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Executive Summary

This report documents the methodologies used in the Norwegian emission inventory of
acidifying pollutants, particulate matters, heavy metals and persistent organic pollutants.

The Norwegian emission inventory is a joint undertaking between the Norwegian Environment
Agency! and Statistics Norway. This report has been prepared by the Norwegian Environment
Agency in close collaboration with Statistics Norway’s Division for Energy, Environment and

Transport.
The most important changes since the 2020 submission are:

Emissions from residential household (mobile) in the period 1990 — 2018 have been
revised due to changes in the method for small boats (leisure) and for snow scooters.
The changes in these methods also affect activity data on road transport and other
motorized equipment;

Emissions from road transport have been revised in the period 1990 — 2018 due to a
new version on HBEFA (4.1). This resulted in a reallocation of activity data on the
segments and affect all components. Gasoline consumption are also affected by changes
in the method for small boats (leisure) and snow scooters;

Emission of NH; from inorganic N-fertilizer has been revised because of revised emission
factors and updated methodology. Due to updated information on inorganic fertilizer
products the factor for NPK fertilizers were revised. New data on spreading and
incorporation practice was also considered in the calculation;

Chapter 8.1 Recalculations gives a more thorough description of changes in the most recent

emission calculations.

1 Former names are "Climate and Pollution Agency" and "Norwegian Pollution Control Authority".
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1 Introduction

1.1 National Inventory Background

The Norwegian national inventory for long-range transboundary air pollutants includes emission
data for the years 1990-2019. The emissions covered in this report are those covered by the
convention on long-range transboundary air pollution, i.e. they are defined with a territorial
delimitation. The calculation methods used and the documentation of these are, as far as
possible, in accordance with the strict demands formulated in emission reporting guidelines
under the UNECE LRTAP Convention/EMEP.

1.2 Institutional arrangements

The Norwegian emissions inventories have been produced for about three decades as
collaboration between Statistics Norway (SSB) and the Norwegian Environment Agency (NEA).
The roles and responsibilities of SN and NEA are specified in a signed agreement.

Statistics Norway is responsible for the official statistics on emissions to air, and contributes to
the reporting to the UNECE. Their tasks include:

e collection of activity data

e operation and further development of models for emission estimation
e emission calculations

e filling in most tables for international reporting to UNECE

e publishing national official statistics on emissions to air

The Norwegian Environment Agency is responsible for:

e international reporting to the UNECE

e emission factors for all emission sources

e measured emission data from large industrial plants based on individual reports
submitted to the Norwegian Environment Agency on a regular basis

e considering the quality and assuring necessary updating of emission models, e.g. the
road traffic model

Activity data? are collected either internally at Statistics Norway (e.g. data on energy use,
industrial production, number of animals, etc.) or reported to Statistics Norway, and in some
cases to the Norwegian Environment Agency, from external sources such as the Norwegian
Petroleum Directorate (OD) and the Norwegian Public Roads Administration (VD). Emission
figures are derived from models operated by Statistics Norway. In the modelling activities

2Data on the magnitude of human activity resulting in emissions or removals taking place during a given period of
time.
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Statistics Norway makes use of the data collected by the Norwegian Environment Agency on
emission factors and emissions from industrial plants.

The Norwegian Environment Agency is responsible for quality control of the data they deliver to
the emission model operated by Statistics Norway, but Statistics Norway makes an additional
consistency check (see chapter 1.6). Statistics Norway is responsible for quality control of the
activity data and the emission figures from the model, and the Norwegian Environment Agency
also participates in this quality control before reporting to the UNECE.

Continuous improvement of the inventory is secured through annual contracts between NEA
and SN, providing additional financial resources for improvement projects. These contracts
contain descriptions of improvement projects planned for the coming year. The process of
identifying and prioritizing improvement projects is normally initiated in fall and considers:

e Findings from the latest review under the LRTAP convention

e Key category analysis and uncertainty analysis as reported in the most recent IIR

e Findings and needs identified by the inventory teams in the two institutions

e Budgets and available human resources in NEA and SN

1.3 Inventory preparation process

The Norwegian emission inventory is based on a general emission model and a series of more
detailed supplementary models, which cover specific emission sources and pollutants (e.g. road
traffic, air traffic, solvents). These smaller models feed results into the general model. All models
are operated by Statistics Norway.

Data and information on point sources are recorded at the Norwegian Environment Agency in
the database Forurensning and published in Norske utslipp (http://www.norskeutslipp.no). This
is the Norwegian Pollutant Release and Transfer Register (PRTR). Forurensning is a further
development of the old register Inkosys, which was introduced in 1978 as an internal tool for
the authorities. The database was upgraded in 1992, and has later 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. The Norwegian Environment Agency supplies Statistics
Norway with data from the Norwegian PRTR which are relevant for the preparation of the
national emission inventory.

1.3.1 Pollutants included, data collection, processing and archiving

Statistics Norway collects the data necessary to run the Norwegian emission model. These are as
follows: activity levels, emission factors, aggregated results from the smaller, supplementary


http://www.norskeutslipp.no/

models and emission figures for point sources. Table 1.1 gives an overview of pollutants

included in the emission inventory which are covered by CLRTAP.

Table 1.1. Definition in the Norwegian emission inventory of pollutants which are covered by CLRTAP

Class Pollutant Symbol Definition
Acidifying gases
Sulphur dioxide SO,
Nitrogen oxides NOx NO + NO2
Ammonia NHs
Heavy metals (HM)
Lead Pb
Cadmium Cd
Mercury Hg
Arsenic As
Chromium Cr
Copper Cu
Persistent organic
pollutants (POPs)
Polycyclic Aromatic PAH-4  Emissions are calculated for benzo(a)pyrene,
Hydrocarbons benzo(b)fluoranthene, benzo(k)fluoranthene
and indeno(1,2,3-cd)pyrene.
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; * TEFi) + sum (PCDD; * TEF)).
Hexachlorobenzene HCB
Polychlorinated biphenyl PCB
Particulates
Total suspended TSP
particulates
- PM1o Particulate matter with diameter less than
10pm
- PM2s®  Particulate matter with diameter less than
2.5um
Black carbon BC
Other pollutants
Carbon monoxide co
Non-methane volatile NMVOC

organic compounds

Source: Statistics Norway/Norwegian Environment Agency

The collected data are subjected to the Quality Assurance and Quality Control (QA/QC) routines
described in chapter 1.6 as well as source specific routines as described under each source

chapter (chapters 3-6). They are subsequently processed by Statistics Norway into a format

3 If not otherwise specified, the PM, s does not include the condensable component.
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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.

