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Abstract

The Norwegian emission inventory is a joint undertaking between the Norwegian
Pollution Control Authority and Statistics Norway. The Norwegian Pollution
Control Authority is responsible for the emission factors and for providing data
from specific industries and sources, while emission figures are derived from
models operated by Statistics Norway. Statistics Norway is responsible for
developing the emission models, for the collection and development of activity
data, and for the calculations. Emission data are used for a range of national
applications and for international reporting.

This report documents the methodologies used in the Norwegian emission
inventory of greenhouse gases (GHG), acidifying pollutants, heavy metals (HM)
and persistent organic pollutants (POPs). The documentation will also serve as a
part of the National Inventory Report submitted by Norway to the United Nations
Framework Convention on Climate Change (UNFCCC), and as documentation of
the reported emissions to UNECE for the pollutants restricted by CLRTAP
(Convention on Long-Range Transboundary Air Pollution).

This report replaces the previous documentations of the emission model, Rypdal
(1993), Rypdal (1995b), Flugsrud et al. (2000), Hoem (2005), Hoem (2006) and
Aasestad (2007). The most important changes since last year is a revised method
for calculation of CH4 and n,0 emissions from ferroalloy production, revised N,O
figures from one chemical plant for most years since 1990, increased emission
figures for CH,4 for all years since 1990 due to corrections of Statistics Norway’s
waste statistics and inclusion of N,O emissions from human sewage from the part
of the population that is not connected to wastewater treatment plants. In addition
there have been several minor changes in the figures, e.g., some figures reported
from plants to the Norwegian Pollution Control Authority have replaced earlier
reported figures. Chapter 8 Recalculation is updated.

The Norwegian Emission Inventory 2008; Documentation of methodologies for
estimating emissions of greenhouse gases and long-range transboundary air
pollutants is also available at http://www.ssb.no.
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1. Introduction

1.1. Inventory documentation: Needs and plans

Emission data are used in many contexts nationally, and also reported
internationally. There is widespread interest for the emission figures and for the
methods used to perform the calculations. The emission data are based on a mix of
measurements and calculations. The purpose of this report is to document the
methodologies used in the Norwegian emission inventory of greenhouse gases
(GHQG), acidifying pollutants, heavy metals (HM) and persistent organic pollutants
(POPs). The documentation will also serve as a part of the National Inventory Report
(SFT 2008) submitted by Norway to the United Nations Framework Convention on
Climate Change (UNFCCC), and as documentation of the reported emissions to
UNECE for the pollutants restricted by CLRTAP (Convention on Long-Range
Transboundary Air Pollution).

The structure of this report follows, as does the National Inventory Report (SFT
2008), guidelines given by UNFCCC. However, the National Inventory Report
discusses only greenhouse gases, and also includes LULUCF emissions. As the
latter emissions not are included in the emission figures estimated and presented by
Statistics Norway, they are not discussed in this report.

It is planned that this documentation report will be updated annually in connection
with publishing of emission data at the beginning of the year. Users of the printed
version of the documentation should consequently consult the web version (at
www.ssb.no/english/subjects/01/04/10/) for possible recent updates.

The documentation report is a further development of Rypdal (1993), Rypdal
(1995b), Flugsrud et al. (2000) and Hoem (2005), Hoem (2006) and Aasestad (2007).
The most important changes since last year is a a revised method for calculation of
CH,4 and N,O emissions from ferroalloy production, revised N,O figures from one
chemical plant for most years since 1990, increased emission figures for CH, for
all years since 1990 due to corrections of Statistics Norway’s waste statistics and
inclusion of N,O emissions from human sewage from the part of the population
that is not connected to wastewater treatment plants. In addition there have been
several minor changes in the figures, e.g., some figures reported from plants to the
Norwegian Pollution Control Authority have replaced earlier reported figures.

The Division for Environmental Statistics at Statistics Norway has prepared this
report. The report has been edited by Kristin Aasestad, with contributions from
Ketil Flugsrud, Kathrine Loe Hansen, Britta Hoem, Lisbet Hagset, Marte Kittilsen
and Trond Sandmo at Statistics Norway. The Norwegian Pollution Control
Authority have also contributed to the report.

1.2. Institutional arrangements

1.2.1. Responsibilities for emission calculations

The Norwegian emissions inventories has been produced in more than two decades
as a collaboration between Statistics Norway (SSB) and the Norwegian Pollution
Control Authority (SFT).

Statistics Norway is responsible for the official statistics on emissions to air. This
includes:

e collection of activity data

operation and further development of models for emission estimation

emission calculations

filling in most of the tables for international reporting to UNFCCC and UNECE
publishing national official statistics on emissions to air.

6 Statistisk sentralbyra
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SFT is responsible for:

e overall responsibility for international reporting to UNFCCC and UNECE

e emission factors for all sources

e quality of measured emission data from large industrial plants based on
individual reports submitted to SFT on a regular basis

e submitting amounts of import and export data of HFCs, PFCs and SFg.

SFT has been appointed by the Ministry of the Environment as the national entity
for greenhouse gas inventories as defined by Article 5.1 of the Kyoto Protocol, see
chapter 1.2.2 below.

Activity datal are collected either internally at Statistics Norway (e.g. data on
energy use, industrial production, number of animals, etc.) or reported to Statistics
Norway from external sources such as the Norwegian Petroleum Directorate (OD)
and the Public Road Administration (VD). Emission figures are derived from
models operated by Statistics Norway. In the modelling activities Statistics Norway
makes use of the data collected by SFT on emission factors, emissions from
industrial plants and on imports and exports of HFCs, PFCs and SF.

SFT is responsible for quality control of the data they deliver to the Statistics Norway
model, but Statistics Norway makes an additional consistency check (see Chapter
1.5). Statistics Norway is responsible for quality control of the activity data and the
emission figures from the model, but SFT also participates in this quality control.

1.2.2. National entity under the Kyoto protocol

SFT has been appointed by the Ministry of the Environment as the national entity for
greenhouse gas inventtories as defined by Article 5.1 of the Kyoto Protocol through
the budget proposition to the Storting (Norwegian parliament) for 2006, which states
that "The Norwegian system will build on an existing cooperation between SFT and
i.a. Statistics Norway. On this background SFT is appointed as a national entity with
overall responsibility for the inventory and reporting”. (St. prop. No. 1 (2005-2006)).
The Ministry of the Environment proposes building the national system around well-
established institutional cooperation. The data collection and data management is
secured through three main acts, the Pollution Control Act (forurensningsloven), the
Greenhouse Gas Emission Trading Act (klimakvoteloven) and the Statistical Act
(statistikkloven).

The Norwegian national system for production of greenhouse gas inventories is
based on an extensive institutional cooperation. The Norwegian Pollution Control
Authority, Statistics Norway and the Norwegian Forest and Landscape Institute
are the core institutions in the national system. The Norwegian Forest and
Landscape Institute is responsible for the calculations of emission and removals from
the IPCC sector 5, Land Use and Land Use Change and Forestry - LULUCF (until
2006 the Norwegian Institute of Land Inventory (NIJOS)) and Article 3.3 and 3.4
under the Kyoto Protocol. Sector 5 is not included in this report since sinks and
sources of greenhouse gases from LULUCEF are not included in the national emission
data presented by Statistics Norway each year.

1.3. The process of inventory preparation

The Norwegian emission inventory is based on a general emission model and a
series of more detailed satellite models, which cover specific emission sources and
pollutants (e.g. road traffic, air traffic, landfills, solvents, HFCs, SF¢, PFCs). These
models are operated by Statistics Norway.

1 Data on the magnitude of human activity resulting in emissions or removals taking place during a
given period of time.
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Data and information on point sources are recorded at the Norwegian Pollution
Control Authority under the Norwegian Pollutant Release and Transfer Register
(PRTR) (http://www.sft.no/bmi/). This register, nationally known as bmi
(bedriftsspesifikk miljginformasjon) or INKOSYS, was introduced in 1978 as an
internal tool for the authorities. It was upgraded in 1992, and has over the last years
been under continuous development in order to harmonise with the PRTR adopted
by the OECD in 1996. Each polluting industrial installation or plant is subjected to
licensing and is obliged to produce an annual report to the pollution control
authorities. The report should provide activity data, emission figures and
information about the particular source and it should address compliance with
current environmental standards. SFT supplies Statistics Norway with data from
INKOSYS relevant for the preparation of the national emission inventory.

1.3.1. Data collection, processing and archiving

Statistics Norway collects the majority of data necessary to run the Norwegian
emission model. These are as follows: activity levels, emission factors, aggregated
results from the satellite models and emission figures for point sources.

Table 1.1. Definition of pollutants in the Norwegian emission inventory
Class Pollutant Symbol  Definition
Greenhouse gases
Carbon dioxide CO,
Methane CH,
Nitrous oxide N,O
Perfluorocarbons PFCs CF4 + C5Fs
Hydrofluorocarbons HFCs

Acidifying gases

Heavy metals (HM)

Sulphur hexafluoride SFg

Persistent organic pollutants (POPs)

Particulates

Other pollutants

Sulphur dioxide SO,

Nitrogen oxides NOy NO + NO,

Ammonia NH;

Lead Pb

Cadmium Cd

Mercury Hg

Arsenic As

Chromium Cr

Copper Cu

Polycyclic Aromatic PAH Emissions are calculated for PAH-total, PAH-6 and PAH-4.

Hydrocarbons PAH-total includes 16 components according to Norwegian
Standard (NS9815). PAH-6 is OSPARs Borneff-6 and include 6
components. PAH-4 is consisting of four components used as
an indicator for PAH emissions required for reporting to
CLRTAP.

Dioxins - Dioxin emissions are given in the unit I-TEQ, which is required
for reporting to CLRTAP. I-TEQ is based on the international
model ("Nato-modell") and is the sum of PCDD/PCDF
multiplied by the components toxicity equivalency factor (I-
TEF). TEQ = sum (PCDD; * TEF;) + sum (PCDD; * TEF)).

Total suspended TSP

particulates

- PMso Particulate matter with diameter less than 10um

- PM_ 5 Particulate matter with diameter less than 2.5um

Carbon monoxide CcO

Non-methane volatile NMVOC
organic compounds

Statistisk sentralbyra
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The collected data are subjected to the Quality Assurance and Quality Control
(QA/QC) routines described in section 1.5 as well as source specific routines as
described under each source chapter. They are subequently processed by Statistics
Norway into a format appropriate to enter the emission models. The models are
designed in a manner that accommodates both the estimation methodologies
reflecting Norwegian conditions and those recommended internationally.

Input data used and the model output are all stored at Statistics Norway. Relevant
information including dates and procedures followed are also recorded.

1.4. Definitions and structure

The structure of this documentation follows the nomenclature used for reporting to
UNFCCC in the Common Reporting Format (CRF) and to the Convention on
Long-Range Transboundary Air Pollution (CLRTAP) as Nomenclature For
Reporting (NFR).

The main sectors here are:
1A.  Energy combustion
1B.  Energy production

2. Industrial processes

3 Solvent and other product use
4. Agriculture

5. Land use change and forestry
6 Waste

The description of the pollutants included is given in table 1.1.

Emissions of heavy metals, POPs and particulates are further described in the
reports Finstad et al. (2001), Finstad et al. (2002a), Finstad and Rypdal (2003) and
Finstad et al. (2003).

1.5. Quality Assurance and Quality Control (QA/QC)

This chapter describes general QA/QC procedures. For source specific QA/QC, see
each source sector for detailed descriptions.

The QA/QC work has several dimensions. In addition to accuracy, also timeliness
is essential. As these two aspects may be in conflict, the QA/QC improvements in
recent years have been focused on how to implement an effective QA/QC
procedure and how to obtain a more efficient dataflow in the inventory system.

During the past years several quality assurance and quality control procedures for
the preparation of the national emission inventory have been established in
Norway. Statistics Norway made its first emission inventory for some gases in
1983 for the calculation year 1973. The emission estimation methodologies and the
QA/QC procedures have been developed continuously since then. Norway has
implemented a formal quality assurance/quality control or verification plan. A
detailed description of this was presented in Annex VI in the Revised National
Inventory Report 2007 (SFT 2007).

The established QA/QC procedures include the following:

e the Norwegian Pollution Control Authority is the national entity designated to
be responsible for the reporting of the national inventory of greenhouse gases
to the UNFCCC. This includes coordination of the QA/QC procedures;

o Statistics Norway is responsible for the quality control system with regard to
technical activities of the inventory preparation;

e A Tier | general inventory level QC procedures, as listed in Table 8.1 of the
IPCC Good Practice Guidance is performed each year;
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e Source category-specific QC procedures are performed for all key categories
and some non-key categories; with regard to emission factors, activity data and
uncertainty estimates (Tier 2).

1.5.1. QA Procedures

According to the IPCC Good practice guidance, good practice for QA procedures
requires an objective review to assess the quality of the inventory and to identify
areas where improvements could be made. Furthermore, it is good practice to use
QA reviewers that have not been involved in preparing the inventory. In Norway,
the Norwegian Pollution Control Authority is responsible for reviewing the
inventory with regard to quality and areas for improvement. For most sources it is a
person within the the Norwegian Pollution Control Authority who has not been
involved in the calculations and the quality controls who performs the QA for the
particular source.

Norway has performed several studies comparing inventories from different
countries. Verification of emission data is another element to be assessed during
the elaboration of a QA/QC and verification plan.

Each of the institutions Statistics Norway, the Norwegian Pollution Control
Authority have established procedures with regard to documentation and archiving
of the information which have been used to produce the national emissions
inventory estimates. A joint, formalised procedure with regard to archiving will be
implemented as part of the the National System.

1.5.2. General QC procedures

The Norwegian emission inventory is produced in several steps. Preliminary
estimates are first produced three months after the end of the inventory year (for
SO, six months later). These data are based on preliminary statistics and indicators
and data that have been subjected to a less thorough quality control. The "final"
update takes place about one year after the inventory year. At this stage, final
statistics are available for all sources and also regional emission data are
calculated. Recalculations of the inventory are performed annually caused by
methodological changes and refinements. In itself, this stepwise procedure is a part
of the QA/QC-procedure since all differences in data are recorded and verified by
the Norwegian Pollution Control Authority before publication of the emission
figures (see Section 1.2).

For each of the steps described above, general quality control procedures are
performed, but with different levels of detail and thoroughness as mentioned. The
national emission model was revised in 2002 in order to facilitate the QC of the
input data rather than the emission data only. Input data include emissions reported
from large plants, activity data, emission factors and other estimation parameters.

In the following the procedures listed in Table 8.1 of the Good Practice Guidance
(IPCC 2001) is gone through; the Tier 1 General Inventory Level QC Procedures,
and it is described how these checks are performed for the Norwegian greenhouse
gas emission inventory.

Check that assumptions and criteria for the selection of activity data and emissions
factors are documented

Thorough checks of emission factors and activity data and their documentation
have been performed for existing emission sources. When new sources appear (for
example a new industrial plant) or existing sources for the first time are recognised
as a source, the Norwegian Pollution Control Authority delivers all relevant
information to Statistics Norway. This information is then thoroughly checked by
two members of the inventory team at Statistics Norway. All changes in
methodologies or data are documented and kept up to date.

Statistisk sentralbyra
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Check for transcription errors in data input and references

Activity data are often statistical data. Official statistical data undergo a systematic
revision process, which may be manual or, increasingly frequently, computerised.
The revision significantly reduces the number of errors in the statistics used as
input to the inventory.

Check that emissions are calculated correctly

When possible, estimates based on different methodologies are compared. An
important example is the metal production sector where CO, estimates reported by
the plants are compared with estimates based on the Good Practice methodology
corrected for national circumstances. In this case, both production based and
reducing agent based calculations are performed to verify the reported value. The
Norwegian Pollution Control Authority and Statistics Norway control and verify
emission data reported to the Norwegian Pollution Control Authority by industrial
enterprises, registered in INKOSY'S. First the Norwegian Pollution Control
Authority checks the data received from these plants, and if errors are discovered,
they may then ask the plants’ responsible to submit new data. Subsequently,
Statistics Norway makes, where possible, comparable emission calculations based
on activity data sampled in official statistics and deviations are explained through
contact with the plants. Regarding more detailed information about the QC of data
reported by industrial plants, see Section 1.5.3.

Check that parameter and emission units are correctly recorded and that
appropriate conversion factors are used

All parameter values are compared with values used in previous years and with any
preliminary figures available. Whenever large deviations are detected, the value of
the parameter in question is first checked for typing errors or unit errors. Changes
in emissions from large plants are compared with changes in activity level. If
necessary, the primary data suppliers (e.g. the Norwegian Forest and Landscape
Institute, OD, VD, various plants etc) are contacted for explanations and possibly
corrections.

Check the integrity of database files

Control checks of whether appropriate data processing steps and data relationships
are correctly represented are made for each step of the process. Furthermore, it is
verified that data fields are properly labelled and have correct design specifications
and that adequate documentation of database and model structure and operation are
archived

Check for consistency in data between source categories

Emission data for the last year are compared with data for the previous year to
check the consistency and explain any changes in the data behaviour. For example,
in 2003 Statistics Norway/the Norwegian Pollution Control Authority calculated
emission data for 2002 for the first time. These data were compared with the 2001
figures for detection of any considerable deviations. There may be large deviations
that are correct, caused for instance by the shutdown of large industrial plants or
the launch of new ones.

Check that the movement for inventory data among processing steps is correct
Statistics Norway has established automated procedures to check that inventory
data fed into the model does not deviate too much from the figures for earlier years,
and that the calculations within the model are correctly made. Checks are also
made that emissions data are correctly transcribed between different intermediate
products. The model is constructed so that it gives error messages if factors are
lacking, which makes it quite robust to miscalculations.

Check that uncertainties in emissions and removals are estimated correctly

A new uncertainty analysis for greenhouse gases was undertaken in 2006, see
further information in Section 1.6.1 and Appendix D.
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Undertake review of internal documentation

For some sources expert judgements dating some years back are employed with
regard to activity data/emission factors. In most of the cases these judgements have
not been reviewed since then, and may not be properly documented, which may be
a weakness of the inventory. The procedures have improved the last few years, and
the requirements for internal documentation to support estimates are now quite
strict; all expert judgements and assumptions made by the Statistics Norway staff
must be documented. This should enable duplication of emissions and uncertainty
estimates. The new model at Statistics Norway has improved the process of
archiving inventory data, supporting data and inventory records, which does
facilitate review. The model runs are stored and may be reconstructed, and all input
data from the Norwegian Pollution Control Authority as well as notes with
explanations on changes in emissions are stored. This is a continuous process of
improvement at Statistics Norway.

Check methodological data changes resulting in recalculations

Emission time series are recalculated every year in order to account for
methodological changes. The recalculated emission data for a year is compared
with the corresponding figures estimated the year before. For example, CO, data
calculated for 1990 in 2004 are compared with the 1990 CO, data calculated in
2005. It is our intention to explain all major differences as far as possible. Changes
may be due to revisions in energy data, new plants, correcting for former errors,
new emission methodologies or there may be caused by new errors. These checks
lead to corrections and re-runs of the emission model.

Undertake completeness checks

Estimates are reported for all source categories and for all years as far as we know,
apart from a few known data gaps, which are listed in the Section on completeness
(Section 1.8.). There may of course, exist sources of greenhouse gases which are
not covered. However, we are quite certain that emissions from potentially
additional sources are very small or negligible.

Compare estimates to previous estimates

Internal checks of time series for all emission sources are performed every year
when an emission calculation for a new year is done. It is then examined whether
any detected inconsistencies are due to data or/and methodology changes. For
example, in 2003 Statistics Norway/the Norwegian Pollution Control Authority
calculated emission data for 2002 for the first time. These data were compared with
the 2001 figures for detection of any considerable deviations. There may be large
deviations that are correct, caused for instance by the shutdown of large industrial
plants or the launch of new ones.

1.5.3. Source category-specific QC procedures

Statistics Norway and the Norwegian Pollution Control Authority have carried out
several studies on specific emission sources, e.g. emissions from road, sea, and air
transport, emissions from landfills as well as emissions of HFCs and SFs. These
projects are repeated in regular intervals when new information is available. During
the studies, emission factors have been assessed and amended in order to represent
the best estimates for national circumstances, and a rational for the choice of
emission factor is provided. The emission factors are often compared with factors
from literature. Furthermore, activity data have been closely examined and quality
controlled and so has the uncertainty estimates.

The QC procedures with regard to emissions data, activity data and uncertainty
estimates for the different emission sources are described in the QA/QC-chapters
of the relevant source-categories. The source category-specific analyses have
primarily been performed for key categories on a case-by-case basis, which is
described as being good practice. The QA/QC process for many of the sources
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could be improved. The QC procedures is described in the report on the National
System whitch was submitted by 1. January 2007.

The ERT requested in 2005 further information regarding the verification of
quality of data reported by companies. The general checks performed are described
under Section 1.5.2. In the following is a more detailed description of QC of
emission data reported from plants:

Plant emission data that are used in the emission trading system will undergo
annual QC checks. The source-specific QC checks for other plants are performed
less frequently (every 3 years) for emission estimates used in key categories, which
account for 25-30 per cent of the total of that category. The frequency of checking
of non-key plants which are not included in the emission trading scheme is every 5
years. Statistics Norway is responsible for reporting the results of the key category
analysis to the Norwegian Pollution Control Authority, while the Norwegian
Pollution Control Authority will perform the assessment of the “key plants” within
a category.

The QC checks include:

¢ An assessment of the internal QA/QC of the plants reporting data to the
Norwegian Pollution Control Authority
o Their QA/QC system including archiving
o Any changes to the QA/QC system

e An assessment and documentation of measurements and sampling
o Measurement frequency
o Sampling
o Use of standards (e.g. ISO)

o Documentation for archiving

e An assessment and explanation of changes in emissions over time (e.g. changes
in technology, production level or fuels) (annual check)

e An assessment of time-series consistency back to 1990 in cooperation with the
Norwegian Pollution Control Authority (if plant emission data are missing for
some years and estimates are made using aggregate activity data and emission
factors)

e A comparison of plant emissions to production ratios with those of other plants,
including explanations of differences

e A comparison of the production level and/or fuel consumption with independent
statistics

¢ An assessment of reported uncertainties (including statistical and non-statistical
errors) to the extent this has been included in the reporting

The QC checks are made in close cooperation with the emission reporting plants.

For more details of QA/QC of specific source categories, see “source specific
QA/QC” in relevant chapters.

1.5.4. Verification studies

In general, the final inventory data provided by Statistics Norway are checked and
verified by the Norwegian Pollution Control Authority. A formal verification
procedure is about to be established in Norway as part of the implementation of the
National System.

In the following, some verification studies which have been performed are briefly
described. Emission estimates for a source are often compared with estimates
performed with a different methodology. In particular, Norway has conducted a
study on verification of the Norwegian emission inventory (Statistics Norway/SFT
2000). The main goals of that work were to investigate the possibility of using
statistical data as indicators for comparing emission figures between countries on a
general basis, and to test the method on the Norwegian national emission estimates.
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In the report Norwegian emission data are compared with national data for Canada,
Sweden and New Zealand. It was concluded that no large errors in the Norwegian
emission inventory were detected. The process of verification did, however, reveal
several smaller reporting errors; emissions that had been reported in other
categories than they should have been. These errors have been corrected in later
reports to the UNFCCC. We do realise that this method of verification only
considers consistency compared with what other countries report. It is not a
verification of the scientific value of the inventory data themselves.

In 2002, a project initiated by the Nordic Council of Ministers was completed,
where the results for emissions of greenhouse gases from the agricultural sector in
the national emission inventories were compared with the results using the I[PCC
default methodology and the IPCC default factors. The results for the Nordic
countries were collected in a report (Petersen and Olesen 2002).

In 2004, the Nordic Council of Ministers initiated a new project that was finalised

in 2006. This project focused on NMVOC, heavy metals and POPs. A final report

will be published with the following elements:

e comparisons of the emission estimation methodologies and emission factors
used in each country (review)

e identification of gaps in knowledge

¢ identification of possible "burden sharings" with respect to research areas
(research taking place in one country, but used in all countries)

o discussions of the particular Nordic aspects influencing the emissions
discussions of the possible contributions from research in the Nordic countries

e proposals for research areas

In 2006, the Nordic Council of Ministers initiated a new project that will be
finalised in 2008. This project focuses on emission of particulate matter. A final
report will be published with the following elements:

e comparisons of the emission estimation methodologies and emission factors
used in each country (review)

identification of gaps in knowledge

discussions of the particular Nordic aspects influencing the emissions
discussions of the possible contributions from research in the Nordic countries
proposals for research areas

recommendations for further work

1.5.5. Archiving

The national emissions inventory is a part of Statistics Norway's data archiving
system. All input data to and results from the general Norwegian emission model
from every publication cycle are stored and documented in this system.

Several input data are used in preliminary calculations before entering into the
general Norwegian emission model. This includes satellite models such as road
traffic and air traffic, as well as a number of simpler calculations that do not fit into
the framework of the general model. The preliminary calculations are not included
in the central archiving system, which is not suited for such a diverse collection of
data. For some satellite models there is an established archiving routine where all
input data and results from every calculation cycle are stored.

1.6. Uncertainties in total emissions

The uncertainty in the Norwegian emission inventory has been investigated
systematically in three reports (SFT 1999a, Rypdal and Zhang 2000 and 2001). The
first two reports are focusing on the uncertainty in the greenhouse gas emissions,
and the last report is investigating the uncertainty in the emission estimates of long-
range air pollutants. The uncertainty in the greenhouse gas emissions has been
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investigated systematically again in 2006 and the results are described in section
1.6.1 and in Appendix D.

1.6.1. Greenhouse gases

The uncertainty analysis performed in 2006 was an update of the uncertainty
analysis Uncertainties in the Norwegian Greenhouse Gas Emission Inventory,
documented in (Rypdal and Zhang 2000), which also includes more detailed
documentation of the analysis method used, and result discussions. In this note we
mainly focus on the changes since (Rypdal and Zhang 2000). This includes new
methodology for several source categories as well as revised uncertainty estimates.

The national greenhouse gas (GHG) emission inventory is compiled from estimates
based on emission factors and activity data and direct measurements by plants. All
these data and parameters will contribute to the overall inventory uncertainty. The
uncertainties and probability distributions of the inventory input parameters have
been assessed based on available data and expert judgements. Finally, the level and
trend uncertainties of the national GHG emission inventory have been estimated
using Monte Carlo simulation. The methods used in the analysis correspond to an
IPCC Tier 2 method, as described in (IPCC 2001). Analyses have been made both
excluding and including the sector LULUCF (land use, land-use change and
forestry).

1.6.1.1. Uncertainty in emission level
The estimated uncertainties of the level of total emissions and in each gas are
shown in Table 1.2 and 1.3.

The total national emissions of GHG in Norway in 1990 are estimated with an
uncertainty of 7 per cent of the mean. The main emission component CO, is known
with an uncertainty of 3 per cent of the mean. In 2004, the total uncertainty has
decreased to 6 per cent of the mean.

By including the LULUCEF sector the results from the analysis show a total
uncertainty of 14 per cent of the mean both in 1990 and in 2004. The doubling of
uncertainty is caused mainly by forest biomass and grassland histosoils.

Table 1.2. Uncertainties in emission level. Each gas and total GWP weighted emissions.
Excluding the LULUCF sector

1990 u (mean) Fraction of total Uncertainty 2¢
emissions (per cent of mean)

Total 50 mill. tonnes 1 7

CO, 35 mill. tonnes 0.69 3

CH,4 4.8 mill. tonnes 0.10 15

N.O 5.0 mill. tonnes 0.10 57

HFC 18 tonnes 0.00 49

PFC 3.4 mill. tonnes 0.07 21

SFe 2.2 mill. tonnes 0.04 2

2004 u (mean) Fraction of total Uncertainty 2c
emissions (per cent of mean)

Total 55 mill. tonnes 1 6

CO, 44 mill. tonnes 0.80 3

CH, 4.8 mill. tonnes 0.09 14

N.O 4.9 mill. tonnes 0.09 59

HFC 401 ktonnes 0.01 51

PFC 880 ktonnes 0.02 20

SFe 274 ktonnes 0.00 15
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Table1.3. Uncertainties in emission level. Each gas and total GWP weighted emissions.
Including the LULUCF sector

1990 u (mean) Fraction of total Uncertainty 2c
emissions (per cent of mean)

Total 35 mill. tonnes 1 14

CO, 20 mill. tonnes 0.56 20

CH, 4.9 mill. tonnes 0.14 16

N.O 5.0 mill. tonnes 0.14 59

HFC 18 tonnes 0.00 51

PFC 3.4 mill. tonnes 0.10 20

SFe 2.2 mill. tonnes 0.06 2

2004 i (mean) Fraction of total Uncertainty
emissions 20 (per cent of mean)

Total 34 mill. tonnes 1 14

CO, 23 mill. tonnes 0.67 18

CH,4 4.8 mill. tonnes 0.14 14

N,O 4.9 mill. tonnes 0.14 53

HFC 401 ktonnes 0.01 52

PFC 880 ktonnes 0.03 20

SFs 274 ktonnes 0.01 15

In the uncertainty analysis carried out in the year 2000 (Rypdal and Zhang 2000),
the uncertainty for the total national emissions of GHG (LULUCF sector excluded)
in 1990 was estimated to be 21 per cent of the mean. In the new analysis the
uncertainty estimate is reduced to one third. There are several reasons for the new
lower estimate. One reason is that Statistics Norway and the Norwegian Pollution
Control Authorities have increased the inventory quality by using higher tiers2 for
some key categories and also improved methodologies for other sources. But the
main reason for the reduced uncertainty is that Statistics Norway has collected new
and lower uncertainty estimates for some activity data and emission factors that
contributed substantially to the total uncertainty in the emission estimate. This
means that the total uncertainty of the inventory have not been reduced as much as
the estimates indicates, since it is partly the uncertainty estimates themselves that
have been improved.

The main reduction lies is in the estimate of the uncertainty for the N,O emissions.
In 2000 the uncertainty in this components estimate was estimated to 200 per cent
of the mean. In this years’ analysis the uncertainty estimate is reduced to 57 per
cent of the mean, see explanation to this reduction in the paragraph below. For CO,
the uncertainty estimate is unchanged between the two analyses (3 per cent), while
all the other emission components show a decrease in the uncertainty estimates in
the new analysis compared to the analysis from 2000.

