
given in the guidebook have now been estimated. Previous submission included dioxin and POPs
only.

Planned improvements
No plann& improvements.

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

6.6.2 Open burning of waste (NFR 5C2)

Open burning of waste includes combustion in nature anenogumps as well as combustion in
incineration devices that do not control the combustion air to maintain adequate temperature and
do not provide sufficient residence time for complete combustion. Incineration devices on the other
hand are characterized lyeating conditions for complete combustion. Therefdtee burning of

waste in historic incineration devices that did not ensure conditions for complete combustion is
allocated to open burning of wastépenpit burning was a common procedure in the lgamineties.

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

LG Aa | GNIYRAGAZ2Yy G2 fA3IK(I dzLeqguwte/comnidibtirouthbut b S &
the country. In the early nineties, there were no restrictions and no supervision with these bonfires.
In the early nineties, some surveillance officers from the Environmental and Public Health Offices
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(Local Competent Authoripystarted to control these fires, byforming the bonfire personneln

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

time only wood angpaper are allowed on bonfireglsq the Environmental and Public Health Offices
supervise all bonfiredNow they ae fewer and better organized.
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6.6.2.1 Methodology

The total amount of waste incinerated in all waste openrbpitning facilities in Iceland is multiplied

with its pollutant specific emission 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 emision factors from the Standardized toolkit for the identification of Dioxin and Furan
releases (UNEP,2005). Same methodology is used for emission estimates from bonfires with dioxin
being calculated differently. See more detailed desaripin the follownhg sections.

6.6.2.2 Activity data

Historic data on open pit burning was estimated with the 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 intedpted in the years between. These communities were mapped by
EAl in the respective years. The date is known at the EA, at which sites, where open pit burning has
been performed have been closed and other means of waste disposal have been found. Open pit
burning is likely to occur still at various rural sites, but this has not been estimated. The amount of
waste burned in open pits has decreased rapidly since the early 1990s, when more than 30 thousand
tonnes of waste were burned. Between 2005 and 201¥e was only one site left burning waste

openly, on the island of Grimsey. This site was closed by the end of 2010. It was assumed that around
50 tonnes of waste were burned there annually.

For bonfires, activity data is not easily obtained. In 20ELEAI along with the municipality of
Reykjavik decided to weigh all the material of a single bonfire. Then the piled material was
photographed and height, width and length measured. The weight was then correlated to the more
readily measureable parametepile height and diameter. The Environmental and Public Health
Offices were asked to measure height and diameter of the bonfires in their area, take pictures and
send to EA. From this information the total weight of bonfires was estimated for the wboidrg.

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

6.6.2.3 Emissiorfactors

For open pit burning, dioxin emissidactoristaken from table 54 in the Standardized Toolkit for
Identification and Quantification of Dioxin and Furan Releases (UNEP, 2005), it is 300 pg per tonne
waste (given for uncontrolled domestic waste burning). Emission factoater pollutantsare

taken from table 3L in chapter 5Q of the EMEP/EEA 2013 guidebook

For bonfires, dioxinmission factohave been estimated historically based on assumptidfiom

2003 onwards an emission factor of 60 ug/t is used. This factor is taken fronbthbfehe

Standardized Toolkit for Identification and Quantification of Dioxin and 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 fd@t the burning material was very miscellaneous at

that time. It was common practice to burn tires, kitchen interior and even boats at the bonfires.
Furthemore,some businesses used the opportunityget rid of all kind of wasteS.herefore it was
considered suitable to double the emission factor used for open pit burning. The emission factor was
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then interpolated from 600 ug to 60 ug per tonne burned material from 1996 to 2003. The emission
factors for otrer pollutants than dioxin are taken fromhbe 3-1 in chapter 5C2f the EMEP/EEA
2013 guidebook.
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6.6.2.4 Recalculations

For the 2017 submission, emissions from open burning of waste were included under NFR sector 5C2
for the first time. In previous submissions, emission estimates were included under 5€xita.
Recalculations cover all pollutants under NFR 5C2 as new emission factors, provided by the
EMEP/EEA 2013 Guidebook, are applied to reflect better open burning conditions. This means
modification to emission factors previously applied to open bugrohwaste and reported in last

years submission.

The following pollutant highlights are provided for the recalculations while other emission estimates
are provided in theNFR Tables

- Completeness of emission estimates for the activity of open pit buraafor bonfires is
now reached based on the availability of emission factors in the EMEP/EEA 2013 guidebook.
Before the emission estimates were largely incomplete.
- New emission estimates for heavy metals except Hg, Ni are now provided for the first time.
Emission factors for Hg and Ni are not provided for in the EMEP/EEA guidebook.
6.6.2.5 Planned improvements
Emission factors needed to estimate HCB and PCB emissions. Not provided in the EMEP/EEA 2013
guidebook in chapter 5C2.