1.3.2 Archiving

The national emission 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 supplementary 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 supplementary models there
is an established archiving routine where all input data and results from every calculation cycle
are stored.

1.4 Methods and data sources

This chapter describes the general structure of the Norwegian emission model. The model was
developed by Statistics Norway (Daasvatn et al. 1992), (Daasvatn et al. 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 supplementary models. Aggregated results from the supplementary models are
used as input to the general model. The supplementary models are presented in the appropriate
sections of chapters 3-6. This chapter describes the general emission model.

1.4.1 Structure of the general emission model
The general emission model is based on equation (1.1).
(1.1) Emissions (E) = Activity level (A) - Emission Factor (EF)

For emissions from combustion, the activity data concern energy use. In the Norwegian energy
balance, 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).

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. 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:

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

where Aps and Eps are the activity and the measured emissions at the point sources, respectively.
Emissions from activity for which no point source estimate is available (A-Aps) 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 3-8. The emissions are
fitted into the general model using the parameters industry, source, and pollutant. The fuel
parameter is not relevant here. The source categories are based on EMEP/NFR categories, with
further subdivisions where more detailed methods are available.
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1.4.2 Pollutants, industries, fuels, and sources

The pollutants currently included in the Norwegian emission model are listed in Table 1.1. The
model uses approximately 130 industries (economic sectors). The classification is common with
the basic data in the energy balance/accounts, and is almost identical to that used in the
national accounts, which is aggregated from the European NACE (rev. 2) classification. The large
number of sectors is an advantage in dealing with important emissions from manufacturing
industries. The disadvantage is an unnecessary disaggregation 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 fuels and technical sources used for combustion with energy use (NFR source sector 1A) are
shown in Table 1.2, Table 1.3 and Table 1.4.

Table 1.2. Energy commodities in the Norwegian emission inventory

Energy commodity Aggregate fuel category in NFR
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* Other Fuels

* Special waste was moved from Liquid to Other fuels in 2014.

Source: Statistics Norway/Norwegian Environment Agency
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Table 1.3. Sources for energy combustion in the Norwegian emission inventory

Source NFR
Stationary combustion

Direct fired furnaces 1A1, 1A2
Gas turbines 1Alc, 1A4a

Boilers
Small stoves
Flaring

Mobile combustion*
Passenger car

Light duty vehicles

Heavy duty vehicles
Motorcycle

Moped

Snowscooter

Railway

Aviation jet/turboprop (0-1000m)
Aviation jet/turboprop (cruise)
Aviation helicopter (0-1000m)
Aviation helicopter (cruise)
Aviation small craft (0-1000m)
Aviation small craft (cruise)
Ships

Small boats 2 stroke

Small boats 4 stroke
Equipment 2 stroke
Equipment 4 stroke, tractor

1A1, 1A2, 1A4, 1A5
1A2, 1A4, 1A5
1B2C, 6C

1A3b i, 1A5b
1A3b ii, 1A5b
1A3b iii, 1A5b
1A3b iv

1A3b iv

1A4b, c

1A3c

1A3aiii (i), 1A5b
1A3aii (ii), 1A5b

1A3aiii (i)
1A3a i (ii)
1A3a i (i)
1A3ai (ii)

1A3d, 1A4c, 1A5b
1A4b

1A4b, c

1A4b, c

1A2g-vii, 1A4a, b, c,

* For road transport the source split is more detailed in the sub-model. See section 3.2.4.2.

Source: Statistics Norway/Norwegian Environment Agency
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Table 1.4. Combinations of fuels and sources in use

Direct fired furnaces

Gas turbines

Flaring

Passenger car

Light duty vehicles

Heavy duty vehicles

Motorcycle

Moped

Snowscooter

Railway

Aviation jet/turboprop

Aviation helicopter

Aviation small craft

Ships

Small boats 2 stroke

Small boats 4 stroke

Equipment 2 stroke

Equipment 4 stroke,

tractor

x

Coal
Coke
Petrol coke

x

x "
Boilers

x

x
Small stoves

Fuel wood
Wood waste
Black liquor
Wood pellets
Wood briquettes
Charcoal

X X X X

Natural gas

Refinery gas

CO gas

Landfill gas

Biogass

Fuel gas X
LPG

X X X X

x

Motor gasoline

Aviation gasoline

Kerosene (heating)

Jet kerosene

Auto diesel .
Marine gas oil/diesel X
Light fuel oils

Heavy distillate X
Heavy fuel oil X

xX X X X

Municipal waste
Special waste X

X X [X X X X X

Source: Statistics Norway
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The sources for non-combustion emissions and for combustion without energy use are based on
EMEP/NFR categories, with further subdivisions where more detailed methods are available.

1.5 Key Categories

Information about key categories is given in Appendix A.

1.6 QA/QC and Verification methods

This chapter describes general QA/QC procedures. For source specific QA/QC, see each source
chapter (chapters 3-6) 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
plan, which covers the reporting of long-range transboundary air pollution as well as
greenhouse gases. A detailed description of this is presented in Annex V in the National
Inventory Report for Norway.

The Norwegian Environment Agency is the national entity designated to be responsible for the
reporting of the national inventory of greenhouse gases to the UNFCCC and the reporting of
long-range transboundary air pollution to the UNECE. This includes coordination of the
QA/QC procedures.

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

The established QC procedures include the following:

e General inventory level QC procedures, as listed in table 6.1 in chapter 6 of the 2006
IPCC Guidelines (IPCC 2006), is performed every year;

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.

1.6.1 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 Environment Agency is
responsible for reviewing the inventory with regard to quality and areas for improvement. For
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most source categories a person within the Norwegian Environment Agency who has not been
involved in the calculations and the quality controls will perform the QA for the particular
source.