The main reason for the high uncertainty estimate for the N,O emissions in the
2000 analysis was the high uncertainty estimate used for the emission factor used
for estimating N,O from agricultural soils (2 orders of magnitude). This uncertainty
is in the new analysis reduced to an uncertainty of factor 5 for direct soil emission,
factor 2 for animal production and factor 3 for indirect soil emission. These new
uncertainty estimates are collected from the guidelines IPCC (2001) and IPCC
(1997b), where also the emission factor used is collected.

As mentioned above, another reason for the reduced uncertainty is that in the years
between the two analyses important inventory improvement work has been carried
through.

2 Higher tiers means more advanced methods.
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1.6.1.2. Uncertainty in emission trend
The estimated uncertainties of the trend of total emissions and each gas are shown
in Table 1.4 and 1.5.

Table 1.4. Uncertainty of emission trend. 1990-2004. Excluding the LULUCF sector
Per cent change Uncertainty
((Ll2004'll1990)*1 00/“1990) (2*0*1 00/”1990)

Total 10 4

CO, 26 4

CH,4 -1 11

N,O -2 18

HFC - -

PFC 74 15

SFs -88 0

Table 1.5. Uncertainty of emission trend. 1990-2004. Including the LULUCF sector
Per cent change Uncertainty
((p2004=M1990)* 100/ 1990) (2*6*100/p1990)

Total -2.1 7

CO, 18 11

CH,4 -1 12

N.O -2 20

HFC - -

PFC -74 15

SFs -88 0

The result shows that the increase in the total GHG emissions from 1990 to 2004 is
10 +4 per cent when the LULUCEF sector is not included. Norway has by the
ratification of the Kyoto Protocol obliged to limit the emissions of greenhouse
gases in the period 2008-2012 to 1 per cent over the emissions in 1990 after trading
with CO, quotas and the other Kyoto mechanisms is taken into account. It is
important to keep in mind that the emission figures reported to the Kyoto Protocol
has an uncertainty connected to the reported values.

In (Rypdal and Zhang 2000) the increase from 1990 to 2010 (in a given projection
scenario) was 21 +4 per cent. It is reasonable that the emission increase was higher
in the 2000 analysis, since it was estimated for a longer period.

With the sector LULUCEF included in the calculations there has been a decrease in
the total trend uncertainty with -2 +7 per cent.

1.6.2. Acidifying substances and NMVOC
The emission estimates for long-range air pollutants in the Norwegian emission
model may be ranked roughly in order of increasing uncertainty as follows:

SOZ < NOX < NH3 = NMVOC

The sources of uncertainty in the emission estimates include sampling errors, poor
relevance of emission factors or activity data, and gross errors.

Evaluation of the uncertainty in the long-range air pollutants is given in the report
Rypdal and Zhang (2001). Summary tables with the results are given in Appendix
D.

1.6.3. Heavy metals and POPs

The uncertainty is generally higher for HM and POPs than for other components in
the Norwegian emission model except for N,O. There are various reasons for this
high uncertainty. The most important reason is that there is limited information
about emission factors and it is not clear how usable the emission factors found in
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international literature are for Norwegian conditions. Emission factors for some
HM and POPs components are insufficient for some sources, so emission factors
for similar sources have then been used. In addition it is not certain that all
emission sources are known or sufficiently mapped. The industrial reporting to the
Norwegian Pollution Control Authority has improved in recent years. The reported
figures can however vary a great deal from one year to another. For earlier years
they can be insufficient and since HM and POPs are to be calculated from 1990,
recalculations are necessary. These recalculations are necessary based on
assumptions and knowledge of the plants. Emission figures from the early 1990s
are therefore more uncertain than figures produced today.

1.7. Key category analyses
For the greenhouse gases a key category analysis was performed in 2006,
following the IPCC Good Practice Guidance (IPCC 2001).

For SO,, NOx, NMVOC, NHj; and heavy metals (HM) and POPs no systematic key
category analyses have been made.

1.7.1. Greenhouse gases

According to the IPCC definition, key categories are those that add up to 90 per
cent of the total uncertainty in level and/or trend. In the Norwegian greenhouse gas
emission inventory key categories are primarily identified by means of a Tier 2
method, as recommended by IPCC’s Good Practice Guidance (IPCC 2001). A
description of the methodology is presented in Appendix E.

A Tier 2 key category analysis was performed in April 2006. The Table 1.6 below
lists the 32 identified key categories arranged primarily according to contribution
to the uncertainty in level (Tier 2). In addition we have also chosen to include CO,
from cement and ammonia production as key categories in terms of the absolute
level of emissions in 2004 (Tier 1).

Additionally, we have included fugitive emissions from coal mining and handling
as a key category due e.g. to the fact that the national emission factors used is an
order of magnitude less than IPCC’s default factors. The last identified key
category is CO, capture and storage. This removal category is considered key since
there is presently no methodology as such defined in the IPCC guidelines and
because these operations are unique internationally.

The Tier 2 analysis was performed at the level of IPCC source categories and each
greenhouse gas from each source category was considered separately with respect
to total GWP weighted emissions, except land-use, land-use change and forestry.
The advantage in using a Tier 2 methodology is that uncertainties are taken into
account and the ranking shows where uncertainties can be reduced.

There are only small changes from key category analysis in 2006 (Hoem 2006).
The main difference is due to a reallocation of auto diesel oil from road traffic to
other mobile sources. As a result, /43e - Other mobile - N,O is now identified as
key, and CO, from the same source has moved to a higher rank. In addition, small
changes in the trend assessment values has led to inclusion of /41 Energy
Industries, Gas - CHy, 1A3b Road Transportation - CH, and 144 Other Sectors,
Gas - CO,.. These categories were just below the threshold in the 2006 analysis.

Only one source that was identified as key in 2006 is absent from the new tier 2
analysis. 2.D.2 Food and drink was identified in the trend analysis in 2006. Due to
a slight change in overall trend, the source was only identified in the tier 1 analysis
in the current report. Table 1.7 shows LULUCF key categories identified in a Tier
2 analysis. The categories are the same as in 2006.
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Table 1.6. Summary of identified key categories for the greenhouse gases except LULUCF. Per cent contribution to the total
uncertainty in level and/or trend. Bold numbers are key
Level Level Trend
assessment  assessment assessment Tier Method
Source category Gas Tier 2 1990 Tier 2 2005 2 1990-2005 (Tier) 2005
4D1 Direct soil emissions N,O 25.72 23.21 8.99 Tier 1a
1A3b  Road Transportation CO, 8.08 9.47 4.19 Tier 2
1A1 Energy Industries, Gas CO, 4.51 8.06 11.25 Tier 2
4D3 Indirect emissions N.O 5.75 5.35 1.51 Tier 1a
1B2a Qi (incl. oil refineries, gasoline distribution) CO, 4.66 4.87 0.49 Tier 2
4A Enteric Fermentation CH, 5.03 4.60 1.56 Tier 1/2**
6A Solid Waste Disposal on Land CH, 6.16 4.02 7.09 Tier 2
1A4 Other Sectors, Oll CO, 4.32 3.01 4.38 Tier 2
1B2c  Venting and Flaring CH, 1.58 2.79 3.85 Tier 2
1A3d  Navigation CO, 2.04 242 1.13 Tier 2
1A3e  Other (snow scooters, boats, motorized equipment) CO, 1.59 2.36 2.43 Tier 2
2F Consumption of Halocarbons and Sulphur Hexafluoride HFCs 0.00 2.28 7.32 Tier 2
2C3 Aluminium Production CO, 1.50 217 2.08 Tier 2
1A3a  Civil Aviation CO, 1.39 1.77 1.17 Tier 2
1A3b  Road Transportation N.O 0.48 1.61 3.61 Tier 2
2C3 Aluminium Production PFCs 6.91 1.58 17.37 Tier 2
4D2 Animal production N.O 1.70 1.56 0.49 Tier 1a
1A2 Manufacturing Industries and Construction, Gas CO, 0.91 1.43 1.61 Tier 2
1B2c  Venting and Flaring CO, 1.64 1.33 1.04 Tier 2
2B2 Nitric Acid Production N.O 1.46 1.29 0.60 Tier 2
1A3e  Other (snow scooters, boats, motorized equipment) N.O 0.67 1.14 1.50 Tier 2
1B2a Qi (incl. oil refineries, gasoline distribution) CH,4 0.67 1.09 1.34 Tier 2
1A4 Other Sectors, Wood etc. CH,4 0.88 1.06 0.54 Tier 2
4B Manure Management N,O 1.02 0.88 0.50 Tier 1
6B Wastewater Handling N,O 0.69 0.80 0.32 Tier 1
4B Manure Management CH, 0.77 0.76 0.07 Tier 1
2C2 Ferroalloys Production CO, 0.78 0.68 0.34 Tier 2
1A2 Manufacturing Industries and Construction, Oil CO, 0.88 0.57 1.05 Tier 2
1A4 Other Sectors, Oll N,O 0.75 0.55 0.67 Tier 2
1A1 Energy Industries, Gas CH, 0.33 0.53 0.61 Tier 2
1A1 Energy Industries, Waste CO, 0.30 0.50 0.65 Tier 2
1A3b  Road Transportation CH, 0.43 0.26 0.57 Tier 2
1B2b  Natural Gas CH, 0.02 0.25 0.75 Tier 2
1A4 Other Sectors, Gas CO, 0.01 0.22 0.67 Tier 2
2B4 Carbide Production CO, 0.42 0.09 1.07 Tier 2
2A1 Cement * CO, Tier 2
2B1 Ammonia Production * CO, Tier 2
2C1 Iron and Steel Production* CO, Tier 2
2C4 SFe used in Aluminium and Magnesium Foundries* SFs Tier 2
1B1a  Coal Mining and Handling ** CH,4 Tier 2
Capture and storage ** CO, CS (Tier 2)
* Identified as key category because of large contribution to the total emissions (Tier 1).
** Defined as key category from qualitative criteria
*** Tier 2 used for the significant animal groups
Table 1.7. Summary of identified key categories — LULUCF. Per cent. Bold numbers are key
IPCC Gas Level assessment Trend Method
Category assessment (Tier)
1990 2005 1990-2005 2005
5A1 Forest land remaining forest land, living biomass, other CO; 11.55 18.07 25.51 Tier 3
5C1 Grassland remaining grassland, soils, histosols CO, 13.44 11.10 6.82 Tier 2*
5A1 Forest land remaining forest land, dead biomass, other CO. 2.50 6.32 11.06 Tier 3
5A1 Forest land remaining forest land, soils CO; 6.31 4.98 2.66 Tier 3
5A1 Forest land remaining forest land, soils, drained organic soils CO; 2.37 2.06 1.46 Tier 1
5E2 Forest converted to Settlements, Living biomass CO, 0.68 1.30 2.04 Tier 3
5B1 Cropland remaining cropland, histosols, soils CO; 1.49 1.23 0.76 Tier 2
* Country specific emission factors.
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1.8. Completeness

An assessment of the completeness of the emission inventory should, according to
the IPCC Good Practice Guidance (IPCC 2001), address the issues of spatial,
temporal and sectoral coverage along with all underlying source categories and
activities. Confidentiality is an additional element of relevance.

1.8.1. Greenhouse gases

In terms of spatial coverage, the GHG emission calculated covers all activities
within Norway’s jurisdiction.

In the case of temporal coverage, complete sets of emission figures are produced
and updated every year for the years 1980, 1987 and for all years from 1989.

With regard to sectoral coverage, emissions from the IPCC sector S LULUCF
(Land Use, Land Use Change and Forestry) are not included in this documentation.
The reason for this exclusion is that this sector is not part of the calculations in the
Norwegian emission model operated by Statistics Norway, and it is not included in
the national emission data presented by Statistics Norway each year. Norway
reports emissions and removals from this sector to the UNFCCC, though. A further
description of the calculations of the data Norway report for LULUCEF to the
UNFCCC, is given in SFT (2008).

Otherwise the Norwegian GHG emission inventory includes estimates from all
known relevant sources or sinks. There are, however, a few exceptions of minor
sources/sinks, which are not covered. These are:

e Emissions of CH, from agricultural waste, after it is applied to soils. In the
IPCC Guidelines it is written that "Agricultural soils may also emit CH,4", but
no calculation methodology is proposed.

e Carbon stock change of harvested wood products. The [PCC default method is
used, where harvested wood is counted as emissions the year the harvest takes
places.

The reason for not including the above activities is lack of data and/or exclusion

from the list of priorities in the national inventory work because of the source’s

insignificant contribution to the national total.

Emissions from the use of feedstock are in accordance with Good Practice
Guidance, and they are generally accounted for in the industrial processes sector in
the Norwegian inventory. By-products from processes like CO gas that is sold and
combusted are accounted for and reported under the energy sector.

1.8.2. Other pollutants

Norway is requested to report emissions to UNECE for the pollutants restricted by
CLRTAP (Convention on Long-Range Transboundary Air Pollution). Minimum
reporting request each year includes the acidifying pollutants (NOx, SO,, NH3) and
NMVOC, the heavy metals Pb, Cd and Hg, particulate matter (TSP, PM,, and
PM,s) and CO. Norway also report, under the section "additional reporting", the
heavy metals As, Cr and Cu, and the POPs dioxins and PAH.

In terms of spatial coverage, the calculated air emissions cover all activities within
Norway's jurisdiction.

In the case of temporal coverage, emission figures for CO, SO,, NOx, NH; and
NMVOC are produced and updated every year for the years 1980, 1987 and for all
years from 1989. For HM, POPs and particles, emission figures are produced for
all years from 1990.

With regard to sectoral coverage, the following sources with relevant emission
amounts are not covered in the inventory even if emissions can be expected:
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Energy sector:

NHj; emissions from Civil aviation, domestic cruise (1A3aii (ii))
Emissions of particulate matters from clutch wear (1A3b)
Emissions of particulate matters from use of unpaved roads (1A3b)
Emissions of particulate matters from sand strewing (1A3b)
Fugitive emissions of HM from solid fuel transformation (1B1b)

Fugitive emissions of NOx from natural gas (by land-based desulphurisation)
(1B2b)

Industry sector:

e FEmissions of NMVOC from asphalt roofing (2A5) and NMVOC and PAH from
road paving with asphalt (2A6)

e Emissions of NOx, NMVOC and NH; from ammonia production (2B1)

e Emissions of NMVOC from Nitric acid production (2B2)

¢ Emissions of NOx from production of NPK-fertilizers (2B5) and emissions of
Cd from production of Phosphate fertilizers (2B5)

e Emissions of NMVOC from the pulp and paper industry (2D1)

e Emissions of NH; from refrigeration and air conditioning equipments using
other products than halocarbons (2G)

Agricultural sector:

e Emissions of NMVOC from manure management (4B)

e Emissions of NMVOC from agricultural soils (4D)

e Emissions of NMVOC from field burning of agricultural wastes (4F)

Waste sector:

¢ Emissions of NOyx, NMVOC, NH; and CO from solid waste disposal on land
(6A)
Emissions of NMVOC and NH; from waste-water handling (6B)

¢ Emissions of particulate matters and POPs from burning of bonfire, emissions
of POPs from burning of garden waste, and emissions of particulate matters,
POPs and HM from burning of animal carcasses and burning of waste in
household stoves (6C)

e FEmissions of HM and POPs in connection with fires and open burning at
landfills (6C)

e Evaporation of Hg from landfills and emission of Pb by detonation of
explosives (6C)

e Emissions of dioxins by smoking processes for preservation of meat and fish
(6C)

The reasons for not including these emission sources are mainly lack of activity
data, emission factors or known calculation methodology.

1.9. Indirect CO, emissions from CH, and NMVOC

According to the reporting guidelines to the Climate Convention all emissions of
carbon from fossil compounds are to be included in the national emission
inventory. When methane or NMVOC are oxidised in the atmosphere indirect CO,
emissions are formed. The emissions of CH; and NMVOC from some sources will
partly be of fossil origin and should therefore be included. Fossil carbon in fuels
combusted are automatically included in the emission inventory due to the fact that
the guidelines for calculating the emissions take into account the fossil carbon in
the fuel. These indirect CO, emissions are included in the Norwegian emission
inventory. However, indirect CO, emissions from non-combustion sources
originating from the fossil part of CH; and NMVOC are taken into account
separately calculated on the basis of average carbon content.
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Fossil carbon in the emissions of CH4 and NMVOC from the following non-
combustion sources are included in the Norwegian emission inventory:

1Bla - Coal mining

1B2a - Loading and storage of crude oil, oil refineries, gasoline distribution
1B2b - Gas terminals

1B2c - Venting (extraction and production drilling)

2B5.1 - Methanol production

2B5.4 - Plastic production

3 - Solvent and other product use

3 - Solvent and other product use

The indirect CO, emissions from oxidised CH, and NMVOC are calculated from
the content of fossil carbon in the compounds. The average amount of carbon is
estimated to be 75 per cent in methane and 82 per cent in NMVOC. This leads to
the emission factors 2.75 kg CO,/kg CH,4 and 3 kg CO,/kg NMVOC.
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2. The Norwegian emission model; general
description

This chapter describes the general structure of the Norwegian emission model
“Kuben” (“the Cube”). The model was developed by Statistics Norway (Daasvatn
et al. 1992, 1994). It was redesigned in 2003 in order to improve reporting to the
UNFCCC and UNECE, and to improve QA/QC procedures.

The Norwegian emission model is organised around a general emission model called
“Kuben” (“the Cube”). Several emission sources, e.g. road traffic, air traffic and
solvents are covered by more detailed satellite models. Aggregated results from the
side models are used as input to the general model. The satellite models are presented
in the appropriate sections of chapters 3-7. This chapter describes the general
emission model.

2.1. Structure of the general emission model
The general emission model is based on equation (2.1).

(2.1) Emissions (E) = Activity level (4) - Emission Factor (EF)

For emissions from combustion, the activity data concern energy use. In the
Norwegian energy accounts, the use of different forms of energy is allocated to
industries (economic sectors). In order to calculate emissions to air, energy use must
also be allocated to technical sources (e.g. equipment). After energy use has been
allocated in this way, the energy accounts may be viewed as a cube in which the three
axes are fuels, industries, and sources.

The energy use data are combined with a corresponding matrix of emission factors.
In principle, there should be one emission factor for each combination of fuel,
industry, source, and pollutant. Thus, the factors may be viewed as a four-
dimensional cube with pollutants as the additional dimension. However, in a matrix
with a cell for each combination, most of the cells would be empty (no
consumption). In addition, the same emission factor would apply to many cells.

Emissions of some pollutants from major manufacturing plants (point sources) are
available from measurements or other plant-specific calculations. When such
measured data are available it is possible to replace the estimated values by the
measured ones:

(2.2) Emissions (E) = [ (A - Aps) - EF] + Eps

where Aps and Epg are the activity and the measured emissions at the point sources,
respectively. Emissions from activity for which no point source estimate is
available (4-A4ps) are still estimated with the regular emission factor.

Non-combustion emissions are generally calculated in the same way, by combining
appropriate activity data with emission factors. Some emissions may be obtained
from current reports and investigations, and some are measured directly as
described in chapters 3-7. The emissions are fitted into the general model using the
parameters industry, source, and pollutant. The fuel parameter is not relevant here.
The source sector categories are based on EMEP/NFR and UNFCCC/CRF
categories, with further subdivisions where more detailed methods are available.
An overview of the source sector categories used is given in Appendix G.
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2.2. The four axes: Pollutants, industries, sources, and

fuels

The model currently includes 21 pollutants. They are given in table 1.1, see section

1.4.

The model uses approximately 130 industries (economic sectors). The
classification is common with the Energy Accounts, and is almost identical to that
used in the National Accounts, which is aggregated from the European NACE (rev.
1) classification (Daasvatn et al. 1994). The allocation of energy use and emissions
to industries is the basis for combining inventory results with economic data in
economic/ enviromental accounts (Erlandsen et al. 2002) and with economic
models. The large number of sectors is an advantage in dealing with important
emissions from manufacturing industries. The disadvantage is an unnecessary dis-
aggregation of sectors with very small emissions. To make the standard sectors
more appropriate for calculation of emissions, a few changes have been made, e.g.
"Private households" is defined as a sector. The list of sectors is shown in

Appendix F.

The fuels and technical sources used for combustion with energy use (NFR source

sector 1A) are shown in tables 2.1-2.3.

Table 2.1. Energy commodities in the Norwegian emission inventory
Energy commodity Aggregate fuel category in CRF
Coal Solid Fuels
Coke Solid Fuels
Petrol coke Liquid Fuels
Wood Biomass
Wood waste Biomass

Black liquor Biomass
Wood pellets Biomass
Wood briquettes Biomass
Charcoal Biomass
Natural gas Gaseous Fuels
Refinery gas Liquid Fuels
Blast furnace gas Solid Fuels
Landfill gas Biomass
Biogas Biomass

Fuel gas Liquid Fuels
LPG Liquid Fuels
Gasoline (road transport) Liquid Fuels
Aviation gasoline Liquid Fuels
Kerosene (heating) Liquid Fuels
Jet kerosene Liquid Fuels
Autodiesel Liquid Fuels
Marine gas oil Liquid Fuels
Light fuel oils Liquid Fuels
Heavy distillate Liquid Fuels
Heavy fuel oil Liquid Fuels
Municipal waste Other Fuels
Special waste Liquid Fuels
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Table 2.2. Sources for energy combustion in the Norwegian emission inventory
Source CRF/NFR
Stationary combustion
Direct fired furnaces 1A1, 1A2
Gas turbines 1A1c, 1A3e, 1A4a
Boilers 1A1, 1A2, 1A4, 1A5
Small stoves 1A2, 1A4, 1A5
Flaring 1B2C, 6C
Mobile combustion*
Passenger car 1A3b i, 1A5b
Light duty vehicles 1A3b ii, 1A5b
Heavy duty vehicles 1A3b iii, 1A5b
Motorcycle 1A3b iv
Moped 1A3b iv
Snowscooter 1A4b, c
Railway 1A3c
Aviation jet/turboprop (0-100 m) 1A3aii (i), 1A5b
Aviation jet/turboprop (100-1000m) 1A3aiii (i), 1A5b
Aviation jet/turboprop (cruise) 1A3aiii (i), 1A5b
Aviation helicopter (0-100 m) 1A3aii (i)
Aviation helicopter (100-1000m) 1A3aiii (i)
Aviation helicopter (cruise) 1A3aiii (ii)
Aviation small craft (0-100 m) 1A3aiii (i)
Aviation small craft (100-1000m) 1A3aii (i)
Aviation small craft (cruise) 1A3aiii (ii)
Ships 1A3d, 1A4c, 1A5b
Small boats 2 stroke 1A4b
Small boats 4 stroke 1A4b, c
Equipment 2 stroke 1A3e, 1A4c
Equipment 4 stroke, tractor 1A3e, 1A4b, c, 1A5b
* For road transport the source split is more detailed in the sub-model. See section 3.2.4.2.
Table 2.3. Combinations of fuels and sources in use
S
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Coal X X X .
Coke X X X
Petrol coke X X .
Fuel wood . X
Wood waste X
Black liquor X
Wood pellets X X
Wood briquettes X .
Charcoal . . . X . .
Natural gas X X X X X X X
Refinery gas X X X
Blast furnace gas X X .
Landfill gas . X X
Biogass . X .
Fuel gas X X
LPG X X . . . . . . . .
Motor gasoline X X X X X . X X X X
Aviation gasoline X
Kerosene (heating) X X .
Jet kerosene . . . X X . .
Auto diesel . . X X X X X . X X
Marine gas oil/diesel x X X . X .
Light fuel oils . X X X X
Heavy distillate X X X
Heavy fuel oil X X X
Municipal waste . X
Special waste X X
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The sources for non-combustion emissions and for combustion without energy use
are based on EMEP/NFR and UNFCCC/CRF categories, with further subdivisions
where more detailed methods are available (Appendix G).

2.3. Regions: a fifth axis

Information about the geographical distribution of emissions is useful for
modelling and control purposes. The spatial distribution of emissions introduces
another dimension (axis) to the general model.

2.3.1. Municipalities

The municipalities, of which there are 431 on the mainland (in 2006), have been
chosen as the smallest unit for regionalisation. In addition we have included the
regions Svalbard, sea areas north and south of 62 °N, and air space 100-1000 m
and more than 1000 m above ground level.

Emissions are allocated to geographical units after the national totals have been
calculated. Emissions are allocated in one of three ways:

e Emissions from point sources are allocated directly to municipalities.

e When figures for the activity used to calculate emissions are available directly at
municipal level, these figures are used. Examples are fuel combustion in
manufacturing industries and emissions from animals.

e When the activity at the municipal level is unknown, the national emissions are
allocated indirectly using surrogate statistical data. For example, fuel
combustion in service industries is allocated using employment figures. In a
number of cases the activity is known directly at the intermediate level (county),
but allocation within counties uses surrogate data.

Data from several important sources, e.g. industrial statistics, are not available at
the municipal level until one and a half years after the year of emissions.

2.3.2. EMEP grid squares

Emissions by EMEP 50 km x 50 km grid square are reported to the UNECE and

used in models of long-range air pollution. The emissions are allocated to grid

squares as follows:

¢ Emissions from large point sources are allocated directly to the appropriate
squares. From 2000, this also includes emissions from offshore petroleum
activities.

o Emissions at sea from national sea traffic and offshore petroleum activities
(before 2000) are allocated to squares on the basis of a detailed analysis of 1993
activity data (Flugsrud and Rypdal 1996). The 1993 emissions are projected
using national emission trends for each of the categories fishing, other sea
traffic, flaring, other combustion, and other emissions in the petroleum sector.

e The remaining emissions in each municipality are allocated to squares according
to the proportion of the area of the municipality in each square.

The method assumes that emissions are evenly distributed within municipalities. In
reality, emissions often occur only in small parts of a municipality. If a munici-
pality is large relative to the grid squares, the emissions may be allocated wrongly.
However, few municipalities measure more than 50 km across and the larger
municipalities are usually sparsely populated, with small emissions. It is therefore
assumed that the level of error due to the method is acceptable. The direct
allocation of large point sources also reduces the potential error.
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3. Energy

3.1. Overview

This chapter provides descriptions of methodologies employed to calculate
emissions from the energy sector. The disposition of the chapter is following the
IPCC and NFR classifications of the emission sources. In section 3.2 emission
estimations from energy combustion are described. This includes combustion
emissions from energy industries, manufacturing industries and construction,
transport and other combustion sources. Section 3.2 also includes memo items
about international bunker fuels and CO, emissions from biomass.

In section 3.3 a description is given for fugitive emissions from fuels. This includes
fugitive emissions from coal mining and handling, and from oil and natural gas.
Section 3.3 also includes a description of the CO, capture and storage at the oil and
gas production field Sleipner West.

3.2. Energy combustion
IPCC 14

NFR 14

Last update: 24.09.08

3.2.1. Overview

Combustion of fossil fuels and biomass leads to emissions of greenhouse gases,
acidifying pollutants, NMVOC, particulate matter, heavy metals, PAH and dioxins.
Small amounts of NH; can also be emitted.

Emissions from energy combustion include contributions from all sources
addressed in the [IPCC/UNECE Guidelines. Emissions from waste incineration at
district heating plants are accounted for under the energy sector, as the energy is
utilised. Methane from landfills used for energy purposes is also accounted for in
this sector. Emissions from flaring in the energy sectors are described in section 3.3
Energy production. Coal and coke used as reducing agents and gas used for
production of ammonia (non-energy part) are accounted for under industrial
processes. Flaring outside the energy sectors is described in Chapter 7 Waste. The
same applies to emissions from cigarettes, accidental fires etc. Emissions from
burning of crop residues and agricultural waste are accounted for under Chapter 6
Agriculture.

3.2.1.1. Method

Emissions from energy combustion are estimated at the sectoral level in
accordance with the IPCC sectoral approach Tier 2/Tier 3. Often total fuel
consumption is better known than the sectoral consumption.

The general method to estimate emissions from fuel combustion is multiplication of
fuel consumption by source and sector by an appropriate emission factor. Exceptions
are road and air transport where more detailed estimation models are used, involving
additional activity data (see section 3.2.4.2 and 3.2.4.1 respectively). Fuel
consumption figures are taken from the Norwegian energy accounts. The mean
theoretical energy content of fuels and their density are listed in table 3.1.

27



The Norwegian Emission Inventory 2008 Reports 2008/48

28

Table 3.1. Average energy content and density of fuels

Energy commodity Theoretical energy content’ Density

Coal 28.1 GJ/tonne

Coal coke 28.5 GJ/tonne

Petrol coke 35.0 GJ/tonne .

Crude oil 42.3 GJftonne = 36.0 GJ/m3 0.85 tonne/m3
Refinery gas 48.6 GJ/tonne .

Natural gas (2006)2 39.87 GJ/1000 Sm3 0.85 kg/Sm3
Liquefied propane and butane (LPG) 46.1 GJ/tonne = 24.4 GJ/im3 0.53 tonne/m3
Fuel gas 50.0 GJ/tonne .

Petrol 43.9 GJ/tonne = 32.5 GJ/m3 0.74 tonne/m3
Kerosene 43.1 GJ/tonne = 34.9 GJ/m3 0.81 tonne/m3
Diesel oil, gas oil and light fuel oil 43.1 GJ/tonne = 36.2 GJ/m3 0.84 tonne/m3
Heavy distillate 43.1 GJitonne = 37.9 GJ/m3 0.88 tonne/m3
Heavy fuel oil 40.6 GJltonne = 39.8 GJ/m3 0.98 tonne/m3
Methane 50.2 GJ/tonne .

Wood 16.8 GJ/tonne = 8.4 GJ/solid m3 0.5 tonne/solid m3
Wood waste (dry wt) 16.25-18 GJ/tonne

Black liquor (dry wt) 7.2-9.2 GJ/tonne

Waste 10.5 GJ/tonne

T The theoretical energy content of a particular energy commodity may vary; Figures indicate mean values.
2 5m3 = standard cubic metre (at 15 °C and 1 atmospheric pressure).
Source: Energy statistics, Statistics Norway.

