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Preface

The Convention on Long-Range Transboundary Air Pollution (CLRTAP) was adopted in 1979
and entered into force in 1983. The Convention has been extended by eight Protocols, of
which Iceland has ratified the Protocol on Persistent Organic Pollutants.

According to Article 8 of the Convention, Parties shall exchange information on emissions of
pollutants. To comply with this requirement, Iceland has prepared an Informative Inventory
Report (IIR) for the year 2012. The IIR together with the associated Nomenclature for
Reporting tables (NFR tables) is Iceland’s contribution to this round of reporting under the
Convention, and covers emissions in the period 1990 — 2012. This report emphasizes on
emissions of Persistent Organic Pollutants, as Iceland has only ratified the Protocol on
Persistent Organic Pollutants. Emissions of the indirect greenhouse gases (NO,, CO, NMVOC)
and SO, are provided in the NFR tables for information purposes, as they are calculated to
comply with the reporting requirements of the United Nations Framework Convention on
Climate Change(UNFCCC). Emission estimates for ammonia and particulate matter are
provided for a few emission sources. A short description of the trends and the calculation
method of those pollutants are given in this report.

The IIR is written by the Environment Agency of Iceland (EA).

Environment Agency of Iceland, Reykjavik, 21 May 2014
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EXECUTIVE SUMMARY

Background

The Convention on Long-Range Transboundary Air Pollution (CLRTAP) entered into force in
1983. The Convention has been extended by eight Protocols, of which Iceland has ratified
the Protocol on Persistent Organic Pollutants (POPs). The Protocol on Persistent Organic
Pollutants entered into force in 2003. According to Article 8 of the Convention, Parties shall
exchange information on emissions of pollutants. To comply with this requirement, Iceland
has prepared an Informative Inventory Report (IIR) for the year 2014. The IIR together with
the associated Nomenclature for Reporting tables (NFR tables) is Iceland’s contribution to
this round of reporting under the Convention, and covers emissions in the period 1990 —
2012. This report emphasizes on anthropogenic emissions of Persistent Organic Pollutants,
as Iceland has only ratified the Protocol on Persistent Organic Pollutants. Anthropogenic
emissions of the indirect greenhouse gases (NO,, CO, NMVOC) and SO, are provided in the
NFR tables for information purposes, as they are calculated to comply with the reporting
requirements of the UNFCCC. For this submission emission estimates for ammonia and
particulate matter are provided for a few emission sources. A short description of the trends
and the calculation method of those pollutants are given in this report. Further estimates for
SO,, PM, s and PMyq for the volcano Eyjafjallajokull that erupted in 2010 and the volcano
Grimsvotn that erupted in 2011 are provided. Emissions of heavy metals have not been
estimated.

Responsible institute

The Environment Agency of Iceland (EA), an agency under the auspices of the Ministry for
the Environment and Natural Resources is responsible for the annual preparation and
submission of the Icelandic inventory to the Convention on Long-Range Transboundary Air
Pollution. The EA participates in meetings under the United Nations Economic Commission
for Europe (UNECE) Task Force on Emission Inventories and Projections and the related
expert panels, where parties to the convention prepare the guidelines and methodologies on
inventories.

Trends in POPs emissions

From 1990 to 2012 emissions of dioxins have decreased by 90% (Figure ES.1). The largest
contributor of dioxin emissions in Iceland is commercial fishing, followed by waste
incineration with and without energy recovery.
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Figure ES.1 Trend in dioxins emissions from 1990 to 2012.

From 1990 to 2012 emissions of PAH4 have increased by 61% (Figure ES.2). The largest
contributor of PAH4 emissions in Iceland are industrial processes, accidental fires and road
transport.
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Figure ES.2 Trend in PAH4 emissions from 1990 to 2012.

From 1990 to 2012 emissions of hexachlorobenzen (HCB) decreased by 52% (Figure ES.3).
The largest contributor of HCB emissions in Iceland is waste incineration with and without
energy recovery, followed by industrial processes. Emissions from waste incineration with
energy recovery are reported under the Energy sector. Interpretations of the trend analysis
should be done with care as emissions have only been estimated for few sources.

10
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Figure ES.3 Trend in HCB emissions from 1990 to 2012

Structure of the report

The first chapter of this report provides general information on the institutional
arrangements for inventory preparation, on the inventory preparation process,
methodologies and data sources used. Chapter 2 provides information on emission trends
and Chapters 3 to 8 provide information on activity data and methodologies used for
emission calculations by sector. Chapter 9 contains information on gridded data.

11
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1 INTRODUCTION

1.1 Background information

The 1979 Convention on Long-Range Transboundary Air Pollution was signed by Iceland on
13™ of November 1979 and ratified in May 1983. The Convention entered into force in
August 1983. One of the requirements under the Convention is that Parties are to report
their national emissions by sources.

The Convention has been extended by eight Protocols, of which the Protocol on Persistent
Organic Pollutants (POP-Protocol) has been signed and ratified by Iceland. The POP-Protocol
was ratified by Iceland in May 2003 and entered into force in October 2003.

The present report together with the associated NFR (Nomenclature for Reporting) tables is
Iceland's contribution to this round of reporting under the Convention. As Iceland has only
ratified the Protocol on Persistent Organic Pollutants, the report emphasizes anthropogenic
emissions of Persistent Organic Pollutants and covers anthropogenic emissions of
dioxin/furans, PAH, HCH and HCB in the period 1990 — 2012, as well as gridded data for
dioxin, PAH4 and HCB for the years 1990, 1995, 2000, 2005 and 2010. A description of the
trends and calculation method is given. Anthropogenic emissions of the indirect greenhouse
gases (NO,, CO, NMVOC) and SO, are provided in the NFR tables for information purposes,
as they are calculated to comply with the reporting requirements of the UNFCCC. Emission
estimates for ammonia and particulate matter are provided for a few emission sources. A
short description of the trends and the calculation method of those pollutants are given in
this report. Further estimates for SO,, PM,s and PMy, for the volcano Eyjafjallajokull that
erupted in 2010 and the volcano Grimsvotn that erupted in 2011 are provided. Emissions of
heavy metals have not been estimated.

Last year several improvements were made to the inventory. The main improvements were:

- Dioxin and PAH emissions estimates from industrial processes (primary aluminium
and ferroalloys production) are based on measurements.

- Activity data and emission factors for dioxin and PAH from accidental fires have been
revised.

- Activity data for NMVOC emissions from the production of food and drink have been
revised.

- Emission estimates for ammonia and nitric oxide in agriculture are provided for the
first time.

- Emission estimates of particulate matter for major industrial sources (aluminium
production, ferroalloys production) and agriculture have been provided for the first
time.

- The transparency has been further improved by providing more detailed description
of the calculation methods.

This year the inventory has been further improved. The main improvements are:
- Gridded data for HCB

12
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1.2 Institutional arrangement

The Environment Agency of Iceland (EA), an agency under the auspices of the Ministry for
the Environment and Natural Resources, has overall responsibility for the national inventory.
EA compiles and maintains the emission inventory and reports to the Convention. Figure 1.1
illustrates the flow of information and allocation of responsibilities.

CLRTAP

i

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

Environment Agency
(EA)

National Energy Authority: estimate fuel use by
sector

Compiles relevant activity data and emission
factors

Runs emission models

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

Figure 1.1 Information flow and distribution of responsibilities in the Icelandic emission inventory system for
reporting to the CLRTAP

1.3 Process of inventory preparation

The EA collects the bulk of data necessary to run the general emission model, i.e. activity
data and emission factors. Activity data is collected from various institutions and 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. 48/2007, enables the NEA to obtain sales statistics
from the oil companies. Statistics Iceland, which is the center for official statistics in Iceland,
provides information on population, GDP, production of various products (asphalt, food and
beverages), imports of solvents and other products, the import of fertilizers and the import
and export of fuels. The EA collects various additional data directly. Annually an electronic
guestionnaire is sent out to the metal and cement industry regarding imports, use of
feedstock, and production and process specific information, in accordance with Regulation
no. 244/2009. Green Accounts from the industry submitted under Regulation no. 851/2002
are also used. EA also estimates activity data with regard to waste. Emission factors are
mainly taken from the Emission Inventory Guidebook (EEA 2009, EEA 2007), the
Standardized Toolkit for Identification and Quantification of Dioxin and Furan Releases
(UNEP 2005), Annual Danish Inventory Report 2011 (National Environmental Research

13
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Institue 2011) as well as the Norwegian reports “Utslipp til luft av dioxiner i Norge"1 (Statistic
Norway 2002) and “Utslipp til luft av noen miljégifter i Norge”? (Statistics Norway 2001).
Dioxin was measured at several locations in Iceland in 2011, including waste incineration
plants, aluminium plants and the ferrosilicon plant. PAH was also measured at 1 aluminium
plant and the ferrosilicon plant. The results from these measurements were used for waste
incineration plants already in the 2012 submission. Results from the measurements at
industrial sites were used in the 2013 submission.