Norway has performed several studies comparing inventories from different countries
(Haakonsen et al. 2000). Verification of emission data is another element to be assessed during
the elaboration of a QA/QC and verification plan.

Both Statistics Norway and the Norwegian Environment Agency are responsible for archiving the
data they collect and the estimates they calculate with associated methodology documentation
and internal documentation on QA/QC. Due to the differences in the character of data collected,
Norway has chosen to keep archiving systems in the separate institutions, which means that not
all information is archived at a single location. These archiving systems are, however, consistent,
and operate under the same rules. Although the data are archived separately, all can be
accessed efficiently during a review.

1.6.2 General QC procedures

The Norwegian emission inventory is produced in several steps. Preliminary estimates are first
produced by Statistics Norway 4-5 months after the end of the inventory year. 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. Recalculations of the inventory are
performed annually, as methodological changes and refinements are implemented. In itself, this
stepwise procedure is a part of the QA/QC-procedure since all differences in data are recorded
and verified.

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.

The checks performed for the Norwegian emission inventory are described below.

Check that assumptions and criteria for the selection of activity data, emissions factors, and
other estimation parameters 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
Environment Agency delivers all relevant information to Statistics Norway. This information is
then thoroughly checked by the inventory team at Statistics Norway. All changes in
methodologies or data are documented and kept up to date.

Check for transcription errors in data input and references

Activity data are often official 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.
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Furthermore, all input data (reported emissions, emission factors and activity data) for the latest
inventory year are routinely compared to those of the previous inventory year, using automated
procedures. Large changes are automatically flagged for further, manual QC. In addition, implied
emission factors (IEFs) are calculated for emissions from stationary combustion at point sources.
The IEFs are subjected to the same comparison between the years t and t-1. The most thorough
checks are made for the gases and categories with the largest contribution to total emissions.

Check that emissions are calculated correctly

When possible, estimates based on different methodologies are compared. The Norwegian
Environment Agency and Statistics Norway control and verify emission data reported to the
Norwegian Environment Agency by industrial enterprises, registered in the database
Forurensning. First, the Norwegian Environment Agency 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, occasional comparable emission
calculations based on activity data sampled in official statistics, and deviations are explained
through contact with the plants.

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 Petroleum Directorate, Norwegian Public Roads Administration, various plants etc.)
are contacted for explanations and possible 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 categories
Activity data and other parameters that are common to several source categories should be
evaluated for consistency. An example is recovery of landfill gas. A fraction of this gas is flared,

and emissions are reported in the Waste source category. Another fraction is recovered for
energy purposes, and this gas is an input to the energy balance with emissions reported in the
Energy source category. Consistency checks ensure that the amount landfill gas subtracted from
source category 5A (Managed waste disposal on land), equals the amount added to source
category 1A (Energy combustion) and source category 5C (Waste incineration) (the amount of
gas flared).

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
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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 and calculated correctly

For long-range transboundary air pollutants the last uncertainty analysis was undertaken in
2001. See further information about the uncertainty analysis in section 1.7 and Appendix C.

Check time series consistency

The NEA is responsible for the methodologies used in the inventory and therefore for the
consitency of the time series. SN and the NEA have established procedures to check the
recalculated inventories. Every recalculations are explained (Cf. chapter 8.1) and the NEA check
that it ensures consistency in the time-series.

Check completeness

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 section 1.8. There may, of course, exist sources which
are not covered. However, we are quite certain that emissions from potentially additional
sources are very small or negligible. During comparisons with previous emission estimates, any
emission calculations that have been erroneously omitted during the most recent production
cycle will be identified and included.

Trend checks

Review of internal documentation and archiving

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 should be documented. This should increase
reproducibility of emissions and uncertainty estimates. The 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 Environment Agency as well as notes with explanations on changes in
emissions are stored. This is a continuous process of improvement at Statistics Norway.

1.6.3 Source category-specific QC procedures

Statistics Norway and the Norwegian Environment Agency have carried out several studies on
specific emission sources, e.g. emissions from road, sea, and air transport. 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 rationale for the choice of emission factor is provided. The emission factors
are often compared with default factors from the most recent EMEP/EEA air pollutant inventory
guidebook and emission factors from other literature. Furthermore, activity data have been
closely examined and quality controlled, as have the uncertainty estimates.
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The QC procedures with regard to emission data, activity data and uncertainty estimates for the
different emission sources are described in the QA/QC-chapters of the relevant
sourcecategories. The source categoryspecific analyses have primarily been performed for key
categories on a case-by-case basis, which is described as being good practice.

In the following is a more detailed description of QC of emission data reported from plants:

Plant emission data that are used in the European Emission trading system (EU-ETS) will undergo
annual QC checks. Activity data and emission estimates from plants that are included in the EU-
ETS undergoes annual third-party verification. The source-specific QC checks for other plants are
performed as part of the controls of the reporting under the emission permits.

The plant specific data undergo further QC from the emission inventory team at the Norwegian
Environment Agency before figures are sent to Statistics Norway for inclusion in the emission
inventory. Statistics Norway is responsible for reporting the results of the key category analysis
to the Norwegian Environment Agency, and the agency places special emphasis on plants that
belong to key categories.

At some point since the inclusion in the inventory, each plant has been QC checked more
thoroughly, including:

e An assessment and documentation of measurements and sampling
o Measurement frequency
o Sampling
o Use of standards (e.g. 1SO)

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 Statistics
Norway (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 (in collaboration with Statistics Norway)

e 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.

1.6.4 Verification studies

In general, the final inventory data provided by Statistics Norway are checked and verified by
the Norwegian Environment Agency.