Table 3.2. Overview of estimated and reported greenhouse gases CO,, CH, and N,O for the
energy combustion in 2005

C02 CH4 NZO
A. Fuel Combustion Activities (Sectoral Approach)
1. Energy Industries
a. Public Electricity and Heat Production E/R E E
b. Petroleum Refining R R E
c. Manufacture of Solid Fuels and Other Energy Industries E/R E/R E/R
2. Manufacturing Industries and Construction
a. Iron and Steel E/R E E
b. Non-Ferrous Metals E E E
c. Chemicals E/R E/R E/R
d. Pulp, Paper and Print E/R E/R E/R
e. Food Processing, Beverages and Tobacco E E E
f. Other (Qil drilling, construction, other manufacturing) E E E
3. Transport
a. Civil Aviation E E E
b. Road Transportation E E E
c. Railways E E E
d. Navigation E E E
e. Other Transportation (Snow scooters, boats, motorized
equipment, pipeline transport) E E E
4. Other Sectors
a. Commercial/Institutional E E E
b. Residential E E E
c. Agriculture/Forestry/Fisheries E E E
5. Other (Military) E E E

"R means that emission figures in the national emission inventory are based on figures reported by the plants. E
means that the figures are estimated by Statistics Norway (Activity data * emission factor).

For some major manufacturing plants (in particular offshore activities, refineries,
gas terminals, cement industry, production of plastics, ammonia production),
emissions of one or more compounds, reported to the Norwegian Pollution Control
Authority from the plants, are used instead of figures calculated as described
above. In these cases, the energy consumption of the plants in question is
subtracted from the total energy use before the general method is used to calculate
the remaining emissions of the compound in question, in order to prevent double
counting. An overview of the type of emissions (i.e. estimated and/or reported)
used in the inventory for the different sectors is given in table 3.2 for the
greenhouse gases CO,, CH, and N,O.

In the last years three documentation reports have been published describing the

methodologies used for road traffic (SFT 1999c), aviation (Finstad et al. 2002b)
and navigation (Tornsje 2001).
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3.2.1.2. Activity data

The energy consumption data used in the emission calculations are, with few
exceptions, taken from the annual energy accounts, compiled by Statistics Norway.
The energy accounts survey the flow of the different energy carriers within
Norwegian economic activities. The energy accounts include energy carriers used
as raw materials and reducing agents - these are subtracted in the data used to
estimate emissions from combustion. Some emissions vary with the combustion
technology; a distribution between different sources is thus required. Total use of
the different oil products is based on the Norwegian sales statistics for petroleum
products. For other energy carriers, the total use of each energy carrier is
determined by summing up reported/estimated consumption in the different
sectors. A short summary of the determination of amounts used of the main groups
of energy carriers and the distribution between emission sources is given below.

Natural gas

Most of the combustion of natural gas is related to extraction of oil and gas on the
Norwegian continental shelf. The amounts of gas combusted, distributed between
gas turbines and flaring, are reported annually to Statistics Norway by the
Norwegian Petroleum Directorate (NPD). These figures include natural gas
combusted in gas turbines on the various oil and gas fields as well as on Norway’s
two gas terminals on shore. The data are of high quality, due to the Norwegian
system of CO, taxation on fuel combustion. Statistics Norway's annual survey on
energy use in manufacturing industries and sales figures from distributors give the
remainder. Some manufacturing industries use natural gas in direct-fired furnaces;
the rest is burned in boilers and, in some cases, flared.

LPG and other gases

Consumption of LPG in manufacturing industries is reported by the plants to
Statistics Norway in the annual survey on energy use. Figures on use of LPG in
households are based on sales figures, collected annually from the oil companies.
Use in agriculture and construction is based on non-annual surveys; the figure for
agriculture is held constant, whereas the figure for construction is adjusted
annually, based on employment figures. Use of refinery gas is reported to Statistics
Norway from the refineries. The distribution between the sources direct-fired
furnaces, flaring and boilers is based on information collected from the refineries in
the early 1990's. At some industrial plants, excess gas from chemical and
metallurgical industrial processes is burned, partly in direct-fired furnaces and
partly in boilers. These amounts are reported to Statistics Norway. Two ferroalloy
plants sell excess gas (CO gas) to some other plants, where it is combusted for
energy purposes. Amounts sold are annually reported to Statistics Norway. One
sewage treatment plant utilizes biogas extracted at the plant, and reports quantities
combusted (in turbines) and calculated CO, emissions. Other emissions are
estimated by Statistics Norway, using the same emission factors as for combustion
of natural gas in turbines. The CO, emissions have erroneously been included in
the 2008 inventory, but will be removed in next year's submission, as emissions
from bio energy not shall be estimated.

Oil products

Total use of the different oil products is based on Statistics Norway's annual sales
statistics for petroleum products. The data are considered very reliable since all
major oil companies selling oil products have interest in and report to these
statistics3. The use of sales statistics provides a given total for the use of oil
products, which the use in the different sectors must sum up to. This is not the case
for the other energy carriers. The method used for oil products defines use as
identical to sales; in practice, there will be annual changes in consumer stocks,
which are not accounted for.

3 The statistics are corrected for direct import by other importers or companies.
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Stationary use takes place in boilers and, in some manufacturing industries, in
direct-fired furnaces. There is also some combustion in small ovens, mainly in
private households. Mobile combustion is distributed between a number of
different sources, described in more detail under Chapter 3.2.4 Transport. In
addition to oil products included in the sales statistics, figures on use of waste oil
are given in Statistics Norway's industry statistics. Statistics Norway also collects
additional information directly from a few companies about the use of waste oil as
a fuel source.

Coal

Use of coal, coke and petrol coke in manufacturing industries is annually reported
from the plants to Statistics Norway. The statistics cover all main consumers and
are of high quality. Combustion takes place partly in direct-fired furnaces, partly in
boilers. Figures on some minor quantities burned in small ovens in private
households are based on sales figures. In addition, an insignificant figure on use of
coal in the agricultural sector has formerly been collected from the farmers. Since
2002, there has been no use of coal in Norwegian agriculture.

Wood, wood waste and black liquor

Use of wood waste and black liquor in manufacturing industries is taken from
Statistics Norway's annual survey on energy use in these sectors. Use of wood in
households is based on figures on the amount of wood burned from the annual
survey on consumer expenditure for the years before 2005. The statistics cover
purchase in physical units and estimates for self-harvest. The survey figures refer
to quantities acquired, which not necessarily correspond to use. The survey gathers
monthly data that cover the preceding twelve months; the figure used in the
emission calculations (taken from the energy accounts), is the average of the
survey figures from the year in question and the following year. For 2005 and 2006
the figures are based on responses to questions relating to wood-burning in
Statistics Norway’s Travel and Holiday Survey. The figures in the new survey refer
to quantities of wood used. The survey quarterly gathers data that cover the
preceding twelve months. The figure used in the emission calculations is the
average of 5 quarterly surveys. Figures on some minor use in agriculture and in
construction are derived from earlier surveys for these sectors. Combustion takes
place in boilers and in small ovens in private households. Consumption figures for
wood pellets and wood briquettes are estimates, based on annual information from
producers and distributors.

Waste

District heating plants and incineration plants annually report combusted amounts
of waste (boilers) to Statistics Norway and the Norwegian Pollution Control
Authority. There is also some combustion in manufacturing industries, reported to
Statistics Norway.

According to the Norwegian Pollution Act, each incineration plant has to report
emission data for SO,, NOx, CO, NHj, particles, heavy metals and dioxins, and the
amount of waste incinerated to the county governor. The county governor then
reports this information to the Norwegian Pollution Control Authority. If emissions
are not reported, the general method to estimate emissions from waste incineration
is to multiply the amount of waste used by an appropriate emission factor.
Normally a plant specific emission factor is made for the component in question.
This factor is based on the ratio between previous emission figures and quantities
of waste burned. This factor is then multiplied with the amount of waste
incinerated that specific year.

Energy balance sheets vs. energy accounts

There are two different ways of presenting energy balances: Energy balance sheets
(EBS) and energy accounts. The energy figures used in the emission calculations
are based on the energy accounts. The energy accounts follow the energy
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consumption in Norwegian economic activity in the same way as the National
accounts. All the energy used by Norwegian enterprises and households is to be
included. Energy used by Norwegian transport trades and tourists' abroad is also
included, while the energy used by foreign transport industries and tourists in
Norway is excluded.

The energy sources balance sheet follows the flow of energy within Norway. This
means that the figures only include energy sold in Norway, regardless the users'
nationality. This includes different figures between the energy sources balance
sheet and the energy account, especially for international shipping and for aviation.

The energy sources balance sheet has a separate item for energy sources consumed
for transportation purposes. The energy accounts place the consumption of all
energy under the relevant consumer sector, regardless of whether the consumption
refers to transportation, heating or processing.

Figures from the energy sources balance sheet are reported to international
organisations such as the OECD and the UN. The energy balance sheet will
therefore usually be comparable with international energy statistics.

Important differences between figures presented in the energy balance sheet (EBS)

and figures used in the emission calculations (EC) are:

e Fishing: EC use only energy sold in Norway, whereas EBS also includes an
estimate for energy purchased abroad.

e Air transport: EC use only Norwegian domestic air traffic (excluding military),
while EBS includes all energy sold in Norway for air transport, including
military and energy used for international air transport.

e Coal/coke for non-energy purposes: This consumption is included in net
domestic consumption in EBS, whereas EC include only energy used for
combustion in the calculation of emissions from energy.

3.2.1.3. Emission factors

Emission factors used for the energy sector are given in Appendix B. Emission
factors for CO, and SO, are independent of technology, and emissions factors are
described here. For the other emission components further descriptions are also
given for each source sector.

CO,
Emission factors for CO, are independent of technology. The factors for different
fuels are based on the average carbon content in each fuel.

CH, and N,O

For CH,4 and N,O, information on emission factors is generally very limited,
because, unlike the CO, emission factors, they depend on the source of the
emissions and the sector where the emissions take place. The emission inventory
uses mostly default factors from IPCC (1997b). The emission factor for methane
from fuel wood is taken from SINTEF (1995). Due to lack of data, some emission
factors are used for sector/source combinations other than those they have been
estimated for.

SO,
The emission factors for SO, change yearly, in accordance with changes in the
sulphur content in the products.

3.2.1.4. Uncertainties

Uncertainty estimates for greenhouse gases and long-range transboundary air
pollutants are given in Appendix D, as well as under the individual underlying
source categories.
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Generally, the total energy use is less uncertain than the energy use in each sector.
For some sectors (e.g. the energy and manufacturing industries) the energy use is
well known, while it is more uncertain in households and the service sectors. The
energy use in the most uncertain sectors has been adjusted in the official energy
statistics, so that the sum of the energy use in all sectors equals the total sales.

3.2.1.5. Completeness
All known combustion with energy utilization in different industries and private
households is included.

3.2.1.6. QA/QC

The emission sources in the energy sector are subjected to the QA/QC procedures
described in section 1.5. In the last years three documentation reports have been
published describing the methodologies used for road traffic (SFT 1999c), aviation
(Finstad et al. 2002b) and navigation (Tornsjg 2001).

3.2.2. Energy industries

IPCC 141, Key category in level and trend for CO, from combustion of gas and in
trend for combustion of waste. Key category in trend for CH, for combustion af gas
NFR 141

Last update: 26.05.08

3.2.2.1. Description

Energy industries include emissions from electricity and heat generation and
distribution, extraction of oil and natural gas, coal production, gas terminals and oil
refineries. Norway produces electricity mainly from hydropower, so emissions
from electricity production are small compared to most other countries. Due to the
large production of oil and gas, the emissions from combustion in energy
production are high.

3.2.2.2. Method

A general description of the method used for estimation of emissions from fuel
combustion is given in section 3.2.1.1. For waste incineration also a more detailed
description of the methodology for some components is given in this section.

Waste incineration

CO; and CH,

Net CO, emissions from wood/ biomass burning are not considered in the
inventory, because the amount of CO, released during burning is the same as that
absorbed by the plant during growth. Carbon emitted in compounds other than
CO,, e.g. as CO, CH4 and NMVOC, is also included in the CO, emission estimates.
This double counting of carbon is in accordance with the IPCC guidelines (IPCC
1997b).

N,O and NO,

Emissions of NOy are reported from each plant to the Norwegian Pollution Control
Authority. An estimated amount of 2.5 per cent of this NOy is subtracted and
reported to UNFCCC as N,O (SFT 1996). Accordingly, the net NOx emissions
constitute 97.5 per cent of the emissions reported by the plants. For some years,
emissions of NOy have not been reported for a number of plants. In these cases,
specific emission factors for the plants have been made, based upon earlier emissions
and amounts of waste incinerated. These new factors have been used to estimate the
missing figures.

Particles

Emissions of particles from district heating plants are reported to the Norwegian
Pollution Control Authority. The different plants started to report particulate
emissions at various points in time. Most of them started reporting from 1994.
Emissions of particles in the years before reporting have been assumed to be the
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same as in the first year the plant reported. New control device systems (mainly wet
scrubbers) were installed at the end of the 1980s at the largest plants. Around 1995
more control device systems were installed as a result of stricter emission
requirements. Most plants today have fabric filter or electrofilter together with wet
scrubbers. Only two plants do not have wet scrubbers.

The emission permits do not state which particle fraction that is going to be
measured. It is common to measure total amount of particles. It is however
presumed that the particles emitted are less than PM,s. TSP and PM,, are therefore
the same as PM, 5,

Dioxin

Emissions of dioxin from waste burning at district heating plants are reported to the
Norwegian Pollution Control Authority. We have reported data for each plant from
the period 1994/1995. Before 1994 we have only national totals. For estimating the
emissions of dioxin for each plant before 1994 we derived an emission factor from
total amount of waste burned together with the total dioxin estimate. The emissions
of dioxin were estimated by multiplying the given emission factor of 20 pg/tonne
waste by the amount of waste burned at each plant. This calculation was done for
each of the missing years for plants that did not report emissions.

Heavy metals

The estimate of heavy metals from waste combustion at district heating plants is
reported to Norwegian Pollution Control Authority. Before 1999 many emissions
of heavy metals were reported together as one group. This made it difficult to use
the data to estimate the emission of each component. From 1999 there are separate
data for each component, but for As, Cr and Cu there are a few plants that have
insufficient reporting. To calculate the emissions of heavy metals before 1999 we
have estimated an emission factor for each plant with the aid of reported emission
data and amount of waste burned at each plant. The emission factor derived has
been used to calculate emissions for previous years by multiplying each specific
emission factor with the amount burned for the corresponding year for each plant.

Every district heating plant had stricter emission requirements for particles from
1995. 1t is expected that the emissions of heavy metals, except for mercury, were
reduced analogously. At the same time the emission of mercury was regulated from
0.1 mg/Nm® to 0.05 mg/Nm’. These regulations are considered while calculating
emissions for previous years.

3.2.2.3. Activity data

Electricity and heat generation and distribution

The energy producers annually report their use of different energy carriers to
Statistics Norway. There is only some minor use of oil products at plants producing
electricity from hydropower. Combustion of coal at Norway's only dual purpose
power plant at Svalbard/Spitsbergen is of a somewhat larger size. The amount of
waste combusted at district heating plants is reported annually both to Statistics
Norway and the Norwegian Pollution Control Authority. The data are considered to
be of high quality.

Extraction of oil and natural gas

Production of oil and natural gas is the dominating sector for emissions from
combustion in the energy industries in Norway. The Norwegian Petroleum
Directorate annually reports the amounts of gas combusted in turbines and diesel
burned in turbines and direct-fired furnaces on the oil and gas fields. The data are
of high quality due to the CO, tax on fuel combustion. These activity data are used
for 1990-2002. From 2003 onwards, reported emission figures from the field
operators are used.
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Coal production

Norway's coal production takes place on Svalbard. The only coal producing
company annually reports its coal consumption and some minor use of oil
products. In addition to emissions related to Norway's own coal production, also
emissions from Russian activities are included in the Norwegian emission
inventory. Russian activity data are scarce, and emissions from an estimated
quantity of coal combusted in Russian power plants are calculated. Since 1999
there has been only one such plant, in earlier years there were two of those.

Gas terminals

Norway has two gas terminals, where natural gas from the Norwegian continental
shelf is landed, treated and distributed. Annual figures on natural gas combusted in
turbines and flared are reported to the Norwegian Petroleum Directorate (figures on
flaring at one plant is reported to the Norwegian Pollution Control Authority).

Oil refineries

The oil refineries annually report their use of different energy carriers to Statistics
Norway. Refinery gas is most important, but there is also some use of LPG and oil
products.

3.2.2.4. Emission factors

Emission factors used for the energy sector are given in Appendix B. For some
industries and components more information about the derivation of the emission
factors are given in this section.

3.2.24.1. CO,

Waste incineration

The emission factor for combustion of waste (fossil part only) was calculated by
SFT (1996).

Extraction of oil and natural gas

For all years up to 2002 emissions of CO, from gas combustion offshore are
calculated by Statistics Norway on the basis of activity data reported by the oil
companies to NPD (the Norwegian Petroleum Directorate) and the Norwegian
Pollution Control Authority and appropriate emission factors. For 2003-2005 the
data used in the inventory are emissions reported directly by the field operators.
The latter are obliged to report these and other emissions annually to NPD and the
Norwegian Pollution Control Authority.

The CO, emission factor used for all years leading up to 1998, and for all fields
except one, is an average (standard) factor based upon a survey carried out in the
early 1990s (OLF 1993, 1994). From 1999 onwards, the emission factors employed
increasingly reflect field specific conditions as individual emission factors have
been reported directly from the fields. Appendix B displays the time series of such
emission factors, expressed as averages.

Gas terminals
The CO, emission factor for combustion of natural gas on gas terminals differs
from the general emission factor used for combustion of natural gas.

3.2.2.4.2. CH,

Waste incineration

The emission factor for combustion of waste (fossil part only) was calculated by
SFT (1996).

3.2.2.4.3. TSP, PM;yand PM,;

Electricity and heat generation

Emission factors for TSP, PM,, and PM, 5 are based on emission data given in EPA
(2002). EPA (2002) gives emission data based on measurements made from
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various boilers using different control device systems. The power plant at Svalbard
is equipped with a multicyclone, and emission factors derived from measurements
from boilers controlled with multicyclone device systems are used.

3.2.2.4.4. Dioxins and PAH

Electricity and heat generation

Dioxin emissions from coal combustion at the power plant at Svalbard are derived
from emission factors found in literature. The emission factor used is the emission
factor recommended in Bremmer et al. (1994). The same emission factor is also
used in Parma et al. (1995) and Hansen (2000). Burning of coal at power plants is
also expected to give particle-bound dioxin emissions, but because of the effective
control device using multicyclone collector, the emissions are expected to be low.
Emission factors for PAH-4, PAH-6 and PAH-total are derived from an emission
profile developed from emission measurements from boilers using different control
device systems (EPA 1998).

PAH emissions from waste incineration are calculated by emission factors and
amount of waste burned. The emission factor used for calculating emissions of
PAH before 1995 is 2.5 g PAH/tonne waste burned. It is assumed that the
emissions have been reduced by 70 per cent since then because of stricter emission
requirements from 1995. The new emission factors have been identified using
information from Sweden. We have no plant or country specific emission profile of
PAH from waste incineration at district heating plants in Norway. Instead an
emission profile from a district heating plant in Sweden, burning wood powder is
used (NILU/NIVA (1995)/ Karlsson et al. (1992)).

3.2.2.4.5. Heavy metals

Electricity and heat generation

The emission factors for heavy metals used for calculating emissions from coal
fired power plants are from EEA (2001). The factors are, however, not specific for
coal fired power plants but standard factors recommended for calculating emissions
from coal combustion in energy and transformation industries.

3.2.2.5. Uncertainties

Uncertainty estimates for greenhouse gases and long-range air pollutants are given
in Appendix D. Since the energy use is well known for the energy industries, the
uncertainty in the activity data is considered to be minor.

The uncertainty in the activity data is £ 3 per cent of the mean for oil, = 4 per cent
for gas and + 5 per cent of the mean for coal/coke and waste.

In the case of the emission factors for CO,, the uncertainty is +3 per cent of the
mean for oil, £7 per cent for coal/coke and gas and + 30 per cent of the mean for
waste.

Emission factors for CH4 and N,O are very uncertain. Distributions are strongly
skewed with uncertainties which lie below and above the mean by a factor of 2 and
3, respectively.

3.2.2.6. Completeness
Major missing emission sources are not likely.

3.2.2.7. Source specific QA/QC

The energy industries are subjected to the general QA/QC procedures described in
section 1.5. Some source specific QA/QC activities were conducted in the
following industries:
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Heat generation in district heating plants

Emissions of heavy metals and POPs from waste incineration have been subject to
detailed control. The estimates are based on measurements, but the values are
uncertain due to high variability. Reported emission values can vary by orders of
magnitude from year to year. Each historical value has been checked in the QA/QC
process, and some data have been rejected and replaced by calculated values.

Extraction of oil and natural gas

For emissions of NOx from turbines offshore, time series over the emissions
calculated with field specific emission factors have been compared with the
emissions given using the earlier used average emission factor.

From 2003 onwards field specific emission figures reported from the companies
are used directly in the emission model. These figures are compared with emissions
calculated on the basis of field specific activity data and emission factors.

Oil refineries

The CO, emissions reported from the refineries are compared with the emissions
estimated by Statistics Norway on the basis of activity data and emission factors
for the different energy carriers used.

Results from the above studies have so far shown that emission estimates are in
agreement with the reported figures

3.2.3. Manufacturing industries and construction
IPCC 142, Key category for CO, from gas and oil

NFR 142

Last update: 01.09.05

3.2.3.1. Description

Emissions from the sector of manufacturing industries and construction include
industrial emissions originating to a large extent from the production of raw
materials and semi-manufactured goods (e.g. alloys, petrochemicals, paper and
minerals). These emissions are related to fuel combustion only, that is, emissions
from use of oil or gas for heating purposes. Consumption of coal as feedstock and
reduction medium is not included in this sector, but it is accounted for under the
industrial processes sector.

3.2.3.2. Activity data

Most of the emission figures are calculated on the basis of activity data and
emission factors. For a few plants the emission figures are based on reported
figures from the plants.

Statistics Norway carries out annual surveys on energy use in manufacturing
industries, which supply most of the data material for the calculation of combustion
emissions in these sectors. The energy use survey covers 90 per cent of the energy
use in this sector. For the remaining companies, figures are estimated based on data
from the sample together with data on economic turnover, taking into account use
of different energy carriers in the same industries and size groups. A change in
methodology from 1998 has had minor consequences for the time series, since the
energy use is mainly concentrated to a few major plants within the industry, from
which data were collected both in the present and the earlier method. The data on
energy use in manufacturing industries are considered to be of high quality.
Information on use of waste oil and other hazardous waste is also collected through
the energy use statistics.

For the construction industry, the figures on use of the different energy carriers are

partly taken from the annual sales statistics for petroleum products and partly
projected from earlier surveys; the energy data are considered rather uncertain.
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In some sectors autodiesel is mainly used in machinery and off-road vehicles,
particularly in mining and construction. This amount of fuel is based on reported
consumption of duty-free autodiesel in the manufacturing industries and on
reported sales of duty-free autodiesel to construction. The methods for calculating
emissions are discussed in section 3.2.4.7. Emissions from off-road machinery in
industry are currently reported in the CRF/NFR category 1A3e Other
transportation. According to the guidelines, they should be included in category
1A2. In the NFR, emissions from off-road machinery in industry are specifically
assigned to category 1A2f ;.

3.2.3.3. Emission factor
Emission factors used for the energy sector are given in Appendix B.

3.2.3.4. Uncertainties

Uncertainty estimates for greenhouse gases and long-range air pollutants are given
in Appendix D. The energy use is considered well known for the manufacturing
industries.

3.2.3.5. Completeness
Major missing emission sources are not likely.

3.2.3.6. Source specific QA/QC
There is no specific QA/QC procedure for this source. See section 1.5.1 for the
description of the general QA/QC procedure.

3.2.4. Transport
IPCC 143
NFR 143

3.2.4.1. Aviation

IPCC 1A43a, Key category for CO,
NFR 143a

Last update: 13.06.06

3.24.1.1. Method

The calculation methodology applied is described in Finstad et al. (2002b).
According to the IPCC Good Practice Guidance the methodology used is Tier 2
based on the detailed methodology in EEA (2001). This methodology allows
estimation of emissions and fuel consumption for different types of aircraft
according to the average flying distance and numbers of landings and take-offs
(LTO). All movements below 1000 m are included in the "Landing Take Off"
(LTO) cycle. Movements over 1000 m are included in the cruise phase. All
emissions from international aviation are excluded from national totals, and are
reported separately (see section 3.2.6.3).

3.2.4.1.2. Activity data

Statistics Norway annually collects data on use of fuel from the air traffic
companies. These data include specifications on domestic use and amounts bought
in Norway and abroad. The types of fuel used in aircraft are both jet fuel (kerosene)
and aviation petrol. The latter is used in small aircraft only. Emissions from the
consumption of jet kerosene in domestic air traffic are based directly on these
reported figures. Domestic consumption of jet kerosene has been reported to
Statistics Norway by the airlines since 1993. The survey is annual, but data from
the surveys for 1993 and 1994 have not been used here, as one of the largest
airlines in Norway was not included. Domestic consumption prior to 1995 is
estimated by extrapolation on the basis of domestic kilometres flown and is more
uncertain (Finstad et al. 2002b). Sales figures are used for the minor use of aviation
petrol.
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3.2.4.1.3. Emission factors
Emission factors used are given in Appendix B, table B1 and B3, and tables B7-
B9.

The Norwegian Petroleum Industry Association provides emission factors for CO,
and SO, for the combustion of jet fuel and gasoline (Finstad et al. 2002b). The
emission factor for SO, varies depending on the sulphur content of the fuel used.
Emission factors for particles are from Brock et al. (1999) and Dépelheuer and
Lecht (1998), and all particles are found to be less than PM, s (Finstad et al.
2002b).

A default emission factor for N,O for all aircraft is used (IPCC 2001) and is valid
for both LTO and the cruise phase. EEA (2001) and IPCC (2001) suggest using an
emission factor for CHy, given in Olivier (1991), to be 10 per cent of total VOC.
This is, however, only valid for LTO since studies indicate that only insignificant
amounts of methane is emitted during the cruise phase. No methane is therefore
calculated for the cruise phase and all emissions are assumed to be VOC (HC).

The NOg, CO and VOC emission factors are aircraft specific as given in EEA
(2001).

Only aggregated emission factors (kg/tonnes fuel used) are used in the Norwegian
inventory. The emission factors are calculated based on total emission divided by
activity data for LTO and in the cruise phase, respectively.

Recalculations have been done based on the new methodology (EEA 2001 and
Finstad et al. 2002b) and this led to a change in emission factors for previous years.
New emission factors back to 1980 have therefore been used in the inventory.
Emission factors were calculated with activity data for 1989, 1995, and 2000.
Factors for the years 1990-1994 and 1996-1999 were interpolated. Factors before
1989 and after 2000 were kept constant.

Emission factors for small aircraft are the same for the whole period.

3.2.4.1.4. Uncertainties

Activity data

The uncertainty in the activity data for civil aviation is estimated to be £20 per cent
of the mean, primarily due to the difficulty in separating domestic emissions from
emissions from fuel used in international transport (Rypdal and Zhang 2000). In a
recent study on emissions from aircraft (Finstad et al. 2002b), fuel consumption
was also estimated bottom-up and compared to the reported figures (see also
section 3.2.4.1.6.). The estimated and reported data differed by about 10 per cent.
However, the reported data are considered most accurate and were used in the
calculation. As described above, data before 1995 are more uncertain than for later
years.

Emission factors

The uncertainty in the CO, emission factors is £3 per cent. The uncertainty in the
emission factors for CH4 and N,O lies below and above the mean by a factor of 2
and 3, respectively.

3.2.4.1.5. Completeness
Major missing emission sources are not likely.

3.2.4.1.6. Source specific QA/QC

In 2002 a methodology improvement was made in the emission calculations for civil
aviation (Finstad et al. 2002b). According to the IPCC Good Practice Guidance the
methodology used is Tier 2 based on the detailed methodology in EEA (2001). This
methodology allows estimation of emissions and fuel consumption for different types
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of aircraft according to the average flying distance and numbers of landings and take-
offs (LTO).

3.2.4.2. Road transport

IPCC 143b, Key category for CO,, CH; and N>O
NFR 143b i-v

Last update: 13.04.07

3.2.4.2.1. Method

A model for estimating emissions from road traffic was developed in 1993 (SFT
1993) and revised in 1999 (SFT 1999c). The results (expressed as average
aggregated emission factors) from this model have been used as input to the
general emission model.

3.24.2.1.1.  Model structure

A fuel-based model has been chosen, where the total consumption of various fuels
provides the framework for determining the emissions. The emission factors
depend on the kind of vehicle (type, weight, technology, age), fuel type, and
driving mode. The total number of vehicle-kilometres does not enter the
calculations directly. However, fractions of the total mileage are estimated for each
combination of vehicle category and driving mode. These fractions are used to
allocate fuel consumption to the various combinations. Emission factors may be
given as emissions per vehicle-kilometre or per unit fuel consumed.

Total emissions (Q) of a pollutant (j) from fuel type (k), while driving with a warm
engine may be calculated from equations (3.1) and (3.2) below:

l. T.
(3.1) Qi = MY by f:k(_k]
i I Ty
or
1 Ti
+ — M Py C—_— —
(3.2) Qjx kg[quk L (Tk B
Qi = Pk " L
where
Q: Total emissions
M: Total fuel consumption
p: Emission factor, g/kg
q: Emission factor, g/km
I: Fuel consumption, kg/km
T: Vehicle-kilometres
K Fuel type
i Combination of vehicle type, fuel type, and driving mode
it Pollutant

I, is the average consumption, kg/km, of fuel (k) and is determined by equation
(3.3).