1.4 Methodologies and data sources
The general emission model is based on the equation:

Emission (E) = Activity level (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

1.5 Key source categories

A key source category is a category that is prioritized within the national inventory system
because its estimate has a significant influence on the total inventory of pollutants in terms
of the absolute level of emissions, the trend in emissions, or both.

A key source analysis for POPs (level assessment) is provided in Table 1.1.

Table 1.1 Key source analysis for reported pollutants

. .
ey Categories Total

Component (sorted from high to low from left to right)
1AA4c iii 1Ala 6D
Dioxin 83,75%
50,38% 23,62% 9,74%
2C2 2C3 1A3b 6D
PAH4 87,32%
26,50% 24,16% 18,50% 18,17%
6C 1A1la
HCB 85,26%
54,71% 30,55%

1.6 Quality assurance and quality control (QA/QC)

The objective of QA/QC activities in national emissions inventories is to improve
transparency, consistency, comparability, completeness, accuracy, confidence and
timeliness. A QA/QC plan for the annual inventory of Iceland has been prepared. The
document describes the quality assurance and quality control programme. It includes the

! Utslipp til luft av dioxiner i Norge: Air emissions of dioxins in Norway
2 Utslipp til luft av noen miljogifter i Norge: Air emissions of several pollutants in Norway

14
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quality objectives and an inventory quality assurance and a quality 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 and the use of approved standardised procedures 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 prepared. It is
available the EA’s website at:
http://ust.is/library/Skrar/Atvinnulif/Loftslagsbreytingar/lceland QAQC manual.pdf.

To further facilitate the QA/QC procedures all calculation sheets include a brief description
of the method used. They are also provided with colour codes for major activity data entries
and emissions results to allow immediate visible recognition of outliers.

1.7 Uncertainty evaluation

An estimate of the quantitative uncertainty of the Icelandic POP emission inventory has not
yet been prepared.

1.8 General assessment of the completeness

In principle, the emissions inventory attempts to make estimates of all known emissions to
air, in the highest possible level of disaggregation. However, by following international
guidelines on emissions reporting, there are some sources, which are deliberately not
included in the national totals:

e Natural sources are not included in the national totals although estimates of some
sources are made.

e Estimates of emissions from international navigation and aviation are made, and
reported as memo items (excluded from national totals). For aviation this is not fully
in line with the reporting guidelines for CLRTAP, as cruise emissions from domestic
and international aviation should be excluded from national totals, but emissions
from landing and take-off from both domestic and international aviation should be
included in national total. In the Icelandic inventory all emissions from domestic
aviation are included in national totals but all emissions from international aviation
are excluded (in line with the reporting guidelines under the UNFCCC).

An assessment of the completeness of the emission inventory should address the issues of
spatial, temporal and sectoral coverage along with all underlying source categories and
activities.

In terms of spatial coverage, the emissions reported under the CLRTAP cover all activities
within Iceland’s jurisdiction. This report provides information on emissions of HCB, PAH4
and dioxins within the EMEP-Grid for the years 1990, 1995, 2000, 2005 and 2010.

In the case of temporal coverage, NFR table 1 is reported for the whole time series from

1990 to 2012, for dioxins and PAH4. Emissions of HCB have been estimated for few sources
for the whole time series, but PCB emissions are not estimated. An emission estimate of
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HCH that was used in Iceland from 1990 to 1992 is also provided. No use of HCH has been
registered in Iceland since 1992. Further emissions of NO,, CO, NMVOC and SO, are
provided in the NFR table 1 for the whole time series as well as emissions of NH3 and
particulate matter that have been estimated for few sources.

With regard to sectoral coverage there are sources which are not estimated. The
activities/gases are not included in the present submission due to lack of data, and/or that
additional work was impossible due to time constraints in the preparation of the emission
inventory.

The main sources not estimated for PAH4 are:
- 1A3b v: Road transport, gasoline evaporation
- 1A3b vi: Automobile tire and break wear
- 1A3b vii: Automobile road abrasion
- 1A3di: International maritime navigation
- 1A4a: Commercial/institutional
- 1A4b: Residential

The main sources not estimated for HCB are:
- 1A2: Manufacturing industry and construction
- 1A3: Transport
- 1A4b: Residential
- 1AA4ciiii: Fishing
- 2A6: Road paving with asphalt
- 2C2: Ferroalloys production
- 2F: Consumption of POPs and HM
- 3C: Solvent and other product use
- 6Cd: Cremation
- 6D: Other waste
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2 TRENDS IN EMISSIONS

2.1 Emission profile in Iceland

The emissions profile for Iceland is unusual in some respects. First, emissions from
generation of electricity and space heating are very low owing to the use of renewable
energy sources. Almost all electricity in Iceland is produced with hydropower (70% in 2012)
and geothermal power (30% in 2012). Furthermore geothermal energy sources are used for
space heating (in over 90% of all homes). It should be noted, though, that significant
amounts of sulphur as hydrogen sulphide (H,S) are emitted from geothermal power plants.
Second, over 90% of the fuel used in the energy sector is used by mobile sources (transport,
mobile machinery and fishing vessels). Thirdly, emissions from industrial processes,
especially from non-ferrous metal production, have higher share in Iceland than in most
other countries. This can be seen in the fact that 75% of the electricity produced in Iceland in
2012 was used in the metal production industry. The production capacity has increased
considerably since 1990. In 1990, 87,839 tonnes of aluminium were produced in one
aluminium plant, and 62,792 tonnes of ferrosilicon in one ferrosilicon plant. In 1998 a second
aluminium plant was established and a third in 2007. In 1999 a third furnace was added to
the ferrosilicon plant. In 2012, 821,021 tonnes of aluminium were produced at three
aluminium plants and 118,359 tonnes of ferrosilicon at the ferrosilicon plant. The emissions
profile in Iceland is further influenced by the fact that Iceland was severely 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 times the annual GDP. The crisis has resulted in 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 consumption, rising fuel
prices and collapse of the construction sector.

2.2 Trends in POPs emission

The Protocol on Persistent Organic Pollutants (POPs) was adopted on 24 June 1998. It
entered into force on 23 October 2003. It focuses on a list of 16 substances that have been
singled out according to an agreed risk criteria. The substances comprise eleven pesticides,
two industrial chemicals and three by-products/contaminants. The ultimate objective is to
eliminate any discharges, emissions and losses of POPs. The Protocol bans the production
and use of some products outright (aldrin, chlordane, chlordecone, dieldrin, endrin,
hexabromobiphenyl, mirex and toxaphene). Others are scheduled for elimination at a later
stage (DDT, heptachlor, HCB, PCBs). Finally, the Protocol severely restricts the use of DDT,
HCH (including lindane) and PCBs. The Protocol includes provisions for dealing with the
wastes of products that will be banned. It also obliges Parties to reduce their emissions of
dioxins, furans, PAHs and HCB below their levels in 1990 (or an alternative year between
1985 and 1995). For the incineration of municipal, hazardous and medical waste, it lays
down specific limit wvalues. Aldrin, chlordane, chlordecone, dieldrin, endrin,
hexabromobiphenyl, mirex and toxaphene have never been produced in Iceland. Of these
chemicals only aldrin has been used in Iceland, though not since 1975. DDT and heptachlor
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have not been used in Iceland since 1975 and were banned with a regulation in 1996.
Lindane (HCH) was used in Iceland until the early nineties. Sales statistics exist for 1990 to
1992, and the use of lindane was banned in 1999. PCB was banned in Iceland in 1988.