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.
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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. An unpublished, final report has been
worked out, containing the following elements:

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

e identification of gaps in knowledge

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

e discussions of the particular Nordic aspects influencing the emissions

e 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 was finalised in 2010. This
project focused on emission of particulate matter. The final report contains the following
elements:

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

e identification of gaps in knowledge

e discussions of the particular Nordic aspects influencing the emissions

e discussions of the possible contributions from research in the Nordic countries

e proposals for research areas

e recommendations for further work

In 2015, a Nordic project started, financed by the Nordic Council of Ministers, with the aim to
improve the Nordic emission inventories on heavy metals and POP compounds. In the proposed
programme the experts working with air pollutant inventories in Denmark, Finland, Iceland,
Norway and Sweden will have a yearly meeting for knowledge exchange. The main focus is to
compare emission factors and methodologies used, inform about national studies performed,
and study and set up further plans to develop national air pollution inventories, especially for
emission sources where studies and other Nordic information sources can be used in developing
methodologies suitable for Nordic countries. This project is an on-going project. In 2021, it will
focus on emissions from biogas production and pulp and paper, among other sectors

In 2017, a Nordic project, financed by the Nordic Council of Ministers, went through the
emission factors for SLCP emissions from residential wood combustion in the Nordic countries.
The overall objective of this project was to improve the Nordic emission inventories of SLCPs
(Kindbom et al. 2017). This project included comparisons of emission factors for elemental
carbon (EC), organic carbon (OC), particulate matter (PM,s), methane (CH4) and non-methane
volatile organic compounds (NMVOC).
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1.7 General uncertainty evaluation

1.7.1 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:

S0, < 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 C.

1.7.2 Heavy metals and peristand organic pollutants

The uncertainty is generally higher for heavy metals (HMs) and persitant organic pollutants
(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 suitable the emission factors found in
international literature are for Norwegian conditions. Emission factors for some HM and POP
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 Environment Agency 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 HMs and POPs are to be calculated from 1990,
recalculations are necessary. These recalculations are based on a combination of assumptions
and knowledge of the plants. Emission figures from the early 1990s are therefore more
uncertain than figures produced today.

1.8 General Assessment of Completeness

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 (NOyx, SO,, NHs) and NMVOC, the heavy metals Pb, Cd and Hg,
particulate matter (TSP, PM1o and PM,s), CO and the POPs dioxins, Benzo(a)pyrene,
benzo(b)fluoranthene, benzo(k)fluoranthene and indeno(1,2,3-cd)pyrene (PAH-4), HCB and PCB.
Norway also voluntary reports the heavy metals As, Cr and Cu and BC. Emissions of Ni, Se and Zn
are not estimated.

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 all pollutants are reported for all years
from 1990.

Regarding sectoral coverage, sources not covered in the inventory even if emissions can be
expected, have been reported as Not Estimated (NE) in the NFR tables. The table below provides
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explanations and an overview of the sources and pollutants that are not estimated, even if
emissions might be expected. In each sector chapter more details about completeness is given.
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Table 1.5 Explanation to the Notation key NE

NFR

Substance(s) Further details
category
all Ni Se. 7n There is no reporting obligation for these substances. Norway
Tt does not estimate emissions of these substances.
According to the EMEP/EEA Guidebook, emission of ammonia
(NH3) are not caused by combustion process, and hence in
general not occurring in NFR category 1.A “Energy
combustion”. Emissions resulting from incomplete reaction of
1.A NH3 NH3 additive in denitrification processes will however occur in
some combustion categories, and is estimated where relevant
in the Norwegian inventory. ‘NA’ (‘not applicable’) might be a
more accurate notation key in NFR categories where no NH3
additive is applied, and this will be investigated
benzo(k)
1A2gvii fluoranthene, Incorporation of emission factor provided in 2019 EMEP/EEA
Indeno (1,2,3-cd) | Guidebook to be considered
pyrene
1A2gvii PCB gtjizgzsciin factors are provided in the 2019 EMEP/EEA
1A3ai(i) PCB gtjizgzsciin factors are provided in the 2019 EMEP/EEA
1A3aii(i) PCB gtjizgzsciin factors are provided in the 2019 EMEP/EEA
benzo(k)
1A3biv fluoranthene, Incorporation of emission factor provided in 2019 EMEP/EEA
indeno (1,2,3-cd) | Guidebook to be considered
pyrene
benzo(a) pyrene,
benzo(k)
1A3bvi fluoranthene, No emission factors are provided in the 2019 EMEP/EEA
indeno (1,2,3-cd) | Guidebook
pyrene, HCB,
PCB
No emission factors for heavy metals are provided in the 2019
. EMEP/EEA Guidebook for 1.A.3.b.vii “Road transport:
1A3bvi As, Cr, Cu, Pb, Hg Automobile road abrasion “. The use of ‘NA’ (‘not applicable’)
instead of ‘NE” will be investigated
Indeno (1,2,3-cd)
" pyrene, benzo(a) No emission factors are provided in the 2019 EMEP/EEA
1A3bvii pyrene, benzo(k) Guidebook
fluoranthene,
HCB, PCB
1A3c HCB No emission factors are provided in the 2019 EMEP/EEA
Guidebook
1A3ei PAH, PCB gﬁiz?biiiin factors are provided in the 2019 EMEP/EEA
1Adaii :)Iirollzfgg&ene, No emission factors are provided in the 2019 EMEP/EEA

indeno (1,2,3-cd)