T.
3.3 L =1, |-k
( ) k %lk {Tk]

Emissions from evaporation and cold starts are added to the tailpipe emissions
from warm motors.
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The fuel-based model calculates changes in emissions between years from changes
in M (total fuel consumption) and:

e  The number of vehicles in the various categories

e  Technologies in use

e Annual average distance (km) driven per vehicle

e  Driving patterns

Table 3.3. Vehicle categories'? in the emission model for road traffic
Fuel Type Total weight
Gasoline Passenger car .
" Light duty <35t
" Heavy duty >35t

Bus >35t

Diesel Passenger car .
" Light duty <35t

" Light heavy duty 35-75t
" Medium heavy duty 75-161
" Heavy heavy duty >16t
' Bus >35t

'Emissions from motorcycles and mopeds are calculated with a simplified method.
*The model may also be extended to include LPG and CNG vehicles.

3.24.2.1.2.  Model parameters
Road traffic emissions are calculated for each combination of the following
parameters:

e Pollutants: the same pollutants as in the general emission model, excluding
heavy metals and POPs

e Vehicle categories: there are 10 classes, which are different combinations of
vehicle type, weight, and fuel, see table 3.3.
e Vehicle age (0-29 and 30+ years, 31 age classes in all)

e Driving mode:Five modes are considered, namely:

Urban Speed limit 30 km/h or less
Urban " 40 and 50 km/h
Rural " 60 and 70 km/h
Rural " 80 km/h
Highway " 90 km/h

Note: The names of the driving modes do not indicate where driving actually takes
place: for instance, driving is classified as urban driving if the speed limit is less
than 50 km/h, even outside an urban area.

The modes apply only to driving with a warm engine. Emissions from cold start
and evaporation are calculated separately as described in section 0.

3.2.4.2.2. Activity data

All activity data are, as far as possible, updated for every year of the inventory.

Data are taken primarily from official registers, public statistics and surveys.

However, some of the data are based on assumptions. The sources of activity data

are listed below:

e Total fuel consumption: the total amounts of fuels consumed are corrected for
off-road use (in boats, snow scooters, motorized equipment, etc.). These
corrections are estimated either from assumptions about the number of units,
annual operation time, and specific fuel consumption, or from assumptions about
and investigations of the fraction of consumption used off-road in each sector.
The Norwegian Petroleum Industry Association supplies the data for total fuel
consumption.

e Number of vehicles: the number of vehicles in the various categories and age
groups is taken from the official register of the Norwegian Directorate of Public
Roads.
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e Average annual mileage: most figures are determined from surveys by Statistics
Norway or the Institute of Transport Economics. In some instances assumptions
are needed.

e Driving modes: the Directorate of Public Roads has data on the annual number
of vehicle-kilometres driven on national and county roads. The data are allocated
by speed limits and vehicle size (small/ large). Similar data exist for municipal
roads in the ten largest cities. The same distribution is assumed to be valid for
other municipal roads.

The fraction 7};/T}, of the vehicle-kilometre total for each fuel is calculated using
the following variables:

e Number of vehicles, by category and age

e Average annual mileage, by category

e Average annual mileage, by age and aggregate vehicle category

These fractions are used together with specific fuel consumption factors to allocate
fuel used by road traffic to categories defined by the parameters vehicle type,
vehicle age and driving mode.

3.2.4.2.3. Emission factors

The emission factors are based on several sources. Complete lists of sources with

references are given in SFT (1999c¢). The most important references are listed

below:

e Copert II (EEA 1997), a computer program to calculate emissions from road
traffic. Both this and the following report have been used for several purposes,
including warm engine emissions from light and heavy vehicles, cold start
emissions and emissions from mopeds and motorcycles.

e Previous version of Copert (Eggleston et al. 1991).

e A detailed report for the German Umweltbundesamt (Hassel et al. 1994) based
on measurements from TUV (Technischer Uberwachungs-Verein Rheinland), is
used for emissions from light vehicles.

e Measurements performed by the National Institute of Technology in Norway
(SFT 1993), used for emissions from light vehicles.

e Several reports from AB Svensk Bilprovning in Sweden (listed in SFT 1993),
used for emissions from heavy vehicles.

e The Corinair Emission Inventory Guidebook (EEA 1996), used for evaporation.

e Results from the MEET programme (Methodologies for Estimating Air
Pollution Emissions from Transport) (Séri¢ and Joumard 1996), are used for
cold start emissions.

All factors are given by vehicle category and technology, and refer to new vehicles.
Some factors also distinguish between driving modes. In addition, emission factors
(hot and cold) and fuel consumption factors are corrected to take into account the
change in values as the vehicles age.

N,O factors were revised in 2005 based primarily on Gense & Vermeulen (2002),
Riemersma ef al. (2003) and EPA (2004).
The factors are listed in Appendix B.

3.2.4.2.4. Emissions from evaporation and cold starts

Emissions and fuel consumption from evaporation and cold starts are calculated
separately. Evaporation of NMVOC from gasoline vehicles is calculated using the
method given in the Corinair Emission Inventory Guidebook (EEA 1996).
Emissions from running losses, hot soak emissions, and diurnal emissions are
included. Average emission factors have been calculated, taking Norwegian
climate conditions into account. Factors are given by vehicle category and
technology.
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In most cases, driving with a cold engine gives higher emissions than driving with
a warm one, particularly for CO and NMVOC. The extra emissions are called cold
start emissions. These are calculated as an additional emission contribution per
start. Factors are given by vehicle category and technology. They are mainly taken
from Copert (EEA 1997) and Sérié¢ and Joumard (1996). Detailed driving patterns
and regional temperature data are used. The driving patterns are taken from a travel
survey (Haukeland et al. 1999) and include trip length and time between trips.
Engine temperatures are corrected for the use of engine pre-heaters.

The extra fuel consumption caused by evaporation and cold starts is subtracted
from the total consumption before emissions from warm engines are calculated.

3.2.4.2.5. Uncertainties

With regard to CO, emissions from road transportation, the uncertainty in the
activity data and emission factors is found to be 10 per cent and 3 per cent of the
mean, respectively. In the case of CH, and N,O the uncertainty in the emission
factors lies below and above the mean by a factor of 2 and 3, respectively. The
uncertainty estimates are given in Appendix D.

3.2.4.2.6. Completeness
Major missing emission sources are not likely.

3.2.4.2.7. Source specific QA/QC

Top down and bottom up data on fuel consumption are compared for gasoline and
diesel vehicles on an annual basis. The consumption of gasoline and auto diesel for
road traffic is estimated as total sales minus consumption for other uses, i.e a top
down approach. The emission model for road traffic (SFT 1993; SFT1999c) also
makes bottom up estimates of consumption, which can be compared with the top
down data. For gasoline, the agreement is very good (difference < 5 per cent for most
years). For auto diesel the agreement is poorer, with the top down estimate up to 40
per cent above the bottom up estimate. The causes are on the one hand uncertainties in
the amount of non-road use and on the other hand uncertainties in mileage and
specific consumption.

However, the total consumption of auto diesel, and hence the CO, emission from
this fuel, is well known. The uncertainty concerns the allocation between road and
non-road use. For CH4 and N,O the total emission is sensitive to the allocation due
to different emission factors.

3.2.4.3. Railways
IPCC 143c¢

NFR 143c¢

Last update: 13.06.06

3.2.4.3.1. Description
Railway traffic in Norway uses mainly electricity. Auto diesel is used at a small
number of lines, for shunting etc.

3.2.4.3.2. Method
General estimation methodology for calculating combustion emissions from
consumption figures and emission factors is used.

3.2.4.3.3. Activity data

Consumption figures for auto diesel used in locomotives are collected annually
from the Norwegian State Railways.
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3.2.4.3.4. Emission factors

Emission factors for NO,, HC, CO, and PM, were estimated by Bang (1993) based
on a literature survey and data on Norwegian usage profiles. The HC factor of 4
g/kg was used directly for NMVOC.

The other emission factors are the same as for diesel machinery in mining and
quarrying (see section 3.2.4.7.4), with the following exceptions:

e N,O: 1.2 g/kg vs 1.3 g/kg for machinery (IPCC Guidelines)

e NHj: 0 g/kg vs 0.005 g/kg for machinery.

3.2.4.3.5. Uncertainties

The consumption data are of high quality. Their uncertainty is estimated to be £5
per cent of the mean. The uncertainty in the emission factor for CO, is £3per cent
of the mean, whereas for CH, and N,O the uncertainty is below and above the
mean by a factor of 2 and 3, respectively.

3.2.4.3.6. Completeness
Major missing emission compounds are not likely.

3.2.4.3.7. Source specific QA/QC

Consumption data from the Norwegian State Railways are compared with sales to
railways according to the Petroleum statistics. However, the latter includes some
consumption by buses operated by the State Railways. Since 1998, the reported
sales of "tax-free" auto diesel to railways have been around 20 per cent higher than
the consumption data from the State Railways. Until 1997, the reported sales were
around 5 per cent higher. The reason for this discrepancy has not been checked.
"Tax-free" auto diesel is only for non-road use, so consumption by buses should
not be the cause.

3.2.4.4. Electric railway conductions
IPCC 143c¢

NFR 143c¢

Last update: 01.09.05

3.2.4.4.1.Method
Electric railway conductions contain copper that is emitted in contact with trains. In
the inventory copper emissions are calculated by emission factors and activity data.

3.2.4.4.2. Activity data
The activity data used for calculating emissions of copper from electric wires are
annual train kilometers given by the Norwegian State Railway (NSB).

3.2.4.4.3. Emission factors

According to Norwegian State Railway (Rypdal and Mykkelbost 1997) the weight
of a contact wire is 0.91 kg/meters. The weight is reduced by 20 per cent after 3
million train passes. This gives an emission factor of 0.06 g/train kilometers. It is,
however, uncertain how much of this is emitted to air. In the inventory it is
assumed that 50 per cent is emitted to air. This gives an emission factor of 0.03 g/
train kilometer.

Table 3.4. Emission factor for electric railway conductions. g/km
Emission factor (g/train kilometers)

Cu 0.03

3.2.4.44. Uncertainties

The emission factor used is uncertain. First, there is an uncertainty connected to the
reduction of 20 per cent after 3 millions train passes. Secondly, there is uncertainty
regarding the assumption that 50 per cent are emissions to air (Finstad and Rypdal
2003).
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3.2.4.4.5. Completeness
No major components are assumed missing.

3.2.4.4.6. Source specific QA/QC
There is no specific QA/QC procedure for this source. See section 1.5.1 for the
description of the general QA/QC procedure.

3.2.4.5. Navigation

IPCC 143d, Key category for CO,
NFR 143d

Last update: 13.06.06

3.2.4.5.1. Description

According to CLRTAP and UNFCCC, Norwegian national sea traffic is defined as
ships moving between two Norwegian ports. In this connection installations at the
Norwegian part of the continental shelf are defined as ports.

Fishing is described in section 3.2.5

3.2.4.5.2. Method

Emissions from navigation are estimated according to the Tier 2 IPCC
methodology. The levels and the spatial distribution of emissions from national sea
traffic are estimated by an updated and improved methodology presented in
Tornsje (2001). The improvement is due to the collection of new data on fuel use
for the different vessel categories and the registration of changes in regular coastal
trade (connections/distances). Mobile drilling rigs are also included in the
calculations. Emissions from international marine bunkers are excluded from the
national totals and are reported separately (section 3.2.6), in accordance with the
IPCC Good Practice Guidance.

Annual emissions are estimated from sales of fuel to domestic shipping, using
average emission factors in the calculations. For 1993 and 1998 emissions have
also been estimated based on a bottom up approach (Tornsje 2001). This was alsow
done for 2004. Fuel consumption data were collected for all categories of ships
(based on the full population of Norwegian ships in domestic transport); freight
vessels (bulk and tank by size), oil loading vessels, supply/standby ships, tug boats,
coastal ferries, military ships and other ships. Emissions were estimated from ship
and size specific emission factors and fuel use. From this information, average
emission factors were estimated for application in the annual update based on fuel
sales. This approach is unfortunately too resource demanding to perform annually.
Sale of fuel to domestic shipping and fishing were about 15 per cent higher, in both
1993 and 1998, than the fuel consumption estimated as described in section
3.2.4.5.3 for the same years. Some explanations may be that the sales figures also
include sales to foreign vessels bunkering in Norway. Norwegian vessels bunkered
abroad are not included.

3.2.4.5.3. Activity data

The annual sales statistics for petroleum products gives figures on the use of
marine gas oil, heavy distillates and heavy fuel oil in domestic navigation. Informa-
tion on fuel used in freighters is gathered from surveys performed by Statistics
Norway. In cases where information on oil related vessels is lacking, data are
collected directly. Data on fuel consumed by public road ferries are available from
the Directorate of Public Roads, whereas the consumption by other ferries and
regular coastal trade vessels is obtained directly from the companies. This
information has been recived from "Ferjefaktautvalget" for 2004. The consumption
figures for other types of ships and boats are mainly taken from Flugsrud and
Rypdal (1996). Information on fule use at mobile drilling rigs is taken from sale
statistic but information on use (wether it is used for drilling, stationary combustion
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etc, ) is taken from Environmental Web (reported from oile companies to
Norrwegian Pollution Control Authority).

For marine gas oil, the sales figures are adjusted up or down when problems in
balancing the overall use against the total sale of this energy carrier arise, thus
introducing an element of uncertainty regarding the quality of the figures actually
used in the emission estimates. The total fuel use has been verified in Tornsje
(2001), showing a deviation of about 15 per cent. This can be explained by the fact
that the bottom up method does not cover all ships, but it may also be that the
domestic/international distinction is not precise enough in the sales statistics. The
increase in bottom up consumption and sales between 1993 and 1998 is quite
similar.

3.2.4.5.4. Emission factors
Emission factors used for navigation are given in Appendix B, table B1, table B3
and tables B13-B16.

CO;

For CO, the following standard emission factors based on carbon content are used:
e  Marine gas oil/diesel and special distillate: 3.17 kg/kg fuel

e  Heavy fuel oil: 3.20 kg/kg fuel

NZO and CH4

For liquid fuels the general/standard emission factors for N,O and CH,4 used in the
emission inventory are taken from IPCC/OECD: 0.23 kg CH,/tonne fuel and 0.08
kg N,O/tonne fuel.

In the case of oil drilling, the employed factors are as follows:

e CHy: 0.8 kg/tonne marine gas oil/diesel; 1.9 kg/tonne heavy fuel oil

e N,O: 0.02 kg/tonne marine gas oil/diesel

Some natural gas is combusted in ferry transportation; the CH4 emission factor
used in this case is 40.029 kg/1000 Sm” fuel.

SO,
The emission factors are determined from the sulphur content of the fuel.

3.2.4.5.5. Uncertainties

The estimated bottom-up emission figures are uncertain. The most important
sources of error are assumed to be estimation of fuel used by fishing vessels,
delimitation of national sea traffic and the emission factors. Generally there is also
uncertainty connected to cases where calculations are necessary because of the lack
of data on fuel consumption. This applies particularly to large ships, as these
usually use more fuel and accordingly have greater significance for the emissions.
No analysis on levels of error has been made. National emission figures are
generally more certain than the figures for the different vessel categories.

The uncertainty in the activity data is assessed to be £10 per cent. For CO, the
uncertainty in the emission factors for ships and fishing vessels is 3 per cent of
the mean, while for CH, it ranges between -50 and +100 per cent of the mean. For
N,O the uncertainty range is between -66 and +200 per cent of the mean (Rypdal
and Zhang 2000). Uncertainties in emission factors are shown in table 3.5.
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Table 3.5. Uncertainties in emission factors for ships and fishing vessels. Per cent
Standard deviation (20)

CO, +3

CH, -50 to +100

N,O -66 to +200

SO, +25

NO,' +15

NMVOC +50

" The interval within Marintek believe with 95 % certainty that the true emissionfactor lies is estimated to be in te range
10-30 % of the new NOx emissions factors (Buhaug 2006)
Source: Rypdal and Zhang (2000, 2001).

3.2.4.5.6. Completeness
Major missing emission sources are not likely.

3.2.4.5.7. Source specific QA/QC

In 2001, bottom-up (from surveys) and top down data (from sales) on fuel
consumption were compared (Tornsjg 2001). The outcome showed that data from
sales were 15 per cent higher than data from reported consumption. This can be
explained by the fact that the bottom up method does not cover all ships, but it may
also be that the domestic/international distinction is not specified precisely enough
in the sales statistics. Another element, which not has been taken into account, is
possible changes in stock. A similar deviation has been found for the years 1993
and 1998. In the calculations, sales figures are used, as they are assumed to be
more complete and are annually available. As mentioned, emission estimates for
ships have been made bottom up for 1993 and 1998 (Tornsje 2001). These results
have been compared with the annual estimates. The agreement is reasonable, given
the uncertainty in the fuel data determined by both methods.

3.2.4.6. Pipeline
IPCC 143e

NFR 143e i

Last update: 01.09.05

3.2.4.6.1. Method
Emissions are estimated through the general methodology described earlier,
involving consumption figures and appropriate emission factors.

3.2.4.6.2. Activity data

Figures on natural gas used in turbines for pipeline transport at two separate
facilities are reported annually from the Norwegian Petroleum Directorate to
Statistics Norway. Energy generation for pipeline transport also takes place at the
production facilities. These emissions are reported under NFR/IPCC 1A1.

3.2.4.6.3. Emission factors

The emission factors employed are the standard factors used for turbines fired with
natural gas (Appendix B). Sources for the factors used are SFT/NPD and IPCC
(1997b).

3.2.4.6.4. Uncertainties
Uncertainty estimates for greenhouse gases and long-range air pollutants are given
in Appendix D.

3.2.4.6.5. Completeness
Major missing emission sources are not likely.

3.2.4.6.6. Source specific QA/QC

There is no source specific QA/QC procedure for this sector. See section 1.5.1 for
the description of the general QA/QC procedure.
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3.2.4.7. Motorized equipment

IPCC 1A3e etc. Key category for CO, and N>O from other mobile.
NFR [A3e ii etc.

Last update: 13.04.07

3.2.4.7.1. Description

The category "motorized equipment" comprises all mobile combustion sources
except road, sea, air, and railway transport. Farm and construction equipment are
the most important categories. Other categories include mines and quarries,
forestry, snow scooters, small boats and miscellaneous household equipment.

Emissions from motorized equipment are reported under several categories:
Agriculture/Forestry/Fishing: NFR 1A4c-ii /IPCC 1A4c

Households: NFR 1A4b-ii /IPCC 1A3e

Military: NFR 1A5b /IPCC 1A5b

Other: NFR 1A3e-ii /IPCC 1A3e

Only consumption of gasoline and auto diesel is considered. A small amount of
fuel oil used for equipment in construction is also accounted for.

3.2.4.7.2. Method
Emissions are estimated through the general methodology described earlier,
involving consumption figures and appropriate emission factors.

3.2.4.7.3. Activity data

Gasoline and auto diesel are handled differently. Consumption of gasoline is
estimated bottom-up for each type of machinery based on data on the number of
each type of equipment, usage and specific consumption.

Snow scooters: Number of equipment is obtained annually from the Norwegian
Public Roads Administration. We assume a mileage of 850 km/year and a specific
consumption of 0.15 1/km (TI 1991). A portion of 16 per cent of petrol
consumption in agriculture is assigned to snow scooters. The remaining snow
scooter fuel consumption is assigned to households.

Chainsaws and other two-stroke equipment. Only consumption in forestry is
considered, based on felling data. Felling statistics are gathered by Statistics
Norway. 50 per cent is supposed to be felled with use of chain saws, with a
consumption of 0.33 I/m’. Note: Consumption has been kept fixed since 1994
based on a calculation by the Institute of Technology (Bang 1996).

Lawn mowers and other four-stroke equipment: Only consumption in households
considered.

Consumption of auto diesel is based on data from the energy accounts. A certain
fraction of the consumption in a number of industries is allocated to motorized
equipment, based on surveys or expert judgments.

3.2.4.7.4. Emission factors
Emission factors used are given in Appendix B.

For diesel machinery, emission factors for HC, CO, and PM,, were estimated by
Bang (1993), based on a literature survey and data on Norwegian usage profiles.
Source for emission factor for NOx from diesel machinery is from Bang (1993) for
motor gasoline and light fuel oils. For autodiesel emission factors from a Danish
report (Winther and Nielsen 2006) is used. NMVOC factors were calculated by
subtracting an assumed CH, fraction of 0.3 g/kg diesel.
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3.2.4.7.5. Uncertainties

The estimates of consumption are considered quite uncertain, particularly for
gasoline. However, the total consumption of gasoline and auto diesel is well
known.

3.2.4.7.6. Completeness
Major missing emission sources are not likely.

3.2.4.7.7. Source specific QA/QC
There is no source specific QA/QC procedure for this sector. See section 1.5.1 for
the description of the general QA/QC procedure.

3.2.4.8. Automobile tyre and brake wear
IPCC 143b

NFR 1A43b vi

Last update: 01.09.05

3.2.4.8.1. Tyre wear

3.2.4.8.1.1. Description

Tyre wear is a source for emission of particles, heavy metals and persistent organic
pollutants. The tyres are worn down by 10 to 20 per cent of its total weight during
its lifetime. Most of the rubber is lost during acceleration and braking. All rubber
lost is assumed to be particles containing heavy metals and PAH.

3.2.4.8.1.2. Method

Particles
All rubber lost is assumed to be small particles. The emissions of particles are
calculated based on emission factors and annual mileage.

Heavy metals
Rubber particles contain heavy metals. Emissions of the heavy metals As, Cd, Cu,
Cr, Pb and Hg are calculated based on annual mileage and emission factors.

PAH
The particles emitted from tyre wear contain PAH. Emissions are calculated based
on emission factors and annual mileage.

3.2.4.8.1.3. Activity data

Annual mileage is used for calculating the emissions from tyre wear. Annual
mileage is given by the road traffic model, see section 3.2.4.2.

3.2.4.8.1.4. Emission factors

Particles

The emission factors used for calculating the emission of particles are given by
TNO (2002). The emission factors are based on different Dutch and British studies.
It is assumed that all fine particles, PM,o, are emitted to air, while all particles
greater than 10 um are emitted to soil or water. This is based on Dutch expert
judgement. Recommended emission factors from TNO (2002) are given in table
3.6.

Table 3.6. Emission factors for particles from tyre wear. kg/mill. km
PMyo

Private cars 3.45

Van 4.5

Heavy duty vehicles 18.563

MC 1.725

Source: TNO (2002).
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Heavy metals

The emission factors used for the heavy metals As, Cd, Cu, Cr and Pb are derived
from a particle-heavy metal distribution given by Dutch studies (Brink 1996). The
content of heavy metals in the particles, given by this distribution, is multiplied by
the PM;, emission factor (table 3.7). This gives the emission factors for the heavy
metals As, Cd, Cu, Cr and Pb from tyre wear (table 3.7).

Table 3.7. Heavy metals emission factors from tyre wear. g/mill. km

As Cd Cu Cr Pb
Private cars 0.003 0.007 1.691 0.014 0.552
Van 0.005 0.009 2.205 0.018 0.720
Heavy duty vehicles 0.019 0.037 9.096 0.074 2.970
MC 0.002 0.003 0.845 0.007 0.276

The emission factor used for the estimation of the emissions of Hg is 0.38 g/tonn
tyre. This emission factor is derived from a study of heavy metal content in tyres
(Bakken 1993).

PAH

Emission factors for PAH are given in Finstad et al. (2001), but there is no
information about how much of the emissions that are emitted to air, and how much
that goes to soil and to water. All emissions are therefore supposed to be emitted to
air. There is also no PAH profile available, so in lack of other data the same PAH
profile as for burning of tyres is used (EPA 1998). PAH emission factors for tyre
wear are given in table 3.8.

Table 3.8. PAH emission factors from tyre wear. kg PAH/ 1000 mill. km
PAH

Light duty vehicles 10.4

Heavy duty vehicles 0.1

Source: Finstad et al. (2001).

3.2.4.8.1.5. Uncertainties

The calculation of emissions from tyre wear is uncertain. First, the emission factors
for particles used are based on international studies and not on Norwegian
conditions. There is also uncertainty concerning how much of the particles that are
emitted to air. According to a Dutch judgement, all particles emitted to air are
PM,. This is however only a judgement, and not based on scientific research. PAH
emissions have been held constant since 1998.

The heavy metal emission factors are based on the particle emission factors for
PM,, and since this factor is uncertain, the heavy metal emission factors will also
be uncertain. The content of heavy metals in the particles emitted from tyre wear is
based on a Dutch study and can therefore differ from Norwegian conditions and
type of tyres used.

3.2.4.8.1.6. Completeness
Tyre wear also leads to emissions of other heavy metal components, such as zinc,

nickel etc., but these components are not included in the Norwegian emission
inventory.

Until 2004, different methods for calculating the emissions of heavy metals from
tyre wear were used. One method was used for calculating emissions of Pb, Cd and
Hg (Finstad et al. 2001) and another for calculating emissions of Cu, Cr and As
(Finstad and Rypdal 2003). From 2004 the same method has been used for all the
heavy metal components.

3.2.4.8.1.7. Source specific QA/QC

There is no specific QA/QC procedure for this source. See section 1.5 for the
description of the general QA/QC procedure.
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3.2.4.8.2. Brake wear

3.2.4.8.2.1. Description

Brake blocks will wear during braking and this generates dust containing various
metals. In the inventory, emissions of particles and heavy metals are included from
this source.

3.2.4.8.2.2. Method

Particles
Emissions of particles are calculated based on emission factors and annual mileage.

Heavy metals

Emissions of lead, copper and chromium are calculated after a method described in
SLB (1998). The calculations are based on annual brake wear, driven kilometers
and the brake blocks' metal content.

Brake wear, private cars and vans

To calculate emissions, brake wear first has to be estimated. It is assumed that private
cars change brake blocks every fourth year. The background for this assumption is
that private cars, by normal driving, change brake blocks at front after 3 000 - 4 000
thousand kilometers and at the back after 6 000-8 000 thousand kilometers. A private
car drive in average 1 500 thousand kilometers each year. Assuming that the brake
blocks are changed after 6 000 thousand kilometers, the car will be four years old
when blocks first are changed.

The brake blocks at front weigh 0.13-0.15 kg and 0.09-0.11 kg at the back. It is
assumed in the calculations that the brake blocks weigh 0.15 kg at the front and
0.11 kg at the back, that the brake blocks are worn 70 per cent before they are
changed and that the front and back blocks are changed after 4 000 and 6 000
thousand kilometers, respectively. This gives equations (3.4) and (3.5):

(3.4) Front brake blocks (private cars): 0.7*4*0.15/4000%*driven thousand
kilometer

(3.5) Back brake blocks (private cars): 0.7*4*0.11/6000*driven thousand
kilometer

The same method is used for calculating emissions from brake wear for vans and
minibuses.

Brake wear, heavy duty vehicles

The number of brake blocks at a heavy duty vehicle varies with both brand and
model. It is assumed that each front brake block weighs 2.5 kg and 3.5 kg at the
back (SLB 1998). This means that a truck with four wheels have 12 kg of brake
blocks. It is assumed that the blocks are changed after 10 000 thousand kilometers
when the brake blocks are worn 70 per cent.

Metal content

The metal content in the brake blocks for new and old cars have been tested (SLB
1998). For calculating the emissions from brake blocks, annual brake wear has
been multiplied by the metal content. For private cars and vans the cars are
separated into new and old cars. Cars four years old or younger are accounted as
new. The metal content in the brake blocks in front of the car differs from the
content in the brake blocks at the back (table 3.9). For heavy duty vehicles, the
metal content is independent of age or type of brake block.
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Table 3.9. Metal content in brake blocks. mg/kg
New private cars Old private cars Heavy duty vehicles
Front Back Front Back Front and back
Cr 137 73.4 92 151 165
Cu 117941 92198 71990 51240 9031
Pb 9052 18655 13651 9110 457

How much of the heavy metal emissions that are emitted to air were investigated
by Sternbeck et al. (2001). Tunnel experiments showed that approximately 20 per
cent of the brake wear emissions were emitted to air. This result is used in the
calculations of brake wear emissions.

3.2.4.8.2.3. Activity data

For calculating the emissions of particles, are annual mileage given by the road
traffic model, see sector 3.2.4.2.

For calculating the emissions of heavy metals, annually driven kilometers and the
ratio between new and old cars are also given by the road traffic model.

3.2.4.8.2.4. Emission factors

Particles
Emission factors recommended by TNO (2002), based on different European
studies, are used (table 3.10).

Table 3.10. Particle emission factors for brake wear. kg/mill. km

PM,s PMyo TSP
Private cars (BM1+DM1) 6 6 6
Van (BN1+DN1) 7.5 7.5 7.5
Heavy duty vehicles 32.25 32.25 32.25
MC 3 3 3

Source: TNO (2002).

Heavy metals
Emission factors for Cr, Cu and Pb are derived based on the above information and
are given in table 3.11.

Table 3.11. Heavy metal emission factors for brake wear. g/mill. km

New private cars and vans Old private cars and vans Heavy duty vehicles
Cr 0.36 0.35 14.82
Cu 342.33 203.79 303.44
Pb 38.16 38.02 40.95
3.2.4.8.2.5. Uncertainties

3.2.4.8.2.6.There is high uncertainty in different steps in the emission calculations
of heavy metals from brake wear, since many assumptions have been done. For
example, there is uncertainty connected to the weight and the metal content of the
brake blocks, and to the number of driven kilometers before blocks are changed.

3.2.4.8.2.6. Completeness

Brake wear also leads to emissions of other heavy metal components, such as zinc,
nickel etc., but these components are not included in the Norwegian emission
inventory.

No other major emission components are assumed missing.

3.2.4.8.2.7. Source specific QA/QC

There is no specific QA/QC procedure for this source. See section 1.5 for the
description of the general QA/QC procedure.
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3.2.4.9. Automobile road abrasion
IPCC 143b

NFR 143bvii

Last update: 24.01.07

3.2.4.9.1. Description

Asphalt dust is emitted to air while using studded tires. The abrasion layer on
asphalt roads can contain approximately 90 per cent stones (rock/minerals) and 5
per cent filler. The rest is bitumen. During studded tyre abrasion, stone materials
are worn down to minor particles and will together with detached filler and
bitumen whirl up and become airborne. How much dust/particles studded tires
generate depends on:

e  Weight of the stud

The road surface resistance against abrasion

Vehicle velocity

Share of heavy vehicle

If the road surface is dry, wet or ice coated

A great share of the dust from studded tyres will bind up to the water film when the
road surface is wet. Some of it will however whirl up again when the road surface
dries up. This is not included in the calculation.