The total amount of dioxins, PAH4, HCB and HCH emitted in Iceland during the period 1990 —
2012 is presented in Table 2.1. Statistics show that emissions of PAH4 have increased by
61% from 1990 to 2012, whereas dioxin emissions have decreased by 90% and HCB
emissions by 52% during the same period.

Table 2.1. Emissions of POPs in Iceland 1990 — 2012.

Year Emissions
Dioxin [g I-TEQ] PAH4 [kg] HCB [g] HCH [kg]
1990 12.6 40.0 77.4 1
1991 12.5 38.5 76.7 8.1
1992 12.2 40.0 74.9 0.5
1993 11.3 42.7 73.1 NO
1994 10.5 42.7 68.4 NO
1995 9.3 44.0 64.0 NO
1996 8.3 44.4 61.8 NO
1997 7.7 45.6 60.0 NO
1998 6.4 44.9 53.7 NO
1999 5.2 47.9 47.7 NO
2000 4.7 53.1 47.0 NO
2001 4.0 53.3 43.9 NO
2002 3.6 55.1 41.4 NO
2003 2.9 55.1 38.4 NO
2004 2.3 54.1 59.8 NO
2005 1.6 58.4 52.1 NO
2006 1.7 58.4 63.1 NO
2007 1.7 65.8 69.1 NO
2008 2.4 72.1 62.5 NO
2009 2.2 68.2 55.4 NO
2010 2.1 63.4 49.6 NO
2011 1.3 62.3 414 NO
2012 1.2 64.4 36.9 NO
Trend 1990 - 2012 -90% 61% -52% -

2.2.1 Trends in dioxin emissions

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

Emissions of dioxins are presented in g I-TEQ(Internationl Toxic Equivalents). 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) is the most toxic of the dioxin congeners. Other
congeners (or mixtures thereof) are given a toxicity rating from 0 to 1, where TCDD 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 Iceland were 12.6 g I-TEQ. In 2012 total emissions
were 1.2 g I-TEQ. This implies a decrease of 90% over the time period. Table 2.2 shows the
emissions by source from 1990 to 2012.

Table 2.2. Emissions of dioxin by sector 1990 — 2012, g I-TEQ.

f= = -—
§. g £ g 2 "% -rgu E g % 2 o é =
Year a < 2% 352 € 52 £33 5
g L g *§E s 3 §° |9% | F
= - Qo £ <3 < [}
1990 0.2 0.8 0.02 8.8 2.6 0.1 0.02 12.6
1991 0.2 0.9 0.01 8.7 2.6 0.1 0.02 12.5
1992 0.2 0.9 0.01 8.4 2.6 0.1 0.02 12.2
1993 0.2 1.0 0.02 7.5 2.5 0.1 0.03 11.3
1994 0.1 1.0 0.01 6.8 2.4 0.1 0.01 10.5
1995 0.1 1.0 0.02 5.8 2.3 0.1 0.01 9.3
1996 0.1 1.0 0.02 5.1 2.0 0.1 0.01 8.3
1997 0.0 1.0 0.02 4.9 1.6 0.1 0.01 7.7
1998 0.0 1.0 0.02 4.0 1.3 0.1 0.01 6.4
1999 0.0 1.0 0.02 3.1 1.0 0.1 0.01 5.2
2000 0.0 0.9 0.03 2.7 0.9 0.1 0.01 4.7
2001 0.0 0.8 0.03 2.4 0.5 0.1 0.01 4.0
2002 0.0 0.9 0.03 2.2 0.3 0.1 0.01 3.6
2003 0.1 0.8 0.03 1.7 0.2 0.1 0.01 2.9
2004 0.1 0.8 0.03 1.0 0.1 0.2 0.01 2.3
2005 0.0 0.8 0.03 0.5 0.1 0.1 0.01 1.6
2006 0.1 0.7 0.03 0.6 0.1 0.1 0.01 1.7
2007 0.1 0.7 0.04 0.7 0.1 0.1 0.01 1.7
2008 0.1 0.7 0.04 14 0.1 0.1 0.01 2.4
2009 0.1 0.8 0.04 11 0.1 0.1 0.01 2.2
2010 0.1 0.7 0.04 1.1 0.1 0.1 0.01 2.1
2011 0.0 0.6 0.04 0.4 0.1 0.1 0.01 1.3
2012 0.0 0.6 0.04 0.3 0.1 0.1 0.01 1.2
Trend 1990 - 2012 -83% -24% 159% -96% -96% -31% -77% -91%

Figure 2.1 shows the main sources of emissions in 2012 and Figure 2.2 shows the percentage
change in emissions by source categories from 1990 to 2012, compared to the 1990 level.
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Figure 2.1. Emissions of dioxin by sector in 2012.

The main sources of dioxin emissions in 2012 are commercial fishing (49%) and waste
incineration with and without energy recovery (28%; 24.2% and 2.8% respectively). Other
important sources are bonfires (8%) and accidental fires (9%).
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Figure 2.2. Percentage changes in emissions of dioxin by sector from 1990 to 2012, compared to 1990.

Practices of waste disposal treatment have undergone a radical change in Iceland since
1990. This is the main reason for the decline in emissions by 99.5% from 1990 to 2012.
Open pit burning that used to be the most common means of waste disposal outside the
capital area, has gradually decreased since 1990. At the same time the total amount of
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waste being incinerated has decreased while increasing levels were incinerated with energy
recovery (reported under 1Ala and 1A4). In the last years those incineration plants have
been closed down one by one. At the end of 2012 only one incineration plant was operating
in Iceland. The incineration plant is called Kalka and it does not recover energy. Open pit
burning is practically non-existent today, the last site was closed by the end of 2010.
Emissions from bonfires around New Year celebrations are included in the waste
incineration sector. Emissions from bonfires have decreased since 1990, due to the fact that
bonfires are fewer and better organized. Guidelines for bonfires, published in 2000, include
restrictions on size, burnout time and the material allowed.

Emissions from electricity generation and space heating are very low because they are
generated from renewable energy sources. Emissions in this sector are dominated by
emissions from waste incineration with energy recovery, which are reported under 1Ala and
1A4.

From 1990 to 2012 emissions from road transport decreased by 86% despite the 147%
growth in the number of vehicles and 50% increase in fuel consumption. This is due to the
phase-out of leaded fuel.

Emissions have decreased since 1990 from the fishing sector as well as from the other
transport sector due to less fuel consumption in these sectors. For commercial fishing this
decline amounted to 26%. Emissions from 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 (and therefore chlorine) in the air going to
the engines. In 1990, emissions from commercial fishing were 7% of the national total. In
2012, emissions from commercial fishing amounted to 50% as emissions from most other
sources have decreased drastically since 1990.

Emissions from industrial processes have increased by 160% during the period due to
increased activity in the non-ferrous metals production sector. Aluminium production has
increased from 87,839 tonnes in 1990 to 821,021 tonnes in 2012, with the main increase
after 2005. Production of ferrosilicon has increased from 62,792 tonnes to 118,359 tonnes in
the same period. Iceland had one cement plant but it ceased operation in 2011.

Emissions from accidental fires have increased by 2% from 1990 to 2012. A peak in emissions
from accidental fires can be seen in 2004 when a major fire broke out at a recycling company
(Hringras). In the fire 300 tonnes of tires, among other separated waste materials, burned.

2.2.2 Trends in PAH emissions

The polycyclic aromatic hydrocarbons (PAH) are molecules built up of benzene rings which
resemble fragments of single layers of graphite. PAHs are a group of approximately 100
compounds. Most PAHs in the environment arise from incomplete burning of carbon-
containing materials like oil, coal, wood or waste. Fires are able to produce fine PAH
particles, they bind to ash particles and sometimes move long distances through the air.
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Thus PAHs have been ubiquitously distributed in the natural environment for thousands of
years. The four compounds benzo(a)pyren, benzo(b)fluoranthen, benzo(k)fluoranthen and
indeno(1,2,3-cd)pyren are used as PAH indicators for the purposes of emission inventories,
as specified in the POP - Protocol.

