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Abstract

It is important for the control of greenhouse gas emissions in Europe that countries report accurate and timely
statistics on CO, emissions and that the same data are reported to different international organisations. Norway,
as a non-EU member does not report emissions under the EU monitoring mechanism. Norway reports consistent
data to the UNFCCC (United Nation Framework Convention on Climate Change) and Eurostat/OECD.

However, data reported using the Reference Approach, based on energy inflow, gives very different results from
the Sectorial Approach, based on end use of energy. This report reveals that Norway's reporting using the
Reference Approach has been based on other energy data than reported by Norway to the IEA (International
Energy Agency). In this work the IEA data are used as an input to the Reference Approach. Also key input
parameters have been reviewed. After these changes the difference in CO, estimates between the Reference and
Sectorial Approach is reduced, but is still large.

Norway has a large upstream oil and gas industry, and small errors in input parameters may have a large effect on
the CO, emission estimates using the Reference Approach. Also the statistical error in the energy balance is
rather large for Norway. On the other hand, the statistics on end use of energy is considered to be of high quality,
so the confidence in CO, emissions estimated using the Sectorial Approach is high.

Live Tanum Pasnin and Trond Sandmo at Statistics Norway have contributed to this report. The work has been
initiated and funded by Eurostat.
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1. Introduction

High quality emission data is important for the implementation of the Kyoto protocol and monitoring of
emissions in general. CO, is the most important greenhouse gas. In Norway it accounts for about 75 per cent of
the total GWP weighted emissions. Also the growth is high compared to other gases, 20 per cent from 1990 to
1999 (Statistics Norway 2000a).

The aim of this report is to demonstrate the consistency of official Norwegian reporting, to explain possible
differences and suggest improvements in the statistical system.

This report is based on official data reported by Norway in 2000 for the years 1990, 1995 and 1998. Reporting in
2001 is slightly different due to some minor methodological improvements. This does, however, not alter the
conclusions made in this report.

This report has been prepared as a request from Eurostat.

2. Methodology used in Norway

2.1. Administrative system

The national emission inventory is prepared in collaboration between the Norwegian Pollution Control Authority
(SFT) and Statistics Norway. Statistics Norway is responsible for the emission inventory system and activity
data, while SFT is responsible for emission factors, reported emissions from large plants and inventory
improvements in general.

The national emission inventory is a multi-pollutant system used for estimating emissions of greenhouse gases,
acidifying pollutants and toxic substances. The system is documented in Flugsrud et al. (2000). This system
forms the basis for reporting of emissions to air to all international organisations.

Statistics Norway has the formal responsibility for reporting to the OECD/Eurostat Joint questionnaire. Statistics
Norway also has the responsibility for reporting energy data to Eurostat and the International Energy Agency
(IEA). The Ministry of Environment has the responsibility for reporting to the UNFCCC (United Nations
Framework Convention on Climate Change). However, Statistics Norway is filling in the CRF (Common
Reporting Format). This system ensures that the same data are reported to all international organisations.

Norway, as a non-EU member, does not report to the EU Monitoring Mechanism Decision.

Differences in published emission data may, however, still occur. This is because reported data often are
recalculated at a later stage, due to improvements in data and methodologies. For example is the total CO,
emission estimate for 1998 as reported in 2001 41.4 Gg, compared to 41.7 reported in 2000. The difference is due
to methodological improvements. This means that discrepancies between emission figures apparently can be
present when data from different publications are compared.

The basic methodology used in the national inventory system equals the IPCC Sectorial Approach (IPCC =
Intergovernmental Panel on Climate Change). The methodology is described below (Section 2.2). Countries are
in addition required to use the Reference Approach for reporting to UNFCCC. This methodology is explained in
Section 2.3.



2.2. Sectorial Approach

2.2.1. Methodology

The Sectorial Approach is recommended in [IPCC (1997) for estimating emissions of CO,. The Norwegian
national methodology is in accordance with this methodology at level 2/level 3.

The starting point is the total consumption of various types of energy commodities. This consumption is
distributed between sectors (end users) and appliances. Note that this distribution is not actually necessary for
estimating emissions of CO,. Such distribution is, however, necessary for estimating emissions of other
pollutants. It is also crucial in order to analyse emissions (e.g. why they are changing and possible measures).
Consumption of fuels where carbon is stored is subtracted. The most important example is fractions of gas used
as a feedstock in the production of plastic and methanol.