Bitumen is a mixture of a great number of organic components, including PAH
components. The emissions of PAH from road abrasion are calculated and included
in the emission inventory. Calculated emissions of Cd are also included.

3.2.4.9.2. Method

Particles

PM;,

The method is prepared by TI/SINTEF and documented in SFT (1999c). For
calculating average emission Q (ton/year) of PM;, formula (3.6) is used:

(3.6) Opuo (ton/year) = SSPS *n * 1 *m *p *w * o/10°

All vehicle categories

SPS:The specific wear of studded tyres (SPS). Gives an estimate of how much of
the road surface that is worn off on one road kilometer of a vehicle with
studded tyres

Number of cars of a vehicle category in the area

Annual mileage for a vehicle category in the area

Part of the year with studded tyres in the area (between 0 and 1)

Share of the vehicle category using studded tyres

Correction factor for wet and frozen road surface. In the calculation of w,

frozen surface is given 0, wet surface 0.5 and dry surface 1. If the mileage

with studded tyres on a wet and frozen surface respectively is v and x, w =

(0.05*v)+(1(1-v-x))

o:  Share of the road dust in air that is PM,. There is no data for this factor. The
share of PM,( on ground is used as a reference. There is very varied data for
the size of this factor (Hedalen 1994). Hedalen gives a PM,, share of 3-4 per
cent. In the calculations 3 per cent is used as a first estimate. Hedalen (1994)
states further that the PM, s share of total road dust is 0.5-1 per cent.

£9 g =8

The road surface has stronger wear resistance on roads with heavy traffic than on
roads with little traffic. The SPS value can therefore vary with the amount of
traffic. SPS-values for different ADT4-intervals were estimated based on analysis
of track depths over the years 1988-1995 (NPRA 1996).

4 ADT = Average annual daily traffic
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SPS is also dependent on the weight of the studs. The studs have in the recent years
become lighter. The requirement in 1988 was that the stud on light vehicles should
not exceed 2.0 gram, in 1990 this was changed to 1.8 gram, and it changed again in
1992 to 1.1 gram (NPRA 1997). The so-called "light studs" has a weight on 0.7
gram. Studs used on tyres for heavy vehicles could until 1992 weigh 8.0 gram, but
this demand was changed to 3.0 gram. There are also other factors influencing the
SPS- values, for example the road surface wear resistance and the quality of the
stone materials used.

SPS-values used in the calculations are given in table 3.12. The SPS values are
divided on classes of ADT (Evensen 1997b). In the calculations average values for
SPS, weighted after the size of traffic load on roads with different ADT, are used.
The values are given in g/km and are valid for all vehicles. To estimate how much
of the emissions that originate from heavy vehicles, it is provided that heavy
vehicles wear 5 times more than light vehicles. The vehicle velocity is not given as
an own factor, since it is included in the calculation of SPS.

Annual traffic load (trafikkarbeid) (n o / in the formula) used in the calculations are
based on Rideng (2001).

Use of studded tyres is forbidden in Norway from the first Monday after Easter and
until 31% of October. There is an exception from this rule in the three northern
counties, Nordland, Troms and Finnmark. In these counties, use of studded tyres is
forbidden between 1% of May to 15™ of October. It is assumed in the calculations that
studded tyres are used the whole period when it is allowed. This means that m is
6.5/12 in the northern counties and 5.5/12 for rest of the country.

Shares of traffic load on studded tyres in the five largest towns in Norway are
given in table 3.13. There has been a decrease in use of studded tyres in Norway
during the latest years. The factor p in the formula will therefore vary from one
year to another. Information regarding the share of studded tyres originates from
the Norwegian Public Roads Administration. There is also national data on share of
the car fleet with studded tyres. The data material is based on interviews of car
drivers (NPRA 1995a, 1995b and 1998). The questionnaires were given out at
daytime and caused that most of the answers were from local car drivers.
Accordingly, the survey included too many car drivers with annual mileage over 20
000 km. The survey from 1997 was however done differently. In the calculation
program, the studded tyre share was decided to be 0.2. This value was adjusted by
the different local road administrations, based on interviews or other available
knowledge. In 2000, the Norwegian Public Roads Administration made a new
investigation over local use of studded tyre (NPRA 2000). In 2006, Gjensidige
made a survey over the use of studded tyres in different counties in Norway, winter
05/06 (Gjensidige 2006). For 2001-2004 averages of the two investigations are
calculated for the counties. For the five largest cities data from the Norwegian
Public Roads Administration was used also for 2001-2005, but for the rest of the
country the results from Gjensidige (2006) was used. The data are given in table
3.14. For the period 1973-1990 is it assumed that the studded tyre share was 90 per
cent.

To calculate the correction factor for humid road surface, traffic load data is used.
This is divided into different road conditions after Evensen (1997a) (table 3.15).
Share of wet and dry road surface will change some as a consequence of varied
share of studded tyres. In the calculations for 1973-1997 a correction factor is used,
based on the estimation that 80 per cent of light duty vehicles and 60 per cent of
heavy duty vehicles use studded tyres.
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Table 3.12. SPS values. g/km
ADT 1973-1980 1981-1987 1988-1992 1993-1997 2002
0-1500 22 20 20 18 16
1500-3000 20 20 18 16 14
3000-5000 16 15 14 12 10
>5000 14 12 11 10 9
Average' 17.1 15.6 14.7 13.1 11.6

54

! Weight after traffic load on roads with differerent ADT.

Source: Evensen (1997b).

Table 3.13. Use of studded tyres in five prioritized communities. Share of traffic load with
studded tyres. Light duty vehicles

1998/ 1999/ 2000/ 2001/ 2002/ 2003/ 2004/ 2005/

1999 2000 2001 2002 2003 2004 2005 2006
Oslo 51.9 324 21.2 313 29.2 28.4 24.0 19.9
Drammen 49.6 48.7 52.1 41.8 42.3 40.6 31.5 27.0
Stavanger 38.1 313 26.8 293 28.8 35.2 30.1 32.2
Bergen 37.0 29.4 28.3 31 30.7 30.4 30.3 29.6
Trondheim 67 64.4 62.1 44 .4 40.2 38.8 38.1 329

Source: The Norwegian Public Roads Administration.

Table 3.14. Averaged studded tyre share in Norway weighted after traffic load in the different
counties

Year

1991 0.87
1992 0.88
1993 0.88
1994 0.87
1995 0.86
1996 0.83
1997 0.79
1998 0.70
1999 0.63
2000 0.58
2001 0.56
2002 0.55
2003 0.53
2004 0.51
2005 0.49

Source: Statistics Norway based on data from the Norwegian Public Roads Administration and Gjensidige.

Table 3.15. Grouping of wet, dry and icy road surface
In the Norwegian emission inventory

Wet Wet

Dry Dry

Slush Wet

Loose snow Wet'

Hard snow Hard snow/ice

Bare tracks

80 per cent dry and 20 per cent wet’

! Assumption made of NILU and Statistics Norway.

2 Assumption made by Evensen (1997a).

TSP

Hedalen and Myran (1994) analysed road dust depots from Trondheim and found
that 30 weight percentage of the particles were below PM;,. This gives a distribu-
tion where PM, is 0.3*TSP. This distribution is used in the inventory.

Cd

Emissions of Cd are calculated based on emission factors from Bakken (1993) and

annually generated road dust of PM;,

PAH

Emissions of PAH are calculated based on emission factors from Larssen (1985)
and annually generated road dust of PM,

3.2.4.9.3. Activity data
Cd and PAH

The activity data used for calculating the emissions of Cd and PAH are annually

generated PM, of road dust, see sector 3.2.4.9.2.
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3.2.4.9.4. Emission factors

Particles

The emission factors can be derived from the factors given under 3.2.4.9.2. The
emission figures are calculated as a product of SPS values for the given year, the
number of kilometers driven, part of the cars with studded tyres, part of the year
with winter season, correction for icy surface and the PM,, share of the emission
(o). The emission factors do not reflect the whirl up of road dust. Heavy duty
vehicles whirl up much more than light duty vehicles.

Cd

The Cd content in the bitumen is uncertain. According to Bakken (1993), the Cd
content varies between 1.9 and 43 g Cd per ton road dust. Statistics Norway has
chosen an average emission factor of 22.5 g/ton, see table 3.16.

Table 3.16. PAH and Cd emission factors from road dust'. giton PM,, of road dust

Emission factor (g/ton PM;, from road dust)

Norwegian standard (PAH-total) 61.7
PAH-6 24.7
PAH-4 5.5
Cd 225

" Dry road surface.
Source: Finstad et al. (2001).

PAH

The PAH content in the bitumen is uncertain and can vary over time. According to
Larssen (1985), the PAH content in airborn dust from wet roads is 330 ppm and 75
ppm from dry roads. Statistics Norway has chosen 85 ppm. In table 3.16, the
emission factor of 85 g/ton is converted to correspond to the PAH components
included in NS9815. This gives an emission factor of 61.7 g/ton for PAH-total.

3.2.4.9.5. Uncertainties

Particle distribution of road dust has also been investigated by others than Hedalen
and Myran, among them the Norwegain Institute for Air Research (NILU). The
results from these measurements show another distribution than Hedalen and
Myran, with a PM(-fraction much lower than 30 weight percentage. In the
calculation of PMy, data from Hedalen and Myran (1994) are used, and for
consistency reasons the same source is used for estimating TSP, despite the uncer-
tainty and the discrepancy with NILUs estimations.

The value of o (PM;, share in road dust) is very uncertain. An average velocity is
assumed in the calculations. This is further complicated when road surface on
roads with high velocities have another wear resistance than other road surfaces.

The emission factor used for calculating Cd emissions is uncertain since it is based
on two measurements.

The estimation of the PAH content in road dust from Larssen (1985) is very
uncertain, since it is based on only one measurement in Oslo, but it is the only
estimate available, and is used in lack of other data.

3.2.4.9.6. Completeness
Major missing emission sources are not likely.

3.2.4.9.7. Source specific QA/QC

There is no source specific QA/QC procedure for this sector. See section 1.5 for the
description of the general QA/QC procedure.

55



The Norwegian Emission Inventory 2008 Reports 2008/48

56

3.2.5. Other sectors

IPCC 144, Key category for CO, from gas and oil. Key cathegory for N,O from oil
and for CH, from wood /145

NFR 144/145

Last update: 13.05.08

3.2.5.1. Description

The source category "Other sectors" includes a// military combustion, stationary
combustion in agriculture, forestry, fishing, commercial and institutional sectors
and households, motorized equipment and snow scooters in agriculture and
forestry, and ships and boats in fishing.

3.2.5.2. Activity data
Motorized equipment is described in section 3.2.4.7.

Households

Statistics Norway's annual survey on consumer expenditure gives figures on use of
wood in households. Figures on use of coal and coal coke are derived from
information from the main importer. Formerly, Norway's only coal producing
company had figures on coal sold for residential heating in Norway. From about
2000, this sale was replaced by imports from abroad. Figures for LPG are collected
from the suppliers. Heavy fuel oil is taken from the sales statistics for petroleum
products. As the consumption of each energy carrier shall balance against the total
sales in the sales statistics, use of fuel oil, kerosene and heavy distillates in
households is given as the residual after consumption in all other sectors has been
assessed.

Agriculture

Data on energy use in hothouses are collected in surveys performed regularly.
Sales figures are used to project the figures for consumption of oil products in the
years between, while bio fuels and LPG are kept constant. The Agricultural
Budgeting Board has figures on the use of gasoline, auto diesel and fuel oil in
agriculture excluding hothouses. A figure on the minor use of coal was previously
collected annually from the only consumer. Since 2002, however, there has been
no use of coal in the Norwegian agricultural activities.

Fishing

Figures on the use of marine gas fuel, heavy distillate and heavy fuel oil are
identical with the registered sales to fishing in the sales statistics for petroleum
products. The figures used in the emission calculations differ from the energy
accounts, as the latter include also an estimated quantity on Norwegian use
purchased abroad. In addition to these figures on use in large fishing vessels, a
minor figure on estimated use of gasoline in small fishing boats is also included.

Commercial and institutional sectors

Figures on energy use in wholesale and retail trade and hotels and restaurants, are
based on a survey for 2000, performed by Statistics Norway. For the following
years, figures from this survey have been adjusted proportionally to the
development in employment in the industries in question. For earlier years, the
figures are based on a survey from the mid-1980s. LPG figures for the whole
period from 1990 have, however, been estimated separately after consultation with
an oil company.

For most other commercial and institutional sectors, the total use of fuel oil appears
as a residual after the use in all other sectors has been estimated; the distribution of
this residual between sub-sectors is done by using figures on energy use per man-
labour year from the energy survey from the mid-1980s.
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Use of heating kerosene in commercial industries is calculated by projecting a
figure on use from the mid-1980s proportionally with the registered sales to
buildings in industrial industries outside the manufacturing industries. The
estimated total amount is distributed between sub-sectors by using figures on
energy use per man-labour year from the mid-1980s survey.

Emissions from combustion of biogas at a sewage treatment plant were previously
included, but reported CO, figures and calculated figures of other emissions are
now registered for all years since 1993. However, as the CO, emissions have a
non-fossil origin, they should not have been included and will be removed in next
year’s submission. These CO, emissions are not included in the CRF tables
reported to UNFCCC on 15 April 2008.

Military

Figures on fuel oil are annually collected directly from the military administration,
while figures from the sales statistics for petroleum products are used for other
energy carriers.

3.2.5.3. Emission factor
Emission factors used are given in Appendix B.

3.2.5.4. Uncertainties
Uncertainty in fishing is described together with navigation in section. 3.2.4.5.5.

The method used for finding the use of fuel oil, kerosene and heavy distillates in
households implies a great deal of uncertainty regarding the quality of these
figures, particularly for fuel oil, which is the most important of these three energy
carriers. Since the late 1990s it also has been necessary to adjust figures for other
sectors in order to get consumption figures for households that look reasonable.
Hopefully, new surveys will improve the quality of these figures in the future.

As the total use of the different oil products is defined as equal to the registered
sales, use in some sectors are given as a residual. This applies to use of heating
kerosene and heavy distillates in households, and total use of fuel oil in commercial
and institutional sectors. Accordingly, these quantities must be regarded as
uncertain, as they are not based on direct calculations. This uncertainty, however,
applies only to the distribution of use between sectors - the total use is defined as
equal to registered sales, regardless of changes in stock.

There have been large variations in annual sales of military aviation kerosene; as
stock changes are not taken into account, the actual annual use is uncertain.

3.2.5.5. Completeness
Major missing emission sources are not likely.

3.2.5.6. Source specific QA/0C
There is no source specific QA/QC procedure for this sector. See section 1.5 for the
description of the general QA/QC procedure.

3.2.6. International bunkers
IPCC - memo item

NFR - memo item

Last update: 31.03.06

3.2.6.1. Description

Emissions from international bunkers (marine and aviation) have been estimated
and reported separately from national estimates, in accordance with the IPCC
Guidelines. Differences between the IEA (International Energy Agency) data and
the data reported to UNFCCC in sectoral data for marine shipping and aviation are
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due to the fact that different definitions of domestic use are employed. In the
Norwegian inventory, domestic consumption is based on a census in accordance
with the IPCC good practice guidance. On the other hand, the IEA makes its own
assessment with respect to the split between the domestic and the international
market.

3.2.6.2. Shipping

3.2.6.2.1. Method

Emissions are calculated by multiplying activity data with emission factors. The
sales statistics for petroleum products, which is based on reports from the oil
companies to Statistics Norway, has figures on sales for bunkers of marine gas oil,
heavy distillates and heavy fuel oil. The same emission factors as in the Norwegian
national calculations are used.

3.2.6.2.2. Activity data
Sales figures for international sea transport from Statistics Norway's sales statistics for
petroleum products are used for marine gas oil, heavy distillates and heavy fuel oil.

3.2.6.2.3. Emission factor
Emission factors used for Shipping are described under Navigation in section
3.2.45.

3.2.6.3. Aviation

3.2.6.3.1. Method

The consumption of aviation bunker fuel in Norway is estimated as the difference
between total purchases of jet kerosene in Norway for civil aviation and reported
domestic consumption. Figures on total aviation fuel consumption are derived from
sales data reported to Statistics Norway from the oil companies. These data do not
distinguish between national and international uses. Data on domestic fuel
purchase and consumption are therefore collected by Statistics Norway from all
airline companies operating domestic traffic in Norway. The figures on domestic
consumption from airlines are deducted from the total sales of jet kerosene to
arrive at the total fuel sales for international aviation. The bottom-up approach of
Norway is the detailed Tier2 CORINAIR methodology. The methodology is based
on detailed information on types of aircraft and number of LTOs, as well as cruise
distances.

3.2.6.3.2. Activity data
Statistics Norway annually collects data on use of fuel from the air traffic companies,
including specifications on domestic use and purchases of fuel in Norway and abroad.

3.2.6.3.3. Emission factor
Emission factors used for Aviation are described under Aviation in section 3.2.4.1.

3.2.7. CO, emissions from biomass

IPCC - memo item

Emissions are estimated from figures in the energy accounts on use of wood, wood
waste and black liquor. According to the guidelines, these CO, emissions are not
included in the national total in the Norwegian emission inventory.

3.3. Energy production (fugitive emissions from fuels)
IPCC 1B
NFR 1B

3.3.1. Overview

Emission sources included in the inventory from the sector Fugitive emissions
from fuels are fugitive emissions from coal mining and handling, and from oil and
natural gas.
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Fugitive emissions from oil and natural gas include emissions from loading and
refining of oil, gasoline distribution, and fugitive emissions from the gas terminals
on shore. There are also fugitive emissions in connection to venting and flaring
offshore.

3.3.2. Fugitive emissions from coal mining and handling
IPCC IBl a

NFR 1B1

Last update: 07.04.06

3.3.2.1. Description

There are today two coal mines at Spitsbergen (the largest island in the Svalbard
archipelago) operated by a Norwegian company. They opened the second mine in
2001. As the Norwegian GHG inventory, according to official definitions, shall
include emissions from all activities at Svalbard, also emissions from Russian coal
production have been estimated. Until 1998, there was production in two Russian
coal mines, but since then, production takes place only in the Barentsburg mine.
The production there is at present considerably smaller than the Norwegian
production. Russian activity data are more uncertain than the Norwegian, which
causes a correspondingly higher uncertainty in the emission figures.

At Svalbard there has been a smouldering fire in the Russian mine that was closed
down in 1998. At an inspection in 2005, no emissions were registered, which
indicates that the fire has burnt out. Due to lack of data, emissions for earlier years
from this fire have not been estimated. However, Norwegian authorities assume
that these emissions are limited.

3.3.2.2. Method

CO,

Indirect CO, emissions from methane oxidized in the atmosphere are calculated by
multiplying the calculated CH, emission with the factor 2.74 tonne CO, per tonne
CH,. (See Chapter 1.9 for more information on indirect CO,).

CH,

Emissions of methane from coal mining on Svalbard are calculated by multiplying
the amount of coal extracted (raw coal production) with country specific emission
factors (Tier 2); the factor for the Barentsburg mine differs from the factor for
Norwegian coal production. The calculations are performed by Statistics Norway.

3.3.2.3. Activity data

Figures on Norwegian production (raw coal production) are reported by the plant to
Statistics Norway. Russian figures are reported to the Norwegian authorities on
Svalbard; these figures are, however, regarded as highly uncertain, consisting of a
mixture of figures on production and shipments.

3.3.2.4. Emission factor
CH,
For Norwegian coal production, a country specific emission factor of CH, from

extraction of coal was determined in 2000 in two separate studies performed by
(IMC 2000) and (Bergfald & Co as 2000).

The emissions of methane from coal mining were in the study measured in two
steps. First, coal was sampled and the methane content in coal was analysed (IMC
2000). The sampling process started after a long period (a week) of continuous
production. Small samples of coal were removed directly from the coalface as soon
as possible after a cut was taken. This was to minimise degassing losses in the
samples if the face or heading had been standing for a long time.
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The samples yielded an estimate of seam gas content of 0.535-1.325 m® methane
per tonne coal derived from an average content of 0.79 m® per tonne. This factor
includes the total possible methane emissions from coal mining, loading and
transport on shore and on sea. The factor also includes the possible emission from
handling and crushing of coal at the coal power plant.

Secondly, the methane content in ventilation air from the underground coal mines at
Spitsbergen was measured (Bergfald & Co as 2000). From the Norwegian mines the
methane content in the ventilation air was measured to 0.1-0.4 m® methane per tonne
coal.

Considering the measurements it was therefore decided to use 0.54 kg methane per
tonne coal as emission factor when calculating methane emissions from coal
mining in Norway.

According to IPCC's Good Practice Guidance, the Norwegian mines at Spitsbergen
have characteristics that should define the mines as underground mines, whereas
the emission factor we use is more characteristic for surface mines. The low
content of methane is explained with the mine’s location 300-400 metres above sea
level. Furthermore, the rock at Spitsbergen is porous and therefore methane has
been aired through many years.

For the Russian mine in Barentsburg, the emission factor for CH4 has been
estimated in the same manner as the Norwegian factor, based on measurements by
(Bergfald & Co as 2000). This is an underground mine, which causes considerably
higher emissions than from the Norwegian mines; we use the factor 7.16 kg
methane per tonne coal for this mine. The Russian mine that was closed down in
1998, however, was situated more like the Norwegian mines; accordingly we use
the same emission factor for this as for the Norwegian mines.

3.3.2.5. Uncertainties

3.3.2.5.1. Activity data
The uncertainty in the activity data concerning Norwegian coal production is
regarded as being low. The uncertainty in Russian data is considerably higher.

3.3.2.5.2. Emission factor

In the uncertainty analysis for greenhouse gases performed in 2006 (Appendix D)
the uncertainty in the emission factor was estimated by expert judgments to as
much as -50 to +100 per cent. But this estimate was based on the earlier use of an
IPCC default emission factor in the calculations. Today, country specific factors
based on measurements are used in the calculations and probably is the uncertainty
in the emission factors are lower than -50 to +100 per cent.

The emission factor we use for the Norwegian mines is an average of the measure-
ment of methane in coal sampled in the study (IMC 2000). This average emission
factor is two to eight times higher than the methane content measured in ventilation
air by (Bergfald & Co as 2000). This should indicate that the chosen emission
factor is rather conservative.

3.3.2.6. Completeness
Emissions from Russian coal extraction on Svalbard are now included in the
Norwegian emission inventory. No major missing emission sources are known.

3.3.2.7. Source specific QA/QC

Independent methods to estimate the emission factors used in the calculations are
described above in this chapter.

Statistics Norway and the Norwegian Pollution Control Authority carry out internal
checks of the emission time-series and corrections are made when errors are
detected; see Chapter 1.5 for general QA/QC procedures.
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3.3.3. Fugitive emissions from uncontrolled combustion and burning
coal dumps

IPCC IB1 b

NFR 1BI

Last update: 05.02.08

3.3.3.1. Description
In 2005, a fire broke out in one of the Norwegian coal mines at Spitsbergen,
causing minor emissions.

3.3.3.2. Method
Emissions have been calculated by multiplication of the quantity of coal combusted
by standard emission factors for combustion of coal.

3.3.3.3. Activity data
The company operating the mine has provided an estimate on the quantity of coal
combusted in the fire.

3.3.3.4. Emission factors
Emission factors for direct-fired furnaces, as given in Appendix B, have been used
in the calculations.

3.3.3.5. Uncertainties

3.3.3.5.1. Activity data
The uncertainty in the activity data, that is the quantity of coal combusted, is
unknown. However, as the emissions are small, the uncertainty is insignificant.

3.3.3.5.2. Emission factors
This source was not included in the inventory when the uncertainty estimates in
Appendix D were worked out.

3.3.3.6. Completeness

The only fire in a Norwegian coal mine since 1990 is included. Emissions from a
smouldering fire in a Russian mine, which is supposed to have lasted for several
years, are not included in the emission inventory, due to lack of data. These
emissions are, however, probably insignificant.

3.3.3.7. Source specific QA/0C
There is no specific QA/QC procedure for this source.

3.3.4. Oil and natural gas

IPCC 1B2, 1B2a are key category for CO, and 1B2c for CO, and CH,
NFR 1B2

Last update: 13.06.06

3.3.4.1. Description

1B2a covers emissions from loading and storage of crude oil, refining of oil and
distribution of gasoline. Loading, unloading and storage of crude oil on the oil
fields off shore and at oil terminals on shore causes direct emissions of CH4 and
NMVOC and indirect emissions of CO, from oxidised CH; and NMVOC. Non-
combustion emissions from Norway's two oil refineries (a third was closed down in
2000) include CO,, CHy4, NO,, NMVOC, SO, and particulates. Gasoline
distribution causes emissions of NMVOC, which lead to indirect CO, emissions.

1B2b covers fugitive emissions of CH, and NMVOC and indirect emissions of CO,
from the two Norwegian gas terminals on shore.
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Table 3.17. Fugitive emissions from oil and natural gas. Emission sources, compounds, methods, emission factors and
activity data included in the Norwegian GHG Inventory

B Fugitive emissions from fuels CO, CH, N,O NMVOC Method Emission Activity
factor data

1.B.2.a Oil

i. Exploration IE IE NO IE Tier Il CSs PS

ii. Production IE IE NO IE Tier Il CS PS

iii. Transport E R/E NO R/E Tier Il Cs PS

iv. Refining/Storage R/E R NO R Tier I/l CS PS

v. Distribution of oil products E NE NO R/E Tier | C/CS CS/PS

vi. Other NO NO NO NO

1.B.2.b Natural gas

i. Exploration IE IE NO IE IE IE IE

ii. Production/Processing IE IE NO IE IE IE IE

iii. Transmission IE IE NO IE IE IE IE

iv. Distribution IE IE NO IE Tier Il Cs PS

v. Other leakage

industrial plants, power stations E R NO R Tier Il Cs PS

residential/commercial sectors NO NO NO NO

1.B.2.c

Venting

i. Oil IE IE NO IE Tier Il CS/PS PS

ii. Gas IE IE NO IE Tier Il CS/PS PS

iii. Combined R/E R/E NO R/E Tier Il CS/PS PS

Flaring

i. Oil (well testing) R/E NE NE R/E Tier Il Cs PS

ii. Gas

Gas and oil fields R/E R/E E R/E Tier Il CS PS

Gas terminals R R E R/E Tier | CS CS

Refineries R R R/E E Tier | Cs CSs

iii. Combined IE IE IE IE Tier | Cs CS

R = emission figures in the national emission inventory are based on figures reported by the plants. E = emission figures are estimated by Statistics Norway
(Activity data * emission factor). IE = Included elsewhere, NO = Not occurring, CS = Country specific, PS = Plant specific, Tier = the qualitative level of
the methodology used, C=Corinair.

1B2c covers fugitive emissions from venting and flaring. Venting emissions
include emissions of CO,, CH4 and NMVOC from exploration and production
drilling of gas and oil, and reinjection of CO, at one oil field (Sleipner). The major
source is cold vent and leakage of CH4, and NMVOC from production drilling and
hence indirect CO, emissions. CO, emissions vented to the atmosphere when the
injection of CO, has to stop for maintenance etc. are reported in this sector. See
section 3.3.5 "CO, capture and storage at the oil and gas production field Sleipner
West" for further description of this source.

Most of the emissions in /B2¢ come from flaring of natural gas off shore (during
both well testing, extraction and pipeline transport) and at gas terminals and flaring
of refinery gas at the refineries. This flaring causes emissions of CO,, CH,4, N,O,
NOx, NMVOC, SO,, CO, particulates, PAH and dioxins. There is also some flaring
of oil in connection with well testing - amounts flared and emissions are reported to
NPD (the Norwegian Petroleum Directorate) and the Norwegian Pollution Control
Authority.

The major source in sector 1B2 is flaring of natural gas on the Norwegian
continental shelf. Table 3.17 gives an overview over the calculations of the fugitive
emissions of CO,, CH4, N,O and NMVOC.

3.3.4.2. Method

Loading and storage of crude oil off shore and on shore

CH, and NMVOC

From 2003, emission of CH4 and NMVOC from loading and storage of crude oil
on shuttle tankers included in the GHG Inventory are based on reported emission
figures from the oil companies. Emissions, activity and to some extent emissions
factors are reported from each field operator into the database Environmental Web.
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The database is operated by NPD, SFT and The Norwegian Oil Industry
Association (OLF). In addition the field operators each year deliver a report where
they describe the activities during the last year.

Before 2003 the reported emissions of CH, and NMVOC is calculated by Statistics
Norway. The calculation was based on the field specific amounts of crude oil
loaded and stored multiplied with field specific emission factors. Field specific
activity data and emission factors (the latter only to the Norwegian Pollution
Control Authority) used in the calculation were annually reported by the field
operators to Statistics Norway and the Norwegian Pollution Control Authority.
Since year 2000 an increasing share of the shuttle tankers have had installed vapour
recovery units (VRU), and emissions from loading of crude oil on shuttle tankers
with and without VRU are calculated separately for each field. In addition emission
figures were annually reported to the Norwegian Pollution Control Authority and
used in the QC of the calculated emission figures.

Only emissions from loading and storage of the Norwegian part of oil production
are included in the inventory. For the two Norwegian oil terminals on shore, the
emissions from loading of crude oil are reported annually from the terminals to the
Norwegian Pollution Control Authority. At one of the terminals VRU for
recovering NMVOC was installed in 1996. The calculation of the emissions of CH,4
and NMVOC at both terminals is based upon the amount of crude oil loaded and
oil specific emission factor dependent of the origin of the crude oil loaded.

The reported indirect CO, emissions from the oxidation of CH4 and NMVOC for
this source category are calculated by Statistics Norway.

Oil refineries

CO,, CH,, NO,, NMVOC, SO, and particulates

Emission figures from the oil refineries are reported to the Norwegian Pollution
Control Authority and are after QA/QC procedures used in the emission inventory.
There is however one exception and that is CH, emissions from the largest
refinery. The CH4 emissions from that refinery are estimated by the Norwegian
Pollution Control Authority by multiplying the yearly amount of crude oil
throughput by a plant specific emission factor.

