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Preface

The United Nations Framework Convention on Clin@btange (UNFCCC) was adopted in
1992 and entered into force in 1994. According tbckes 4 and 12 of the Convention,
Parties are required to develop and submit to tRECCC national inventories of
anthropogenic emissions by sources and removadiky of all greenhouse gases not
controlled by the Montreal Protocol on an annualiva

To comply with the above requirement, Norway happred the present National Inventory
Report (NIR) for the year 2009. The report andabsociated Common Reporting Format
(CRF) tables have been prepared accordance witdNkeCCC Reporting Guidelines on
Annual Inventories as adopted by the COP by itsdi@t 18/CP. 8. The methodologies used
in the calculation of emissions are based orRéesed 1996 IPCC Guidelines for National
Greenhouse Gas Inventorid®CC Guidelines) and tH®CC Good Practice Guidance and
Uncertainty Management in National Greenhouse Gasttoriegprepared by the
Intergovernmental Panel on Climate Change (IPCC).

This National Inventory Report 2009 also includes teporting of emissions and removals
from Land Use, Land Use Change and Forest accotditige Decision 15/CP.10
(FCCC/CP/2004/10/Add.2). Norway has chosen comnmteriod accounting on the
activities under Article 3.3 and for the activitfpfest management” under Article 3.4.0of the
Kyoto Protocol.

The Norwegian Pollution Control Authority (SFT)daectorate under the Norwegian
Ministry of Environment, is responsible for the ogjing. Statistics Norway (SSB) has been
the principle contributor to the preparation of teport, while the Norwegian Forest and
Landscape Institute has contributed to the chaptgiarding Land Use, Land Use Change
and Forestry.

Oslo, 15. April 2009

Signe Namdal
Director, Department of Climate and Industry
The Norwegian Pollution Control Authority (SFT)
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E.S Executive Summary

E.S.1. Background

The 1992 United Nations Framework Convention om@te Change (UNFCCC) requires
that the Parties to the Convention develop, updatesubmit to the UNFCCC annual
inventories of greenhouse gas emissions by soaraksemovals by sinks. This report
documents the Norwegian National Inventory RepsiR]) 2009 for the period 1990-2007.

The report and the associated Common Reporting &di@RF) tables have been prepared in
accordance with the UNFCCC Reporting Guidelinedonual Inventories as adopted by the
COP by its Decision 18/CP. 8. The methodologiesl is¢he calculation of emissions are
based on thRevised 1996 IPCC Guidelines for National GreenbdBas InventoriePCC
Guidelines) and thBPCC Good Practice Guidance and Uncertainty Managetnin National
Greenhouse Gas Inventori@Sood Practice Guidance) prepared by the Intengorental
Panel on Climate Change (IPCC). As recommendetdyRCC Guidelines country specific
methods have been used where appropriate

Emissions of the following greenhouse gases arereohin this report: carbon dioxide (&0
methane (Ch), nitrous oxide (NO), perfluorocarbons (PFCs), hydrofluorocarbons@sl)F
and sulphur hexafluoride (9F In addition, the inventory includes calculasarf emissions
of the precursors NOx, NMVOC, and CO, as well as3G,. Indirect CQ emissions
originating from the fossil part of G-and NMVOC are calculated according to the repgrtin
guidelines to the UNFCCC, and accounted for initkientory.

In December 2006, Norway submitted the Initial Répacording to Decision 13/CMP.1 on
"Modalities for accounting of assigned amounts uidécle 7.4 of the Kyoto Protocol".

This report includes a description of the nati@gystem for greenhouse gas inventory in
Norway, in accordance with the guidelines for naaicsystems as defined by the COP/MOP.
This National Inventory Report has been preparedraing to the system described in this
report.

The National Inventory Report of 2007 has beenensed. However, Norway has not yet
received a report from this review in time for ghreparation of this report.
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E.S.2 Summary of national emission and removal retad trends

In 2007, the total emissions of greenhouse gasHsiway amount to 55.1 million tonnes
COs-equivalents, without emissions and removals frand-Use, Land-Use Change and
Forestry (LULUCF). From 1990 to 2007 the total esioss increased by almost 11 per cent.
Norway has experienced economic growth since 18@880,only minor setbacks in the early
nineties, which explains the general increase irsgions until 2007. Between 2006 and 2007
the emissions increased by 3 per cent. The incrgasenainly due to large emissions from
the new liquid natural gas plant at Melkgya in Famka Growth in road traffic, sea transport
and other mobile sources also contributed to theeased emissions.

In 2007, CQ contributed witt82 per cent of the total emission figuretile methane and
nitrous oxide contributed 8 per cent each. PFCE$i&hd Sktogether accounted for
approximately 3 per cent of the total GHG emissions

2007 the land-use category forest land contribuii¢hl a total amount of sequestration of 28
million tonnes CQ The remaining land-use categories showed netsemsstotalled to a
about 2 million tonnes COOf these, the most important category was gradsiath total
emissions of almost 1.9 million tonnes of £®his gave a net COemoval from the
LULUCF sector of 25.9 million tonnes.

The net greenhouse gas emissions, including atteswand sinks were 29.2 million tonnes in
2007, a decrease of almost 22 per cent from thégwee in 1990.

Figure 0.1 Total emissions of all GHG calculated@®,-equivalents from the different
sectors. Source: Statistics Norway/SFT

O Waste
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O Agriculture

O Solvent and other prod. use
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Table 0.1 shows the overall trend in the total smoiss by gas during the period 1990-2007.

Table 0.1 Emissions and removals of greenhousesdd#0-2007. Source: Statistics Norway/SFT

PEC HEC Total Total

Gas co2 | cH4 | N20 SF6 without | LULUCF |  with
LULUCF LULUCF

14 | 116|218 23 | 32 | 125 | 134a [ 143a | 152a | 227ea

Year Mtonnes | ktonnes | ktonnes tonnes tonnes tonnes Mt g(?z' Mt;(.)z- Mt;(l)z-
1990 348 | 2197 | 152 |467,4 362 00| 920 [00 00 00 00 00 o01 0,0 49,7 -123 374
1991 334 | 2220 | 148 |4165 310 00| 870 [00 00 00 00 00 04 0,0 47,7 -11,5 36,2
1992 34,2 | 2250 | 12,9 |3216 214 00| 295 [00 00 00 02 00 07 0,0 45,9 11,1 348
1993 359 | 2283 | 137 |3243 206 00| 309 [00 00 00 18 00 08 0,0 48,0 -11,3 36,7
1994 37,9 | 2318 | 140 |2869 183 00| 367 |00 00 05 54 02 08 0,0 50,0 -10,8 39,2
1995 378 | 2308 | 142 |2833 181 00| 254 [00 00 24 102 15 10 0,0 49,7 -11,7 380
1996 40,9 | 2318 | 144 |2585 162 00| 240 |00 00 55 167 39 15 00 52,7 11,0 417
1997 41,0 | 2328 | 144 |2299 151 00| 243 |00 01 97 246 69 24 01 52,6 11,3 413
1998 411 | 2269 | 14,7 |2098 133 00| 304 |01 03 148 357 105 56 01 52,8 -11,2 416
1999 420 | 2201 | 153 |1962 123 00| 366 |01 06 200 502 149 87 02 53,8 13,8 40,0
2000 416 | 2266 | 146 |1864 116 00| 391 |01 10 262 644 205 124 02 53,4 17,1 363
2001 430 | 2272 | 143 |1875 119 00| 331 |01 15 334 788 271 164 03 54,6 -189 357
2002 42,0 | 2192 | 14,9 |2013 140 00| 100 |01 23 392 952 323 193 05 53,3 23,7 296
2003 434 | 2204 | 144 |1256 101 00| 98 |01 30 424 1118 343 228 08 54,0 25,7 283
2004 439 | 2188 | 14,9 |1221 94 00| 115 |01 38 453 1276 359 270 10 54,7 259 288
2005 429 | 2111 | 153 |1167 76 00| 131 |01 45 478 1491 373 345 11 53,7 279 258
2006 433 | 2028 | 142 |1021 86 00| 89 |01 53 501 1693 386 384 172 53,5 225 310
2007 450 | 2101 | 13,7 |1087 103 00| 32 |01 64 524 1937 400 349 12 55,1 259 292

The proportion of C@emissions to the national total greenhouse gasseonis has increased

from about 70 per cent in 1990 to 82 per cent G720 he increased proportion of €O

relative to other gases is due to growth in the €@issions as well as a reduction in

emissions of PFCs and &fases because of implemented environmental measuniés

technological improvements. This trend is illustchin Table 0.2.