Guidebook
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pyrene, HCB,
PCB
benzo(k)
1Adbii fluoranthene, No emission factors are provided in the 2019 EMEP/EEA
Indeno (1,2,3-cd) | Guidebook
pyrene, HCB
1Adci HCB Ianeroration of emis.?ion factor provided in 2019 EMEP/EEA
Guidebook to be considered
benzo(k)
1Adcii fluoranthene, No emission factors are provided in the 2019 EMEP/EEA
indeno (1,2,3-cd) | Guidebook
pyrene, HCB
1ASb HCB, PCB No.emission factors are provided in the 2019 EMEP/EEA
Guidebook
PAH, As, Cd, Hg,
1B1b Pb, NMVOC, Incorporation of emission factor provided in 2019 EMEP/EEA
PMjio, PM,s, TSP, | Guidebook to be considered
BC, PCB, NH3
1B1c PAH, PCB, PCDD/ | No emission factors are provided in the 2019 EMEP/EEA
PCDF Guidebook
No emission factors provided in 2019 EMEP/EEA Guidebook for
. 1.B.2.a.i “Fugitive emissions oil: Exploration, production,
1B2ai SOx . . .
transport” and use of the notation key ‘NE’ (not estimated) is
recommended by the EMEP/EEA Guidebook
1B2aiv PAH, PCB No.emission factors are provided in the 2019 EMEP/EEA
Guidebook
1B2aiv PCDD/ PCDF IncF)rporation of emis.f,ion factor provided in 2019 EMEP/EEA
Guidebook to be considered
No emission factors provided in 2019 EMEP/EEA Guidebook for
1.B.2.b “Fugitive emissions from natural gas (exploration,
1B2b SOx production, processing, transmission, storage, distribution and
other)” and use of the notation key ‘NE’ (not estimated) is
recommended by the EMEP/EEA Guidebook
1B2c NH3 No'emission factors are provided in the 2019 EMEP/EEA
Guidebook
Provision and use of emission factor for heavy metals from
1B2d As, Hg 1.B.2.d “ Other fugitive emissions from energy production “in
2019 EMEP/EEA Guidebook will be investigated
1B2d PAH, HCB, PCB, | No emission factors are provided in the 2019 EMEP/EEA
PCDD/ PCDF Guidebook
1B2d NH3 Incorporation of emission factor provided in 2019 EMEP/EEA
Guidebook to be considered
21 HAP Emissions are not estimated because there is no emission
factor or methodology description in the EMEP/EEA Guidebook
52 o Emissions are not estimated because there is no emission
factor or methodology description in the EMEP/EEA Guidebook
Emissions are not estimated because there is no emission
2A3 PAH, HCB, SOx factor or methodology description in the EMEP/EEA Guidebook
A3 cd, Cr, Cu Hg Emissions are not estimated because there is no emission

factor or methodology description in the EMEP/EEA Guidebook
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for glass wool and glass fibre. Can be potentially estimated for
glass production, but the plants are closed down.

CO, NMVOC, Emissions are not estimated because there is no emission
2A3 T .
PCDD/ PCDF factor or methodology description in the EMEP/EEA Guidebook
Emissions are not estimated because there is no emission
2ASh NMVOC factor or methodology description in the EMEP/EEA Guidebook
PAH, CO, Cu,
HCB, NMVOC, Emissions are not estimated because there is no emission
2A6 . .
NOx, PCB, PCDD/ | factor or methodology description in the EMEP/EEA Guidebook
PCDF
581 NMVOC, PMjo, Emissions are not estimated because there is no emission
PM2.5, SOx , TSP | factor or methodology description in the EMEP/EEA Guidebook
Emissions are not estimated because there is no emission
2B10a €O, SOx factor or methodology description in the EMEP/EEA Guidebook
benzo(k)
fluoranthene, Emissions are not estimated because there is no emission
2B5 Lo .
HCB, NOx, PCB, |factor or methodology description in the EMEP/EEA Guidebook
PCDD/ PCDF
CO, NMVOC, . . . .
586 NH. PAH. PCB Emissions are not estimated because there is no emission
3, ) ) - . .
PCDD/ PCDF factor or methodology description in the EMEP/EEA Guidebook
CO, NH;s, . . . .
5c1 NMVOC. NOx Emissions are not estimated because there is no emission
SOx ’ ! factor or methodology description in the EMEP/EEA Guidebook
22 CO. NH Emissions are not estimated because there is no emission
P factor or methodology description in the EMEP/EEA Guidebook
Emissions are not estimated because there is no emission
263 NHs, NMVOC factor or methodology description in the EMEP/EEA Guidebook
2C6 As Will be considered in future reporting
BC, PAH, CO,
>C6 :E/IB\'/(';ICH3’I\IOX Emissions are not estimated because there is no emission
PCDD/ PCDF factor or methodology description in the EMEP/EEA Guidebook
(dioxins/ furans)
o é:’ 58:'2:’ s:' Emissions are not estimated because there is no emission
NMVOC, Pb, PCB factor or methodology description in the EMEP/EEA Guidebook
2C7c Cr, Cu, HCB, NHs, | Emissions are not estimated because there is no emission
Hg, PCB factor or methodology description in the EMEP/EEA Guidebook
>C7d PAH, Cr, Cu, HCB, | Emissions are not estimated because there is no emission
NHs, PCB, factor or methodology description in the EMEP/EEA Guidebook
D3¢ BC, CO, NMVOC, |Emissions are not estimated because there is no emission
TSP factor or methodology description in the EMEP/EEA Guidebook
2D3d,
2D3e, BC Emissions are not estimated because there is no emission
2D3f, factor or methodology description in the EMEP/EEA Guidebook
2D3g
As, PAH, Cd, CO
7 ’ ’ ’ E . . . . . .
2D3g Cr, Cu, HCB, Hg, missions are not estimated because there is no emission

NOx, Pb, TSP,

factor or methodology description in the EMEP/EEA Guidebook
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PMlo, PMz_s, SOX,
NHs, PCB, PCDD/
PCDF