Emissions are estimated by multiplying the fuel use with appropriate emission factors reflecting the carbon
content. Also indirect emissions of CO, are estimated. These are from oxidation of NMVOCs and methane
(CHy). This is also according to the Revised 1996 Guidelines which state that gross emissions should be counted,
not "end of pipe". Net CO, emissions from use of biomass are not counted (according to the Revised 1996
Guidelines).

Norway has a large metallurgical industry. Emissions from use of coal and coke as reducing agents are accounted
for as process emissions and not energy. This is according to [IPCC Good Practice (IPCC 2000).

CO, emissions from non-energy sources are added. Most important is CO, from cement production. This estimate
is based on the production of clinker and national emission factors. Again this is according to the Revised 1996
Guidelines. Also emissions from use of lime in agriculture and industry are estimated.

2.2.2. Data sources for energy related emissions

The data sources used to determine the consumption differs between the various energy commodities. The data
are shown in Table 1 and the CO, emission factors (with source of information) in Table 2.

Natural gas

Consumption of natural gas as a fuel gas in the extraction sector is reported from the Norwegian Petroleum
Directorate. These data are based on reports from each field operator and is reviewed in detail as the CO, taxation
is based on the same data. Consumption in the manufacturing industries is reported to Statistics Norway by the
plants. In addition some minor figures for use outside the manufacturing industries are reported from a
distributor.

Petroleum products

Statistics Norway, in co-operation with the Norwegian Petroleum Industry Association, produces an annual sales
statistics for petroleum products, based on reports from the oil companies. The statistics is corrected for direct
import by consumers. Due to the rather small market in Norway, the statistics is considered accurate.

Coal and coke

Coal and coke in Norway are almost entirely used by large industrial plants, and mostly as reducing agents. The
total consumption is based on reports to Statistics Norway from the plants using coal and coke. Consumption in
residences and agriculture (a small amount only) is based on information from importers, users and sales figures
from Norway's only coal producing company.

As the main consumers are well identified and report high quality data, the final consumption is considered to be
rather accurately determined.



Table 1.

Energy used in emission calculations and in the energy accounts in 1998. PJ. Explanation of

discrepancies
Total Combustion Non-energy use

Emission Energy| Emission Energy| Emission Energy

calculations accounts calculations accounts calculations accounts

Total 1194.4 1301.4 548.8 554.0 645.6 747.5
Coal/coke 47.2 60.5 7.5 8.2 39.7 52.3
Wood, waste etc. 53.6 54.0 53.6 54.0 - 0.0
Petroleum products 1) 281.6 329.1 281.6 286.6 - 42.6
Gas 2) 213.8 259.6 206.1 205.2 7.7 54.4
Crude oil 598.2 598.2 - - 598.2 598.2

1) Gasoline, kerosene, middle distillates, heavy fuel oil, waste oil

2) Including LPG

COMMENTS:

Combustion:

Coal/coke: Deviation because coal coke used at one metal plant has been registered as non-energy use in the emission calculations
Wood, waste etc.: Deviation because of different figures for waste in district heating production

Petroleum products: Deviation because of different figures for air transport (differences in definition of what is included)

Gas: Deviation because flaring at one plant is not included in the energy accounts

Non-energy use:

Coal/coke: In addition comes 175002 tons prebaked anodes and 313420 tons coal electrodes used for the emission calculations.

Table 2. CO, emission factors used in the national emission inventory

Energy commodity Emission factor Emission factor Source of information
(tonne COy/tonne (tonne COL/TJ

energy) energy)
Coal’ 2.42° 86.1 Contact with main consumers
Coke 3.19 111.9 Based on typical carbon content
Petrol coke 3.59 102.6 Based on typical carbon content
Wood 0.0 0.0 Renewable
Gasoline 3.13 71.3 Information from oil distribution companies on typical carbon content
Kerosene 3.15 73.1 Information from oil distribution companies on typical carbon content
Diesel 3.17 73.5 Information from oil distribution companies on typical carbon content
Light fuel oil 3.17 73.5 Information from oil distribution companies on typical carbon content
Heavy distillates 3.17 73.5 Information from oil distribution companies on typical carbon content
Heavy fuel oil 3.20 78.8 Information from oil distribution companies on typical carbon content
Waste oll 3.20 78.8 Assumed equal to heavy fuel oil
LPG 3.00 65.1 Information from oil distribution companies on typical carbon content
Natural gas/LNG 2.75° 57.3* Based on typical carbon content

"Hard coal only is in use in Norway

* Emission factor is revised to 2.52 tonnes/tonne for use in the 2002 reporting. Individual factors for use in the cement
industry.

?2.34 tonnes/kSm’

* Value is updated annually according to annual average energy content.