Table 0.2 Emissions in million tonnes £&yuivalents in 1990, 2006, 2007 and changes (pat)c
between 1990-2007 and 2006-2007 (without LULUCF)

The decrease in PFC emissions was 8 per cent 0@ @ 2007, resulting in a total

Year CO; CH, N,O PFCs SFs¢ HFCs Total
1990 34,8 4,6 4,7 3,4 2,2 0,0 49,7
2006 43,3 4,3 4,4 0,7 0,2 0,5 53,5
2007 45,0 4,4 4,2 0,8 0,1 0,6 55,1
Changes 1990-2007 29 % -4 % -10%  -76% 97 % - 11%
Change 2006-2007 4% 4% -4 % 8% -64% 8% 3%

reduction of 76 per cent since 1990. PFC emissioiginate primarily from the production
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of aluminium, where technical measures have bedertaken to reduce them. g@missions
from aluminium production have increased since 1990

Sk emissions have been reduced by 97 per cent fr@&d tt©2007, mainly because of
technological improvements and the closure of amasigim production plant and a
magnesium recycling foundry.

HFC emissions increased by 8 per cent compare@d@6.2The emissions in 1990 were
insignificant, hence no descriprion of trends frb@®0. But the emissions increased
significantly from mid-ninetynineties until 2002 hen a tax on HFC was introduced in 2003.
After that the increase has been somewhat smaller.

In 2007, agriculture contributed 49 per cent artidanacid production 33 per cent to the total
emission of MO. The total emissions of;® have decreased by 10 per cent since 1990.

As mentioned earlier, the net @€equestration from the LULUCF category was 25 Miani
tonnes in 2007. Since 1990 there has been an semea&arbon stored in living biomass, dead
organic matter and in soils in Norway, doubling tie® sequestration of GGince 1990. The
increase in carbon stored is a result of an aftirest management policy over the last 50
years. The annual harvests have been much lowethkeaannual increments, thus causing an
accumulation of wood and other tree components.

Figure 0.2 shows the various sectors’ share ofdtad greenhouse gas emissions in Norway
in 2007.

Industrial
processes 16,7 %

Energy 72,7 %
Solvent and other

prod. use 0,3 %
Agriculture 7,8 %

Waste 2,4 %

Figure 0.2  Emissions by IPCC sector in 2007. Saustatistics Norway/SFT

The most important sector in Norway with regard® emissions of greenhouse gases is the
energy sector, accounting for 73 per cent of thed tdorwegian emissions. The energy sector
includes the energy industries (including oil arag gxtraction), the transport sector, energy
use in manufacturing and constructing, fugitive ®siuns from fuels and energy combustion
in other sectors. Road traffic and offshore galsities (electricity generation and pumping of
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natural gas) are the largest single contributorslenxcoastal navigation and energy
commodities used for the production of raw materaak other major sources.

Figure 0.3 shows the percentage change in emissfayreenhouse gases from 1990 to 2007
for the various IPCC sectors, compared to emissioa990. The development for each of the
sectors since 1990 with regards to greenhousergasiens, and the most important sources,
are described briefly in the following.

40 % —e— Energy

30 %

. —=— Industrial
20% processes

10 %
—4— Solvent and

0% other prod. use

-10 % Agriculture
-20 % -
30 % —e— Waste
R -—u
-40 % -
—~ Total - without LULUCF
Q Q2 ™ © <b Q Q ™ )
) ) » ) ) N N » &

NN RN N N O S S S\

Figure 0.3 Changes in greenhouse gas emissiondN$§OCC sector 1990-2007 compared to
1990. Source: Statistics Norway/SFT

From 1990 to 2007 the increase in the emissioms fhe energy sector was 35 per cent, or
10.5 million tonnes. During most of the 1990s andl 2007 energy related emissions have
been increasing, mainly due to higher activityhia bffshore- and transport sectors. In 2007,
the emissions from the energy sector increasedynillion tonnes, This can be explained
mainly by increase in use of energy in transpartaiind the consumption of heating oil in the
manufacturing industries. The increase was maiag/td large emissions from the new liquid
natural gas plant at Melkgya in Finmark. Growthaad traffic, sea transport and other
mobile sources also contributed to the increasadssoms

Industrial processes contributed 17 per cent ofdted national emissions of greenhouse
gases. Production of metals and chemicals is thie saairce of process-related industrial
emissions of both C{and other greenhouse gases such,@s(Krtiliser production) and
PFCs (aluminium production). Between 1990 and Z8@i&sions from industry experienced
an overall decrease of 33 per cent. This is malob/to reduced PFC emissions from the
production of aluminium and $from the production of magnesium.

The agricultural sector contributes about 8 pet tethe total emissions of greenhouse gases.
This corresponds to 4.3 million tonnes £&yuivalents, which is 2 per cent higher than in
2006. This is due to more livestock and somewhgtidr use of fertilizers. This sector has
experienced a reduction of 3 per cent in emissimes the period 1990-200The dominant

12
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sources of GHG'’s are enteric fermentation (Clfbm domestic animals and agricultural soils
(N2O). These contributed about 44d 46per cent respectively.

The waste sector contributed 2 per cent of total\dgian greenhouse gas emissidrse
emissions of greenhouse gases from the waste seetermrelatively stable during the 1990s.
From 1998 emissions declined and in 2007 they waboait 27 per cent lower than in 1990.
Waste volumes have increased significantly ovepréod, but this has been offset by
increased recycling and incineration of waste dsageincreased burning of methane from
landfills.

Solvent and other product use accounts for onlyp@rXxent of the total emissions of
greenhouse gases in the country. This contributamnbeen practically unchanged since 1990.

Emissions from transport showed an overall incredsdout 40 per cent from 1990 to 2007,
while the emissions increased by 6 per cent fro8620 2007.The share of transport in the
total GHG emissions has increased from 20 perioet®90 to 29 per cent in 2007. Road
transportation accounts for more than 65 per cktiteototal mobile emissions, while
emissions from navigation and civil aviation acasuior 17 and 6 per cent respectively. Due
to the fact that most railways are electrified ioriNay, emissions of GHG from this source
are insignificant. Other transportation (off-roaghicles and other machinery and other non-
specified) accounts for more than 12 per cent @ftmissions from the source transport.

E.S.4 Precursors and S©@

Nitrogen oxides (N§Q), non-methane volatile organic compounds (NMVO®Q] aarbon
monoxide (CO) are not greenhouse gases, but theydraindirect effect on the climate
through their influence on greenhouse gases, iticplar ozone. Sulphur dioxide ($falso
has an indirect impact on climate, as it incredéisedevel of aerosols with a subsequent
cooling effect. Therefore, emissions of these gase$o some extent included in the
inventory.