In 1990, the total emissions of PAH4 in Iceland were 40.0 kg. In 2012 total emissions were
64.4 kg. This implies an increase of 61% over the time period. Table 2.3 shows the
emissions by source from 1990 to 2012.

Table 2.3. Emissions of PAH4 by sector 1990 — 2012, kg.

Year

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
Trend 1990 - 2011

Transport

9.7
10.5
10.6
13.4
14.3
13.1
12.9
12.1
11.8
11.9
75%

Fishing

9.9
9.7
9.1
8.1
8.9
8.5
8.1
7.9
7.0
7.2
6.6
7.6
6.8
6.3
6.2

-25%

Industrial
processes

© o 5

11.5
11.4
12.2
12.4
12.6
12.3
14.6
19.9
20.9
22.1
22.2
22.2
21.1
21.9
25.1
28.7
29.6
30.2
30.4
32.6
205%

Waste
incineration

(with and
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without ER)

Bonfires

0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.03
0.03
0.04
0.03
0.03
0.03
0.03
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
-60%

Accidental
fires

11.4
11.4
11.6
11.8
12.0
12.1
12.2
12.3
12.5
12.6
12.6
12.6
11.3
9.1
14.2
12.1
14.3
20.5
15.3
11.9
11.8
11.7
3%

Other
emissions
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1.9
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TOTAL

40.0

40.0
42.7
42.7
44.0
44.4
45.6
44.9
47.9
53.1
53.3
55.1
55.1
54.1
58.4
58.4
65.8
72.1
68.2
63.4
62.3
64.4
61%
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Figure 2.3 shows the main sources of emissions in 2012 and Figure 2.4 shows the percentage
change in emissions by source categories from 1990 to 2012, compared to the 1990 level.
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Figure 2.3. Emissions of PAH4 by sector in 2012.
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Figure 2.4. Percentage changes in emissions of PAH4 by sector from 1990 to 2012, compared to 1990.

The main reasons for the growth in emissions from 1990 to 2012 are increased emissions
from industrial processes, due to increased production capacity in the non-ferrous metals
production sector.
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As stated above, the production capacity in the metal production sector has increased
substantially. Aluminium production has increased from 87,839 tonnes in 1990 to 821,021
tonnes in 2012 and from ferrosilicon production has increased from 62,792 tonnes in 1990
to 118,359 tonnes in 2012. The main increase in emissions happened in the years 1998-2000
as well as in 2006-2008. Between 1998 and 2000 the increase in emissions was due to
increased production capacity both in the aluminium and the ferrosilicon industry. In the
years 2006-2008 the cause was increased production capacity in the aluminium industry.

By the mid 1990’s economic growth gained momentum in Iceland. Iceland experienced until
2007 one of the highest growth rates of GDP among OECD countries. Late year 2008,
Iceland was severely hit by an economic crisis and three of Iceland’s largest banks collapsed.
The crisis resulted in serious contraction of the economy, followed by increased
unemployment and a depreciation of the Icelandic kréna. The increase in GDP from 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
2008. Emissions from the construction sector were 53% lower in 2012 than in 2007.
Emissions from the cement plant were 69% lower in 2011 than in 2007 and the plant ceased
operation in late 2011.

Road transport is an important source of PAH4 emissions in Iceland. Since 1990 the vehicle
fleet in Iceland has increased by 147%. Furthermore the trend until 2007 was towards larger
passenger cars which consume more fuel. In recent years the share of diesel cars has also
increased substantially. This led to increased emissions from road transportation. Emissions
from road transport in 2007 were 122% higher than in 1990. In 2008 fuel prices rose
significantly leading to lower emissions from road transport sector compared to the year
before. PAH4 emissions from road transport in 2012 were 13% below the 2007 level, but
93% above the 1990 emissions.

Accidental fires are an important source of PAH4 emissions in Iceland. Emissions from
accidental fires have increased by 3% from 1990 to 2012. A peak in emissions from
accidental fires can be seen in 2008 when unusually many vehicle fires were registered.
Many of these fires are believed not to be “accidental” but rather man-made ignition. Many
of the vehicles that caught (or were set on) fire this year had been financed with loans, that
were in arrears. The depreciation of the Icelandic kréna in 2008 resulted in the huge inflation
of car loans, as they were mostly in foreign currency.

Emissions from commercial fishing rose from 1990 to 1996 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 2004. In 2012, the emissions were
26% below 1990 levels. Annual changes in emissions reflect the inherent nature of the
fishing industry.

Emissions from the waste incineration have decreased by 70% from 1990 to 2012, partly
because primitive incineration plants and open pit burning were closed down.
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2.2.3 Trends in HCB emissions

Hexachlorobenzene (HCB) or perchlorobenzene is a chlorocarbon with the molecular
formula Cg¢Clg. HCB is a fungicide that was first introduced in 1945 for seed treatment,
especially for control of bunt of wheat. HCB is currently emitted as a by-product in the
manufacture of several chlorinated solvents. On the whole, processes resulting in dioxin
formation also result in HCB emissions. HCB is considered to be probable human
cancerogen. HCB is a very persistent environmental chemical due to its chemical stability
and resistance to biodegradation. Analysis of trends in HCB emissions in Iceland must be
interpreted with care as only few sources have been estimated. In 1990, the total estimated
emissions of HCB in Iceland were 77.4 g. In 2012 total emissions were 36.8 g. This implies a
decrease of 52% over the time period.

Table 2.4 shows the emissions by source from 1990 to 2012. Figure 2.5 shows the main
sources of emissions in 2012.

Table 2.4. Emissions of HCB by sector 1990 — 2012, g.
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1990 - 13 76.1 77.4
1991 - 1.2 75.6 76.7
1992 - 11 73.8 74.9
1993 8.2 1.0 63.9 73.1
1994 8.2 0.9 59.3 68.4
1995 10.2 0.9 52.9 64.0
1996 13.0 1.0 47.8 61.8
1997 13.0 11 45.9 60.0
1998 13.3 13 39.4 53.7
1999 13.3 1.5 33.0 47.7
2000 13.3 1.6 32.2 47.0
2001 13.3 14 29.2 43.9
2002 13.3 0.9 27.2 41.4
2003 13.8 0.8 23.7 38.4
2004 13.9 12.9 33.0 59.8
2005 13.1 12.6 26.4 52.1
2006 16.7 13.2 333 63.1
2007 17.8 13.0 38.3 69.1
2008 13.4 13.7 35.4 62.5
2009 9.9 15.9 29.6 55.4
2010 10.3 10.6 28.8 49.6
2011 13.1 5.3 23.0 41.4
2012 11.6 5.1 20.2 36.9
Trend 1990 — 2012 - 292% -74% -52%
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Figure 2.5. Emissions of HCB by sector in 2012.

The main sources of HCB emissions are waste incineration with and without energy recovery
and industrial processes (secondary aluminium production and cement production). A
sudden increase in HCB emissions from industrial processes is seen in 2004 when a
secondary aluminium production plant was established. The production at the plant went
down by 50% from 2010 to 2012.

2.3 Emission trends for NO,, NMVOC, CO, SO,, NH;3 and particulates

Nitrogen oxides (NO,), non-methane volatile organic compounds (NMVOC), carbon
monoxide (CO), ammonia (NHs) and particulate matter (TSP, PMy, PM;s) have an adverse
effect on human health and the environment. Iceland has only ratified the POP protocol of
the CLRTAP. Reporting of other pollutants than POPs is therefore not obligatory. Emissions
of NO,, CO, NMVOC and SO, are provided in the NFR tables for information purposes, as
they are calculated to comply with the reporting requirements of the UNFCCC. For this
submission emission estimates for ammonia and particulate matter are provided for a few
emission sources. A short description of the trends of those pollutants is given in the
following section.