The CO, emissions originate from the coke on the catalyst that is burned off and
from the coke calcining kilns. The CO, emissions from catalytic cracker and
calcining kilns are calculated from the formula (3.7):

(3.7) tonne CO, per year = ((Nm’ RG per year * volume% CO, ) / 100 *
( molar weight of CO,/22.4)) /1000

e the amount of stack gas (RG) is measured continously

e the density of the stack gas is 1.31 kg/Nm®

e volume percentage of CO, is based on continuously measurements. However, if
the refinery can document that the volume percentage of CO, is not fluctuating
more than 2 per cent from last years report it is not mandatory to have
continuous measurements.

Both CH, and NMVOC emissions are based on measurement carried out by
Spectracyne in 2002 and 2005.

The indirect CO, from oxidized CH, and NMVOC is calculated by Statistics
Norway.

Gasoline distribution

NMVOC

Emissions from gasoline distribution are calculated from figures on amounts of
gasoline sold and emission factors for, respectively, loading of tanker at gasoline
depot, loading of tanks at gasoline stations and loading of cars.
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Gas terminals

CH,and NMVOC

Fugitive emissions of CH; and NMVOC from gas terminals are annually reported
from the terminals to the Norwegian Pollution Control Authority.

The emissions are calculated based on the number of sealed and leaky equipment
units that is recorded through the measuring and maintenance program for reducing
the leakage. The number of sealed and leaky equipment units is collected two times
a year and the average number of the countings is used in the calculation. It is
assumed in the calculation that a leakage has lasted the whole year if not the
opposite is documented.

Measurement of the total emissions was carried out in 2002 and 2003.

Venting

CH,; and NMVOC

Emissions of CH4 and NMVOC from cold venting and diffuse emissions for each
field are reported annually to the Norwegian Pollution Control Authority from the
field operator. The emissions are mostly calculated by multiplying the amount of
gas produced with an emission factor for each emission source identified at the
field. The indirect CO, emissions are calculated by Statistics Norway.

The vented CO, at Sleipner West is measured.

Flaring

CO,, CHy, N,O, NOx, NMVOC, SO,, CO, particulates, PAH and dioxins
Emissions from flaring of natural gas off shore are calculated by Statistics Norway
on the basis of field specific gas consumption data and country specific emission
factors. For CO,, CH4, NOx, NMVOC and SO,, calculated emissions are used in
the inventory for the years until 2002. From 2003, emissions of these components
from flaring offshore reported by the oil companies to NPD and the Norwegian
Pollution Control Authority are used in the inventory. The same metod is used in
the calculation of emission from flaring by well testing.

Emissions of CO,and CH,4and NOx from flaring from the two gas terminals are
reported for all years. For NMVOC reported emission figures are used for one
gasterminal and calculated emissions are used for the other. Other emissions from
the gas terminals are based on activity data and emission factors.

The refineries report annually CO, emissions from flaring to the Norwegian
Pollution Control Authority. The emissions are calculated by multiplying the
amount of gas flared with plant specific emission factors.

3.3.4.3. Activity data

Loading and storage of crude oil off shore and on shore

The amount of oil buoy loaded and oil loaded from storage tankers is reported by
the field operators in an annual report to the Norwegian Pollution Control
Authority and Norwegian Petroleum Directorate (NPD). The amount of oil loaded
on shuttle tankers with or without VRU is separated in the report.

Before 2003, Statistics Norway gathered data on amounts of crude oil loaded at
shuttle tankers and stored at storage vessels from the NPD. The data from each
field are reported monthly by the field operators to NPD on both a mass and a
volume basis. The allocation of the amount of crude oil loaded at shuttle tankers
and stored at storage vessels with or without VRU is from the annually report the
field operators are committed to deliver to the Norwegian Pollution Control
Authority and NPD.
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The amount of oil loaded at on shore oil terminals is also reported to the
Norwegian Pollution Control Authority and NPD.

Oil refineries
The crude oil throughput is annually reported by the plant to the Norwegian
Pollution Control Authority.

Gasoline distribution
Gasoline sold is annually collected in Statistics Norway's sales statistics for
petroleum products.

Gas terminals

Activity data that the terminals use in their emission calculations are sampled
through the terminals measuring and maintenance program which aim is to reduce
leakage.

Venting
Amounts of gas produced or handled at the platform are reported from NPD and
used in the QC of the reported emissions.

Flaring

Amounts of gas flared at offshore oil and gas installations are monthly reported by
the operators to the Norwegian Petroleum Directorate (NPD). Amounts flared at
the two gas terminals are reported to NPD and the Norwegian Pollution Control
Authority. Amounts of refinery gas flared are found by distributing the total
amounts between different combustion technologies by using an old distribution
key, based on data collected from the refineries in the early 1990s. This distribution
is confirmed in 2003.

3.3.4.4. Emission factor

Loading and storage of crude oil off shore and on shore

For the years before 2003, emission factors used in the calculation of CH4 and
NMVOC emissions offshore are field specific and were reported to the Norwegian
Pollution Control Authority and NPD in an annual report. the Norwegian Pollution
Control Authority forwarded the emission factors to Statistics Norway. From 2003
the emission figures reported by the field operators are used in the inventory.

The evaporation rate varies from field to field and over time, and the emission
factors are dependent on the composition of the crude oil as indicated by density
and Reid vapour pressure (RVP). The VOC evaporation emission factors are
obtained from measurements, which include emissions from loading and washing
of shuttle tankers. For some fields the emission factors are not measured, only
estimated. The CH, content of the VOC evaporated is also measured so that total
emissions of VOC are split between CH, and NMVOC.

The emission factors that the field operator use in their calculations is reported to
the Norwegian Pollution Control Authority and NPD. They report emissions factor
with and without VRU and the split beteen CH4, and NMVOC.

Loading on shore: The emission factors are considerably lower at one of Norway's
two oil terminals than at the other, because the oil is transported by ship and
therefore the lightest fractions have already evaporated. At the other terminal the
oil is delivered by pipeline. The latter terminal has installed VRU, which may
reduce NMVOC emissions from loading of ships at the terminal by about 90 per
cent. NMVOC emissions at this terminal are estimated to be more than 50 per cent
lower than they would have been without VRU. However, the VRU technology is
not designed to reduce methane and ethane emissions.
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Oil refineries

The emission factor used in the calculation of methane emissions from the largest
refinery is based upon measurements performed by Spectracyne in 2002 and 2005.
The EF is deduced from the measured methane emissions and the crude oil

throughput in 2005.

Gasoline distribution

Emission factor for NMVOC from filling gasoline to cars used in the calculations
are from (EEA 2001) and is 1.48 kg NMVOC/tonne gasoline.

Venting
The emission factors used are listed in table 3.18.
Table 3.18. Emission factors for cold vents and leakage at gas fields off shore
NMVOC CH.
Emission factor Emission factor  Calculation method
Emission source [9/Sm3] [g/Sm3]
Glycol regeneration 0.065 0.27
Gas dissolved in liquid from K.O. Drum 0.004 0.00
Gas from produced water system 0.03 0.03
Seal oil systems 0.015 0.01
Leaks through dry compressor gaskets 0.0014 0.00
Start gas for turbines’ 0.4 0.36  Tonne per start up
Depressurisation of equipment 0.005 0.02
Instrument flushing and sampling 0.00021 0.00
Purge and blanket gas ' 0.032 0.02
Extinguished flare 0.014 0.02
Leaks in process 0.007 0.02
Depressurisation of annulus 0.0000005 0.00
Drilling 0.55 0.25 Tonne per well

" The gas source is standard fuel gas.
Source: Aker Engineering (1992).

Flaring

From 2003, CO, emission figures reported by the oil companies to the the
Norwegian Pollution Control Authority and NPD are used in the inventory. For the
years 1990-02, average emission factors, based on field specific factors, are used,
except for one field, for which a field specific factor is used for all years. In table
3.19, the CO, emission factors for flaring off shore and at one gas terminal are
shown. The other gas terminal used 2.72 tonne CO,/tonne gas.

Emission factors used in the calculations for well testing are shown in table 3.20.

Table 3.19. Emission factors for flaring of natural gas at off shore oil fields and one gas

terminal on shore

Average emission factor
for flaring at one gas terminal

Average emission factor f

or flaring off shore

t CO, /t gas kg CO, / Sm® gas
1990 2.70 2.34
1991 2.70 2.34
1992 2.70 2.34
1993 2.70 2.34
1994 2.70 2.34
1995 2.70 2.42
1996 2.70 2.34
1997 2.70 2.34
1998 2.70 2.34
1999 2.70 2.48
2000 2.70 2.52
2001 2.70 2.42
2002 2.70 2.47
2003 2.70 -
2004 2.70 -
2005 2,70 -
2006 2,70 -

Source: The Norwegian Pollution Control Authority/ Norwegian Petroleum Directorate.

Statistisk sentralbyra



Reports 2008/48

The Norwegian Emission Inventory 2008

Statistisk sentralbyra

Table 3.20. Emission factors for flaring in connection with well testing

Compounds (unit) | unit/tonnes Source unit/kSm’ flared  Source
flared oil natural gas

CO, (tonnes) 3.2 SET (1990) 2.34 SFET (1990)

CH, (tonnes) NE 0.00024 IPCC (1997b)

N,O (tonnes) NE 0.00002 OLF (2004)

NOx (tonnes) 0.0037 OLF (2004) 0.012 OLF (2004)

NMVOC (tonnes) |0.0033 OLF (2004) 0.00006 OLF (2004)

CO (tonnes) 0.018 OLF (2004) 0.0015 OLF (2004)

TSP (tonnes) 0.025 Measurements 2.0E-06 EPA (2002)

(OLFY
PM (tonnes) 0.0215 Use the same 2.0E-06 EPA (2002)
PM, 5 (tonnes) 0.014 distribution as for | 2.0E-06 EPA (2002)

combustion of
heavy fuel oil in
industry (EPA
2002)

PAH (kg) 0.012 OLF (1991)
PAH-OSPAR (kg) | 0.0024 Use the same
PAH-4 (kg) 0.00024 distribution as for
combustion of
heavy fuel oil in
industry (EPA
1998)
Measurements 0
(OLF)

SO O

Dioxin (mg) 0.01

'The Norwegian Oil Industry Association (OLF).

3.3.4.5. Uncertainties
The uncertainty in the emission factors of methane (Rypdal and Zhang 2000) and
NMVOC (Rypdal and Zhang 2001) from oi/ loading is estimated to be + 40 per

cent and in the activity data + 3 per cent.

The uncertainty in the amount of gas flared is in (Rypdal and Zhang 2000)
regarded as being low, £4 per cent, due to that there is a tax on gas flared and there
is requirement by law that the gas volume flared is measured (NPD 2001). The
uncertainty in the CO, emission factor for flaring is £10 (Rypdal and Zhang 2000).

The uncertainty in CH, and NMVOC emissions from venting and, hence, in the
indirect emissions of CO,, is much higher than for flaring.

All uncertainty estimates for this source are given in Appendix D.

3.3.4.6. Source-specific QA/QC and verification

Statistics Norway gathers activity data on oil and gas activities from the Norwegian
Petroleum Directorate (NPD). This data is reported monthly by the field operators
to NPD. The activity data are quality controlled by comparing them with the
figures reported in the field operator's annual report to the Norwegian Pollution
Control Authority and NPD. The emissions calculated by Statistics Norway for
1990-2002 are compared with the emission data that the field operators report to
the Norwegian Pollution Control Authority and NPD. From 2003, Statistics
Norway estimate emission based on activity data that the field operators monthly
report to NPD, and reported emission factors. When discrepancies are found
between the two sets of data these are investigated and corrections are made if
appropriate. If errors are found, the Norwegian Pollution Control Authority
contacts the plant to discuss the reported data and changes are made if necessary.

The reported emissions from the gas terminals are compared with previous years’
emissions.
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Statistics Norway collects the activity data used for venting and flaring in the
calculation from the NPD. The figures are quality controlled by comparing them
with the figures reported in the field operators annual report to the Norwegian
Pollution Control Authority and NPD and time series are checked.

The calculated emissions are compared with the emission data the field operators
have reported to the Norwegian Pollution Control Authority and NPD, before
2003. From 2003 reported emissions is checked by the Norwegian Pollution
Control Authority and Statistics Norway. Statistics Norway calculates emissions
from reported emission factors and activity data collected monthly by the office of
statistics in NPD. When discrepancies are found between the two sets of data this is
investigated and corrections are made if appropriate. If errors are found the
Norwegian Pollution Control Authority contacts the plant to discuss the reported
data and changes are made if necessary.

Statistics Norway and the Norwegian Pollution Control Authority perform internal
checks of the reported data for venting from the field operators. Some errors in the
time-series are usually found and the field operators are contacted and changes are
made. The same procedure is followed to check the amount of gas reported as
flared. The quality of the activity data is considered to be high, due to the fact that
there is a tax on gas flared offshore. NPD has a thorough control of the amount of
gas reported as flared.

3.3.5. CO; capture and storage at the oil and gas production field
Sleipner West

IPCC IB2c

NFR-

Last update: 22.09.08

3.3.5.1. Description

The natural gas in the Sleipner Vest offshore gas-condensate field contains about 9
per cent CO,. The CO, content has to be reduced to about 3 per cent before
transported to the consumers onshore. The CO, to be removed amounts about 1
million tonnes per year.

When this North Sea field was planned around 1990 the considerations were
influenced by the discussions about strategies to reduce greenhouse gas emissions
and a possible national tax on CO,-emissons (introduced in 1991 and extended in
1996). It was therefore decided that the removed CO, should be injected for
permanent storage into a geological reservoir. The selection of an appropriate
reservoir is essential for the success of geological storage of CO,. In their search
for a suitable reservoir the companies were looking for a saline aquifer with
reasonable high porosity and a capture rock above to prevent leakage. Furthermore
the CO, should be stored under high pressure - preferably more than 800 meters
below the surface. Under these conditions CO, is buoyant and less likely to move
upwards than CO, in gaseous form. The chosen reservoir is the Utsira formation,
which is a sandstone saline aquifer 800 - 1000 metres below sea level. The
reservoir was characterised by reservoir information such as seismic surveys and
information from core drillings. The field and the injection program have been in
operation since 1996. Statoil monitors the injected CO, with respect to leakages.
Investigations carried out so far show that the injected CO, has been kept in place
without leaking out. In case unexpected CO, movements take place beyond the
capture rock in the future it can be registered by the monitoring technics. Table
3.21 gives the amount of CO, injected in the Utsira formation since the project
started in 1996.

When the injection has to stop for maintenance etc. the CO, is vented to the
atmosphere. The amount vented to the atmosphere is included in the greenhouse
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gas inventory reported under 1B2c - see section 3.3.4. The emission figures are
given in table 3.22.

3.3.5.2. Method

The reported data covers emissions to the atmosphere e.g. when the injection
system is out of operation. These emissions are measured by continuous metering
of the gas stream by VCONE-meter. The reported amounts of CO, which are
injected in the Utsira formation are based on continuous metering of the gas stream
by orifice meter.

The Sleipner CO,-injection project is considered as the first industrial-scale,
environmentally driven CO,-injection project in the world. In order to document
what happens with the CO, a European research project initially called SACS
(“The saline aquifer carbon dioxide storage project”) was organized around it. The
SACS project ended in 2002 and was succeeded by the ongoing the EU-cofunded
CO,STORE. The projects have run parallel to the development of Sleipner Vest
and have special focus on monitoring and simulation. Research institutes and
energy companies from several countries participate in the projects. The core of the
projects has been to arrive at a reasoned view of whether carbon dioxide remains in
the Utsira sand and whether developments in this formation can be monitored. The
spread of carbon dioxide through the aquifer is recorded by seismic surveys. Base
line 3D seismic data were acquired in 1994, prior to injection, and the first repeat
survey was acquired in 1999, when some 2.28 mill tonnes of CO, had been injected
into the reservoir. This was followed by seismic surveys in 1999, 2001, 2002, 2004
and 2006.

The stored CO, has been monitored using time lapse seismic to confirm its

behaviour and evaluate

e whether any of it has leaked into the overburden seal, the ocean or the
atmosphere, or

e whether any of it has migrated towards the Sleipner installations, potentially
leading to corrosion problems for well casing.

The results show that neither of these eventualities has occurred. So far there are no

signs of CO, above the top of the Utsira Formation.

Results from the projects are given in several reports and articles such as: “Final
Tecnical Report of the SACS2 project — EU project NNE-1999-00521, issued
30.07. 20027, “Recent time-lapse seismic data show no indication of leakage at the
Sleipner CO,-injection site” published at 7th Greenhouse Gas Control
Technologies Conference (GHGT7),Vancouver 2004 and "4D seismic imaging of
an injected CO, plume at the Sleipner field, central North Sea” (under publishing in
the Geological Society of London Memoir). The project has confirmed that sound
waves reflect differently from carbon dioxide and salt water. Comparing seismic
data collected before and after injection started has allowed researchers to show
how CO; deep inside the Utsira formation migrates. It is held under the layer of
shale cap rock, 80 metres thick, which covers the whole formation. This extends
for several hundred kilometres in length and about 150 kilometres in width.

The time-lapse seismic data clearly image the CO, within the reservoir, both as
high amplitude reflections and as a pronounced velocity pushdown. The data also
resolve a vertical CO, chimney, which is regarded the primary feeder of CO2 in the
upper part of the bubble. There are no seismic indications of faults within the upper
part of the reservoir, and no indications of leakage into the capture rock.

The time-lapse seismic images clearly show the development of the CO, plume,
and also have been used to calculate the amount of CO; in the reservoir. The
volume calculated from the observed reflectivity and velocity pushdown is
consistent with the injected volume.
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3.3.5.3. Uncertainties

The reported data covers emissions to the atmosphere e.g. when the injection
system is out of operation. The accuracy in these measurements made by VCONE-
meter is /- 5 per cent. The orifice meter used to meter the amount of CO, injected
in the Utsira formation have */- 3 per cent accuracy. So far there have not been
detected any leakage from the storage. We expect to have more information from
the SACS/CO2STORE-projects and the monitoring program as the Sleipner project
develops — see QA/QC below.

3.3.5.4. Source specific QA/QC

The results are promising and so far the injected gas remains in place. In Norway
storage projects like Sleipner have to apply for a permit after the Pollution control
Act. The storage of CO; is included in the emission licence for the Sleipner Vest
field. According to the license Statoil is obliged to monitor the CO,-storage.
Furthermore Statoil reports the amount of CO, emitted and the amount injected
every year to the Norwegian Pollution Control Authority. The monitoring gives a
system for QA. So far the monitoring is included in the SACS/CO2STORE
projects and when these projects are finalized a decision will be taken about a
further monitoring program for the Sleipner injection project. The injected CO, is
so far proven to be removed from the atmosphere and hence it is not reported as in
the emission inventory. When the injection have to stop for maintenance etc.
Statoil have to pay a CO,-tax for the emissions. These emissions are reported to the
Norwegian Petroleum Directorate. In this national emission inventory these
fugitive emissions are reported under 1B2¢

Table 3.21. CO, from the Sleipner field injected in the Utsira-formation, 1000 tonnes

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

CO; (ktonnes) 70 665 842 971 933 1009 955 914 750 858 820

Source: The Norwegian Pollution Control Authority.

Table 3.22. Emissions of CO, from the Sleipner CO,-injection plant due to inaccessibility of
the injection facilities, tonnes

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

CO, (tonnes) 81000 29000 4195 9105 8318 3050 7567 23910 21377 6191 2471

Source: The Norwegian Pollution Control Authority.
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4. Industrial processes

IPCC 2
NFR 2

4.1. Overview

This chapter provides descriptions of the methodologies employed to calculate
emissions of greenhouse gases and long-range transboundary air pollutions from
industrial processes. Only non-combustion emissions are included in this chapter.
Emissions from fuel combustion in the manufacturing industry are reported in
Chapter 3 Energy. Emission figures are either reported by plants to the Norwegian
Pollution Control Authority or calculated based on emission factors and activity
data by Statistics Norway. The emission factors are collected from different
sources, while the activity data used in calculations carried out by Statistics
Norway mainly is from official statistics collected by Statistics Norway.

A specific QA/QC has been carried out for the industrial processes sector in 2006.
The QA/QC covered the greenhouse gas emissions from the largest industrial
plants to be included in the greenhouse gas inventory. The methodology for the
performances of the QA/QC is presented in Appendix L.

4.2. Mineral products

IPCC 24

NFR 24

Last update: 26.05.08

The sector category Mineral products in the Norwegian inventory include
emissions from thirteen different products (see table 4.1). CO,, SO,, NHj;, particles,
heavy metals and dioxin are components that are emitted during the production of
mineral products and included in the inventory. Table 4.1 shows the various
components emitted from the different activities, and for which components the
emission figures in the national inventory are based on figures reported by the
plants (R) and for which the figures are estimated by Statistics Norway (E).

4.2.1. Cement production
IPCC 241 Key category for CO,
NFR 241

Last update: 03.04.06

4.2.1.1. Description

Two plants in Norway produce cement. Production of cement gives rise to both non-
combustion and combustion emissions of CO,. The emission from combustion is
reported in Chapter 3 Energy. The non-combustion emissions originate from the raw
material calcium carbonate (CaCQOs). The resulting calcium oxide (CaO) is heated to
form clinker and then crushed to form cement. The emission of CO, from non-
combustion is reported for The Norwegian Pollution Control Authority.

(4.1) CaCOj; + heat — CaO + CO,

SO, from cement production is emitted from sulphur in the fuel (reported under
Energy) and in the raw materials and especially pyrite in limestone. Only the SO,
from the raw materials should be counted as non-combustion emissions. Particles
as well as heavy metals are emitted during the production process. More than 90
per cent of the emission of mercury is due to mercury in the limestone while the
emissions of Pb, Cd, Cu, Cr and As originate both from process and combustion of
fuel. Emissions of dioxin are due to the thermal process in the clinker production.
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Table 4.1. Mineral products. Components emitted and included in the Norwegian inventory1

Mineral products CO, SO, NH3 Particles Heavy metals Dioxin
-- Cement production R R NA R R R
-- Lime production R NA NA R R NA
-- Limestone and dolomite use R NA NA NA NA NA
-- Concrete pumice stone NA R NA R NA NA
-- Rock wool production NA R R R R NA
-- Glass and glass fibre NA NA R R R NA
-- Ore mines NA R NA R NA R
-- Mining and extraction of stones and minerals NA NA NA R NA NA
-- Production of mineral white NA NA NA R R NA
-- Construction /repairing of vessels - Sandblasting NA NA NA R NA NA
-- Sandpit and rock-chrushing plants NA NA NA E NA NA
-- Construction and building NA NA NA E NA NA
-- Leather preparing NA NA R NA NA NA

'R means that emission figures in the national emission inventory are based on figures reported by the plants. E means that the figures are estimated by
Statistics Norway (Activity data * emission factor). NA = Not Applicable.
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4.2.1.2. Method

CO,

Emission figures are reported by the two producers to the Norwegian Pollution
Control Authority (SFT). Figures are reported for all years since 1990. Emissions
are estimated by the plants by multiplying the annually clinker production,included
the Cement Kiln Dust (CKD), at the plant with plant specific emission factors
(SINTEF 1998a).This is regarded as a Tier 2 method.

SO,
The plants annually report emissions of SO, to the Norwegian Pollution Control
Authority. Figures are based on measurements at the plants.

Particles

Emissions have been reported to the Norwegian Pollution Control Authority since
1991 for one plant and since 1992 for the other. It is believed that the reported
figures also include emissions from combustion. Therefore emissions from
combustion of coal, coke and waste oil used in cement production are not
calculated, to avoid double counting. The plants have installed particle filter.

Particle size distribution for emitted particles from cement production is found in
TNO (2002). In the Norwegian emission inventory PM,, is assumed to be 85 per
cent of TSP and PM, s is 30 per cent of TSP.

Heavy metals and POPs

Emission figures for heavy metals are reported to the Norwegian Pollution Control
Authority. It is believed that these figures also include emissions from combustion.
Therefore emissions from combustion of coal, coke and waste oil used in cement
production are not calculated, to avoid double counting.

Dioxin figures are reported to the Norwegian Pollution Control Authority. It is also
here assumed that the reported figures include emissions from fuel combustion,
therefore emissions from combustion are not calculated.

4.2.1.3. Uncertainties
Uncertainty estimates for greenhouse gases and long-range transboundary air
pollutants are given in Appendix D.

Reported emission figures for particles have varied a great deal as a result of
changes the plants have undergone to reduce emissions. There are also uncertain
measurements due to the variation from one year to another.

Regarding the heavy metals, it has varied when the two plants started reporting the

various components, and therefore estimations have been necessary for the years
when reporting have been insufficient. The reported figures also vary from a year
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to another due to process technical conditions, variations in the metal content in the
limestone used and uncertain measurements.

4.2.1.4. Completeness
Major missing emission components are not likely.

4.2.1.5. Source specific QA/QC

Statistics Norway occasionally calculate alternative emission figures for CO, and
compare with the emission figures reported by the plants to the Norwegian Pollution
Control Authority to check if they are reasonable. The calculations are based on the
clinker production (reported annually from the plants to the Statistic Norway). The
emission factors used are recommended by SINTEF (1998a) and based on the
actual composition of the raw materials used. These emission factors are calculated
particularly for the two Norwegian factories and are 0.520 and 0.541 tonne CO, per
tonne clinker respectively. The IPCC default emission factor is 0.5071 tonne
COy/tonne clinker.

The calculated emission figures agree quite well with emissions figures reported by
the plants.

The specific QA/QC carried out in 2006 for greenhouse gases from industrial
processes is described in Appendix 1.

4.2.2. Lime production
IPCC 242

NFR 242

Last update: 26.05.08

4.2.2.1. Description

Two plants that produce lime in Norway reports CO, emissions from process to
SFT. From one plant CO, and particles are emitted from the production process of
lime. The other plant has reported emissions of CO,.

4.2.2.2. Method

CO;

One plant calculates the emissions of CO, based on actual production volumes of
lime and plant specific emission factors for CO, from limestone and dolomite
respectively. The emissions are reported to the Norwegian Pollution Control
Authority. The other plant has reported emissions of CO, for 1990 and 1998-2001.
Emissions from 2001-2004 have been estimated by the Norwegian Pollution
Control Authority based on activity data and plant specific emission factors.
Emissions for the years 1991-1997 are interpolated by the Norwegian Pollution
Control Authority.

Particles

Emission figures for particles have been reported to the Norwegian Pollution
Control Authority since 1990. Emission figures from 1990 to 1995 are based on
calculations using emission factors and production volume. Since 1996, the figures
are a result of measurements at the plant. The plant has installed particle filter.

In the inventory, a particle size distribution suggested by TNO (2002) is used. PM,,
is 0.4*TSP while PM, 5 is 0.08*TSP.

4.2.2.3. Uncertainties
Uncertainty estimate for the emission of CO; is given in Appendix D.

The particle distribution used is not specified for the plants, and the particles

emitted might therefore have another distribution than the one suggested from
TNO (2002).
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4.2.2.4. Completeness
Major missing emission components are not likely.

4.2.2.5. Source specific QA/QC

There is no source specific QA/QC procedure for this sector. See section 1.5 for the
description of the general QA/QC procedure. The specific QA/QC carried out in
2006 for greenhouse gases from industrial processes is described in Appendix I.

4.2.3. Limestone and Dolomite Use
IPCC 243

NFR 243

Last update: 07.04.06

4.2.3.1. Description

One plant in Norway neutralizes sulphuric acid waste with limestone and fly ash.
During the neutralization prosess CO; is produced. The use of fly ash decreases the
CO, emissions compared with when limestone is used.

4.2.3.2. Method
The plant reports emission figures for CO, to the Norwegian Pollution Control
Authority.

4.2.3.3. Emission factors
An emission factor of 0.45 tonnes CO, per tonne sulphuric acid is used by the
plant, calculated from the reaction equation.

4.2.3.4. Uncertainties
Uncertainty estimates are given in Appendix D.

4.2.3.5. Completeness
Major missing emission components are not likely.

4.2.3.6. Source specific QA/QC

There is no source specific QA/QC procedure for this sector. See section 1.5 for the
description of the general QA/QC procedure. The specific QA/QC carried out in
2006 for greenhouse gases from industrial processes is described in Appendix I.

4.2.4. Concrete pumice stone
IPCC 247

NFR 2A47iii

Last update: 28.02.07

4.2.4.1. Description

Three factories produced concrete pumice stone until 2004 when one of them was
closed down. Two of them report emissions of SO, and particles (one of these was
closed down in 2004) while the third one only reports emissions of particle to the
Norwegian Pollution Control Authority. Non-combustion emissions of SO,
originate from the clay used in the production process.

4.2.4.2. Method

SO,

Emission figures for SO, are reported to the Norwegian Pollution Control
Authority, based on measurements at the two manufacturing plants in Norway. The
plants have installed flue gas desulphurisation equipment.

Particles

Two of the plants have reported emission of particles to the Norwegian Pollution
Control Authority since 1990, while a third one only has reported since 2000. It is
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assumed that the reported figures include both process- and combustion emissions,
so emission calculations from fuel combustion are not done for these two plants.
The plants have installed particle filters.

No information concerning particle size is found in national or international
literature, but the Norwegian Pollution Control Authority assumes that most of the
particles emitted from these plants are smaller than PM,. Statistics Norway has
decided to use the same particle size distribution for production of cement as given
in TNO (2002). PMj is therefore assumed to be 0.85*TSP and PM, 5 is 0.3*TSP.

4.2.4.3. Uncertainties

The particle size distribution used is not specific for production of concrete pumice
stone, but used due to lack of specific size distribution data for this source. The
particle size distribution can therefore only be seen as an estimate.

4.2.4.4. Completeness

Particles often contain heavy metals, but type of metals and volumes will depend
on the origin of the particles. Metals might therefore be emitted during production
of concrete pumice stone. Statistics Norway/ Norwegian Pollution Control
Authority have however no data available for calculating emission of heavy metals
from this source.

4.2.4.5. Source specific QA/QC
There is no source specific QA/QC procedure for this sector. See section 1.5 for the
description of the general QA/QC procedure.