The overall NQ emissions have decreased by approximately 7 peérfroem 1990 to 2007,
primarily because of stricter emission regulatidmected towards road traffic, which
counteracted increased emissions from oil and gaduption and from navigatioffhe total
NOy emissions increased by approximately 2 per cem 2006 to 2007. The emissions of
NMVOC experienced an increase in the period fro@01® 2001, mainly because of the rise
in oil production and the loading and storage bftdowever, the emissions have decreased
by 50 per cent from 2001 to 2007, and are now 34@et lower than in 1990. From 2006 to
2007 the emissions of NMVOC decreased by 1.3 p&r ce

Emissions of CO decreased by 54 per cent overahied1990-2007. This is explained
primarily by the implementation of new emissioranstards for motor vehicles. Emissions of
SO, were reduced by 62 per cent from 1990 to 2007 ¢an mainly be explained by a
reduction in sulphur content of all oil productsldawer process emissions from ferroalloy
and aluminium production, as well as refineries.

13
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1. Introduction

1.1. Background

The 1992 United Nation Framework Convention on @lenChange (UNFCCC) was ratified
by Norway on 9 July 1993 and entered into forc bMarch 1994. One of the commitments
of the Convention is that Parties are requirecepmrt their national inventories of
anthropogenic emissions by sources and removaitkyg of the greenhouse gases,CO
CH4, N,O as well as fluorinated greenhouse gases notaitaatby the Montreal Protocol
(HFCs, PFCs and $f; using methodologies agreed upon by the Conferehthe Parties to
the Convention (COP).

With the adoption of the Kyoto Protocol in 1997,riNay is faced with the requirement to
limit its total greenhouse gas emissions to 1 pet above the 1990 level during the
commitment period 2008-2012. On 30 May 2002 Norvedified the Kyoto Protocol, which
entered into force on 16 February 2005.

In compliance with its reporting requirements, Naywhas submitted to the UNFCCC
national emission inventory reports on an annusisbsince 1993. In December 2006,
Norway submitted the Initial Report according toci3en 13/CMP.1 on "Modalities for
accounting of assigned amounts under Article 7 thefKyoto Protocol”. This report includes
a description of the national system for greenh@aseinventory in Norway, in accordance
with the guidelines for national systems as defimetthe Annex to the COP/MOP decision
under COP decision 20/CP.7 (FCCC/CP/2001/13/Add8is report "National Greenhouse
Gas Inventory System in Norway” is attached to thort as Annex VI. This National
Inventory Report has been prepared according teysiem described in this report.

Since the introduction of annual technical revieiithe national inventories by independent
experts in 2000, Norway has undergone five deskfakzred reviews, in 2000, 2001, 2003,
2004, 2005 and 2008. An in-country review was lel@slo in October 2002. The Initial
Report and Norway’s 2006 greenhouse gas inventdynsssion was reviewed in an in-
country review 23-28 April 2007. The recommendadifnrom these reviews have been
incorporated in this report to the extent possibiewever, the report from the review in 2008
has not been finalized in time for the preparatibthis NIR.

The National Inventory Report 2009 together with #ssociated Common Reporting Format
(CRF) tables is Norway’s contribution to the 2008nmd of reporting under the Convention,
and it covers emissions and removals for the periiD-2007. The report is prepared in
accordance with the UNFCCC Reporting Guidelinedonual Inventories as adopted by the
COP by its Decision 18/CP. 8. The methodologiesl us¢he calculation of emissions and
removals are based on the Revised 1996 IntergoetatPanel on Climate Change
Guidelines for National Greenhouse Gas InventdfRevised 1996 IPCC GL), the IPCC
Good Practice Guidance and Uncertainty Managemelational Greenhouse Gas
Inventories (IPCC 2000), IPCC Good Practice Guiddoc Land-Use, Land-Use Change and
Forestry sector (IPCC 2004), and to some extem&ne2006 Guidelines from IPCC. As
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recommended by the IPCC Guidelines country specigthods have been used where
appropriate and where they provide more accuratesémn data.

The greenhouse gases or groups of gases included mational inventory are the following:
e Carbon dioxide (C¢);
* Methane (CH);
* Nitrous oxide (NO);
* Hydrofluorocarbons (HFCs);
» Perfluorocarbons (PFCs);
e Sulphur hexafluoride (S

Aggregated emissions and removals of greenhouss gapressed in Gequivalents are
also reported. We have used Global Warming Poter{t&#VP) calculated on a 100-year time
horizon, as provided by the IPCC in the Second #ssent Report.

This National Inventory Report 2009 also includ®es teporting of emissions and removals
from Land Use, Land Use Change and Forest accotditige Decision 15/CP.10
(FCCC/CP/2004/10/Add.2). Norway has chosen commmtmeriod accounting on the
activities under Article 3.3 and for the activitipfest management” under Article 3.4.0of the
Kyoto Protocol. The report is included as Annex IX.

Indirect CQ emissions originating from the fossil part of C&hd NMVOC are calculated
according to the reporting guidelines to the UNFC@®& accounted for in the inventory.
This includes emissions from fuel combustion and-combustion sources, such as fugitive
emissions from loading of crude oil, oil refineriesstribution of oil products, and from
solvents and other product use.

The report also contains calculations of emissaifrtbe precursors and indirect greenhouse
gases N@Q NMVOC, CO and S@which should be included according to the reporting
guidelines. However, we have not in this submissicfuded detailed descriptions of the
calculation methodologies for these gases. Th@métion is available in the report Statistics
Norway (2008). The agreed methodologies for emmsseporting are those described in the
documents on reporting guidelines on annual inveegpwhich are published and updated
periodically by the UNFCCC secretariat.

Norway also submits the Standard Independent AssegsReport for the Norwegian
Registry (SIAR). SIAR is not a part of this Natibhaventory report 2009, but is submitted
together with the NIR and can be downloaded froensime site
(http://cdr.eionet.europa.eu/no/un/UNFCCClenvsds5g). The SIAR contains information on the
following items:

a) SEF, Standard Electronic Format for reporting KyBtotocol units, as per decision
14/CMP.1 and decision 15/CMP.1 section I.E.
b) Reports on discrepancies, notifications, replacesp@mmitment period reserve

calculation, as detailed in paragraphs 12 to 2@@fSection |.E of the annex to
decision 15/CMP.1

C) Changes in the national registry, as per sect®ndf the annex to decision
15/CMP.1

The information reported in the SEF covers therade year of 2008.
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1.2. Institutional arrangement for inventory preparation

The Norwegian greenhouse gas inventory has beeluged in more than two decades as a
collaboration between Statistics Norway (SSB) dredNorwegian Pollution Control
Authority (SFT). The reporting to the UNFCCC hasibéased on this greenhouse gas
inventory.

The Norwegian national system for greenhouse gashiories is based on existing
cooperation. SFT, Statistics Norway and the Noraediorest and Landscape Institute are the
core institutions in the national system. Statsshiorway is responsible for the official
statistics on emissions to air. The Norwegian Raed Landscape Institute is responsible for
the calculations of emission and removals from Ldsd and Land Use Change and Forestry.

SFT has been appointed by the Ministry of the Eomnment as the national entity through the
budget proposition to the Norwegian parliament (f8iget) for 2006.