2.3. Reference Approach

2.3.1. Methodology

The Sectorial Approach is based on the end use of energy. The Reference Approach is, on the other hand, based
on primary use of energy (import and export of all energy and production of primary energy). If energy statistics
were without errors, the corresponding CO, estimates would have been equal. The Reference Approach does not
follow the fuels to the actual end use and makes general assumptions about storage etc.

The Reference Approach is based on the apparent consumption of fuels (IPCC 1997). The apparent consumption
is defined as import-export + production (primary energy only) of all fuels that may generate CO, emissions. The
fuels to consider are specified in the methodology. The calculation is based on energy data in PJ, while the



national Sectorial Approach is using consumption data in tonnes'. The methodology takes into account the carbon
content of the fuels and fraction oxidised. The long-term storage is taken into account by using general factors.

2.3.2. Sources of data

The Reference Approach is designed to use data reported to the IEA. While Norway formerly has used other
sources of data, the IEA data are described here. The IEA data are, however, national data reported by Norway.
The data sources used when reporting to IEA differs between the types of energy commodities. For use in the
energy balance there is a slightly different grouping.

Crude oil and NGL
Production data are data collected by Statistics Norway, except for the fields Teesside and Murchison, where data
collected by the Norwegian Petroleum Directorate are used.

Export data for crude oil are data produced by Statistics Norway. They are based on the amount of oil loaded
from each field. For Teesside, Murchison and the gas terminal at Karste?, data from the Norwegian Petroleum
Directorate are used. For NGL export data are collected from the Norwegian Petroleum Directorate.

Import data are collected from the refineries.

Stock change data are estimated from data on production, export, consumption and import. This makes the
statistical difference zero by definition®.

Natural gas

Production data are based on data collected by Statistics Norway. The production reported to IEA is the saleable
amount. Fuel gas is included, but gas flared, injected and vented (and losses) excluded. Dry gas and NGL are
excluded.

Export data are from the Norwegian Petroleum Directorate.

Other petroleum products
Production data are reported to Statistics Norway from the refineries.

Export data are data reported to Statistics Norway. Export of LPG from the gas terminal at Kéarste is subtracted as
this is accounted for as NGL. It is difficult to identify the correct amount to subtract, and this is a potential source
of error. Export of naphtha from the gas terminal at Kérsto is also subtracted, as this is accounted for as crude oil.

Import data are taken form the foreign trade statistics. Import of LPG is corrected for export of NGL from
Teesside to Norway.

Stock change is reported monthly to Statistics Norway from the most important stock holders (refineries and oil
companies with terminals for storage).

Coal and coal coke

Production of coal is reported from the only producer at Spitsbergen. Coking coal is not produced in Norway.
Import and export data of coal and coking coal are taken from the foreign trade statistics in Statistics Norway
(based on data from the customs authorities).

Stock change is based on data reported from the main consumers and the only producer at Spitsbergen.

Lpcc (1997) recommends using data in PJ also here, but we consider data in physical units to be more accurate.
2 Karsto exports condensate in addition to natural gas liquids.
% Other data are used in the energy balance, giving a quite large statistical error.
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Figure 1. Production and net export/import of crude oil, natural gas, coal and coke for selected years
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Feedstock data
Some data are reported to IEA, but the quality of these data can be poor. Consequently, we have used the data
from the energy balance (also used in the emission inventory) in the CRF.



Other

Data on aircraft bunkers reported to IEA is not correct, as it covers the total sales, not sales to international air
transport as supposed. The correct data is estimated as total sale subtracted the amount used for domestic air
transport (based on surveys).

3. Comparison of various CO, estimates

Various estimates reported from Norway in 2000 are shown in Table 3. As a comparison also data estimated by
the IEA are shown.

Table 3. CO; emissions in Norway reported to various international organisations for 1990. Total
energy Sectorial Approach and Reference Approach. Million tonnes (Gg).

1990 1995 1998 Change 1990-1998 %
Total emissions
CRF 35.1 38.2 41.7 18.6
JQ 35.1 38.2 41.7 18.6
Total energy’
CRF 34.1 36.9 40.4 18.5
JQ 34.1 36.9 40.4 18.5
IEA 28.5 327 36.9 294
Reference Approach
CRF? 24.3 (28.7) " 32.4 (37.6) 33 (31)
IEA 28.5 30.4 343 20.6

"Includes emissions from coal and coke used as reducing agents and fraction of gas used as feedstock that is oxidised during
the process.