6.7 Wastewater handling (NFR 5D)

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

In Icelandmost wastewater is discharged into the sea either untreated or after primary treatment.
Only a small amount of wastewatertreated with secondary treatment and lates are not
occurring. Thereforepon-GHG emissionsavenot beenestimated from wastewater handling.

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

6.7.2 Activity data
No relevant actiity data.

6.7.3 Emissioractors
No emission factors used.

6.7.4 Recalculations
No recalculations

6.7.5 Planned improvements
Acquire relevant activity data and estimate whether there might occur NMVOC emissions.
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6.8 Other waste (NFR 5E)
This section discusses the emissionreates from other waste and Iceland estimates the following
sources of emission:

- Accidental house burning
- Accidental vehicle burning

Emission estimates for all reported pollutants is provided except far BiEl, Se, HCB and PCB where
emission factors haveot been found or are considered not applicable.

6.8.1 Methodology

For accidental house fires, emission estimates are calculated as the number of fire events times a
pollutant specific emission factor from the Tier 2 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 IIR 2015. Weight of different types of vehicles are
used in he calculations and taken from table26 of the Danish IIR 2015. The assumption is made

that 70% of the total mass is burned.

6.8.2 Activity data

Activity data for vehicle and building fires were obtained for the years 2003 to 2012 from the Capital
District Fie and Rescue Service (CDFRS). Data for 2013 was unavailable and is therefore estimated
using the historic data from 2003 to 2012. Building fires are classified by duration of response into
small, medium and large fires. The data is presentekhinle6.6. 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 Icéldnid. In

6.7, data on vehicle and buildg fires, extrapolated for Iceland, is presented. As the emission factors
used comply for full scale building fires, the activity data is scaled as a full scale equivalent where it is
assumed that a medium and a small fire leads to 50% and 5% of a targesfiectively, and that a

large fire is a full scale firéable6.6 and Teble 6.7 show the total scaled building fires. This scaling is
similar to the scaling used indgl2011 Danish Informative Inventory Report, although the scaling in
Denmark is based on response activity rather than response time. It does though seem appropriate
to scale the fires in this way for the Icelandic data. It is further assumed that 10% lodiilding fires

every year, are industrial building fires. In 2004 a major industrial fire broke out at a recycling
company (Hringras). In the fire 300 tonnes of tires, among other separated waste materials, burned.
In 2011 a fire broke out at the samerapany, but that fire is assumed to have been about 10% of

the size of the one in 2004. In 2014 a major fire incident occurred when fire broke out in an industrial
laundry service. The house had a thick layer of asphalt roll roofing with an &stimwaightof

around 80 tonnes.

For the year 1990 to 2002 an average of the total scaled building fires (38) and the vehicle fires (60)
was used. Thpossibility to obtain better data for 1990 to 2002 has been further exploremvever,

the reports on accidental #is for that period are in completely different form, making them both
difficult to obtain and interpret. As the extra information gained would not be of that much
importance it is not thought to be priority to further explore this subject.

The activity dta is calculated as a yearly combusted mass by multiplying the number of different
vehicles fires with the average weight of the given vehicle type. As it is not registered at the CDRFS
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which types of vehicles are caught in fires, the average Danish 2&dish Informative Inventory

Report) ratio of vehicle fires per vehicle type were taken per vehicle type, excluding motorcycles, as
motorcycle fires are very rare in Iceland (passenger cars 83%; buses 8%; light duty vehicles 3%; heavy
duty vehicles 7%). Entotal amount of vehicle mass involved in fires is then calculated from the

number of vehicle fires and the average weights of the different vehicle types (also Danish weight, as
information was not available). It is assumed that 70% of the total vetmiaks involved in a fire

actually burns.
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Table6.6 Vehicle and building fires, capital area.

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

Table 6.7 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

At the major industrial fire at hiigras in 2004an estimated amount o800 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 aroun80 tormmesandwas assmed to be a large part of the emissions from this
particular fire.
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6.8.3 Emissiorfactors

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 fisestance than the regulations in

the Scandinavian countries. Emission factorgdfetached buildindires are taken frontable 34 of

chapter 5E of the EMEP/EEA 2013 guidebook for all estimated pollutants provided in the guidebook
except for dioxin whiclsitaken from the 2015 Danish Informative Inventory Report (lIR) to the
UNECE. Other nesstimated 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€BoNgidered nb

applicable as the guidebook suggests.