2.3.1 Nitrogen oxides (NOx)

The main sources of nitrogen oxides (NO,) in Iceland are commercial fishing, transport, and
the manufacturing industry and construction (see Figure 2.6). The NO, emissions from
commercial fishing rose in the years 1990 to 1996 when a substantial portion of the fishing
fleet was operating in distant fishing grounds. From 1996 emissions decreased, reaching the
1990 levels in 2001. Emissions rose again in 2002 but have declined since with exception of
2009 due to less fuel consumption. Emissions in 2012 were 24% below the 1990 level.
Annual changes are inherent to the nature of fisheries. Emissions from transport are
dominated by road transport. These emissions have decreased rapidly (by 29%) after the use

26



@

Informative Inventory Report, Iceland 2014

of catalytic converters in all new vehicles became obligatory in 1995, despite the fact that
fuel consumption has increased by 50%. The rise in emissions from the manufacturing
industries and construction until 2007 are dominated by increased activity in the
construction sector during the period. In 2012 emissions from manufacturing industry and
construction were 39% 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 replaced with electricity and production has decreased.
Total NO, emissions, 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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Figure 2.6. Emissions of NOx by sector 1990 - 2012, Gg.

2.3.2 Non-methane volatile organic compounds (NMVOC)

The main sources of non-methane volatile organic compounds (NMVOC) are transport and
solvent use, as can be seen in Figure 2.7. Emissions from transport are dominated by road
transport. These emissions decreased rapidly after the use of catalytic converters in all new
vehicles became obligatory in 1995. Emissions from solvent use have been around 1 Gg and
show a downward trend in recent years. Other emissions include emissions from industrial
processes, where food and drink production is the most prominent contributor. The total
emissions showed a downward trend from 1994 to 2012. The emissions in 2012 were 56%
below the 1990 level.
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Figure 2.7. Emissions of NMVOC by sector 1990 — 2012, Gg.

2.3.3 Carbon monoxide (CO)

Transport is the most prominent contributor to CO emissions in Iceland, as can be seen in
Figure 2.8. Emissions from transport are dominated by road transport. These emissions have
decreased rapidly after the use of catalytic converters in all new vehicles became obligatory
in 1995. Total CO emissions show, like the emissions from transport, a rapid decrease after
1990. The emissions in 2012 were 61% below the 1990 level.
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Figure 2.8. Emissions of CO by sector 1990 — 2012, Gg.

2.3.4 Sulphur dioxide (SO,)

Geothermal energy exploitation is by far the largest source of sulphur emissions in Iceland.
Sulphur is emitted from geothermal power plants in the form of H,S. Emissions have
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increased by 406% since 1990 due to increased activity in this field, as electricity production
at geothermal power plants has increased 15-fold since 1990. The expansion of the metal
production sector has been accommodated with parallel investments in increased power
capacity, especially after 2005. Other significant sources of sulphur dioxide in Iceland are
industrial processes and manufacturing industry and construction (see Figure 2.9). Emissions
from industrial processes are dominated by metal production. Until 1996 industrial process
sulphur dioxide emissions were relatively stable. Since then, the metal industry has
expanded. In 1990, 87,839 tonnes of aluminium were produced at one plant and 62,792
tonnes of ferroalloys at one plant. In 2012 821,021 tonnes of aluminium were produced at
three plants and 118,359 tonnes of ferroalloys were produced at one plant. This led to
increased emissions of sulphur dioxide (330% increase of emissions from ferroalloys and
aluminium production compared to 1990 levels). The fishmeal industry is the main
contributor to sulphur dioxide emissions from fuel combustion in the sector Manufacturing
Industries and Construction. Emissions from the fishmeal industry increased from 1990 to
1997 but have declined since as fuel has been replaced with electricity and production has
decreased; the emissions were 68% below the 1990 level in 2010.

Sulphur emissions from the commercial fishing fleet depend upon the use of residual fuel oil.
When fuel prices go up, the use of residual fuel oil rises and the use of gas oil drops. This
leads to higher sulphur emissions as the sulphur content of residual fuel oil is significantly
higher than in gas oil. The rising fuel prices since 2008 have led to higher sulphur emissions
from the fishing fleet in recent years. Emissions from the fishing fleet in 2012 were about
the same as 1990 although fuel consumption was 26% less.

In 2011 total sulphur emissions in Iceland, calculated as SO,, were 295% above the 1990
level, but 107% above the 1990 level when excluding emissions from geothermal power
plants (Fig. 2.9).

In 2010 the volcano Eyjafjallajokull started erupting. The eruption lasted from 14" of April
until 23" of May. During that time 127 Gg of SO, were emitted or 71% more than total man
made emissions in 2010. In 2011 the volcano Grimsvotn started erupting. The eruption
lasted from 21 until 28" of May. During that time 1000 Gg of SO, were emitted or 12 times
more than total man made emissions in 2011. These emissions are not included in national
totals.
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Figure 2.9. Emissions of SO, by sector 1990 - 2012, Gg.

2.3.5 Ammonia (NH3)

Ammonia emissions (NH3) have only been estimated for the agriculture sector. Manure
management, manure deposition of grazing animals on pastures, and fertilizer application
are the main sources. Emissions have been fluctuating between 5 and 5.5 Gg NHs since 1990.
Emissions decreased by 11% between 1990 and 2004 but have been increasing again since
then. Therefore the overall trend between 1990 and 2011 is a 5% 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 more than 80% of
total NH3 emissions. NH3 emissions from fertilizer application plays only a minor role as can
be seen in Figure 2.10.
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Figure 2.10. Emissions of NH; from 1990 - 2012, Gg.

2.3.6 Particulate matter (PMy)

Emissions of particulate matter (TSP, PMyo, PM,5) have only been estimated for aluminium
production, ferroalloys production, the agriculture sector and from tobacco smoking. The
trend in emissions of PMj, can be seen in Figure 2.9. As emissions have only been estimated
for few sources the trend should be interpreted with care.

Emissions from the metal production sector overweigh the estimated emissions of
particulates in Iceland. As stated above, the production capacity in the metal production
sector has increased substantially. Aluminium production has increased from 87,839 tonnes
in 1990 to 821,021 tonnes in 2012 and from ferrosilicon production has increased from
62,792 tonnes in 1990 to 118,359 tonnes in 2012.

Agricultural emissions stem from practices associated with the cultivation of grass and barley
fields as well as livestock manure management. Total PM emissions from agriculture were
0.11 Ggin 2011.

In 2010 the volcano Eyjafjallajokull erupted. The eruption lasted from 14™ of April until 23"
of May. During that time around 6000 Gg of PMg were emitted or around 10.000 times
more than total estimated man made emissions in 2010. In 2011 the volcano Grimsvotn
erupted. The eruption lasted from 21% until 28" of May. The eruption at Grimsvotn was
much larger than at Eyjafjallajokull, and it has been estimated that during the first day more
sulphur and particulates were emitted than during all the Eyjafjallajokull eruption. An
estimate of the total particulates emitted has not been estimated but the EA has scaled the
emissions of particulates using the ratio of sulphur emissions from the two eruptions
(1000/127). This gives an approximate estimate of of around 47.000 Gg PM1o and 13.000 Gg
of PM, 5. These emissions are not included in national totals.
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3 ENERGY

3.1 Introduction

The energy sector in Iceland is unique in many ways. Iceland ranks 1% among OECD countries
in the per capita consumption of primary energy. The per capita primary energy
consumption in 2012 was about 786 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 cool climate and sparse population calls for high energy use for space
heating and transport. Also, key export industries such as fisheries and metal production are
energy-intensive. The metal production industry used around 80% of the total electricity
produced in Iceland in 2012. Iceland relies heavily on its geothermal energy sources for
space heating (over 90% of all homes) and electricity production (27% of the electricity) and
on hydropower for electricity production (73% of the electricity). Thus, emissions in this
sector originate predominantly from mobile sources: road transport, fishing and equipment
in the construction sector, as well as waste incineration with energy recovery.

Methodology

Emissions from fuel combustion are estimated at the sectoral level. 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 sales by sector. The division of fuel sales by sector does not reflect the
IPCC(International Panel on Climate Change)/NFR sectors perfectly so the EA has made
adjustments to the data where needed to better reflect the IPCC/NFR categories. Tables
explaining this adjustment are given in Annex I. The first table in Annex | is named “Fuel sales
(gas oil and residual fuel oil) by sectors 1Ala, 1A2 (stationary) and 1A4 (stationary) — as
provided by the National Energy Authority”. This table contains the original values. The
adjustment is done in the following way for gasoil:

- First fuel consumption needed for the known electricity production with fuels is
calculated (1Ala — electricity production), assuming 34% efficiency of the diesel
engines. The values calculated are compared with the fuel sales for the category
10X60 Energy industries (nomenclature from the NEA).