The three core institutions; SFT, Statistics Nonaay The Norwegian Forest and Landscape
Institute, work together to fulfill the requiremerfor the national system. The allocation of
responsibilities for producing estimates of emigsiand removals, QA/QC and archiving is
presented in more detail in Annex VI. An overviefarstitutional responsibilities and
cooperation is shown in Figure 1.1.
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Figure 1.1. Overview of institutional responsibédg and cooperation

Official reporting — CRF and NIR SET
QC of data reported in NIR Whole GHG inventory and the
QA of the system national system
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Recalculations. Documentation SSB
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Forest and Landscape
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emission/removal estimates. LULUCF

QA/QC of calculations. 7ept>uuz/ \

Data collection. SSB SFT Forest and Landscape
QA/QC of input data. Statistics Facility data Area and biomass

To ensure that the institutions comply with thesponsibilities, Statistics Norway and The
Norwegian Forest and Landscape Institute have diggeeements with SFT as the national
entity. Through these agreements, the instituttsescommitted to implementing the QA/QC
and archiving procedures, providing documentatioaking information available for review,
and delivering data and information in a timely manto meet the deadline for reporting to
the UNFCCC.
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1.3. The process of inventory preparation

1.3.1. Introduction

The core institutions, SFT, Statistics Norway amel Morwegian Forest and Landscape
Institute have agreed on a “milestone” productitampThis plan is further described in
Annex VI. The plan is supplemented by internal picitcbn plans in the three core
institutions.

1.3.2. Data collection, processing and archiving

The three core institutions of the national systeve defined areas of responsibility for data
collection. This is further described in Annex VI.

All three core institutions are responsible forméawving the data they collect and the estimates
they calculate with associated methodology docuatiemt and internal documentation on

QA/QC.

Due to the differences in the character of datkectdd, Norway has chosen to keep archiving
systems in the three core institutions, which mehasnot all information is archived at a
single location. These archiving systems are, heweonsistent, and operate under the same
rules. Although the data are archived separat#lgaa be accessed efficiently during a
review. In addition, SFT will build up a libraryith the most important methodology reports.
The archiving systems in all three institutionsl Wwé further developed, see Annex VI for
further documentation.

The common rules for archiving of data are theofwihg:
» Data and information are archived for each submisgear
» Data and information are archived in a single lmratvithin each institution (this may
imply double archiving)
* Archiving for a submission year includes
o Allinput data
All estimated emissions
All partly filled-in or final CRF
All technical documentation
Recalculations of previous estimates, if any
The NIR (where relevant)
* The file structure is documented
* The platform at which the data and informationrshaved undergoes a daily backup
and the backup is securely saved.

O O O O0oOo

1.4. Methodologies and data sources used

1.4.1. Introduction
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Details of the methods and framework for the préiducof the emission inventory are given
in the reports “The Norwegian Emission Inventor@20Documentation of methodologies
for estimating emissions of greenhouse gases angdrbinge transboundary air pollutants.”
Statistics Norway (2008) and “Emissions and rem®weélgreenhouse gases from land use,
land-use change and forestry in Norway” (NIJOS,3)0These reports are updated annually
in conjunction with important methodological chasged used as a basis for the NIR. A
revised, draft version of Statistics Norway (20@8)ich is due to be published in 2009 has
also been used in the preparation for this inventor

Norway has an integrated inventory system for pcodyinventories of the greenhouse gases
included in the Kyoto Protocol and the air polluga8Q, NOy, non-methane volatile organic
compounds (NMVOC), ammonia, CO, particulate mattegvy metals and persistent organic
pollutants reported under the LRTAP Convention. @a& flow and QA/QC procedures are
to a large extent common to all pollutants.

The emission estimation methodologies are beinganwga continuously. Statistics Norway
and SFT have carried out several studies on spesifission sources. Usually, such projects
are connected to an evaluation of emission reductieasures. An important element in
Statistics Norway'’s work is to increase the envin@mtal relevance of the statistical system.
As far as possible, data collection relevant toetimession inventories is integrated into other
surveys and statistics.

1.4.2. The main emission model

The model was developed by Statistics Norway (Datasst al. 1992, 1994). It was
redesigned in 2003 in order to improve reportinh®dUNFCCC and LRTAP, and to
improve QA/QC procedures.

The model is called “Kuben” (“the Cube”). Severalission sources — e.g. road traffic, air
traffic, waste and solvents — are covered by metailed satellite models. Aggregated results
from these side models are used as input to therglemodel.

The general emission model is based on equation (1)
(1) Emissions (E) = Activity level (XEmission Factor (EF)

For emissions fronsombustionthe activity data is based on energy use. In\tbevegian
energy accounts, the use of different forms of gnés allocated to industries (economic
sectors). In order to calculate emissions to aiergy use must also be allocated to
technical sources (e.g. equipment). After energyhss been allocated in this way, the
energy accounts may be viewed as a cube in whighhttee axes are fuels, industries, and
sources.

The energy use data are combined with a correspgmdatrix of emission factors. In
principle, there should be one emission factorelch combination of fuel, industry,
source, and pollutant. Thus, the factors may bev@teas a four-dimensional “cube” with
pollutants as the additional dimension. Howewvera matrix with a cell for each
combination, most of the cells would be empty (nasumption). In addition, the same
emission factor would apply to many cells.

Emissions of some pollutants from major manufacigiplants (point sources) are
available from measurements or other plant-specdiculations (collected by SFT).
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When such measured data are available, the estimataes are replaced by the measured
ones:

2 Emissions (E) =[ (A-#A) LEF] + Eps

where Asand Esare the activity and the measured emissions gboire sources,
respectively. Emissions from activities for whieb point source estimate is availabte (
Apg) are still estimated with the regular emissiontdac

Non-combustiomissions are generally calculated in the same lyagombining

appropriate activity data with emission factorsmgaemissions are measured directly and
reported to SFT, and some may be obtained fronecureports and investigations. The
emissions are fitted into the general model udiegparameters industry, source, and
pollutant. The fuel parameter is not relevant h&he source sector categories are based on
EMEP/NFR and UNFCCC/CRF categories, with furthdrdsuisions where more detailed
methods are available.

The model uses approximately liBdustries(economic sectors). The classification is
common with the Energy Accounts and is almost idahto that used in the National
Accounts, which is aggregated from the European HBA@v. 1) classification (Daasvatn et
al. 1994). The large number of sectors is an adggnin dealing with important emissions
from manufacturing industries. The disadvantagaisinnecessary disaggregation of sectors
with very small emissions. To make the standartbseenore appropriate for calculation of
emissions, a few changes have been made, e.gat®hweuseholds" is defined as a sector.
Information about the geographical distributioreatfissions is useful for modelling and
control purposes.

Emissions from road traffic, methane from landfdlsd emissions of HFC, PFC ands &fem
products are calculated by side models, and amFpocated into the main model along with
emissions from point sources collected by SFT.

1.4.3. The LULUCF model

The Norwegian Forest and Landscape Institute eharge of estimating emissions and
removals from LULUCF for all categories where asatistics is the activity level. They have
developed a calculation system in the form of col@mpprograms that uses SAS system
software and Fortran for the implementation of fM€C good practice guidance for the
LULUCF.

The system uses input data from different sourndsceeates final output datasets. The final
datasets include all data needed for reportinggtaflCRF) of the LULUCF.

Land use, land use change and forestry are bassiiistics from National Forest Inventory
(NFI). The sampling design is based on a systemgaticof georeferenced sample plots with
3 x 3 km spacing under the coniferous limit. Thd Mifilizes a 5-year cycle based on a re-
sampling method of the permanent plots. The cunegndrt is based on this design. To
confirm the extent of the area of forest and otheoded land at higher altitudes and in
Finnmark County, NFI started in 2005 to establigH plots above the coniferous forest limit
and in the coniferous forest in Finnmark in a 3kn®and 3 x 3 km grid, respectively. A
complete forest inventory is conducted on thestesplao the rest of Finnmark the plan is to
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use a less dense plot grid for forest land andrateded land that are mainly stocked with
birch. The land use of mountainous areas is akongld to be assessed according to the NFI
manual. The plan is that the inventories of thesasabe completed in 2013, and planned to
be included in the 2014 report.