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

2013 guidebook is used except for dioxin which is taken from the 2015 Danish Informative Inventory
Report (IIR) tahe UNECE. Other nastimated 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 fireshe burned mass is then multiplied with a pollutant specific emission factor taken
from table6-29 ofthe Danish IIR 2015.

For the major industrial fire at Hringras in 2004,amission factor of 220 pg/(t of tires) from the
Standardized Toolkit for Identificaticand Quantification of Dioxin and Furan Releases (UNEP, 2005),
was taken. Using this factor, this single fire scaled like about 16 industrial building fires and PAH4
emissions were scaled accordingly.

Asphalt roll roofing was assumed to emit dioxin lewalsparable to scrap tires which has the
emission factor of 220 pg/(t of tires) given in the Standardized Toolkit for Identification and
Quantification of Dioxin and Furan Releases (UNEP, 2005). Dioxin emissions from other materials that
burned were includd by assuming such that the fire was comparable to 5 industrial buildings. Thus
the emissions from this particular fire corresponds to 5 industrial building fires plus the special
assessment of the asphalt roll roofing, in total around 9 industrial fire$.K S NJerhigsionQ &
estimateswere calculated by using emission factors frable 620 ofthe Annual Danish

Informative Inventory Report to the UNECE (National Environmental Research Institute, 2011) for
industrial buildings, scaled according to theiesttion of corresponding industrial building fires.
Emission factors for NONMVOC, S@nd CO are also taken from the Danish IIR tat6.8ther
reported pollutants are taken from the EMEP/EEA guidebook 2013 tabléNd emission factors are
providedfor BC, Ni, Se, Zn, HCB and PCBig\idnsidered not applible as the guidebook suggests.

6.8.4 Recalculations
For the 2017 submission, emission estimates for other pollutants than PAH4 and dioxin are
calculated and reported for the first time.

For accidenthcar burning, Danish IIR Emission factors are used for all calculations where as before,
dioxin emissions were calculated before using emission factors from the EMEP/EEA 2013 Guidebook.
This results in minor changes of reported dioxin emissions estinatesoxin.

For major industrial fires, other pollutants than dioxin and PAH4 were calculateceported for
the first time.
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6.8.5 Planned improvements
Review of data used for 19D02 for the number of accidental house and vehicle fires. General
data improvement needed.
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6.9 Uncertainties antime seriesonsistency

No uncertainty analysis has been done for the waste sector and work has been done to facilitate such
calculations for future submissions. Generally, the uncertainties are considered high duddokhe

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.

6.10 QA/QC and verification

Additional QA/QC procedures have been ilemented in the 2017 submission. It involves an
FaaSaaySyd 2F OKFry3aSa Ay Fftf NBLR2NISR LRftfdzil yi
submission. Checks on emission estimate trends and notation keys are further used to verify current

& S NE& Qn eStivates. AV balance check on input data is furthermore laid out when allocating
procedures occur. QA/QC procedures implemented in the 2017 submission are planned to be used
annually for future submissions.
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7 Natural Source\NFRL1)

7.1 Volcanoes (NFRLA)

In this chapter emissi@from the last threevolcanc eruptionsare reported. These eruptions are
Eyjafjalljokull eruptiopAprikMay 2010 Grimsvétn eruptionMay 2011 and Holuhraun eruption
September 2014-ebruary 2015As emissionfrom these euptionsare natural they areeported in
this chapter and in the NFR Tables under Memo Item 11A, butairecluded in national totals.
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7.1.1 Eyjafjallajékull eruption 2010

TheEyjafjallajokuleruption lasted from 1% of April until 23* of May2010Q. For this eruption
emissions obulphur dioxide(SQ) and particulate matr were estimated and reportedhe
emissions estimateare 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 PMiand 1700 ktof PM:s. These 6000 kt d® Mo were around3500 timesmore than total
estimatedman madePMpemissionsn lcelandn 2010.