- In years where there is less fuel sale to energy industries, according to the sales
statistics (955 tonnes in 2012), as would be needed for the electricity production (714
tonnes in 2012), the fuel needed to compensate is taken from the category 10X90
Other; and if that is not sufficient from the category 10X40 House heating and
swimming pools.

- In years where there is surplus, the extra fuel is added to the category 10X40 House
heating and swimming pools. In 2012 there was a surplus in the energy industries
category, so 241 tonnes were added to the category 10X40 House heating and
swimming pools. So now the category 10X40 has 1987 tonnes in 2012 (1746+241).

- NEA has estimated that the fuel use by swimming pools (1A4a), but it should be
noted that the majority of swimming pools in Iceland have geothermal water. The
estimated fuel use values are given in the lower table of Annex I. It is 300 tonnes in
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2012. These values are subtracted from the adjusted 10X40 category, leaving 1687
tonnes in the category in 2012 (1987-300). The rest is then 1A4c — Residential.

- For years where there is still fuel in the category 10X90 Other (260 tonnes were left
in that category in 2012), this is added to the 10X5X Industry (originally with 5151
tonnes in 2012). This is the fuel use in 1A2 — Industry (5151+260=5411 tonnes in
2012).

Explanation for the adjustment for residual fuel oil is given in Annex |. The adjustment
applies for the sectors 1Ala Energy industries, 1A2 Manufacturing industry (stationary
combustion) and 1A4 Residential. Emissions from waste incineration with energy recovery
are reported under energy industries and commercial but a description of the method is
under the waste section. 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 (Residential and
Commercial/Institutional sector). Mobile combustion includes Civil Aviation, Road Transport,
Navigation, Fishing (part of the Other sectors), Mobile Combustion in Construction (part of
Manufacturing Industries and Construction sector) and International Bunkers.

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.

3.2 Energy Industries (1A1)

Energy Industries include emissions from electricity and heat production. Iceland has
extensively utilised renewable energy sources for electricity and heat production, thus
emissions from this sector are low. For dioxin, PAH4, SO, and 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 EA, see
Annex |. Activity data on waste is collected by EA directly from the plants.

Electricity

Electricity was produced from hydropower, geothermal energy and fuel combustion in 2012
(Table 3.1.), with hydropower as the main source of electricity (NEA, 2013). Electricity was
produced with fuel combustion at a two locations that are located far from the distribution
system (two sparsely populated islands, Grimsey and Flatey). Some public electricity facilities
have emergency 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.
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Table 3.1. Electricity production in Iceland (GWh).
1990 1995 2000 2005 2008 2009 2010 2011 2012

Hydropower 4,159 4,678 6,352 7,014 12,427 12,279 12,592 12,507 12,335
Geothermal 283 288 1,323 1,658 4,037 4,553 4,465 4,701 5,210
Fuel combustion 5.6 8.4 4.4 7.8 2.7 2.9 1.7 2.1 2.8

Total 4,447 4,977 7,679 8,680 16,467 16,835 | 17,059 @ 17,210 17,548

Activity data (the amount of gasoil used) for electricity production with fuel combustion is
calculated from the information on electricity production (GWh), based on the energy
content of the gasoil (43.33 TJ/kt) assuming 34% efficiency.

Heat

Geothermal energy was the main source of heat production in 2012. Some district heating
facilities, that lack access to geothermal energy sources, use electric boilers to produce heat
from electricity. They depend on curtailable energy. These heat plants have backup fuel
combustion in case of electricity shortages or problems in the distribution system. Three
district heating 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
incineration plants is given in Chapter 7.

Activity data for electricity and heat production with fuel combustion and waste incineration
are given in Table 3.2. No fuel consumption for heat production was reported by the NEA
for 2010 and 2011. The use of residual fuel oil in 2007 was much higher than in surrounding
years. In 2007 a new aluminium plant was established in Iceland. Because the Karahnjukar
hydropower project (hydropower plant built for this aluminium plant) was delayed, the
aluminium plant was supplied for a while with electricity from the distribution system. This
led to electricity shortages for the district heating system and industry depending on
curtailable energy leading to increased fuel combustion. The different fuel composition from
year to year (waste, fuel) 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 sector is
dominated by waste incineration. The following years have been unusual: 1995 (issues in
the electricity distribution system caused by snow avalanches in northwest Iceland (the
Westfjords) and icing in the northern part of the country), 1997/1998 (unfavourable weather
conditions for hydropower plants during the winter) and 2007 (explained above).

Table 3.2. Fuel combustion and waste incineration (kt) for electricity and heat production.
1990 1995 2000 2005 2008 2009 2010 2011 2012

Gas/Diesel oil (electricity) 1.4 2.1 1.1 1.9 0.7 0.7 0.4 0.5 0.7
Residual fuel oil (heat) 3.0 3.1 0.1 0.2 0.1 0.1 - - 0.1
Solid waste (heat) NO 4.7 6.0 6.0 10.3 8.0 8.1 6.4 -

Emission factors for dioxin are taken from the Standardized Toolkit for Identification and
Quantification of Dioxin and Furan Releases (UNEP 2005). They are 0.5 pug I-TEQ/TJ (0.022 ug
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I-TEQ/t fuel) for gas/diesel oil and 2.5 ug I-TEQ/TJ (0.1 pg I-TEQ/t fuel) for residual fuel oil.
PAH4 and HCB emissions are not estimated from this source. Emissions of SO, are calculated
from the S-content of the fuels. Emission factors for NOx and CO are taken from Table 1-15
of the revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories: Reference
Manual. NMVOC emission factor is taken from Table 1.11 in the Reference Manual.

3.3 Manufacturing Industries and Construction (1A2)

3.3.1 Manufacturing Industries, Stationary Combustion

Activity Data

Information on the total amount of fuel used by the manufacturing industries was obtained
from the NEA and adjusted by EA (see Annex ). The total fuel consumption per fuel type can
be seen in Table 3.3. The sales statistics for the manufacturing industry (as adjusted by EA)
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 industrial sources. This division is made by the EA 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 with
regulation 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 2012 are based on data provided by the industry (application for free
allowances under the EU Emissions Trading System (EU ETS) for the years 2005 to 2010,
information from the Icelandic Association of Fishmeal Manufacturers for 2003, 2004 and
2011 and 2012). The difference between the given total for the sector and the sum of the
fuel use of the reporting industrial facilities are categorized as 1A2f other non-specified
industry. Emissions are calculated by multiplying energy use with a pollutant specific
emission factor. Emissions from fuel use in the ferroalloys production is reported under
1A2a. Emissions from the cement industry (the single operating cement plant was closed
down in 2011) and the mineral wool production are reported under 1A2fi. For PAH4,
emissions from the mineral wool production are not estimated, and for dioxin, emissions
from the cement industry are reported under industrial processes (2A1).

Table 3.3. Fuel use (kt), stationary combustion in the manufacturing industry.
1990 1995 2000 2005 2008 2009 2010 2011 2012

Gas/Diesel oil 5.1 1.1 10.3 22.2 8.6 9.8 9.4 4.9 5.4
Residual fuel oil 55.9 56.2 46.2 25.0 20.5 17.6 16.5 17.3 17.8
LPG 0.5 0.4 0.9 0.9 1.9 1.2 1.0 1.0 1.8
Electrodes (residue) 0.8 0.3 1.5 - 0.5 0.4 0.4 - -
Steam Coal 18.6 8.6 13.3 9.9 21.5 10.2 3.6 7.8 -
Petroleum coke - - - 8.1 - - - - -
Waste oil - 5.0 6.0 1.8 2.2 0.9 1.4 1.2 1.2
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Emission Factors

Emission factors for dioxin for liquid fuel used in stationary combustion in manufacturing
industry are taken from the “Utslipp til luft av dioxiner i Norge” (Statistics Norway, 2002).
PAH4 emission factors for coal used in stationary combustion (used in the cement industry)
as well as the profile ratio are taken from the chapter An approach to estimation of PAH
emission in the Emission Inventory Guidebook (EEA 2007). The BaP emission factor for
industrial coal combustion for large plants is taken from Appendix 3 of the chapter and the
profile ratio is found in section 7. PAH emission factors for liquid fuels are taken from table
3-4 (Tier 1 EF for 1A2 combustion in industry using liquid fuels) from chapter 1.A.2 of the
Emission Inventory Guidebook (EEA 2009). The emission factors for dioxin and PAH4 are
presented in Table 3.4.