Emissions are not estimated because there is no emission

26 HCB, PCB factor or methodology description in the EMEP/EEA Guidebook
Emissions are not estimated because there is no emission
2H1 PAH, HCB, NHs factor or methodology description in the EMEP/EEA Guidebook
BC, PAH, HCB, . . . -
512 PMio, PMas, TSP, Emissions are not estimated .be‘cau?se there is no emlsspn
PCB factor or methodology description in the EMEP/EEA Guidebook
BC, PAH, HCB, Emissions are not estimated because there is no emission
2H3 S )
PCB factor or methodology description in the EMEP/EEA Guidebook
As, PAH, Cu, . . . .
51 HCB, PCB, PCDD/ Emissions are not estimated .be.cau.se there is no emlsspn
PCDF factor or methodology description in the EMEP/EEA Guidebook
5 PAH, Cu, HCB, Emissions are not estimated because there is no emission
PCB factor or methodology description in the EMEP/EEA Guidebook
As, PAH, Cd, Cr, . . . .
5K Cu, HCB, Hg, Pb, Emissions are not estimated .be.cautse there is no emlsspn
PCB factor or methodology description in the EMEP/EEA Guidebook
5L PAH, HCB, PCB, |Emissions are not estimated because there is no emission
PCDD/ PCDF factor or methodology description in the EMEP/EEA Guidebook
3B4f All Is considered insignificant.
3Da2c NH3 Emissions are not estimated because of lack of activity data
Emissions are not estimated because there is no emission
3Da4, 3De | NH3 factor or methodology description in the EMEP/EEA Guidebook
3Df PCBs Emissions are not estimated because there is no emission
factor or methodology description in the EMEP/EEA Guidebook
5A CO, NH3 Is considered insignificant.
SA He Emissions are not estimated ‘be'cau.se there is no emissifm
factor or methodology description in the EMEP/EEA Guidebook
5p1 Eg)xwll/ll\\/lli,c Emissions are not estimated ‘be'cau.se there is no emissign
PMa.s, TSP, SOx factor or methodology description in the EMEP/EEA Guidebook
BC, PAH, Cd, CO,
Cr, Hg, HCB, NH3s,
582 NMVOC, NOx, Emissions are not estimated because there is no emission
Pb, PCB, PCDD, |factor or methodology description in the EMEP/EEA Guidebook
PCDF, PMyy,
PM,.s, SOx
5Cla PAH, HCB, PCB, | Will be considered in future reporting
5Cla NH; Emissions are not estimated because of lack of activity data
5Cla NMVOC Emissions are not estimated because of lack of activity data
PAH, Cd, HCB,
ggg:; :ﬁ;l\ljgé', Pb, Will be considered in future reporting
PCB, PCDD/PCDF
5C1biii PAH, NH3
5C1biv All Emissions are not estimated because of lack of activity data
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5Clbv NH3
Assumed to not occur in Norway — the notation key should be
5C2 All
changed
As, Cd, Cr, Cu, . . . _
5D1 He Pb. PM Emissions are not estimated because there is no emission
& 10, Vo, factor or methodology description in the EMEP/EEA Guidebook
PMa.s, TSP
5D1 NH; Is considered insignificant in Norway
5D2 ':S’ f\ldl-] C:;bcuT’SP Emissions are not estimated because there is no emission
& N3, F0, 158 | factor or methodology description in the EMEP/EEA Guidebook
PMio, PM3s,
Assumed to not occur in Norway — the notation key should be
5D3 All
changed
5E HCB Emissions are not estimated because there is no emission
factor or methodology description in the EMEP/EEA Guidebook
6A All Assumed to not occur in Norway — the notation key should be

changed

Table 1.6 Expl

anation to the Notation key IE

NFR Substance(s) Further details

category

1A3ei All All emissions from pipelines are reported under NFR 1A1

PM10, PM2.5, Emissions are reported under 2A6

2A5c TSP

2B1 NOx Emissions are reported under 2B2
Reported as IE, but will be changed to NE in the 2022
submission since there is no emission factor or methodology

2B10b NMVOC description in the EMEP/EEA Guidebook.
Reported as IE, but will be changed to NE in the 2022
submission since there is no emission factor or methodology

2C7b PCDD/ PCDF description in the EMEP/EEA Guidebook.

2C7d All Emissions are reported under 2C7c

3B4giii All Emissions are reported under 3B4giv

5C1bi All Emissions are reported under 5C1a until 2015.

5C1bii All Emissions are reported under 5Cla

5C1biii From 2006 er emissions reported under 5Cla
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Table 1.7 Explanation to the Notation key NO

NFR category | Substance(s) | Further details
1A3di(ii) all from 1990
1A3eii all from 1990
2B1 NH3 from 1990
2B3 all from 1990
2B7 all from 1990
2C4 all from 1990
2C5 all from 1990
2C7a all from 1990
2H1 Cco from 2014
3B4a All from 1990
3Df HCB, PCB from 2009
5C1bvi All from 1990
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2 Explanation of key trends

2.1 Acidifying substances and NMVOC

2.1.1 Total acidifying emission

Emissions of gases that transform into acid can be expressed in terms of acid equivalents. Total
emissions of the three gases NOy, SO, and NHs; measured as acid equivalents have decreased by
29 per cent since 1990, from 7 690 tonnes acid equivalents to 5 461 tonnes acid equivalents in
2019. SO, and NOx emissions have gone down by 67 and 25 per cent since 1990, respectively,
while NH3 emissions have remained more or less constant. In 1990, NOx constituted 57 per cent
of the acidifying emissions, NH; 23 per cent and SO; 20 per cent. While in 2019, NOx, NHs and
SO, were responsible for 60, 31 and 9 per cent of these emissions, respectively. Norway has met
the 2010 targets defined by the Gothenburg Protocol for NOx, SO, and NMVOC, while NH;
emissions are above the Gothenburg 2010 target.

The 2020 targets defined by the revised Gothenburg Protocol have already been met for SO,
and NOx.
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Figure 2.1. Trends in emissions for NOx, SOz, NH3 and NMVOC. 1990-2019. Index 1990 = 100%
Source: Statistics Norway/Norwegian Environment Agency

2.1.2 NOx

e 2010 commitment of the Gothenburg Protocol: 156 000 tonnes.
e 2020 commitment of the revised Gothenburg Protocol: a 23 per cent reduction
compared to emissions in 2005; 167 490 tonnes.

Norway’s NOx emissions totaled 150 560 tonnes in 2019. NOx emissions have been reduced by
25 per cent since 1990 and by 31 per cent since 2005. The biggest sources of NOx emissions in

2019 were transport and combustion in energy industries, accounting for 42 and 31 per cent of
total emissions, respectively. Emissions from combustion in the energy industries sector overall
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have increased by 66 per cent since 1990. Within the energy industries sector, manufacturing of
solid fuels and other energy industries accounts for 94 per cent, and have increased by 76 per
cent since 1990, mainly due to increased production.

Emissions from the transport sector overall have decreased by 39 per cent since 1990. These
reductions nevertheless hide significant differences within the sector: Emissions from domestic
and international aviation have increased by 59 per cent and 97 per cent respectively since
1990, whereas emissions from passenger cars have been reduced by 46 per cent and emissions
from heavy duty vehicles and buses have been reduced by 66 per cent.