Figure7.1 Eyjafjallajokull eruption at & peak in April 2010 (Photo: Porsteinn J6hannsson).
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7.1.2 Grimsvotn eruption 2011

TheGrimsvotreruption lasted from 2% of May until 28" of May2011 The eruption at Grimsvotn
wasmuch larger tharhat 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 Grimsvotn have been estimated t@abmund 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 gives an approximate
estimate of 47,00&t PV and 13,000 kt of P Figure7.2, aNASA MODIS satellite image acquired
at 05:15 UTC on May 22, 2011 shows the plume from Grimsvotn casting shadow to th€Rvedd
NASA/GSFC/Jeff Schmaltz/MODIS Land Rapid Respgainse T
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Figure7.2 Grimsvotn eruption in May 2011.
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7.1.3 Holuhraun eruption 20142015
The eruption in Holuhraun began on August 2914 and ended on February®22015.1t was the
biggest eruption in Icelansince the Laki eruption 1783.

Emission estimateim the Holuhraun eruptionvere done by the volcanic hazardam at the

Icelandic Met OfficeAccording to information from Sara Barsotti and Melissa Anne Pfeffer the
estimates was done as followBhe emis®n rate of S@was calculated using wind parameters

provided by the HARMONIE numerical prediction model and column concentrations dét8Ged

with different types of DOAS measurements. The DOAS techniques used include two NOVAC
scanning DOAS instrumisrn(Galle et al., 2010): one installed 7 km from the main degassing vent,
Baugur, but moved during the eruption due to the advancing lava to 10 km from the main vent; and a
second scanning DOAS installed 10 km from the main vent, but damaged by advareirgpl

weeks after the start of the eruption; campaign DOAS traverses, made as close to the main vent as
conditions allowedand ring road DOAS traverg&islason, 2015l measurements were analyzed
closely to remove the da most impacted by scattering. For all techniques, the good quality
measurements were used to calculate daily averages pEBii3sion 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 after the end of the eruption (maximum 3 kg/s; Simmons et al., 2016); this
contribution to the emissions is not included here.

Total S@emission from this eruption was estimated,026 k. Divided on calendr years 180 kt

of SQ were emitted in the year 2014 and,126 kt of S@in the year 2015. To put these humbers in
in perspective it can be said that the total Snission from all ta European Union countries ftre
year 2012 was 876 kt. So the emission from the eruption in the year 2014 i.e. from August 29th
2014 to December 31st 2014 was more than twice the totalé®@ssion from all the European
Union countries for whole yearf-or September alone, during the most intensive period of the
eruption, the S@emission from the eruption was similar to the annual emissibthe European
Union.

Negligible emission of ash was from this eruption and it was not estimated. Further inionma
about SQemissions from the eruptioare inTable7.1 below. As these emissions are natural they
are not included in national totals.

Table7.1 Eruption emission parameters.

Average monthly emission rate SQ per month

[ka/s] [kt]
August 2014 124 332
September 2014 1708 4427
October 2014 1051 2815
November 2014 1143 2963
December 2014 128 343
January 2015 304 814
February 2015 129 312
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Kilotonnes (kt)

Figure7.3 Monthly emission from Holuhraun during the eruption.

The eruption caused widespre&D pollution all over Iceland and also in other countries in Europe.
During theeruption, various institutionavere in charge oflissemiratinginformation 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 thdsy long and was updated
twice a daySQ dispersionduring the whole eruption modelled by CALPUFF are presenteidime

7.4 as the frequency of hourly concentrations higher than the EU one hour limit val&Xtrat is

350 pg/n?.The values corresponding to each contour shimw 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 suggestshiat the areawithin 50 km NE of the eruption site exceeded 3sfIm3for up to 20 %

of the time (about 30 days in total). The northern part of Vatnajokull and the eastern part of
Hofsjokull glaciersrere frequently exposed to high grouddvel concentratios of S@for up to 15

days.
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Figure7.4 SQdispersion during the eruption modelled by CALPptEBented as frequency of hourly concentrations higher
than the 350 pgm3 health limit. The monitoring statixmentioned in the texdnd inFigure7.4 are also showi{Gislason,
2015)

To inform the public about ground level concentratiorSép the Environmental Agency of Iceland
shared infornation from SQ monitoring stationsAt the beginning of the eruption the ambient air
concentration of Se@was measured at 11 permanent stations across Iceland recording 10 and 60
minutes average concentration. Seven of the stations continuously streaneee$ults to the
website of the Environmental Agency of Iceland (B#by//airquality.is. By late January 2015 the
number of these stations had risém 21. All these instruments wheteace level (ppb) &; analysers
equipped with pulsedluorescencespectroscopy meters. In addition to these accurate measuring
stations around 50 hand helBQ meters was distributed throughout the country and they were
usually operated by the local police. So the total nembf SQ monitoring devices was 71,
distributed in agglomerationsllaaround the country.