Calculations of biomass and carbon stock in faaestased on single tree measurements and
stand attributes from the permanent sample plofer@st and other wooded land under the
coniferous forest limit. Biomass is calculated gssingle tree biomass equations developed

in Sweden for Norway spruce, Scots pine and biktérklund 1987, 1988 and Petersson and
Stahl 2006). These equations provide biomass e®#nfiar various tree biomass components:
stem, stem bark, living branches, dead branches@adles, stumps and roots.

The dynamic soil model YASSO as described in datidiy Liski et al. 2005 and applied to
Norwegian conditions by de Wit et al. (2006), asedito calculated changes in carbon stock
in dead organic matter and forest soil. The moelglires estimates of dead organic matter
and basic climate data. The model has two littengartments that relate to physical fractions
of litter and five soil components that differet¢ianicrobial decomposition and humification
processes. The litter and soil compartments amgedeas “dead wood” and “soil organic
matter”. The model requires regular input of difietr biomass components over years, and it
is assumed that equilibrium of input and outpueeched after some time. Change in carbon
stock of dead organic matter due to litter fromndtag biomass, un-recovered fellings,
harvested residues and natural mortality, stumdsaots from harvested trees have been
calculated from the growing stock and annual harvelsime. The volume and increment
estimates and amount of dead wood are taken frohahtFremovals as forest harvest are
from Statistics Norway. Dry matter biomass of diffiet litter compartment (foliage, fine
roots, branches, coarse roots, stems and stungsalkaulated using biomass expansion
factors described for Norway in FAO/ECE (1985) antlethonen et al. (2004).

1.4.4. Data sources
The data sources used in the Norwegian inventoyatigities are outlined in the following:

Activity levels- these normally originate from official statisticources available internally

in Statistics Norway and other material availaloterf external sources. When such
information is not available, research reportsused or extrapolations are made from expert
judgments.

Emission factors- these originate from reports on Norwegian cooiwist and are either
estimated from measurements or elaborated in dpeeestigations. However, international
default data are used in cases where emissiorr$aate highly uncertain (e.g.® from
agriculture, and Cldand NO from stationary combustion) or when the sourgasgnificant
in relation to other sources.

Aggregated results from the side modelBhe operation of these side models requiresustri
sets of additional parameters pertinent to the gonssource at hand. These data sets are as
far as possible defined in official registers, prtatistics and surveys, but some are based
on assumptions.

Emission figures for point sourced~or large industrial plants these are figurgered to
the SFT by the plants’ responsible (based on measents or calculations at the plants).
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1.5. Key Categories

According to the IPCC definition, key categories #rose that add up to 90 per cent of the
total uncertainty in level and/or trend. In the Wegian greenhouse gas emission inventory
key categories are primarily identified by meana dfier 2. A description of the methodology
as well as background tables and the results fhemanalyses is presented in Annex 1. In this
chapter a summary of the analyses and the resaltéeacribed.

According to the IPCC Good Practice Guidance (IRXDQ0) it is good practice to give the
results at the Tier 2 level if available. The adege of using a Tier 2 methodology is that
uncertainties are taken into account and the rgndfows where uncertainties can be
reduced. However, in the 2006 IPCC guidelines suiggested that good practice reporting
should include key categories from both the Tiand Tier 2.

The Tier 2 and Tier 1 analyses was performed aletred of IPCC source categories and each
greenhouse gas from each source category was eoesiseparately with respect to total
GWP weighted emissions, except land-use, land{uaege and forestry.

Some aspects of aggregation have been changedisenpeevious NIR. Emissions from
mobile sources in 1A@ther sectorare now treated as a separate category. Fishssghse

and agricultural machinery are the most importabtategories. In the previous NIR these
emissions were grouped together with stationargsioms in 1A1, 1A2 and 1A4. The
uncertainty in activity data for the new categoag bbeen estimated at 10 per cent. Previously,
these emissions where assigned to the categorystétienary — liquid fuels, where activity
data uncertainty was estimated at 3 per cent.

In the LULUCF sector, data are now given for bathntass gains and losses for several of
the “living biomass” categories. However, in thg kategory analyses only data for net
gain/loss were used. This means that categoriéssmitll net changes in theoretically will
not be identified as key even though the fluxes b®gonsiderable. In practice, only
“5.A.1.1 — Forest remaining forest” has gains arg$és of the same order. However, even
when using net gain only, this category has thadsgcontribution to total inventory level
and trend uncertainty. Treating gains and lossearagely would only reinforce this
conclusion. However, marginal key categories mdybp below the threshold because more
of the total uncertainty would be assigned to 5.A.1

A revised method for the emissions from sourceé&8lvents - has lead to a reduction in
estimated uncertainty from 30% to 3%. However, ihis small GHG source, and the effects
on the key category analysis have been negligible.

The results from the key category analyses are sariped in Table 1.1 below. The Tier 2
analysis identified 29 key categories which araraged primarily according to contribution
to the uncertainty in level. In addition we havsaaincluded in Table 1.1 those source
categories that according to Tier 1 key categoghes or qualitative criteria in the NIR are
defined as key categories. Altogether this is 38dategories. Key categories in the Land
use, land use change and forestry sector (LULUGHKgwdentified in separate analyses and
are summarized in Table 1.2.
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The complete Tier 1 analysis is included in Anneérdether with background data and the
complete analyses including LULUCF.

Fugitive emissions from coal mining and handlinghiduded as a key category due to change
in trend in the coal production and the fact thatational emission factors used is an order
of magnitude less than IPCC’s default factors. [Hseidentified key category is G@apture

and storage. This removal category is considergdiee there is presently no methodology
as such defined in the IPCC guidelines and bediese operations are unique
internationally.

Table 1.1. Summary of identified emission key categ. Excluding LULUCF.
Per cent contribution to the total uncertainty @vel and/or trend in the tier 2 analysis.