140
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100 ;Al Combustion in energy
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—— Other sources

40
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0
1990 1994 1998 2002 2006 2010 2014 2018

Figure 2.2. Trends in NOx emissions, 1990-2019. 1000 tonnes

Source: Statistics Norway/Norwegian Environment Agency

Emissions from aviation have increased primarily due to increased traffic. Within road transport,
traffic has also increased significantly from 1990 to 2019. NOx emissions have however been
reduced due to policy measures: Stricter emission requirements for new passenger cars, heavy
duty vehicles and buses, is the main cause.

Emissions from national navigation reached a peak in 1999. Since 2012, the emissions have gone
down, and they are now 27 per cent lower than in 1990. This is partly due to measures
implemented by the NOx Fund, which is financed by industry and businesses. These measures
are not necessarily linked to fuel efficiency, and energy consumption in national navigation does
therefore not show the same decline as the emissions.
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Figure 2.3. Distribution of NOx emissions between emission sources, 2019. Per cent

Source: Statistics Norway/Norwegian Environment Agency

2.1.3 SO

e 2010 commitment of the Gothenburg Protocol: 22 000 tonnes.
e 2020 commitment of the revised Gothenburg Protocol: a 10 per cent reduction
compared to emissions in 2005; 20 924 tonnes.

Norway’s SO, emissions totalled 16 273 tonnes in 2019. Both the 2010 and 2020 commitments
of the Gothenburg Protocol for SO, emissions have been fulfilled for some years.

The SO; emissions in Norway in 2019 have been reduced by 67 per cent since 1990. This has
been achieved by pollution control, the closure of pollution intensive businesses, a reduction of
sulfur content in petroleum products and a reduced consumption of petroleum products.
Emissions have decreased by 1 per cent between 2018 and 2019, due to a decrease in emissions
from metal industry. This decrease has however to a certain degree been counteracted by
increases in emissions from other subcategories, combustion in energy industries in partiucular.
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Figure 2.4. Trends in SO2 emissions, 1990-2019. 1000 tonnes
Source: Statistics Norway/Norwegian Environment Agency
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Figure 2.5. Distribution of SOz emissions between emission sources, 2019. Per cent

Source: Statistics Norway/Norwegian Environment Agency

Metal industry was the largest source of SO, emissions in 2019, representing 48 per cent of total
emissions. Emissions from this sector have been reduced by 55 per cent since 1990, primarily
due to reductions in the ferroalloys production. Nonetheless, the production of ferroalloys
remains the most significant source of emissions within metal industry, being responsible for 70
per cent of emissions from the metal industry in 2019. Emissions from the metal industry have
decreased by 4 per cent between 2018 and 2019.

Combustion in energy industries is the second largest source of emissions in 2019, accounting
for 19 per cent of the total emissions. Emissions from combustion in energy industries have
increased by 58 per cent since 1990. Within this sector, public electricity and heat production
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has been the largest source of SO, emissions since 1990. It accounted for 64 per cent of
emissions from the sector combustion in energy industries in 2019.

Transport constituted 7 per cent of total emissions of SO, in 2019. Emissions from transport
have been reduced by 80 per cent since 1990, mainly due to a lower sulphur content in fuels.
Most of the reduction took place at the beginning of the period. Indeed, in 1994, emissions were
reduced by almost 40 per cent compared to 1990. Emissions from most transport subcategories
have been reduced. The exeption being avation, both international and domestic, with
increased emissions by 58 percent and 28 percent, respectively. These are however both rather
small sources for SO2 emissions. Notably, there are currently only significant emissions from
national navigation in this category, representing, in 2019, 92 per cent of the SO, emissions in
the transport category.

Emissions from combustions in manufacturing industries and construction have decreased by 84
per cent since 1990, contributing to only 7 per cent of the total SO, emissions in 2019. Similarly,

process emissions from chemical industries, including carbide production, have decreased by 88
per cent since 1990, contributing to 5 per cent of the total SO, emissions in 2019. The decline is

a result of lower production and the closure of two plants.

2.1.4 NHs;

e 2010 commitment of the Gothenburg Protocol: 23 000 tonnes.
e 2020 commitment of the revised Gothenburg Protocol: an 8 per cent reduction
compared to emissions in 2005; 28 016 tonnes.

Norway’s NHs emissions totalled 28 555 tonnes in 2019. The 2010 commitment of the
Gothenburg Protocol for NH3 emissions has not yet been fulfilled. Despite the fact that the
revised commitment for 2020 is higher than the 2010 commitment, it will still require further
actions to reach this level.

The Norwegian emissions of NHs were 4 per cent lower in 2019 than in 1990. Agriculture is the
dominant source, and was responsible for 95 per cent of the NH; emissions in Norway in 2019.
Animal manure is the most predominant source of emissions. 51 per cent of the total Norwegian
emissions of NH3 originated from agricultural soils in 2019, of which application of animal
manure to soils accounted for 78 per cent. In addition, 42 per cent of total NHz emissions in
2019 originated from manure management. Within this sector, cattle is the most important
source of emissions, dairy cattle and non-dairy cattle representing respectively 33 per cent and
35 per cent of the emissions from this sector in 2019.
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Figure 2.6. Trends in NH3 emissions, 1990-2019. 1000 tonnes
Source: Statistics Norway/Norwegian Environment Agency
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Figure 2.7. Distribution of NHz emissions between emission sources, 2019. Per cent

Source: Statistics Norway/Norwegian Environment Agency

Emissions of NH3 from passenger cars increased up to a level of around 2000 tonnes in the early
2000s due to the introduction of three-way catalytic converters. However, emissions from cars
have since decreased considerably, partly due to improved catalyst techologies and partly due
to a shift from petrol to diesel cars.

2.1.5 NMVOC

e 2010 commitment of the Gothenburg Protocol: 195 000 tonnes.
e 2020 commitment of the revised Gothenburg Protocol: a 40 per cent reduction
compared to emissions in 2005; 150 422 tonnes.
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Norway’s NMVOC emissions totaled 152 501 tonnes in 2019. The 2010 commitment of the
Gothenburg Protocol for NMVOC emissions has been fulfilled since 2008. The revised 2020
commitment will demand some further reductions.