Prior to the Holuhraun eruption, the grouglkgvel concentration of atmospheric @ Iceland had

never been recorded as exceeding the 3&Pm? hourly limit. Durimy the eruption, predicted and
measured values repeatedgxceedthis limit (seeFigure7.4 and Figure7.5) Much higherSQ peaks

lasting shorter than one houwere frequently measured on hand held sersohe highest being
21,000ug/m? in H6fn. Continuous measurements started 2&dber 2014 in H6fn as shown in
Figure7.5. There the hourly averaged concentration reached a maximum of gg6@3on 11

January 2015. Over the mamiing periods shown ifrigure?7.5, 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 Reyodarfjordur (for 10 consecutive hours and a total of &8r8), 1.4 % in Reykjavik (for 8
consecutive hours and a total of 59 hours) and 4.2 % of the time in H6fn (for 16 consecutive hours
and a total of 124 hours). The last unambiguous detection of the volcanic plume was at the Myvatn
station on February 18.
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Figure7.5 The S@concentration in air at four of the permanent gas monitoring stations presentemjime?7.5. The 350

pg/ms3 health limit is shown by the red hpontal line. The grey vertical lines mark the eruption period. Permanent

SQ monitoring started at Héfn 28 October 201&islason, 2015)
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SQconentrations in the UK and Ireland during two occasions in September (Sxnidt, 2015)
Examples of the highest peaks during these events are shown from two monitoring statlogland

in Table7.2 (taken fromhttp://www.geochemicalperspectivesletters.org/article1509 S2), along

with examples from monitoring stations in the Netherlands, Belgium, and Austria. $tetems are
equipped with pulsed fluorescence spectrometers with similar detection limits and uncertainty as the
Icelandic stations. Durirthe 22. of September the groundkvel concentrations were highest in

Austria at 235ug/m?®. The Masenberg station iAustria is a background station at a high elevation

and far away from local emission sources and rarely records@fentrations in excess of 30

ug/me. On this day unusually high concentrations were measured at most of the 30 monitoring
stations in Ausia. (Gislason, 2015)
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Table7.2 Highest one hour SO2 peak by couli@jslason, 2015)
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Height Distance  Highest one

above sea from the hour SO2
Counry Sation name Latitude Longitude level Date eruption peak
Ireland Ennis 52.84 -9 16 m 06.09.2014 1407 km 498 ug/m3
Ireland Portlaoise 53.04 -7.29 98 m 06.09.2014 1420 km 343 pg/m3
Netherlands Philippine 51.29 3.75 5m 22.09.2014 1905 km 82 ugm3
Belgium Ghent region 51.15 3.81 12m 22.09.2014 1931 km 87 ug/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 in Sébtember 2014. The height of the lava fountains were around 100 m (Photo: Olafur F.
Gislason).
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8 Spatially Distributed Emissions on Grid

This chapter includes results of the Icelandiographically distributed emissions fibre years 1990,
1995, 20002005and 2010for PAH4 and dioxinEmission data have been disaggregated to the
standard EMEP grid with a resolution ofls@ x 50km. The reported emissions include gridded data
for sector totals as well as national totalEmissions for aviation, navigation and fishing have not
been gridded.

Informative hventory Report, Iceland 20

When gridding the data all industrial sources and waste incineration sites (open pit burning and
incineration plants) have been mapped with coordinates and projected on the grid. @thissions
like emissions from road transport, accidental fires, and bon fires have been divided on the grid
based on population data. Some minor sources like emissions from tobacco smoking have been
located where the populations density is highest, ite tapital area.

8.1 PAH4 hissions in 1990, 1995, 2000, 2005 and 2010
Figures3.1 to 85 show national total emissions of PAH4 within the ENGEI® in 1990, 1995, 2000,
2005 and 2010.
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Figure8.1 Emissions of PAH4 within the EM&#d in 1990
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8.2 Dioxin Enissions in 1990, 1995, 2000, 2005 and 2010

For the distributed national totals, spatial patterns from the major sectors are recognidatnle.
dioxin the influence of closing down sites for open pit burning results in lower emissions oger tim
Further the malfunctioning of the incineration plant at isafjérdur (nentest Iceland, Westfjords)
results in higher emissions in 2010 than in the years befeigrires 8.6 to 8.10 show thenational

total emissions of dioxin within the EMERid in 190, 1995, 20002005and 2010.
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Figure8.6 Dioxin emissions within the EMERId in1990.
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Dioxin 1995
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Figure8.7 Dioxin emissions within the EMERid in 1995.

Figure8.8 Dioxin emissions within the EMERiId in 2000.
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