Trend
Level Level assessment Calculation
assessment assessment  Tier 2 method
Source category Gas| Tier 2 1990 Tier 2 2007| 1990-2007 | (Tier) 2007
Tier 2 key categories (large contribution to th&atanventory uncertainty)
4D1 | Direct soil emissions JO 27.65 24.16 9.15 Tier 1a
1A3b| Road Transportation GO 8.03 9.52 451 Tier 2
Stationary Fuel Combustion (1A1-
1A | 1A2-1A4), Gaseous Fuels GO 4.20 8.35 12.04 |Tier2
4D3 | Indirect emissions JD 5.72 5.09 1.65 Tier 1a
4A | Enteric Fermentation CH 5.00 4.30 1.88 Tier 1/2*
Qil (incl. oil refineries, gasoline
1B2a| distribution) CQ 4.63 4,12 1.35 Tier 2
6A | Solid Waste Disposal on Land ¢H 6.13 3.84 6.40 Tier 2
1B2c | Venting and Flaring CH 1.57 3.54 5.72 Tier 2
Other (snow scooters, boats, motorized
1A3e | equipment) CG, 1.58 3.22 4.76 Tier 2
Consumption of Halocarbons and
2F | Sulphur Hexafluoride HFC 0.00 2.55 7.31 Tier 2
1A3d | Navigation CQ 2.03 2.44 1.24 Tier 2
1B2c | Venting and Flaring (&]9) 1.63 2.43 2.36 Tier 2
2C3 | Aluminium Production (0f9) 1.49 2.05 1.64 Tier 2
Stationary Fuel Combustion (1A1-
1A | 1A2-1A4), Liquid Fuels CO, 2.63 1.89 2.06 Tier 2
Other (snow scooters, boats, motorized
1A3e | equipment) NO 0.67 1.67 2.92 Tier 2
1A3a| Civil Aviation CO, 1.39 1.65 0.82 Tier 2
1A3b | Road Transportation 0 0.48 151 2.98 Tier 2
2C3 | Aluminium Production PFC 6.87 1.46 15.33 |Tier2
4D2 | Animal production pO 1.69 1.46 0.61 Tier 1a
Other sectors - Mobile Fuel
1A4 | Combustion CQ 1.93 1.46 1.29 Tier 2
Stationary Fuel Combustion (1A1-
1A | 1A2-1A4), Biomass CH, 0.94 0.99 0.17 Tier 2
6B | Wastewater Handling 0 0.88 0.96 0.27 Tier 1
2B2 | Nitric Acid Production O 1.46 0.87 1.66 Tier 2
4B Manure Management ) 1.02 0.84 0.48 Tier 1
Stationary Fuel Combustion (1A1-
1A | 1A2-1A4), Solid Fuels Cco 0.97 0.73 0.66 Tier 2
2C2 | Ferroalloys Production GO 0.77 0.58 0.54 Tier 2
1A3d| Navigation CH 0.04 0.27 0.67 Tier 2
1B2b| Natural Gas CH 0.02 0.25 0.68 Tier 2
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2B4 | Carbide Production | ool 042 | o007 1.00  [Tier2
Tier 1 key categories (large contribution to théat@missions)

QOil (incl. oil refineries, gasoline
1B2a| distribution) CH 0.66 0.78 0.35 |Tier?2
4B | Manure Management GH 0.77 0.72 0.11 Tier 2
2A1 | Cement Production GO 0.46 0.55 0.28 Tier 2
2B1 | Ammonia Production CcO 0.38 0.21 0.50 Tier 2
1A5b | Military - Mobile CO, 0.28 0.11 0.47 Tier 2
2C1 | Iron and Steel Production ¢Q 0.04 0.06 0.06 Tier 2
SF6 Used in Aluminium and
2C4 | Magnesium Foundries SF 0.05 . ) Tier 2
Qualitative key categories
1B1la| Coal Mining and Handling CH 0.41 0.43 0.06 Tier 2
Capture and storage GO CS (Tier 2)

Bold figures indicate whether the source categekely in the tier 2 analysis.
* Tier 2 used for the significant animal groups

Several of the changes in the list of key categaaire related to the separation of mobile
emissions in 1A4 from stationary emissions. Theasgpn has two different effects. The
primary effect is that 1A4 — “Other sectors - MebHuel Combustion” — C{appears as a
new key category, whereas 1A “Stationary Fuel Castibn (1A1-1A2-1A4) Liquid fuels” —
N2O is no longer key. Most of the 1A4 mobile emissiovere removed from the 1A-liquid
category.

The other effect is caused by the estimated unngrtaf the 1A4 — mobile category. This has
led to a slight increase in the estimate of totadautainty in the GHG inventory. As a result,
the share of uncertainty to all other sources leas lbeduced, and several marginal key
categories have dropped below the threshold. djyéies to
1A “Stationary Fuel Combustion (1A1-1A2-1A4)” Othieiels — CQ (no longer key)
1A “Stationary Fuel Combustion (1A1-1A2-1A4)” Gassduels — CH(no longer
key)
* 1A3b “Road Transportation” — CHino longer key)
« 1B2a “Oil (incl. oil refineries, gasoline distritbon)” —CH,4 (now only key at tier 1).

CH, from 1A3d “Navigation” was identified as a new keategory in the tier 2 trend analysis.
Methane emissions from navigation increased styoimg?2007 due to the launch of several
new gas-fuelled car ferries.

2D2 - “Food and Drink” — C@is no longer in the list of tier 1 key categori€his category
has been in and out of the list for several years.

Table 1.2 shows the LULUCF key categories iderdifiehere have been several changes due
to the changes in methodology. All changes are gnecategories derived from the forest
inventory. 5EJForest land converted to settlemerst® new key category because the
biomass loss rate for these conversions was chdngad/5 per cent to 100 per cent, leading
to higher emissions. 5A2and converted to forest lansl now only a key category according
to the Tier 1 analysis and SEXIropland remaining cropland, liming a new Tier 1 keybD1
Wetland remaining wetland i longer a key category. Previously, the netlaiss gain was
calculated as the total increase in forest biordassto the reclassification of the areas. Thus,
all biomass on the areas at the time of reclassifio was recorded as a gain. In the revised
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method, only the biomass change in the inventoay \gerecorded. The key categories
relating to soils remain unchanged.

Table 1.2. Summary of identified LULUCF key categgorier 2.

IPCC Category Gas Level assessment Trend Method
1990 2007 | assessmen (Tier)
1990-2007 2007

Tier 2 key categories (large contribution to theatanventory uncertainty)

Forest Land remaining Forest
Land, Forest inventory area

5A1 Living Biomass CGo, 9.15 16.76 26.19 Tier 3
Grassland remaining
5C1 Grassland, Histosols, Soils cO| 13.29 11.12 6.09 Tier 2*

Forest Land remaining Forest
Land, Forest inventory area
5A1 Dead Biomass CcO 6.22 6.35 5.61 Tier 3
Forest Land remaining Forest
Land, Forest inventory area
5A1 Soils, Mineral CQ 4.66 4.39 3.32 Tier 3
Forest Land remaining Forest
Land, Forest inventory area

5A1 Soils, Organic Co 2.34 2.07 1.35 Tier 1
Cropland remaining

5B1 Cropland, Histosols, Soils GO 1.48 1.24 0.68 Tier 2
Forest Land converted to

5E1 Settlements, Living biomass GO| 1.40 0.30 1.47 Tier 3

Tier 1 key categories (large contribution to theat@missions)

Land converted to Forest

5A2 Land, Living biomass (0]9) 0.27 0.42 0.59 Tier 3
Cropland remaining
5B Cropland, Liming CQ 0.48 0.13 0.45 Tier 1

1.6. Quality assurance and quality control (QA/QC)

1.6.1. Quality assurance and quality control (QA/QC)

Several quality assurance and quality control ptaces for the preparation of the national
emission inventory have been established in Nomiwaiing the past years. Statistics Norway
made its first emission inventory for some gasek983 for the calculation year 1973. The
emission estimation methodologies and the QA/QCemtares have been developed
continuously since then.

Norway is implementing the formal quality assurdquality control plan. The detailed
description of this can be found in Annex VI. Alrée institutions have prepared a QA/QC
report, according to the plan. These document tat wktent the QA/QC procedures have
been followed. These reports are available foikgert Review Team for inspection.

Based on these reports, the three institutionsigothte on which actions to take to further
improve the QA/QC of the inventory.
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1.6.2. Verification studies

In general, the final inventory data provided bgtiStics Norway are checked and verified by
SFT.

In the following, some verification studies whicave been previously performed are briefly
described.