NMVOC emissions have been reduced by 53 per cent since 1990, and by 64 per cent since the
peak in 2001. Loading of crude oil offshore was the main reason for the increase in emissions
from 1990 to 2001. Measures to prevent these emissions resulted in a 84 per cent decrease in
fugitive emissions from fuels from 2001 to 2011Fugitive emissions from fuels represent 30 per
cent of total emissions of NMVOC in 2019.
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Figure 2.8. Trends in NMVOC emissions, 1990-2019. 1000 tonnes
Source: Statistics Norway/Norwegian Environment Agency
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Figure 2.9. Distribution of NMVOC emissions between emission sources, 2019. Per cent

Source: Statistics Norway/Norwegian Environment Agency

33 per cent of the NMVOC emissions in 2019 originated from product use (solvents etc.). The
most important subcategories within product use is “other solvent use” (2D3i), accounting for
52 per cent, while domestic solvent use including fungicides, accounting for 36 per cent of
emissions within this sector.

The category “other combustion” (NFR 1A4 and 1A5) accounted for 16 per cent of total
emissions of NMVOC in 2019. The two most significant sources of emissions within the sector
are household and gardening (mobile) and stationary plants in the residential sector. These two
subsectors were responsible for 97 per cent of emissions within this sector.

NMVOC emissions from transport have decreased by 87 per cent since 1990, mainly due to
reductions in emissions from passenger cars and gasoline evaporation. Stricter emission
standards for petrol passenger cars were implemented in 1989, and led to reduced emissions. In
addition, the increased share of diesel cars within the vehicle fleet has strengthened the
downwards trend.

2.2 CO

Emissions of carbon monoxide, CO, amounted to 399 849 tonnes in 2019. They have gone down
by 50 per cent since 1990 and by 1 per cent since 2018. This is mainly due to lower emissions
from transport, which have been reduced by 89 per cent since 1990. Emissions from passenger
cars represented 83 per cent of the transport sector in 1990. They have been reduced by 93 per
cent since 1990, primarly due to stricter emission standards. Emissions from light duty vehicles
have also been significantly reduced (95 per cent since 1990), albeit from a lower absolute level.
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Figure 2.10. Trends in CO emissions, 1990-2019. 1000 tonnes
Source: Statistics Norway/Norwegian Environment Agency
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Figure 2.11. Distribution of CO emissions between emission sources, 2019. Per cent
Source: Statistics Norway/Norwegian Environment Agency

The category “other combustion” (NFR 1A4 and 1A5) and the metal industry were the largest
sources of emissions in 2018, representing 40 and 38 per cent of the CO emissions, respectively.

The two most significant sources of emissions within “other combustion” are household and
gardening (mobile) and stationary plants in the residential sector, which accounted for 42 and
55 per cent of the total emissions of the sector, respectively, in 2019. These emissions are
mainly due to wood combustion for heating purposes. Emissions from household and gardening
(mobile) in the residential sector have remained relatively stable since 1990. Emissions from
stationary plants in the residential sector were 16 per cent lower in 2019 than in 1990 and 36
per cent lower than 2010. Reduction are due to an increased share of new technology in wood
burning appliances.

Within the metal industry the only source of CO emissions in 2019 is aluminium production.
Emissions from aluminium production have increased by 38 per cent since 1990.

2.3 PM, POPs and heavy metals

Emissions of BC, PAH-4, dioxins, HCB, PCB, and all heavy metals except copper, although
fluctuating throughout the period, are much lower than in 1990.

Since 2018, BC, HCB and dioxin emissions have decreased, PAH-4 emissions have increased,
while PCB emissions have remained stable.
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Figure 2.12. Trends in emissions for PAH-4, dioxins, PCB, HCB and BC. 1990-20189. Index 1990=100%
Source: Statistics Norway/Norwegian Environment Agency

The emissions of several hazardous substances including PAHs (polycyclic aromatic
hydrocarbons) have been considerably reduced since 1990. The cause of the decrease is
primarily reduced emissions within manufacturing and mining. Cleaning measures, changes in
production processes and lower activity in some industries have all resulted in reduced
emissions. Norway has set a national target to reduce emissions compared with the emission
levels in 1995. Internationally, Norway has an obligation to reduce emissions of selected
hazardous substances compared to the level of emissions in 1990 through the Aarhus Protocol.
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Figure 2.13 Trends in emissions for Heavy metals. 1990-2019. Index 1990=100%
Source: Statistics Norway/Norwegian Environment Agency
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2.3.1 PMo

Emissions of particulate matter (PM1o) totaled 32 097 tonnes in 2019. PM;o emissions have
decreased by 38 per cent since 1990.

The most important source of PMig emissions is stationary plants in the residential sector,
included in “other combustion” (NFR 1A4 and 1A5). Emissions from “other combustion”
amounted to 13 935 tonnes of PMjo in 2019, of which 93 per cent stems from stationary plants,
primarily due to wood burning in private households. Emissions from stationary plants in the
residential sector have been reduced by 44 per cent since 1990. Since 2000, the reduction in
particle emissions has been higher than reductions in wood consumption, due to an increased
share of new technology in wood burning appliances.

Process emissions from manufacturing and mining amounted to 8 181 tonnes in 2019. Within
the process sector, the largest sources were mineral industry and metal industry, which
accounted for 49 and 28 per cent of the process category, respectively, in 2019. Emissions from
metal industry have decreased by 63 per cent since 1990, mainly due to reduced production,
wheras emissions from mineral industry have increased by 27 per cent since 1990. Emissions
from the mineral industry category are mainly from sandpit and rock-crushing plants. It should
be noted that the emissions from this source varies highly from year to year, and that the data
are uncertain.

Transport was responsible for 12 per cent of PMjgemissions in 2019, of which 36 per cent
originated from navigation and 32 per cent originated from road abrasion and tyre and break

wear.
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Figure 2.14. Trends in PM1o emissions, 1990-2019. 1000 tonnes
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