4.2.5. Rock wool production
IPCC -

NFR 2A47iii

Last update: 01.09.05

4.2.5.1. Description

Three plants in Norway produced rock wool until 2003 when one of them was
closed down. In the inventory, emission figures for NHj3, particles and heavy metals
are included. For earlier years also some non-combustion emissions of SO, are
included. Particles originate from the cutting of the mineral wool and from fuel
used in the production. The emission of heavy metals is partly due to use of
coal/coke, but mainly due to the stone used in the production. Emissions of dioxin
and PAHs are not reported nor calculated since emissions of these components are
minor or not occurring.

4.2.5.2. Method

SO,

Until 1991, all the three plants reported to the Norwegian Pollution Control
Authority some non-combustion emissions of SO, that are included in the
inventory for those years.

NH;

Emission figures are reported to the Norwegian Pollution Control Authority.
Figures exist from 1992. It is assumed in the inventory that emission figures for
1990 and 1991 are the same as the reported figure in 1992.

Particles

Emission figures are reported to the Norwegian Pollution Control Authority. Most
of the emissions come from the spin chamber, and the particle size is assumed to be
less than 1 um. Particles emitted from the fabric filter are also assumed to be
smaller than 1 um. All emissions are therefore set to be smaller than PM, 5. All
assumptions are made by the Norwegian Pollution Control Authority in accordance
with the industry.
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It is assumed that the reported figures include both non-combustion and
combustion emissions. Combustion emissions of particles are therefore not
calculated.

Heavy metals and POPs

Emission figures for Pb, Cd, As and Cr have been reported annually from one of
the plants to the Norwegian Pollution Control Authority since 1999. The figures
are based on measurements. It is assumed that the reported figures include
combustion emissions, and emission calculations from fuel combustion are not
done for these heavy metals. Statistics Norway has calculated the emission figures
for missing years (1990-1998) based on reported figures in 1999 and production
rate for previous years. For the two plants not reporting, Statistics Norway
calculates emissions based on derived emission factors from the one plant that
reports and production volumes at each plant.

4.2.5.3. Activity data
Production volumes of rock wool are annually reported from the plants to the
Norwegian Pollution Control Authority.

4.2.5.4. Emission factors

Heavy metals

A default emission factor is derived for each component (Pb, Cd, As and Cr) based
on the annually reported emission figures and production rates from the one plant
reporting. The derived emission factors are used to calculate emissions from the
two other plants (one of these were closed down in 2003) (table 4.2).

Table 4.2. Emission factors for Pb, Cd, As and Cr from production of rock wool. g/tonne
produced rock wool

Component Emission factors (g/tonne produced rock wool)

Lead (Pb) 0.164

Cadmium (Cd) 0.001

Arsenic (As) 0.031

Chromium (Cr) 0.703

Source: The Norwegian Pollution Control Authority and calculations at Statistics Norway.

4.2.5.5. Uncertainties

Activity data

The activity data is assumed to be of good quality since this is production rates
reported from each plant to the Norwegian Pollution Control Authority.

Emission factors

Several conditions influence the emission of heavy metals as production rates and
raw materials, and these factors can vary from one plant to another. To derive an
emission factor based on one plant's reported emission figures and production
volume and use these factors to estimate emissions at other plants are therefore
quite uncertain.

4.2.5.6. Completeness
Major missing emission components are not likely.

4.2.5.7. Source specific QA/QC
There is no source specific QA/QC procedure for this sector. See section 1.5 for the
description of the general QA/QC procedure.

4.2.6. Glass and glass fibre production
IPCC -

NFR 2A47iii

Last update: 28.02.07
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4.2.6.1. Description

Four plants producing glass or glass fibre are included in the emission inventory,
based on emission reports to the Norwegian Pollution Control Authority. A fifth
plant also reports emissions of particles to the Norwegian Pollution Control
Authority but these emissions are very small and are therefore not included in the
inventory. PAH and dioxin emissions are neither calculated nor measured,
however, glass production might be a dioxin source (see completeness section
4.2.6.4).

4.2.6.2. Method

NH;

The two glass fibre producing plants annually report emission figures for NH; to
the Norwegian Pollution Control Authority (SFT). The emission figures are based
on measurements.

Particles

The two plants producing glass fibre have reported emission figures since 1990 to
the Norwegian Pollution Control Authority. The one glass-producer with particle
emissions has reported since 1995. Emission figures from 1990 to 1994 were
therefore assumed to be the same as reported figures in 1995. This plant was
however closed down in 1999.

TNO (2002) suggests using a particle size distribution of the emissions where
PM, 5 is 80 per cent of TSP and PM, is 90 per cent of TSP and this size
distribution is used in the Norwegian inventory.

Heavy metals and POPs

Emission of lead has been reported from two glass-producers to the Norwegian
Pollution Control Authority. One of them was closed down in 1999. The emission
of lead is due to the lead content in the raw material used. Emission of arsenic was
reported only in the early nineties when one of the plants used raw material
containing arsenic. Arsenic emissions is reported for 2005. Emissions of other
heavy metals are not reported, so we assume there are not significant emissions.

4.2.6.3. Uncertainties

For the years where reported emission figures for particles do not exist, Statistics
Norway has assumed that emissions are in the same order as the first year of
reporting. This is uncertain and only an estimate, since it does not consider annual
changes in raw materials, production rates, nor possible cleaning devices.

4.2.6.4. Completeness

Production of glass can be a source for dioxin emissions, but no reported figures
are available. Emission factors are found in literature, but since activity data
(production rate) is not available and it is assumed that the emission factor is
dependent on type of glass produced, emissions are not calculated.

Emissions of particles are also reported from three other glass-producers in
Norway, but annual emissions are so low (less than 1 tonne) so they are not
included in the inventory.

4.2.6.5. Source specific QA/QC
There is no source specific QA/QC procedure for this sector. See section 1.5 for the
description of the general QA/QC procedure.

4.2.7. Ore mines
IPCC -

NFR 2A47i

Last update: 01.09.05
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4.2.7.1. Description

Three ore mines are included in the Norwegian Inventory but one of the mines was
closed down in 1996. Emission figures of SO,, particles and dioxin are included.
The treatment of ore generates emissions of SO,, and particles are also emitted.
Dioxin emissions are due to the thermal process during the pellet production. The
ore mine, closed down in 1996, had large dioxin emissions due to the thermal
process during the pellet production.

4.2.7.2. Method

SO,

The ore mine, which was closed down in 1996, reported emission figures for SO,
to the Norwegian Pollution Control Authority. None of the two other ore mines
report any non-combustion SO, emissions.

Particles

All the three ore mines report emission figures for particles to the Norwegian
Pollution Control Authority. Emissions for the two existing ore mines are reported
from respectively 1994 and 1996 and it is assumed by Statistics Norway, in
accordance with the Norwegian Pollution Control Authority, that emissions for
previous years have been in the same order of size.

The Norwegian Pollution Control Authority assumes that the particles emitted from
ore mining are larger than PM,. The size distribution used in the Norwegian
inventory is according to TNO (2002) (table 4.3).

Table 4.3. Particle size distribution for particles emitted from ore mining. Ratio X"/TSP
Component Particle size distribution (ratio)

TSP 1

PMio 0.49

PMas 0.07

" X is either PM,5, PM;o or TSP.
Source: TNO (2002).

Dioxin

Emission figures were first reported to the Norwegian Pollution Control Authority
in 1994 and emissions for previous year have been assumed by Statistics Norway,
in accordance with the Norwegian Pollution Control Authority, to be in the same
order as reported figure in 1994,

4.2.7.3. Uncertainties

For years where reported emission figures do not exist for particles and dioxins,
Statistics Norway has assumed, in accordance with the Norwegian Pollution
Control Authority, that the emissions are in the same order as the first year of
reporting. This is uncertain and a result of lack of better data. The size of the
particles emitted from ore mining will also depend on the type of ore and
production process. The particle size distribution used in the inventory does not
consider these differences.

4.2.7.4. Completeness

SO, emissions are only included in the inventory for the ore mine that was closed
down in 1996. The SO, emissions from the two other ore mines are not included in
the inventory.

4.2.7.5. Source specific QA/QC
There is no source specific QA/QC procedure for this sector. See section 1.5 for the
description of the general QA/QC procedure.

4.2.8. Mining and extraction of stones and minerals
IPCC -

NFR 2A47i

Last update: 01.09.05
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4.2.8.1. Description
Mining and extraction of stones and minerals are done by several plants. Particles
are emitted during these processes.

4.2.8.2. Method

Particles

Emission figures are reported to the Norwegian Pollution Control Authority (SFT).
Reported figures exist from 1992. Emission figures for 1990 and 1991 are assumed
by Statistics Norway, in accordance with the Norwegian Pollution Control
Authority, to be the same as reported figures in 1992. An exception is one plant,
which only reported emissions for 1992. For this plant, Statistics Norway has
calculated emissions based on production rates for previous and later years.

It is given for most plants that they use fabric filter or textile fibre to clean their
particle emissions. It is assumed by the Norwegian Pollution Control Authority that
the particles emitted are larger than PM,y. The Norwegian inventory uses the size
distribution recommended by TNO (2002) (table 4.4).

4.2.8.3. Uncertainties

For years where reported emission figures do not exist, Statistics Norway has
assumed that emissions are in the same order as the first year of reporting. This is
uncertain and a result of lack of better data. The size of the particles emitted from
mining and extraction will also depend on the type of stone/mineral and production
process. The particle size distribution used in the inventory does not consider these
differences.

4.2.8.4. Completeness

Emission of particles is often a source of heavy metal emissions since particles
often contain heavy metals. Type of metals will however depend on the origin of
the particles. Metals might therefore be emitted during mining and extraction of
stones and minerals. There are however no data available for calculating emissions
of heavy metals.

4.2.8.5. Source specific QA/QC
There is no source specific QA/QC procedure for this sector. See section 1.5 for the
description of the general QA/QC procedure.

4.2.9. Production of mineral white (plaster)
IPCC -

NFR 2A47iii

Last update: 01.09.05

4.2.9.1. Description

Two plants producing mineral white in Norway are included in the inventory with
their emissions of mercury and particles. The mercury content in the raw materials
leads to emission of mercury, and during the production process, particles are
emitted.

4.2.9.2. Method

Particles

Emission figures are reported to the Norwegian Pollution Control Authority.
Reported emission figures exist since 1992 and figures for 1990 and 1991 are
assumed by Statistics Norway, in accordance with the Norwegian Pollution Control
Authority, to be the same as the figures reported in 1992. The particles are purified
through a fabric filter, and it is assumed by the Norwegian Pollution Control
Authority that the size of the particles emitted after the filter are smaller than PM;,.

According to TNO (2002), PM, s is 30 per cent of TSP, while PM,, is assumed to
be the same as TSP. The Norwegian inventory uses this distribution.
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Heavy metals

The plants have reported emission figures to the Norwegian Pollution Control
Authority since 2000. For one of the plants, historical emissions are based on
reported figure in 2000 and production volumes. For the other plant, emission
figures for 1990-1999 are assumed to be the same as reported figure in 2000, due to
lack of production data for previous years. Annual emission is assumed to be low.

4.2.9.3. Activity data
Production volumes for calculation of historical emissions of mercury for one of
the plants are reported to the Norwegian Pollution Control Authority.

4.2.9.4. Emission factors
Emission factors for mercury are derived for historical calculations for one plant
based on reported figure first year of reporting and production volumes.

4.2.9.5. Uncertainties

Historical emissions of mercury for both plants are uncertain. For one plant, the
emission figures are based on a derived emission factor and production volumes
and do not take into account changes in raw materials and possible cleaning
devices. For the other plant, it is assumed, due to lack of historical production data,
that the historical emissions are the same as reported figure in 2000. This is just an
estimate and does not consider annual changes in raw materials, production rates,
nor possible cleaning devices.

The particle size distribution used in the inventory is not specific for the plants.
The particles emitted might therefore have another distribution than the one
suggested by TNO and used in the inventory.

4.2.9.6. Completeness
Major missing emission components are not likely.

4.2.9.7. Source specific QA/QC
There is no source specific QA/QC procedure for this sector. See section 1.5 for the
description of the general QA/QC procedure.

4.2.10. Construction and repairing of vessels - Sandblasting
IPCC -

NFR 2A47iii

Last update: 01.09.05

4.2.10.1. Description

Five plants constructing and repairing vessels are included in the inventory with
their particle emissions. One of the plants was closed down in 2000. Emission of
particles is due to the different processes during construction and repairing of
vessels, but most of the particles are emitted from sandblasting.

4.2.10.2. Method
Particles
Emission figures are reported to the Norwegian Pollution Control Authority.

For four of the five plants, there are no information regarding cleaning device, but
it is assumed by the Norwegian Pollution Control Authority that they have fabric
filter and/or wet washer. For the last one, particle emissions are purified in
cyclones, and the size of the particles emitted is larger than PM,.

It is difficult to decide particle size of the particles emitted based on the above
information. It is however assumed by the Norwegian Pollution Control Authority
that most of the particles are larger than PM,, and therefore all particles are
assumed to be TSP.
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4.2.10.3. Uncertainties

The size of the particles emitted is uncertain and will depend on the cleaning
device used at each plant. The different activities during construction and repairing
can also result in emission of particles of different sizes.

4.2.10.4. Completeness

Emission of particles is often a source of heavy metal emissions since particles
often contain heavy metals. Type of metals will however depend on the origin of
the particles. Metals might therefore be emitted during sandblasting and
repairing/construction of vessels. There are however no data available for
calculating emissions of heavy metals.

4.2.10.5. Source specific QA/QC
There is no source specific QA/QC procedure for this sector. See section 1.5 for the
description of the general QA/QC procedure.

4.2.11. Sandpit and rock-crushing plant
IPCC -

NFR 2A47iii

Last update: 01.09.05

4.2.11.1. Method
Particles will be emitted during crushing of rocks and at sandpits. In the inventory,
emissions are estimated based on the production of sand- and crushed stone from

the production statistics at Statistics Norway, and emissions factors recommended
by Fontelle (2002).

4.2.11.2. Activity data

The production of sand and crushed stone is annually given by the production
statistics (PRODCOM) at Statistics Norway and includes PRODCOM code
14.21.11 and 14.21.12.

4.2.11.3. Emission factors
The emission factors used are based on Fontelle (2002) (table 4.4).

Table 4.4. Particle emission factors for sandpits and rock-crushing plants. Ratio X'ITsp
Component g/tonne produced

TSP 160

PM;o 60

' X is either PMy5, PMyo or TSP.
Source: Fontelle (2002).

4.2.11.4. Uncertainties

This emission source is highly uncertain since the emissions will vary from one
place to another depending on the different processes in use, type of raw materials
and of course the activity level. Little information is available in the literature. The
emission factors used are only based on one source and are uncertain. In addition,
there is uncertainty regarding the activity data. The PRODCOM codes used include
total production of sand and crushed stone in Norway, but some of it might not be
relevant for these calculations.

4.2.11.5. Completeness

Emission of particles is often a source of heavy metal emissions since particles
often contain heavy metals. Type of metals will however depend on the origin of
the particles. Metals might therefore be emitted during crushing at sandpits and
rock-crushing plants. There are however no data available for calculating emission
of heavy metals.
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4.2.11.6. Source specific QA/QC
There is no source specific QA/QC procedure for this sector. See section 1.5 for the
description of the general QA/QC procedure.

4.2.12. Construction and building
IPCC -

NFR 2A47ii

Last update: 01.09.05

4.2.12.1. Description
Construction and building includes a lot of different activities that will generate
particle emissions.

4.2.12.2. Method
Particles
Emission factors and activity data are used to estimate the Norwegian emissions.

4.2.12.3. Emission factors

The emission factors used are based on an evaluation the French institute CITEPA
made of different emission factors from this source and their calculation of average
emission factors for TSP, PM,o and PM, ;5 (table 4.5).

Table 4.5. Particle emission factors for building and construction. Tonne/hectare/year
Component Tonne/hectare/year

TSP 9.79

PMiqo 1.52

PMys 0.52

Source: Fontelle (2002).

4.2.12.4. Activity data
The activity data used is the annual area of completed buildings from the building
statistics at Statistics Norway.

4.2.12.5. Uncertainties

The particle emissions depend on climate conditions as well as building traditions
and building materials. Since the emission factors used are based on surveys in
other countries than Norway, these factors might not be ideal for Norwegian
conditions.

4.2.12.6. Completeness

Building of roads, railways, tunnels and demolition of buildings is also a source of
particle emissions, but no emission factors are found in the literature, and therefore
not included in the inventory.

Table 4.6. Chemical industry. Components emitted and included in the Norwegian inventory

CO; CO N,O NOx CHy; NMVOC SO, NH; PM HM POP

Production of:

Ammonia R NA NA IE’ NA NA NA NA NA NA NA
Nitric acid NA NA R R NA NA NA R R NA NA
Other fertilizers NA NA NA R NA NA NA R NA NA NA
Silicon carbide R+E E NA NA R/E NA R NA R R R

Calcium carbide R NA NA R NA R NA NA R R NA
Methanol E NA NA NA R R NA NA NA NA NA
Titanium dioxide ~ NA NA NA NA NA NA R NA R R NA
Sulphuric acid NA NA NA NA NA NA R NA NA NA NA
Plastic R+E NA NA NA R R NA R R NA R

Explosives NA NA NA R NA NA NA NA NA NA NA
Chloralkali NA NA NA NA NA NA NA NA NA R NA
Pigments NA NA NA NA NA NA NA NA NA R NA
Soap NA NA NA NA NA NA NA NA R NA NA
Paint and varnish  NA NA NA NA NA NA NA NA R NA NA

E = Figures estimated by Statistics Norway.

R = Figures reported by the plant to the Norwegian Pollution Control Authority.
NA = Not Applicable.

IE = Included Elsewhere.

" Included in reported figures for nitric acid and other fertilizers.
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4.2.12.7. Source specific QA/QC
There is no source specific QA/QC procedure for this sector. See section 1.5 for the
description of the general QA/QC procedure.

4.2.13. Leather preparing
IPCC -

NFR 2A47iii

Last update: 01.09.05

4.2.13.1. Method

NH;

NHj; is used to adjust the pH level in the fattening and colouring process. This
means that NHj; is dissolved in an aqueous solution to feed fatty substances to
leather. One plant reports emission figures for NH; to the Norwegian Pollution
Control Authority. Emission figures are available from 1994, Emissions for the
years 1990-1993 are assumed by Statistics Norway and the Norwegian Pollution
Control Authority to be the same as reported figure in 1994. The emission of NHj
reported by the plant is equal to the consumption of NH;. Uncertainties It is not
clear if it is correct to assume that all NH; consumed is emitted to air. This
assumption has to be revised.

4.2.13.2. Completeness
Major missing emission components are not likely.

4.2.13.3. Source specific QA/QC
There is no source specific QA/QC procedure for this sector. See section 1.5 for the
description of the general QA/QC procedure.

4.3. Chemical Industry
IPCC 2B

NFR 2B

Last update: 26.05.08

In the Norwegian emission inventory, there are 14 different activities included
under chemical industry. Nearly all emissions figures from this industry included in
the inventory are reported from the plants to the Norwegian Pollution Control
Authority. Production of carbides causes emission of many components, but most
of the other activities within the sector chemical industry cause only emissions of
one or two components (table 4.6).

4.3.1. Production of fertilizers

4.3.1.1. Ammonia Production
IPCC 2B1

NFR -

Last update: 26.05.08

4.3.1.1.1. Description

In Norway, ammonia is produced by catalytic steam reforming of wet fuel gas
(containing ethane, propane and some buthane). This is one of the steps during
fertilizer production. Hydrogen is needed to produce ammonia, and wet fuel gas is
the basis for the production of hydrogen. A substantial amount of CO, is recovered
from the production process.

4.3.1.1.2. Method

CO;

The CO, emission figures in the Norwegian emission inventory model are based on
annual reports from the plants. The plant calculates the emissions by multiplying
the amount of each gas used with gas specific emission factor. The plant has
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reported consistent figures back to 1990. A part of the CO,, which is generated
during the production process, is captured and sold to other objectives (soft drinks
etc.), and therefore deducted from the emission figures for this source and reported
in IPCC sector 2D2, as described in section 4.5.2.3. Some of the captured CO, is
exported to other countries, but is nevertheless included in the Norwegian emission
inventory.

NOy

During the production of ammonia there are some non-combustion emission of
NOx. These emission figures are included in the reported NOx emission from nitric
acid production and production of other fertilizers.

4.3.1.1.3. Emission factor

(6(0)}

The plant emission factors used in the calculations of emissions are based on
carbon content in the gases consumed.

4.3.1.1.4. Uncertainties

The amount of gas is measured by using turbine meters and the meters are
controlled by the Norwegian Metrology Service. The uncertainty in the
measurement of propane and butanes is calculated to + 0.2 and ethane + 0.13 per
cent. The mix of propane/butanes is as average 60 per cent propane and 60 per cent
butanesThere are believed to be limited uncertainties in the figures reported by the
plant. Uncertainty estimates are given in Appendix D.

4.3.1.1.5. Completeness
Major missing emission components are not likely.

4.3.1.1.6. Source specific QA/QC

The plants annually report the total amount of gas consumed to Statistics Norway.
The emission figures reported from the plant are compared to calculations done by
Statistics Norway based on total amount of gas consumed and an emission factor of
3 tonnes CO,/tonne LPG recommended by IPCC (1997b). The calculated emission
figures agree quite well with emission figures reported by the plant. The specific
QA/QC carried out in 2006 for greenhouse gases from industrial processes is
described in Appendix .

4.3.1.2. Production of nitric acid
IPCC 2B2

NFR 2B2

Last update: 25.09.08

4.3.1.2.1. Description

There are two plants in Norway where nitric acid is produced. Nitric acid is used as
a raw material in the manufacture of nitrogenous-based fertilizer. The production
of nitric acid (HNO;) generates nitrous oxide (N,O) and NOy as by products of
high temperature catalytic oxidation of ammonia (NH3). The production of
nitrogenous-based fertilizer also leads to emissions of particles.

The two plants have together five production lines. One production line was rebuilt
in 1991 and in 2006 two lines were equipped with technology to decompose N,O
by extension of the reactor chamber. Full effect of implementing the latter
technology will be reached in 2007.

The N,O emissions are based on continuous measurements at two of the production
lines that represent about 60 per cent of the production. For two of other lines the
emissions are based on monthly measurements, and on weekly measurements at the
last production line. The fluctuation in IEFs is assumed to explain how the
emissions are measured.
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4.3.1.2.2. Method

NO, and NO,

The two plants report the emissions of N,O and NOx to the Norwegian Pollution
Control Authority. The N,O emissions have been continuously measured since
1991 at one production line, and from 2000 at another. The emissions at the three
other production lines are based on monthly and weekly measurements.

NH;
Emission figures for NH; are annually reported to the Norwegian Pollution Control
Authority.

Particles

Both plants report emission figures to the Norwegian Pollution Control Authority
and have done so since 1990 and 1992. One of the plants has also reported
emissions from combustion, but since it is only 1 per cent of the non-combustion
emissions, these figures are included together with the non-combustion emissions.
For this plant, there is no information regarding cleaning devices and size of the
particles emitted, but the Norwegian Pollution Control Authority assumes the
particles are smaller than PM,. For the other plant, a fabric filter was installed in
the beginning of the 1990s.

In lack of plant specific information regarding particle size distribution of the
emitted particles, Statistics Norway uses the distribution given by TNO (2002) for
production of nitrogenous-based fertilizers where PM g is 0.8*TSP and PM, 5 is
0.6*TSP.

4.3.1.2.3. Uncertainties

Uncertainty estimates for greenhouse gases and long-range transboundary air
pollutants are given in Appendix D. The uncertainty in the measurements is
estimated by the plant to £7 (Rypdal and Zhang 2000). However, in the 2006 report
to SFT one plant reports that the uncertainty in measurements of N,O is calculated
to =1-3 per cent

There is uncertainty regarding the size of the particles emitted since there is no
plant specific information available. The distribution recommended by TNO is
used in lack of other data.

4.3.1.2.4. Completeness
Major missing emission components are not likely.

4.3.1.2.5. Source specific QA/QC

The plants report the production of HNO; to the Norwegian Pollution Control
Authority. They compare the trends in the production data with the trend in N,O
emission and use this as a quality check.

There is no other source specific QA/QC procedure for this sector. See section 1.5
for the description of the general QA/QC procedure. The specific QA/QC carried
out in 2006 for greenhouse gases from industrial processes is described in
Appendix L.

4.3.1.3. Other fertilizers
IPCC -

NFR 2B2

Last update: 01.09.05

4.3.1.3.1. Description
One plant produces calcium nitrate and fertilizers.
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4.3.1.3.2. Method

NOy and NH;

Emission figures for NOx and NH; from the plant are reported to the Norwegian
Pollution Control Authority.

4.3.1.3.3. Uncertainties
No source specific uncertainty is known.

4.3.1.3.4. Completeness
Major missing emission components are not likely.

4.3.1.3.5. Source specific QA/QC
There is no source specific QA/QC procedure for this sector. See section 1.5 for the
description of the general QA/QC procedure.

4.3.2. Carbide production
IPCC 2B4

NFR 2B4

Last update: 30.06.08

4.3.2.1. Description

Silicon carbide was produced at three plants until 2006 when one plant was closed
down. Previously, calcium carbide was produced at one plant. This plant was
closed down in 2003.

4.3.2.2. Silicon carbide

4.3.2.2.1. Description
Silicon carbide (SiC) is produced by reduction of quartz (SiO,) with petrol coke as
a reducing agent.

(4.2) SiO, + 3C — SiC + 2CO
co -2 co,

In the production of silicon carbide, CO, and CO are released as by-products from
the reaction between quartz and carbon. CH4 may be emitted from petrol coke
during parts of the process, and sulphur originates from the petrol coke. Particles
are also emitted during the production process as well as heavy metals and PAH.

4.3.2.2.2. Method

In 2006, Norway changed the method for calculating CO, emissions from silicon
carbide production from the mass balance method described in the Revised 1996
IPCC Guidelines (using input of reducing agents) to an EF-based method (using
crude silicon carbide production as activity data). Both methods are regarded as
being Tier 2 methods in [PCC 2006. During the review of the initial report in 2007
the reviewer questioned the change of method, but concluded after consideration
that the two methods provide very similar results, except for 1990, and that the use
of the present method is justified.

CO,

Emission figures are reported by the three plants to the Norwegian Pollution
Control Authority. All the three plants have estimated the CO, emissions by
multiplying the amount of crude silicon carbide produced with an emission factor.
Indirect emissions of CO, are calculated by Statistics Norway based on the
emission of CHy, see Chapter 1.9.

CH,

Emission figures are reported annually by the three plants to the Norwegian
Pollution Control Authority. Emissions are calculated by the plants using a country
specific emission factor andamount of produced crude silicon carbide.

Statistisk sentralbyra



Reports 2008/48

The Norwegian Emission Inventory 2008

Statistisk sentralbyra

co

The emissions of CO are calculated by Statistics Norway from the consumption of
petrol coke and an emission factor in accordance with the IPCC Guidelines (IPCC
1997b).

SO,

Emission figures are reported to the Norwegian Pollution Control Authority by the
plants. The emissions are calculated from the consumption of petrol coke in dry
weight and the sulphur content in the coke. It is assumed that 3 per cent of the
sulphur is left in the product or as wastage.

Particles

Emission figures for particles are reported to the Norwegian Pollution Control
Authority. Two of the plants have reported since 1990 while the third has reported
since 1991. Emission figures for 1990 for this plant are assumed by Statistics
Norway and the Norwegian Pollution Control Authority to be the same as reported
figure for 1991. For one of the plants, reported figures have not been used in the
inventory for 1990-1993, since the plant means these emission figures are not
representative, but a result of different measurement- and calculation methods. For
this plant, reported emission figures for 1994 have been used for 1990-1993.

There is no detailed information about the particle size distribution for the
emissions from silicon carbide production. The Norwegian Pollution Control
Authority assumes the emissions are in the same order as emission of particles
from production of ferroalloys, where all particles are expected to be smaller than
PM, 5. This is however an uncertain estimate. This leads to a distribution where
TSP:PMl():Ples.

Heavy metals

Emission figures are reported to the Norwegian Pollution Control Authority since
1999/2000. For Pb, Hg and Cd, historical emissions are based on emission factors
derived from reported figures first year of reporting and production rate that year.
Using these emission factors for each plant together with production rate for
previous years, historical emissions have been calculated. Cd are reported from one
plant for the years after 1992. The calculations for Pb and Cd have been corrected
for dust regulations, while emissions of mercury are not affected by these
regulations.

Historical emissions of Cu, Cr and As are based on dust emissions for each plant.
This has been recommended by the Norwegian Pollution Control Authority, since
historical production rate data lack for some years and because changes in
emissions will be easier to find when installation of dust control systems reduces
the emissions of these metals. Emissions of As is reported to the Norwegian
Pollution Control Authority from one plant. Reported figures exist since 1992, and
emissions in 1990 and 1991 are assumed to be the same as reported figures in
1992.

Emission figures for Cu, Cr and Pb are annually reported for all the three plants. In
1999, the plants also reported Hg and Cd due to a heavy metal investigation under
the leadership of the Norwegian Pollution Control Authority. After 1999, the plants
have not been irequired to report these metals due to low emissions. However,
instead of excluding the emissions of these metals from the plants from the
inventory, reported figures for 1999 are used for coming years until better data
exist. For one plant the repoted figures of Cd from 1999 have been replaced by
reported emissions for alle years since 1992

POPs
Emission figures for PAH are reported from the plants to the Norwegian Pollution
Control Authority. Two of the plants have reported emissions since 1991, while the
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third one has only reported the latest years. Historical emissions back to 1990 are
then calculated based on production rate and an emission factor derived from the
first year of reporting and production rate that year. No PAH profile is available for
this source, so lacking of other information, the same profile as that of aluminium
production is used (table 4.7). No emissions of dioxin are reported nor calculated.

Table 4.7. Distribution of PAH emission from silicon carbide production. Ratio X'/TSP
Component Distribution of PAH emissions (ratio)

PAH (Norwegian standard) 1

PAH-6 (OSPAR) 0.3

PAH-4 (CLRTAP) 0.15

' X is either PMy5, PMyo or TSP.
Source: Finstad et al. (2001).