Emission estimates for a source are often compaitbdestimates performed with a different
methodology. In particular, Norway has conductestiualy on verification of the Norwegian
emission inventory (SFT/Statistics Norway 2000)e Thain goals of that work were to
investigate the possibility of using statisticatadas indicators for comparing emission figures
between countries on a general basis, and toheshéthod on the Norwegian national
emission estimates. In the report Norwegian enmsgdaia are compared with national data
for Canada, Sweden and New Zealand. It was condltide no large errors in the Norwegian
emission inventory were detected. The processrificagion did, however, reveal several
smaller reporting errors; emissions that had beported in other categories than they should
have been. These errors have been corrected indgtarts to the UNFCCC. We do realise
that this method of verification only considers sigtency compared with what other
countries report. It is not a verification of th@entific value of the inventory data themselves.

In 2002, a project funded by the Nordic CounciMihisters was carried out, where
emissions of greenhouse gases from the agricukerdbr in the national emission
inventories were compared with the emissions ddrik@m the IPCC default methodology
and the IPCC default factors (for details, see @rapon Agriculture).

1.6.3. Confidentiality issues

In general, the data contained in the Norwegiarssiom inventory are available to the public,
both activity data and emission factors. Confidditsi could be an issue for some of the data
collected by Statistics Norway when there are fatities reporting for a source-category.
However, confidential data used in the inventosy@ow almost entirely replaced by non-
confidential data collected by the SFT. All emissdata and activity data necessary for the
CREF are publicly available.

1.7. Uncertainty evaluation

1.7.1. Introduction

The uncertainty in the Norwegian emission inventeas investigated systematically again in
2006 for the NIR 2006 and the Initial Report. Timalgisis and the results are described in
Annex Il. Norway has not undertaken a new uncetgaanalyses for this year’s Inventory
Report. Several further improvements are beingr@drfor the inventory in the near future.
When these have been finalized, the uncertaintlysisawill be updated, probably in time for
the 2011 submission (see section 1.9.2).

The analysis from 2006 was an update of the unogrtanalysiduncertainties in the
Norwegian Greenhouse Gas Emission Inventdogumented in (Rypdal and Zhang 2000),
which also include more detailed documentatiorhefanalysis method used, and result
discussions. In this note we mainly focus on thenges since (Rypdal and Zhang 2000). This
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includes new methodology for several source categ@s well as revised uncertainty
estimates.

The national greenhouse gas (GHG) emission invemgarompiled from estimates based on
emission factors and activity data and direct mesamants by plants. All these data and
parameters will contribute to the overall inventancertainty. The uncertainties and
probability distributions of the inventory inputnaaneters have been assessed based on
available data and expert judgements. Finally)ekel and trend uncertainties of the national
GHG emission inventory have been estimated usingt&Garlo simulation. The methods
used in the analysis correspond to an IPCC Tieethad, as described in (IPCC 2000).
Analyses have been made both excluding and ingutti@& sector LULUCF (land use, land-
use change and forestry).

1.7.2. Uncertainty in emission level

The estimated uncertainties of the level of tomissions and in each gas are shown in Table
1.5and 1.6.

Table 1.5 Uncertainties in emission level. Each gag total GWP weighted emissions.
Excluding the LULUCF sector.

1990 i (mean) Fraction of total Uncertainty
emissions 20 (per cent of
mean)
Total 50 mill. Tonnes 1 7
CO, 35 mill. Tonnes 0.69 3
CH, 4.8 mill. Tonnes 0.10 15
N,O 5.0 mill. Tonnes 0.10 57
HFC 18 tonnes 0.00 49
PFC 3.4 mill. Tonnes 0.07 21
SFg 2.2 mill. Tonnes 0.04 2
2004 u (mean) Fraction of total Uncertainty
emissions 20 (per cent of
mean)
Total 55 mill. Tonnes 1 6
CO, 44 mill. Tonnes 0.80 3
CH, 4.8 mill. Tonnes 0.09 14
N,O 4.9 mill. Tonnes 0.09 59
HFC 401 ktonnes 0.01 51
PFC 880 ktonnes 0.02 20
SFs 274 ktonnes 0.00 15
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Tablel.6. Uncertainties in emission level. Each gag total GWP weighted emissions.
Including the LULUCF sector.

1990 M (mean) Fraction of total Uncertainty
emissions 20 (per cent of
mean)
Total 35 mill. Tonnes 1 14
CO, 20 mill. Tonnes 0.56 20
CH, 4.9 mill. Tonnes 0.14 16
N,O 5.0 mill. Tonnes 0.14 59
HFC 18 tonnes 0.00 51
PFC 3.4 mill. Tonnes 0.10 20
SFg 2.2 mill. Tonnes 0.06 2
2004 W (mean) Fraction of total Uncertainty
emissions 20 (per cent of
mean)
Total 34 mill. Tonnes 1 14
CO, 23 mill. Tonnes 0.67 18
CH, 4.8 mill. Tonnes 0.14 14
N,O 4.9 mill. Tonnes 0.14 53
HFC 401 ktonnes 0.01 52
PFC 880 ktonnes 0.03 20
SFg 274 ktonnes 0.01 15

The total national emissions of GHG in Norway ir9Q%re estimated with an uncertainty of
7 per cent of the mean. The main emission compddégis known with an uncertainty of 3
per cent of the mean. In 2004, the total uncertdias decreased to 6 per cent of the mean.

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

In the uncertainty analysis carried out in the 200 (Rypdal and Zhang 2000), the
uncertainty for the total national emissions of GHELUCF sector excluded) in 1990 was
estimated to be 21 per cent of the mean. In thearelysis the uncertainty estimate is
reduced to one third. There are several reasorthdanew lower estimate. One reason is that
Statistics Norway and the Norwegian Pollution Coh&uthority have increased the
inventory quality by using higher tiers for some kategories and also improved
methodologies for other sources. But the main reésiothe reduced uncertainty is that
Statistics Norway has collected new and lower uag#y estimates for some activity data
and emission factors that contributed substanttalliye total uncertainty in the emission
estimate. This means that the total uncertainth@finventory have not been reduced as
much as the estimates indicates, since it is ptr@yncertainty estimates themselves that
have been improved. The main reduction lies iGignestimate of the uncertainty for theON
emissions. In 2000 the uncertainty in this comptsestimate was estimated to 200 per cent
of the mean. In last years’ analysis the uncergastimate is reduced to 57 per cent of the
mean, see explanation to this reduction in thegraph below. For C&the uncertainty
estimate is unchanged between the two analysesr (@pt), while all the other emission
components show a decrease in the uncertainty astnm the 2006 analysis compared to the
analysis from 2000.
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The main reason for the high uncertainty estimateife NO emissions in the 2000 analysis
was the high uncertainty estimate used for the @omdactor used for estimating® from
agricultural soils (2 orders of magnitude). Thisertainty is in the new analysis reduced to
an uncertainty of factor 5 for direct soil emissiéactor 2 for animal production and factor 3
for indirect soil emission. These new uncertairgyreates are collected from the guidelines
IPCC (2000) and IPCC (1997b), where also the eonssictor used is collected.

As mentioned above, another reason for the reduceelrtainty is that in the years between
the two analyses important inventory improvementiwas been carried through.

1.7.3. Uncertainty in emission trend

The estimated uncertainties of the trend of tatasiksions and each gas are shown in Table
1.7 and 1.8.