Table 3.4. Emission factors for dioxin and PAH4 from stationary combustion in manufacturing industry

dioxin BaP BbF BkF IPy
[ng I-TEQ/t fuel] [ne/Gl] [ne/GJ] [ne/GJ] [ne/GJ]
Gas / Diesel Oil 0.1 5.2 6.2 4.0 2.2
Residual fuel oil 0.1 5.2 6.2 4.0 2.2
LPG 0.06 5.2 6.2 4.0 2.2
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* 5.2 6.2 4.0 2.2
Waste oil 4.0 5.2 6.2 4.0 2.2

* Coal, electrodes 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

SO, emissions are calculated from the S-content of the fuels. Source specific emission factors
for NOx and CO are taken from Table 1.16 and 1.17 of the revised 1996 IPCC Guidelines for
National Greenhouse Gas Inventories: Reference Manual. Emission factors for NMVOC are
taken from Table 1.11 in the Reference Manual. Sulphur emissions from use of petroleum
coke occur in the cement industry. Further waste oil has mainly been used in the cement
industry. Emission estimates for SO, for the cement industry are based on measurements.

3.3.2  Manufacturing Industries, Mobile Combustion

Activity Data

Activity data for mobile combustion in the construction sector is provided by the NEA. Qil,
which is reported to fall under vehicle usage, is in some instances actually used for
machinery and vice versa as it happens 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 the deviation 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 in Table 3.5.
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Table 3.5. Fuel use (kt), mobile combustion in the construction industry.
1990 1995 2000 2005 2008 2009 2010 2011 2012

Gas/Diesel oil 38.0 46.7 61.9 67.8 59.0 40.7 32.2 27.7 29.1

Emission Factors

Emission factors for dioxin from mobile sources are taken from “Utslipp til luft av dioxiner i
Norge” (Statistics Norway, 2002). They are 0.1 pg/t fuel. PAH emissions are not estimated
from this source. SO, emissions are calculated from the S-content of the fuels. Emission
factors for NOx, CO and NMVOC are taken from Table 1.49 of the revised 1996 IPCC
Guidelines for National Greenhouse Gas Inventories: Reference Manual.

3.4 Transport (1A3)

3.4.1 Civil Aviation

Emissions are calculated by multiplying energy use with a pollutant specific emission factor.
Emissions from civil aviation are estimated as totals, so landings and take-offs for civil
aviation are included in civil aviation — cruise. Landing and take-offs in international aviation
are included in international aviation — cruise, and not included in national totals.

Activity Data
Total use of jet kerosene and gasoline is based on the NEA's annual sales statistics for fossil
fuels. Activity data for fuel combustion are given in Table 3.6.

Table 3.6. Fuel use (kt), domestic aviation.
1990 1995 2000 2005 2008 2009 2010 2011 2012
Jet kerosene 8.409 8.253 7.728 7.390 7.601 6.271 6.066 6.027 6.133
Gasoline 1.681 1.131 1.102 0.872 0.731 0.649 0.648 0.411 0.492

Emission Factors

Emission factors for dioxin are taken from the Standardized Toolkit for Identification and
Quantification of Dioxin and Furan Releases (UNEP 2005) and from “Utslipp til luft av
dioxiner i Norge” (Statistics Norway, 2002). PAH4 emissions are not estimated. SO,
emissions are calculated from the S-content of the fuels. Emission factors for NOx, CO and
NMVOC are taken from tables 1.9 to 1.11 from the revised 1996 IPCC Guidelines for National
Greenhouse Gas Inventories: Reference Manual. The emission factors are presented in
Table 3.7.

Table 3.7. Emission factors for dioxin, NOx, CO and NMVOC, aviation

dioxin NOx co NMVOC

[ug I-TEQ/t fuel] [kg/TJ] [kg/TJ] [kg/TJ]
Jet Kerosene 0.06 [2] 300 100 50
Aviation gasoline 2.2 [1] 300 100 50

[1] UNEP 2005, [2] Statistics Norway 2002
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Planned Improvements

Planned improvements involve moving emission estimates from aviation to the Tier 2
methodology by next submission and deviate between cruise and landing/take-off
emissions.

3.4.2 Road Vehicles

Emissions from Road Traffic are estimated by multiplying the fuel use by type of fuel and
vehicle, and fuel and vehicle pollutant specific emission factors.

Activity Data

Total use of diesel oil and gasoline are based on the NEA's annual sales statistics for fossil
fuels (Table 3.8.).

Table 3.8. Fuel use (kt), road transport.
1990 1995 2000 2005 2008 2009 2010 2011 2012

Gasoline 127.812  135.601 142.599 156.730 155.115 154.932 148.214 142.688 136.841
Diesel oil 36.567 36.862 47.463 83.478 | 113.964 @ 114.491 | 106.433 | 106.293 @ 110.540

NEA estimates 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. From 2006 to 2012 EA estimated how the fuel consumption is divided between the
different vehicles groups, using information on the number of vehicles in each group and the
driven mileage in each group from the Icelandic Transport Authority (ICETRA), using average
fuel consumption based on the 1996 IPCC Guidelines Regarding Average Fuel Consumption
Per Group. The data for 2006 to 2012 also contains information on motorcycles. The ICETRA
has been working with the EA to provide data that would enable the use of a computer
programme to calculate emissions from road transport (COPERT). This work was not finished
in time for this submission, but will hopefully be included in next submission. Therefore the
time series is not fully consistent as two different methodologies are used. For the years
1990 to 2005 emissions from motorcycles are included in emissions from other vehicles.

The EA has estimated the amount of passenger cars by emission control technology. The
proportion of passenger cars with three-way catalysts has steadily increased since 1995
when they became mandatory in all new cars. The assumptions are shown in Figure 3.1.
Although three-way catalysts have been mandatory for a long time now, it is assumed that
the proportion of cars with three-way catalyst stagnates at 86%, as the catalysts usually lose
their function after about 10 years.
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Figure 3.1. Passenger cars by emission control technology.

Emission Factors

Emission factors for dioxin are taken from the Standardized Toolkit for Identification and
Quantification of Dioxin and Furan Releases (UNEP 2005). They are presented in Table 3.9.
Emission factors for PAH are taken from the chapter “An approach to estimation of PAH
emission” in the Emission Inventory Guidebook (EEA 2007). Emission factors for PAH4 are
presented in Table 3.10.

Table 3.9. Emission factors for dioxin, road vehicles

dioxin
[ng I-TEQ/t fuel]
Gasoline, leaded 2.2
Gasoline, unleaded, no catalyst 0.1
Gasoline, unleaded, with catalyst 0
Gas / Diesel Oil 0.1

Table 3.10. Emission factors for PAH4, road vehicles

B[a]P  Fuel cons. B[a]P ratio to B[a]P
[ng/km] @ [L/100 km] ug/kg fuel B[b]F = BIKIF ' I[cd]P

pass.cars gasoline - conventional 1.1 10 14.86 1.2 0.9 1

pass.cars gasoline - catalyst 0.4 10 5.41 0.9 1.2 1.4
light duty vehicles - gasoline 1.1 10 14.86 1.2 0.9 1

pass.cars diesel - direct inj. 0.7 13 6.49 0.9 1 1.1
pass.cars diesel - indirect inj. 2.8 13 25.95 0.9 0.8 0.9
light duty vehicles diesel - direct inj. 0.7 13 6.49 0.9 1 1.1
light duty vehicles diesel - indirect inj. 2.8 13 25.95 0.9 0.8 0.9
HDV (diesel) 1 26 4.63 5.6 8.2 1.4
other use, gas/diesel oil, (HDV) 1 26 4.63 5.6 8.2 1.4
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SO, emissions are calculated from the S-content of the fuels. Emission factors for other
pollutants depend upon vehicle type and emission control. They are taken from Tables 1.36
to 1.42 of the revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories:
Reference Manual and are presented in Table 3.11.