4.3.2.2.3. Activity data

The activity data used by the plants for the calculation of CO, and CH4 emissions
are the amount of silicon carbide produced. The activity data used by the plants for
the calculation of SO, emissions is the consumption of petrol coke in dry weight.
The activity data used by Statistics Norway for the calculation of CO emissions is
the consumption of petrol coke as reported to Statistics Norway. Historical
calculations of particle emissions are based on annually production rate and dust
emission figures reported to the Norwegian Pollution Control Authority.

4.3.2.2.4. Emission factors

CO;

All three plants use the emission factor 2.62 tonne CO, per tonne produced crude
silicon carbide (IPCC 2006).

CH,
For calculation of methane emissions, the country specific emission factor 4.2 kg
CHy/tonne crude SiC is used. The factor used is based on measures in the plants.

Cco
CO emissions are calculated from the consumption of petrol coke, using a factor of
0.4 tonnes CO/tonnes petrol coke, as recommended by Rosland (1987).

4.3.2.2.5. Uncertainties
Uncertainty estimates for greenhouse gases and long-range transboundary air
pollutants are given in Appendix D.

Heavy metals

The historical calculations for heavy metals are based on a derived emission factor
for each plant and either production- or dust data for previous years and can only
be seen as estimates. The emission figures reported also vary from one year to
another, and this is assumed to be, in addition to differences in raw materials, a
result of few and uncertain measurements. For the one plant that have not reported
emission figures for Hg and Cd since 1999, the same emission figures as those
reported in 1999 are used for later years. For the other plant emissions of Cd have
been reported for all years since 1992. Emission figures for Hg have not been
reported since 1999. The emission figure for 1999 are usted for later years. This is
also highly uncertain, but the emission figures are very small and have only
marginal impact on the total emissions of these metals.

Particles

The particle size distribution used is not specific for production of silicon carbide,
but used due to lack of specific size distribution data for this source. The particle
size distribution can therefore only be seen as an estimate. For the years where
reported emission figures do not exist, Statistics Norway has assumed that
emissions are in the same order as the first year of reporting. This is uncertain and
a result of lack of better data.
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4.3.2.2.6. Completeness
Major missing emission components are not likely.

4.3.2.2.7. Source spesific QA/QC

The quality of the reported figures of CO, is from time to time controlled by
Statistics Norway and the Norwegian Pollution Control Authority. Statistics
Norway calculates the emissions from the consumption of petrol coke reported by
the plant to Statistics Norway and the emission factor of 2.51 tonnes CO,/tonne
petrol coke (SINTEF 1998e). The comparison shows accordance between the
reported data and Statistics Norway's estimates. The specific QA/QC carried out in
2006 for greenhouse gases from industrial processes is described in Appendix I.

4.3.2.3. Production of calcium carbide

4.3.2.3.1. Description

One plant in Norway was producing calcium carbide until 2003. The production of
calcium carbide generates CO, emissions when limestone is heated and when
petrol coke is used as a reducing agent.

The reaction
(4.3) CaCO; — CaO + CO;

which takes place when limestone (calcium carbonate) is heated.

The reactions

(4.4) CaO + C (petrol coke) — CaC, + CO
(4.5) co —% Co,

where petrol coke is used as a reducing agent to reduce the CaO to calcium carbide.

Some of the carbon from petrol coke will be sequestered in the product, but not
permanently. Thus, this carbon is included in the emission estimate. NMVOC
originate from the use of petrol coke in the production process, and NOy is mainly
produced during the high temperature oxidation of nitrogen in the air. Particles are
also emitted during the production process. Emission of heavy metals is a result of
the heavy metal content in the raw materials.

4.3.2.3.2. Method

(6(0)}

The figures in the National emission inventory are based on emission figures
reported from the plant to the Norwegian Pollution Control Authority. The
emission estimates are based on the amount of calcium carbide produced each year
and an emission factor estimated by (SINTEF 1998e) Some of the carbon from
petrol coke will be sequestered in the product, but not permanently. Thus, this
carbon is included in the emission estimate.

NO,
Emission figures for NO, are annually reported to the Norwegian Pollution Control
Authority. The reported values are based on calculations.

NMVOC
Reported figures are annually reported to the Norwegian Pollution Control
Authority based on calculations.

Particles

Emission figures for particles are reported since 1992. Figures for 1990 and 1991
are assumed to be the same as for 1992. It does not exist any detailed information
about the particle size distribution of the emissions from calcium carbide
production. The Norwegian Pollution Control Authority assumes that the emissions
are in the same order as emission of particles from production of ferro-alloys,
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where all particles are expected to be smaller than PM, 5. This is however an
uncertain estimate. A particle size distribution where PM o and PM, s is expected to
be the same as TSP, is used in the Norwegian Inventory.

Heavy metals and POPs

Emission figures for heavy metals have been reported to the Norwegian Pollution
Control Authority since 1999. Historical emissions are calculated based on
production rate for Pb, Cd and Hg, and based on particle emissions for As, Cu and
Cr (see section 4.3.2.3.3).

No emission figures for PAH or dioxin are available.

4.3.2.3.3. Activity data
Particle emissions used in the calculations of As, Cu and Cr have been reported to
the Norwegian Pollution Control Authority.

4.3.2.3.4. Emission factors

The emission factor used by the plants in the calculation of CO, varies from year to
year in the range from 1.48-1.59 tonne CO,/ tonne calcium carbide (SINTEF and
Det Norste Veritas 2004). The default IPCC factor is 1.8 tonnes/tonne. (SINTEF
1998e) concludes that the one reason for the difference between the factors is that
the IPCC assumes that all calcium carbonate is calcinated. However, in the
production process at the plant they first produced CaC that gives CO, emissions.
Some of the CaC was then refined to DICY in a process that consumed CO,. This
CO, gas was collected from one of the first steps of the CaC production. The net
consumption of CO, in production of DICY is according to SINTEF about 1.3
tonne CO, per tonne DICY produced. This implies that in years with high
production of DICY and vice versa the specific CO, IEF fluctuates.

4.3.2.3.5. Uncertainties
Uncertainty estimates for greenhouse gases and long-range transboundary air
pollutants are given in Appendix D.

Heavy metals

Historical emissions are based on a derived emission factor for the first year of
reporting in 1999 and calculated with production/particle emission figures for
previous years. This is uncertain and only an estimate in lack of other data.

Particles

The particle size distribution used is not specific for production of silicon carbide,
but used due to lack of specific size distribution data for this source. The particle
size distribution can therefore only be seen as an estimate. For the years where
reported emission figures do not exist, Statistics Norway has assumed that
emissions are in the same order as the first year of reporting. This is uncertain and
a result of lack of better data.

4.3.2.3.6. Completeness
Major missing emission components are not likely.

4.3.2.3.7. Source specific QA/QC

For CO,, the data reported from the companies has been compared to calculations
done by Statistics Norway. The amount of calcium carbide produced has been
reported by the plant to Statistics Norway, and was multiplied with the emission
factor 1.71 tonnes/ tonne (SINTEF 1998e¢). The default IPCC factor is 1.8
tonnes/tonne. This amount was subtracted 1.3 tonnes of CO, per tonnes DICY
produced. The netto emissions is then estimated. There is no other source specific
QA/QC procedure for this sector. See section 1.5 for the description of the general
QA/QC procedure. The specific QA/QC carried out in 2006 for greenhouse gases
from industrial processes is described in Appendix .
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4.3.3. Manufacture of other inorganic chemicals
IPCC 2B5

NFR 2B5

Last update: 15.01.08

4.3.3.1. Production of methanol

4.3.3.1.1. Description

One plant in Norway produces methanol. Natural gas and oxygen are used in the
production of methanol. The conversion from the raw materials to methanol is
done in various steps and on different locations at the plant. CH4 and NMVOC are
emitted during the production process. Indirect emission of CO, are calculated by
Statistics Norway based on the emission of CHy and NMVOC, see Chapter 1.9.
Emissions from flaring of natural gas by production of methanol are now reported
under 2B2, as recommended by IPCC’s review team.

4.3.3.1.2. Method

The plant reports emission figures for CHy, NMVOC and NOy, to the Norwegian
Pollution Control Authority. The reported emissions are based on measurements.
Emissions from flaring of natural gas are estimated by multiplying the amount of
gas flared with the emission factors shown in table 4.8.

Table 4.8. Emission factors for flare

Component Flare Natural gas
Tonnes/Sm®

SO, 0

CO, 2340/ Reported to SFT since 2000

CO 1.5

NOy Reported to SFT

Particles 0.0018

NMVOC 0.06

CH,4 0.24

N.O 0.02
mg/tonne

Pb 0.3

Cd 1.7

Hg 1

Cu 16

Cr 21

As 3.8

Dioxin 0.00005

PAH 1.44

PAH-4 0

PAH-Ospar 0.8

4.3.3.1.3. Uncertainties

Uncertainty estimates for greenhouse gases and long-range transboundary air
pollutants are given in Appendix D.

4.3.3.1.4. Completeness
Major missing emission components are not likely.

4.3.3.1.5. Source specific QA/QC

There is no source specific QA/QC procedure for this sector. See section 1.5 for the
description of the general QA/QC procedure. The specific QA/QC carried out in
2006 for greenhouse gases from industrial processes is described in Appendix 1.

4.3.3.2. Production of titanium dioxide

4.3.3.2.1. Description

One plant in Norway produces titanium dioxide. The ore is chrushed and
pulverized in mills. The chrushed raw material is separated in various steps.
Ilmenite and the by-product magnetite are cleaned during acid treatment and
flotation. The ilmenite concentrate is drained and the water content are reduced to
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approximately 3.5 per cent. Emissions of SO,, heavy metals and particles from the
plant are included in the inventory. The particle emissons are a result of the
chrushing of the ore in the mills and from the annealing furnace, while the heavy
metal emissions are due to the metal content in the raw material used.

4.3.3.2.2. Method

SO,

The emission figures for SO, are based on calculations and are reported annually to
the Norwegian Pollution Control Authority.

Particles

Since 1990 emissions of particles have been reported annually to the Norwegian
Pollution Control Authority. The particles are assumed to be of size less than
PMy3s.

Heavy metals

Emissions figures for Pb, Cd and Hg have been reported from 1990 to 1999. After
1999, there has not been any reporting, as a result of very small emission figures.
No emissions of persistent organic pollutants are reported nor calculated.

4.3.3.2.3. Uncertainties
No source specific uncertainty is known.

4.3.3.2.4. Completeness
Major missing emission components are not likely.

4.3.3.2.5. Source specific QA/QC
There is no source specific QA/QC procedure for this sector. See section 1.5 for the
description of the general QA/QC procedure.

4.3.3.3. Production of sulphuric acid

4.3.3.3.1. Description

Three plants in Norway produced sulphuric acid untill March 2006 when one of
them was closed down. The production of sulphuric acid leads to emissions of SO,.
All the three plants report the emissions from the production to the Norwegian
Pollution Control Authority, but only one plant have specified that the emissions
come from the production of sulphuric acid. For the two other plants, the emissions
have been included in the reported emissions from the plants' main production
(production of nickel and zinc respectively).

4.3.3.3.2. Method
The plant reports annually emission figures for SO, to the Norwegian Pollution
Control Authority. The reported figures are based on measurements.

4.3.3.3.3. Uncertainties
No source specific uncertainty is known.

4.3.3.3.4. Completeness
Major missing emission components are not likely.

4.3.3.3.5. Source specific QA/QC
There is no source specific QA/QC procedure for this sector. See section 1.5 for the
description of the general QA/QC procedure.

4.3.3.4. Production of plastic

4.3.3.4.1. Description
Three plants report emissions to the Norwegian Pollution Control Authority under
this source category. One of the plants produces ethylene, one propylene and
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polyethylen and the third plant has vinyl chloride production. Two of the reporting
plants were one plant up to 2001.

Various components are emitted during the production of plastic. CH, and
NMVOC emissions are from leakages in the process. Direct CO, emission is from
combustion and is reported in Chapter 3 Energy.

During the production process of ethylene and vinyl chloride there is an oxide
chloride step for production of ethylene chloride, followed by cracking to vinyl
chloride monomer and hydrochloric acid. Various chloride components are
produced during these processes, including dioxin. However, most of the dioxin
ends up in the EDC-tar, which is combusted in an own chloride recycling
installation. Particles (PVC-dust) are also emitted during the production of vinyl
chloride.

4.3.3.4.2. Method

CO;

Indirect emission of CO, are calculated based on the emission of CH, and
NMVOC, see Chapter 1.9.

CH,, NH; and NMVOC
Emission figures are annually reported to the Norwegian Pollution Control
Authority. CHy and NMVOC emissions reported are based on measurements.

Particles

Emission figures have been reported to the Norwegian Pollution Control Authority
since 1992. Emission figures for 1991 and 1990 are assumed to be the same as
reported figures in 1992. The particle emissions have decreased since 1996 as a
result of installation of cleaning devices. The emissions are purified in cyclones,
but there is no available information regarding particle size. In lack of plant
specific information, the distribution TSP=PM10=PM2.5, as in TNO (2002), is
used in the calculation.

Dioxin

The plant producing vinyl chloride reports dioxin emission figures. Figures are
reported since 1990 except for 1992 and 1994. Emission figures for 1992 and 1994
are based on the reported data for 1991 and 1993.

4.3.3.4.3. Uncertainties

Uncertainty estimates for greenhouse gases are given in Appendix D. It is difficult
to measure leakages of CHy and NMVOC and therefore the uncertainty is regarded
as being high.

The particle size distribution used is not specific for the plant, and the particles
emitted might therefore have another distribution than the one suggested from
TNO.

4.3.3.4.4. Completeness
Major missing emission components are not likely.

4.3.3.4.5. Source specific QA/QC

There is no source specific QA/QC procedure for this sector. See section 1.5 for the
description of the general QA/QC procedure. The specific QA/QC carried out in
2006 for greenhouse gases from industrial processes is described in Appendix .
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4.3.3.5. Production of explosives

4.3.3.5.1. Description

There has been one plant in Norway producing explosives, but the plant was closed
down in 2001. Nitric acid was used as a raw material in the manufacture of
explosives, and during the production of nitric acid, NO was emitted.

4.3.3.5.2. Method

NO,

Emission figures were annually reported to the Norwegian Pollution Control
Authority, and the figures were based on calculations.

4.3.3.5.3. Uncertainties

No source specific uncertainty is known.
4.3.3.5.4. Completeness

Particles

Reported emission figures to the Norwegian Pollution Control Authority exist only
for 1997-1999. Annual emissions have been so low that they have not been
included in the Norwegian inventory.

4.3.3.5.5. Source specific QA/QC
There is no source specific QA/QC procedure for this sector. See section 1.5 for the
description of the general QA/QC procedure.

4.3.3.6. Chloralkali production

4.3.3.6.1. Description

One plant in Norway produces chloralkali. Before 1997, mercury was used in the
chloralkali production and emitted during the process. In 1997, the plant changed
their production process and stopped using mercury, but still there are some
mercury emissions.

4.3.3.6.2. Method
Hg
Emission figures are reported to the Norwegian Pollution Control Authority.

4.3.3.6.3. Uncertainties
No source specific uncertainty is known.

4.3.3.6.4. Completeness
Major missing emission components are not likely.

4.3.3.6.5. Source specific QA/QC
There is no source specific QA/QC procedure for this sector. See section 1.5 for the
description of the general QA/QC procedure.

4.3.3.7. Production of pigments

4.3.3.7.1. Description

Two plants are included in the inventory. One plant produces copper oxide for
bottom paint and emits copper to air during the production process. Emissions of
Cd and Pb are reported since 2002. Emissions for 1990 to 2001 are set to be the
same as the reported figure in 2002. Also minor amounts of arsenic and chromium
are emitted. The other plant produces zinc chromate, and chromium is emitted.

4.3.3.7.2. Method
Emission figures are reported to the Norwegian Pollution Control Authority.
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4.3.3.7.3. Uncertainties
Reported emission figures for 1990 and 1991 for the plant producing zinc chromate

are not occurring. In the inventory, the same figure as reported for 1992 is used for
1990 and 1991.

4.3.3.7.4. Completeness
Major missing emission components are not likely.

4.3.3.7.5. Source specific QA/QC
There is no source specific QA/QC procedure for this sector. See section 1.5 for the
description of the general QA/QC procedure.

4.3.3.8. Production of soap

4.3.3.8.1. Method

Two plants producing soap have reported emission figures for particles to the
Norwegian Pollution Control Authority. One of the plants has only reported for
1990 and 1991. The plant has after 1991 had a temporary permission without
reporting requirements and is therefore not included after 1991 due to lack of data.
The other plant reported figures for 1992-1994. Emissions for 1990 and 1991 are
assumed to be the same as reported figure in 1992, while emissions for 1995-1997
are assumed to be the same as reported figure in 1994. Annual emission figures are
low.

The particles have been purified through filters and scrubbers and the Norwegian
Pollution Control Authority assumes the sizes of the particles are smaller than
PM; .

4.3.3.8.2. Uncertainties

For the years where reported emission figures do not exist, Statistics Norway has
assumed that emissions are in the same order as reported in one of the other years.
This is uncertain and a result of lack of better data.

4.3.3.8.3. Completeness
Major missing emission components are not likely.

4.3.3.8.4. Source specific QA/QC
There is no source specific QA/QC procedure for this sector. See section 1.5 for the
description of the general QA/QC procedure.

4.3.3.9. Paint and varnish production

4.3.3.9.1. Method

One plant producing paint has reported emission figures for particles to the
Norwegian Pollution Control Authority since 1995, after first getting an emission
permit in 1994. Annual emissions are small. It is assumed by the Norwegian
Pollution Control Authority that the particles emitted are smaller than PM, s.

4.3.3.9.2. Uncertainties
No source specific uncertainty is known.

4.3.3.9.3. Completeness
Major missing emission components are not likely.

4.3.3.9.4. Source specific QA/QC
There is no source specific QA/QC procedure for this sector. See section 1.5 for the
description of the general QA/QC procedure QA/QC procedure
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4.4. Metal production
IPCC 2C

NFR 2C

Last update: 30.06.08

Metal production in Norway includes plants producing iron and steel, ferroalloys,
aluminium, nickel and zinc and also magnesium until spring 2006. Production of
anodes is also included in this chapter. As shown in table 4.9, most of the figures in
the national inventory are from the plant’s annually report to the Norwegian
Pollution Control Authority.

4.4.1. Production of iron and steel
IPCC 2C1

NFR 2C1

Last update: 14.02.08

4.4.1.1. Description

Three plants producing iron and steel are included in the Norwegian Inventory, one
of these report only emission figures for particles. In Norway, iron is produced
from ilmenite, and coal is used as a reducing agent. Various components are
emitted during the production process. Non-combustion emissions of CO, from an
iron/steel production are primary from coal used as a reducing agent. SO,
originates from the sulphur in the reducing agent used, while NOy is produced
primarily by the high temperature oxidation of nitrogen in the air. Heavy metal
emissions are due to the metallurgical melting process and the content of heavy
metals in the raw materials used. Particles are also emitted during the process.

4.4.1.2. Method

CO;

In the Norwegian emission inventory, emission figures for CO,, annually reported
to the Norwegian Pollution Control Authority, are used.

The emissions are calculated from the consumption of coal in dry weight and the
content of carbon in the coal. The content of carbon in coal consumed is based on
analyses of the carbon in each load of coal delivered to the plant. Four per cent of
the carbon in the coal is assumed to be bound in the iron.

SO,
SO, emissions are based on measurements and reported to the Norwegian Pollution
Control Authority.

NO,
NO, emissions are estimated and reported to the Norwegian Pollution Control
Authority.

Particles

Two of the plants have reported figures since 1990 while the third one has only
reported since 1998. For this plant, historical emissions in the period 1990-1997
have been assumed to be the same as reported figure in 1998, since production rate
data for previous years are not available.

The Norwegian Pollution Control Authority assumes that the particles emitted in
the production of iron and steel are smaller than PM, 5. We can however not
disregard that some of the particles emitted are larger than PM, s.

Heavy metals and POPs

Two plants report emission figures to the Norwegian Control Authority. Reported
figures for heavy metals (Pb, Cd, Cr, Cu, As and Hg) exist from 1990, 1992 or
later, depending on type of heavy metal. For dioxins and PAH, reported figures
have only been available from 1997 and 1999. Diffuse emissions have been
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included from one plant. In lack of production rate data for previous years, it has
been assumed that yearly emissions are the same as in the first year of reporting.

4.4.1.3. Uncertainties
Uncertainty estimates for greenhouse gases and long-range transboundary air
pollutants are given in Appendix D.

Heavy metals and POPs

Reported emission figures vary from one year to another, due to different raw
materials, but mainly as a result of uncertain measurements. The reported figures are
based on a limited number of measurements, and the emissions will vary from
minute to minute, since the production of iron and steel is a non-continuous process.
For the years where reported emission figures do not exist, Statistics Norway has
assumed that emissions are in the same order as the first year of reporting. This is
uncertain and a result of lack of better data.

Particles

The particle size distribution used is only an assumption, and we can not preclude
that the distribution is different from the one used in the inventory. For the years
where reported emission figures do not exist, Statistics Norway has assumed that
emissions are in the same order as the first year of reporting. This is uncertain and
only an estimate and a result of lack of better data.

Table 4.9. Metal production. Components emitted and included in the Norwegian inventory

CO; CHs; NO PFCs SFs SO, NOx NH; NMVOC CO PM HM POP

Production of:

2C1lron and steel R NA NA NA NA R R NA NA NA R R R
2C2 Ferroalloys R R R NA NA R R NA E NA R R R
2C3 Primary

aluminium R NA NA R R R E NA NA NA R R RIE
2C4 Secondary

aluminium NA NA NA NA R NA NA R NA NA R R R
2C4 Magnesium R NA NA NA R R NA NA NA R R R R
2C5 Nickel R NA NA NA NA R R R NA NA R R NA
2C5 Zinc NA NA NA NA NA R NA NA NA NA R R NA
2C5 Anodes R NA NA NA NA R R NA NA NA R R R

E = Figures estimated by Statistics Norway (Activity data * emission factor). R = Figures reported by the plant to the
Norwegian Pollution Control Authority. NA = Not Applicable.

4.4.1.4. Source specific QA/QC

CO; emission figures reported to the Norwegian Pollution Control Authority are
compared with calculations at Statistics Norway using the amount of reducing agent
and emission factors. This method is recommendded by IPCC when data from
measurements are not available.

Annually reported emission figures are first controlled by the Norwegian Pollution
Control Authority and then by Statistics Norway.

Adjustments and recalculations have been done for years where reported emission
figures seem to be unreasonably high or low compared with previous years. This is
applicable when the variations in the reported emission figures do not have a
natural explanation. The specific QA/QC carried out in 2006 for greenhouse gases
from industrial processes is described in Appendix 1.

4.4.2. Production of ferroalloys
IPCC 2C2, Key category for CO,
NFR 2C2

Last update: 22.09.08

4.4.2.1. Description

There were 12 plants producing ferroalloys in Norway in 2006. One plant closed down
in 2001, two plants were closed down during 2003 and two in 2006. One plant was out
of production in 2006, but started up again in 2007. Ferrosilicon, silicon metal,
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ferromanganese and siliconmanganese are now produced in Norway. Ferrochromium
was produced until summer in 2001. Ferrosilicon with 65 to 96 per cent Si and silicon
metal with 98-99 per cent Si is produced. The raw material for silicon is quarts (SiO,).
Si0O, is reduced to Si and CO using reducing agents like coal, coke and charcoal.

(4.6) Si0; —» Si0O— Si + CO
The waste gas CO and some SiO burns to form CO, and SiO; (silica dust).

In ferroalloy production, raw ore, carbon materials and slag forming materials are
mixed and heated to high temperatures for reduction and smelting. The carbon
materials used are coal, coke and some biocarbon (charcoal and wood). Electric
submerged arc furnaces with graphite electrodes or consumable Sgderberg electrodes
are used. The heat is produced by the electric arcs and by the resistance in the charge
materials. The furnaces used in Norway are open, semi-covered or covered.

Several components are emitted from production of ferroalloys. Emission of CO, is
a result of the oxidation of the reducing agent used in the production of ferroalloys.
From the production of ferromanganese (FeMn), siliconmanganese(SiMn) and
ferrochromium (FeCr) there is only CO, emissions. SO, originates from the sulphur
in the reducing agent used, while NO, is produced primaryly by the high
temperature oxidation of nitrogen in the air. NMVOC, N,O and CH,4 emissions
originate from the use of coal and coke in the production processes by producing
ferrosilicon and silicon metal. Heavy metals are emitted from the raw materials
(ore) during the metallurgical process, and the particles emitted are mainly silica
dust generated during the production process.

4.4.2.2. Method

CO;

Emission data based on calculations is reported from each plant in an annual report to
the Norwegian Pollution Control Authority. The method used in the calculation of CO,
emissions from the production of ferroalloys is in accordance with method
recommended by the IPCC (IPCC (1997b), IPCC (2001) and IPCC (2006)).

The plants have used two different methods to calculate the CO, emissions. Most of
the plants base their calculations on carbon mass balance in the process (methode I).
In the carbon mass balance the emissions of CO, are calculated by adding the total
input of C in raw materials before subtracting the total amount of C in products,
wastes and sold gases (Tier 3). The carbon content of each raw materials is from
carbon certificates from the suppliers. The carbon in each product, CO gas sold etc.,
is calculated from the mass of product and carbon content.

The other plants calculate the emissions from the dry weight consumption of the
reducing agents and electrodes and country specific emission factors for coal, coke,
petrol coke, electrodes, carbonate ore, anthracite, limestone and dolomite (method
II) (Tier 2) see table 4.11.

The two methods are regarded as being consistent and each plant have used the
same method for the entire time series. Indirect emissions of CO, are calculated by
Statistics Norway based on the emission of CHy, see Chapter 1.9.

CH, and N>,O

Emission figures are reported annually by each plant to the Norwegian Pollution
Control Authority. Measurements performed at Norwegian plants producing ferro
alloys indicate emissions of N,O in addition to CH4. The emissions of CH4 and
N,O are influenced by the following parameters:

e The silicon level of the alloy (65, 75, 90 or 98 % Si) and the silicon yield

e The method used for charging the furnace (batch or continuously)

Statistisk sentralbyra
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e The amount of air used to burn the gases at the top controlling the temperature
in off gases.

The emission factors used in the inventory represent the longer-term average N,O
and CH,4 concentration measurements outside the peaks in concentration, which
occur due to avalanches (sudden fall of large amounts of colder charge into the
furnace). These occur from time to time, and are not fully reflected in the emission
factors. We regard the emission factors as conservative, particularly for the early
1990s when the avalanches were more frequent than in the latest years.

All companies apply sector specific emission factors in the emission calculation,
see Table 4.12. The factors are developed by the Norwegian Ferroalloy Producers
Research Organisation (FFF) and standardized in meeting with The Federation of
Norwegian Process Industries (PIL) (today named Federation of Norwegian
Industries) in February 2007.

SO,

Each plant reports annually emission figures to the Norwegian Pollution Control
Authority. Some of the sulphur is trapped in the product. For production of ferro
manganese and silicon manganese, 98-99 per cent of the sulphur is trapped, while
for other ferroalloys it is assumed that about 5 per cent is trapped. The emissions
are calculated from the consumption of reducing agents and electrodes and the
content of sulphur in the materials.

NO,

Emissions of NOx originate from production of ferro silicon and silicon metal.
Emission figures are annually reported to the Norwegian Pollution Control
Authority. The reported emissions are calculated from the production of metal and
metal specific emission factors, see table 4.13.

NMVOC
The emissions are estimated by Statistics Norway from the consumption of
reducing agents and an emission factor.

Particles

All plants producing ferroalloys report emission figures to the Norwegian Pollution
Control Authority. Some have reported since 1990, others since 1992. For plants
reported since 1992, emission figures from 1990 and 1991 have been assumed to be
the same as reported figures in 1992. According to the ferroalloy industry, particles
emitted are smaller than PM, 5 (Eikeland 2002). This is however an assumption, and
we can not preclude that some of the particles might be larger than PM, . In the
inventory, we have decided to use this distribution for all particles emitted from the
production of ferroalloys. This means that TSP=PM,,= PM,s.

Heavy metals

Emission figures for heavy metals are reported from all plants producing
ferroalloys after the Norwegian Pollution Control Authority in 1999 imposed larger
metallurgical plants to map their emissions of heavy metals. Most plants have
therefore reported figures to the Norwegian Pollution Control Authority since

1999, but some reported for the first time in 2000 and 2001. An emission factor has
been derived for each plant based on the emission figure and production rate for the
first year of reporting. These emission factors have been used together with
production rate for each year to calculate the emissions back to 1990 for each plant.

Dioxin

All plants producing ferrosilicon report emission figures for dioxins to the
Norwegian Pollution Control Authority. It varies however when the plants started
reporting, so calculations of historical figures back to 1990 have been necessary.
An emission factor was derived for each plant based on reported emission data and
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production rate, and this factor was used to calculate historical emissions based on
production rate for each year.

None of the four plants producing ferromanganese and ferrochromium® report emission
figures for dioxin to the Norwegian Pollution Control Authority. The reason is probab-
ly that the emissions are so small that they are not measured and therefore not reported
(SFT 2001Db). Instead, the emissions are calculated by Statistics Norway based on the
general emission factor for combustion of coke and coal in the industry (table 4.15).

PAH

Emissions of PAH from the production of ferroalloys are reported to the
Norwegian Pollution Control Authority for plants producing ferrosilicon and
silicon metal. All these plants have reported emission figures since 2000. Historical
emissions back to 1990 have been calculated based on production rate for each
year and an emission factor derived for each plant based on reported figures for
2000, 2001 and 2002. Reported figures and historical calculations are only done for
plants producing ferrosilicon and silicon metal. This is based on the assumption
that these alloys are produced in open ovens and therefore cause larger emissions
of PAH compared to other alloys that are produced in closed ovens and are
assumed to cause no or minor emissions of PAH.

The PAH emission figures are reported according to Norwegian Standard, but no
PAH profile is available. In lack of other data, the same profile as that for
aluminium production is used.

Table 4.10. Distribution of PAH emission from production of ferroalloys
Component Distribution of PA