* Figures in brackets include emissions from metallurgical industry. These were originally subtracted from the Reference
Approach to make the output comparable with fuel combustion in the Sectorial Approach.

The reported figures of total emissions to UNFCCC (CRF) and Eurostat/OECD (JQ) are exactly the same.

The IEA figures for energy are systematically lower than the national figures officially reported. The difference
was about 5.6 Gg in 1990 and 3.5 in 1998. This is a quite large discrepancy (about 10 per cent of total emissions).
The difference can be explained by items not included in the IEA central estimate (waste combustion (0.1 Gg),
indirect emissions from oil and gas (1.9 Gg in 1998) and, perhaps, also the fact that IEA has made general
assumptions about the storage that are less exact than those that can be made with exact knowledge.

There are also large differences between the Reference Approach and Sectorial Approach for energy. These
differences seem to have increased from 1990 to 1998 and may have different explanations as reviewed below.

Statistical errors

The statistical errors in the energy balance show the difference between the import, export and production
(including transformation) and final consumption. There will in practice always be a statistical error. However, it
should be random. If not, it indicates a systematic error in one or more parts of the energy balance. The statistical
errors in the Norwegian energy balance (excluding electricity and biomass) are shown in table 4.



Table 4. Statistical errors in the Norwegian energy balance. 1990, 1995 and 1998

1990 1995 1998
Total (TJ) -11 34 61
Total (ktonnes) (excluding natural gas) -449 578 498
Coal and coke (ktonnes) -16 1 9
Petroleum products (ktonnes) -1 750 -88
LPG and other gas (ktonnes) 4 85 417
Crude oil (ktonnes) -426 -259 149
Natural gas (mill. Sm3) 225 191 924

* A negative statistical error indicates that the final consumption is larger than the input and vice versa.

The statistical error in 1998 is high, corresponding to more than 3.5 million tonnes of CO,. This difference will
remain as a difference between the Reference Approach and Sectorial Approach.

Note that in the CO, emissions data from IEA, the statistical error has been distributed between the approaches.
That makes them more comparable, but such a distribution is not according to the [IPCC 1996 Revised Guidelines
(IPCC 1997).

Level of comparison

The Reference Approach gives an estimate of CO, emissions that is not straightforward to compare with the
Sectorial Approach. Use of fossil fuels in Norway will end up as CO, emissions in three main source categories:
Combustion (IPCC 1A) fugitive, venting and flaring (IPCC 1B) and reducing agents (IPCC 2C) as illustrated in
figure 2. This is in principle the case in all countries, but is more important for Norway than for other countries,
due to the large oil and gas sector and the many metal producing plants. For this reason, the amount of gas vented
and flared and coal used as a reducing agent is subtracted from the Reference Approach. IEA data includes coal
used as a reducing agent, but does that also in the Sectorial Approach.

There are some fuels not directly included in the Reference Approach. One is municipal waste combustion (fossil

part) emitting about 0.16 million tonnes CO,. Another is use of special types of waste, where waste oil is most
important (0.2 million tonnes of CO,). These are accounted for in the energy sector as they are used as fuels.

Figure 2. Overview of reporting of emissions from use of fossil fuels

Fossil fuels
I 1
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Estimation of storage

The Reference Approach methodology has a module where amount of fuels used as a feedstock is entered. The
fraction stored is estimated by using factors. These factors as proposed in [PCC (1997) are quite general and may
for some products vary from year to year. In Table 5 we have made proposals for changes in "fractions stored"
based on the actual use of these products in Norway. Note that for natural gas and LPG these factors are not
applicable to the total amount used, but to the fractions used as feedstock. This way of book-keeping is necessary
in order to increase the comparability with the Sectorial Approach.



Also note that in order to make the Reference Approach comparable to the Sectorial Approach as they are
compared in the CRF, fuels oxidised during industrial processes are assumed "stored". Due to the industrial
structure of Norway these are large amounts of coal, coke and gas. The new values in Table 5 are, consequently,
not directly comparable with those initially used, as the latter values are applicable to the total consumption. Due
to the large amount of fuel used for industrial processes in Norway, use of such general factors gives misleading
results.

Table 5. Fractions stored

Initially New value
assumed

stored
Naphta 0.8 1.00
Lubricants 0.5 1.00
Bitumen 1.00 1.00
Natural gas 1.00 1.00
LPG 0.77 1.00
Other bituminous coal 1.00 1.00
Coke oven coke 1.00 1.00
Petroleum coke 1.00 1.00

Crude oil emission factor

The apparent consumption of crude oil was more than 44 Gg in 1998, this is more than the total emissions. The
corresponding emission factor is however of poor quality as it does not enter the estimation in the Sectorial
Approach.