Table 3.11. Emission factors for NOx, CO and NMVOC for European vehicles.

NOXx co NMVOC
[g/kg fuel]l | [g/kg fuel] [g/kg fuel]

Passenger car — gasoline, uncontrolled 27 550 63
Passenger car — gasoline, non-catalyst control 37 300 72
Passenger car — gasoline, three way catalyst 8.2 45.9 7.1
Light duty vehicle — gasoline 29 360 59
Heavy duty vehicle — gasoline 40 346 32
Motorcycles - gasoline 2.7 730 530
Passenger car — diesel 11 12 3

Light duty vehicle — diesel 16 18 4.6
Heavy duty vehicle — diesel 42 36 8

Planned Improvements

Planned improvements involve getting more comprehensive data from the ICETRA for
estimating emissions from road transport with the COPERT model.

3.4.3  National Navigation

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

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 given in Table
3.12.

Table 3.12. Fuel use (kt), national navigation.
1990 1995 2000 2005 2008 2009 2010 2011 2012

Gas/Diesel oil 11.749 7.043 3.425 6.199 13.179 6.270 8.464 5.523 4.142
Residual fuel oil 7.170 4.755 0.542 0.881 4.192 3.709 2.612 0.330 0.181

Emission Factors

Emission factors for dioxin and PAH (only BbF) are taken from Utslipp til luft av dioxiner i
Norge (Statistics Norway, 2002). They are presented in Table 3.13.
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Table 3.13. Emission factors for dioxin and BbF, navigation

dioxin BbF NOx co NMVOC

[ug I-TEQ/t fuel] [g BbF/t fuel] [kg/T)] [kg/TJ] [kg/TJ]
Gas / Diesel Oil, on ocean 4 0.04 1800 180 52
Residual fuel oil, on ocean 4 0.04 1800 180 52

SO, emissions are calculated from the S-content of the fuels. Emission factors for NOx, CO
and NMVOC are taken from Table 1.48 in the revised 1996 IPCC Guidelines for National
Greenhouse Gas Inventories for ocean-going ships. They are also presented in Table 3.13.

3.4.4 Commercial, Institutional and 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 occurs in areas far from public heat plants. Two waste incineration plants used waste to
produce heat. One of them used the heat for heating a swimming pool and a school building
(Skaftarhreppur, closed down in December 2012), and the other one used the heat for
heating a swimming pool (Svinafell, closed down in 2010). Commercial/Institutional fuel
combustion also includes the heating of swimming pools with gas oil, but only a few
swimming pools in the country are heated with oil.

Activity Data

Activity data for fuel use is provided by the NEA, which collects data on fuel sales by sector.
EA adjusts the data provided by the NEA as further explained in Annex |. Activity data for
waste incineration are collected by the EA directly. Activity data for fuel combustion and
waste incineration in the Commercial/Institutional sector are given in Table 3.14.

Table 3.14. Fuel use (kt), Commercial/Institutional sector.
1990 1995 2000 2005 2008 2009 2010 2011 2012

Gas/Diesel oil 1.8 1.6 1.6 1.0 0.3 0.3 0.3 0.3 0.3
Waste oil 3.3 - - - - - - - -

LPG 0.3 0.3 0.5 0.5 0.1 0.1 0.2 0.2 0.5
Solid waste - 0.5 0.6 0.6 0.4 0.3 0.3 0.2 0.2

Activity data for fuel combustion in the Residential sector is given in Table 3.15. The table
displays that the use of kerosene increased substantially from 2008 to 2011. Kerosene is
used in summerhouses but also, to some extent, in the Commercial sector for heating of
commercial buildings. The usage has been very low 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 has motivated some diesel car owners to use kerosene on their cars
as the kerosene does not have CO, tax, despite the fact that it is not good for the engine.
Since 2012 the CO, tax covers also kerosene and the use decreased rapidly again.
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Table 3.15. Fuel use (kt), residential sector.
1990 1995 2000 2005 2008 2009 2010 2011 2012

Gas/Diesel oil 8.8 6.4 6.0 3.2 2.0 2.1 1.9 1.4 1.7
LPG 0.4 0.5 0.7 0.9 11 1.6 14 0.7 0.6
Kerosene 0.5 0.2 0.1 0.2 0.8 4.0 1.2 3.2 0.1

Emission Factors

Emission factors (EFs) for dioxin from stationary combustion are taken from Utslipp til luft av
dioxiner i Norge (Statistics Norway, 2002). They are 0.1 pg/t fuel for gas oil and kerosene,
0.06 pg/t fuel for LPG (Liquified Petroleum Gas) and 4 ug/t for waste oil. Emissions of SO, are
calculated from the S-content of the fuels. Emission factors for other pollutants are taken
from Table 1.18 and 1.19 of the revised 1996 IPCC Guidelines for National Greenhouse Gas
Inventories: Reference Manual. 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 the energy is used for swimming pools/school buildings are reported here.
A description of the method for calculating GHG is provided in Chapter 7. The IEF for dioxin
in the sector shows fluctuations over the time series. From 1994 to 2012 (as stated above
one plant was closed down in 2010 and the other one in 2012) waste was incinerated to
produce heat at two locations (swimming pools, school building). The IEF for dioxin for
waste is considerably higher than for liquid fuel. Further waste oil was used in the sector
from 1990 to 1993. This combined explains the rise in IEF for the whole sector.

3.4.5  Agriculture, Forestry, and 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.

Activity Data

Total use of residual fuel oil and gas/diesel oil for the commercial fishing is based on the
NEA's annual sales statistics for fossil fuels. Activity data for fuel combustion in the Fishing
sector are given in Table 3.16.

Table 3.16. Fuel use (kt), fishing sector.
1990 1995 2000 2005 2008 2009 2010 2011 2012
Gas/Diesel oil 174.9 191.3 2111 171.7 127.7 144.7 128.2 120.1 116.2
Residual fuel oil 32.4 53.4 16.0 26.3 36.3 44.6 41.4 38.5 37.7

Emission Factors

Emission factors for dioxin and PAH (only BbF) are taken from Utslipp til luft av dioxiner i
Norge (Statistics Norway, 2002). They are presented in Table 3.13. SO, emissions are
calculated from the S-content of the fuels. Emission factors for other pollutants are taken
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from Table 1.48 in the revised 1996 IPCC Guidelines for National Greenhouse Gas
Inventories: Reference Manual for ocean-going ships. They are also presented in Table 3.13.

3.5 International Bunker Fuels

Emissions from international aviation and marine bunker fuels are excluded from national
totals in line with the reporting guidelines under the UNFCCC. Emissions are calculated by
multiplying energy use with pollutant specific emission factors.

Activity data is provided by the NEA, which collects data on fuel sales by sector. This data
distinguish between national and international usage. In Iceland there is one main airport for
international flights, Keflavik Airport. Under normal circumstances almost all international
flights depart and arrive from Keflavik Airport, except for flights to Greenland, the Faroe
Islands, and some flights with private airplanes which depart/arrive from Reykjavik airport.
Domestic flights sometimes depart from Keflavik airport in case of special weather
conditions. Oil products sold to Keflavik airport are reported as international usage. The
deviations between national and international usage are believed to level out. Emissions
estimates for aviation will be moved to Tier 2 methodology by next submissions. A better
methodology for the fuel split between international and domestic aviation will be
developed in the near future as Iceland takes part in the EU ETS for aviation from 2012
onward and better data will become available. Emission factors for aviation bunkers are the
same as described for domestic aviation.

The retail supplier divides fuel use between international navigation (including foreign
fishing vessels) and national navigation based on identification numbers which differ
between Icelandic and foreign companies. The emission factors for marine bunkers are the
same as described for national navigation.

3.6 Fugitive emissions

3.6.1 Distribution of oil products (1B2a v)

NMVOC emissions from distribution of oil products are estimated by multiplying the total
imported fuel with an emission factor. The emission factor is taken from the Emission
Inventory Guidebook (EEA, 2009) and is 9 kg/Mg. Data on total import of fuels are taken
from Statistics Iceland.

3.