We have now reviewed this factor by contacting the main refinery in Norway. The refineries do not monitor the
carbon content of crude oil, but they have some literature values. The carbon content can vary from 83 to 87 %, a
typical value for North Sea oil can be about 86 %*. With a lower heating value of 42.3 MJ/kg this gives a carbon
emission factor of 20.33 tonnes C/TJ oil. This is only 1.6 % different from the IPCC default, but with the high
apparent consumption of crude oil in Norway this corresponds to about 0.7 million tonnes of CO,.

The energy data used

In general we have more confidence in the energy data used for the Sectorial Approach. The data on production,
import and export are probably of high quality, but obviously small uncertainties in these data can have large
effects in a country exporting most of its production of oil and gas. The complexity of the oil and gas industry in
Norway also indicates a high risk of some double counting of products.

Other

There may be confusion whether the natural gas figures given are based on net or gross calorific values. We have
used the gross calorific value, while IEA is using the net. However, as long as the national emission factors is
converted from its original unit using the same reference value for energy content, this should not be problematic.

4. Suggestions for improvements

Improvements can mainly be found concerning the Reference Approach. It is a goal to identify discrepancies
both with the IEA data and the Reference Approach.

4.1. Data

Statistics Norway has recently worked to improve the reporting of energy data to IEA. Revisions have mainly
been made for the primary petroleum products (crude oil, NGL and natural gas).

4 Kjartan Sletten, Statoil, personal communication based on J.G. Speight: "The Chemistry and Technology of Petroleum").
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Crude oil and NGL
Production data will from 2001 be based on data collected by the Norwegian Petroleum Directorate. These are
accurate data based on the amount sold from each field, corrected for stock change.

Stock change data are from 2000 based on data from the Norwegian Petroleum Directorate. The stock is
measured at the terminals each month. This means that the statistical difference can be estimated independently.
This difference will occur due to delay in loading to ships, re-loading at the terminals at the end of the month and
uncertainties in the stock estimates. It should, however, be averaged to zero from year to year.

Natural gas
From 2001 production data are taken from the Norwegian Petroleum Directorate. Fuel gas consumption is added
to the net production, and is also based on reports from each field.

4.2. Reference Approach

Some suggested changes in the Reference Approach were mentioned in chapter 3.

These include

e changes in crude oil emission factor

e consequent use of IEA energy data

e use of the same feedstock data as in the Sectorial Approach, rather then using the IPCC (1996) default
fractions for storage

The changes suggested in this report have lead to changes in the national implementation of the Reference
Approach, and consequently also the results. The new results are displayed in Table 6. The Reference Approach
has also been updated to 1999. The difference between the national Sectorial and Reference Approaches is still
rather high, especially in 1999. However, the estimates are based on a consistent methodology and assumptions.
The large difference in 1999 can have been caused by revisions in statistics as explained above.

Table 6. Comparison between various approaches. Updated Reference Approach. 1990, 1998 and 1999.
Gg. Change in %. Deviation in %

1990 1998 1999 90-98 90-99
National Sectorial Approach 26.4 31.6 31.7 20 20
National Reference Approach 25.9 31.7 34.1 22 32
Deviation (%) -3 +0.3 +7.6 -4 pp -13 pp
IEA Sectorial Approach 28.5 36.9 38.2 29 34
IEA Reference Approach 28.5 34.3 37.1 21 30
Deviation - -7 -3 8 pp 4 pp

4.3. Final conclusions

The Reference Approach is proposed as verification of national estimates based on the Sectorial Approach.
Norway meets larger difficulties using the Reference Approach than most other countries. The main reason for
this is the large oil and gas sector. Small errors in data and conversion factors may have large effects on the
output. Norway also has large amounts of fuel used for industrial processes. This causes problems for
comparisons with the Sectorial Approach.

There are also notable differences between CO, estimates made by IEA and Statistics Norway. This can be
explained by the fact that IEA is using the default IPCC emission factors and assumptions about carbon stored
while Statistics Norway is utilising more actual information. IEA is also distributing the statistical error between
the Sectorial and Reference Approach. Also estimated growth rates differ between the approaches. This can be

11



due to the fact that energy data have been revised throughout the period. In the national Sectorial Approach such
changes are always made back to 1990 for the reason of consistency.

This project has allowed us to harmonise energy data used in the Reference Approach with those used by the
IEA. However, the large statistical error in the energy data reported by Norway indicates that there are still
potential for improvements.
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