Table 1.7. Uncertainty of emission trend. 1990-2@<luding the LULUCF sector.

per cent change Uncertainty
((M2004~H1990)*100/ P g90) (2*0*100/p1990)
Total 10 4
CO, 26 4
CH, -1 11
N,O -2 18
HFC - -
PFC -74 15
SFs -88 0
Table 1.8. Uncertainty of emission trend. 1990-200dluding the LULUCF sector.
Per cent change Uncertainty
((M2004~H1990)*100/ P 090) (2*0*100/p1990)
Total 2.1 7
CO, 18 11
CH, -1 12
N,O -2 20
HFC - -
PFC -74 15
SFs -88 0

The result shows that the increase in the total @HtiEssions from 1990 to 2004 is 10 +4 per
cent when the LULUCF sector is not included. Norwag by the ratification of the Kyoto
Protocol obliged to limit the emissions of greend®gases in the period 2008-2012 to 1 per
cent over the emissions in 1990 after trading Wi@® quotas and the other Kyoto
mechanisms is taken into account. It is importarketep in mind that the emission figures
reported in connection to the Kyoto Protocol hasiacertainty connected to the reported
values.

In (Rypdal and Zhang 2000) the increase from 199200 (in a given projection scenario)
was 21 +4 per cent. It is reasonable that the epmsscrease was higher in the 2000 analysis,
since it was estimated for a longer period.

With the sector LULUCF included in the calculatidhsre has been a decrease in the total
trend uncertainty with -2 +7 per cent.
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1.8. General assessment of the completeness

An assessment of the completeness of the emigsientory should, according to the IPCC
Good Practice Guidance, address the issues obkgatnporal and sectoral coverage along
with all underlying source categories and actigit€onfidentiality is an additional element of
relevance, which has been addressed in Sectiod 1.6.

Norway has undergone six desk/centralized reviewthe years 2000- 2008. An in-country
review was held in Oslo in 2002. The Initial Repamtd Norway’s 2006 greenhouse gas
inventory submission was reviewed in an in-coungmiew in April 2007.

The ERTs conclusions from the review of the 200&itory are:

“The ERT concluded that in general the 2006 subianissf Norway provides the information needed
to assess the inventory. The inventory is largeipete in terms of years, sectors and gases aind is
general accurate, as defined in the “Guidelinestfue preparation of national communications by
Parties included in Annex I to the Convention, RadNFCCC reporting guidelines on annual
inventories”, and consistent with the Revised 1836C Guidelines and the IPCC good practice
guidance. The ERT appreciated the efforts madedowdy to use improved data and methodologies.
This was reflected in the levels of uncertaintidsich have decreased in general compared to the
previous (2005) submission.

During the in-country review the ERT identifieceavfcategories where the methods or EFs used are
not fully in accordance with the IPCC good practgédance (fugitive emissions of €ftom coal
mining, CQ emissions from combustion of natural gas,@@®issions from glass production, and

N,O emissions from cultivation of histosols). The E&Ibmmended Norway to revise its estimates for
these categories. After the in-country review, Ngrprovided revised estimates for these categories
for the base year and 2004 in accordance with smmendations of the ERT and in line with the
IPCC good practice guidance.

In its 2006 submission Norway has made significaprovements since the 2005 submission, most of
them in response to recommendations from the 28@Bw. The major improvements include:

(a) A thorough review of the point source data,ule of a higher-tier method for Giftom enteric
fermentation, the updating of the@IEF for road transport, the elimination of doulgleunting of

N20 emissions reported under agriculture and LULU@#Rd thetransparent reporting of GO

capture and storage;

(b) The implementation of category-specific QA/Q@@cpdures on input data and emission estimates,
which was very limited in some sectors in the 20@&mission;

(c) The provision of information on how the uncity estimates are derived for some categories,
which was not provided in the 2005 submission.

In the course of the review, the ERT formulatedmlver of recommendations related to the QA/QC
and transparency of the information presented @2806 submission. Most of these
recommendations were implemented during the repreaess, and those which referred to potential
problems that could have led to the underestimatiaihe emissions in 2004 have been resolved.

The ERT identified that some minor categories weigsing in the original 2006 submission.
These sources have been included in the inveniocg she 2008 submission.

In terms of spatial coverage, the emission repguinder the UNFCCC covers all activities
within Norway’s jurisdiction. There is an exceptiohminor sources/sinks, which are not
covered. These are:
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Emissions of Chifrom agricultural waste, after it is applied talsoln the IPCC

Guidelines it is written that "Agricultural soilsay also emit Chl', but no calculation

methodology is proposed.

Carbon stock change of harvested wood products (HWHe IPCC default method is

used, where harvested wood is counted as emig$ierygar the harvest takes places. For

this NIR, Norway has decided to
change approach. The reported
category “5G-Other”, but reporte

report on net rea®irom HWP following the stock
net removals is rewmi included in the LULUCF
d separately in éxivIll to this report.

A complete set of CRF tables is submitted for aling 1990-2007.

1.9. Implemented and planned improvements

1.9.1.

Implemented improvements since NIR 2008

The table below gives a brief overview of the imgnments implemented since the 2008

submission.

Recommended improvements

Improvement in NIR 2008

Improve working procedures
internally

Is being improved continuously

Further strengthen QA/QC
procedures in three institutions

Is being improved continuously. Dedicated project
has been established in the Forest and Landscapst
institute and Statistics Norway

Improvements in transparency and
consistency of CRF and NIR

Several improvements in reducing number of emp
cells, better use of notation keys and documemtati
boxes, better explanations of trends etc.

Transparency: More explanations in
trends and on background data

Improved somewhat in this submission. Trends ar
mainly described in Chapter 2, and to some exten
the sector chapters.

Industry: Limestone

The minor emissions of Zf@m a brick producing
plant, previously not estimated, have been include

Solvent: Improvement in
methodology

The methodology for the solvent balance has bee
updated. The updated solvent balance has been u
for this submission.
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Agriculture: More information on the
country specific methods and mode
used.

Included in this submission in Chapter 6.
Is

Harvested Wood Products

Methodology has been ingiézd and emissions
and removals have been calculated, but are not p

of the inventory. See Section 7.10 and Annex VI

1.9.2. Planned improvements

The national greenhouse gas inventory has undeigdrstantial improvements over the
recent years, and the inventory is now consideydxktlargely complete and transparent.
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Some areas for further improvements have beenifgehby Norway and some relevant
issues have been identified by the ERT during ek deview in 2008. The key elements are

listed in the table below.

Issues for improvements

Plan for improvements

Independent peer reviews, and f
industrial associations and
relevant research institutions to
review the NIR

ondependent peer review will be considered for the
reporting of the 2008 data (in 2010). In doing
methodological changes, relevant associations and
institutions are being consulted.

Comparing data with data from
other countries

Will be considered for 2009/2010. In doing
methodological changes, data is compared with thbse
other countries.

1%

QA/QC routines

Project to elaborate further QA/@Utmes to compare
point source data with independent calculationsbieas
established in Statistics Norway. This is expettede
finalized in 2010.

Elaborate the QC reports further

The reports haenlevaluated, and will be somehow
changed for next submission. Need to be evaluated
further to assess whether quality objectives haanb
met

Inventory management: All staff
to be familiar with archiving and
documentation structure

Will be improved continuously and in particular in
connection with new personnel taking part in the
inventory preparation.

Completeness: Further reduce
number of subcategories not
estimated

The number of subcategories has been reducedi$or t
NIR 2009, but will be further considered for future
submissions

Uncertainty: Improve the links
between methodological change
and uncertainty estimates

This link is being identified when undertaking
smethodological improvements. Improvements in
methodology for road transportation and navigasion
in progress. Improved data for uncertainty for plents
included in the emission trading system will beilixde
as from 2008. A new uncertainty analysis includimgse
improvements is expected to be undertaken for NIR
2010 or 2011.

Energy: Differences between
sectoral and reference approach

Statistics Norway will further investigate thisussin
order to possibly reconcile the methods used. Hiaen
commented upon in CRF-boxes in this submission.

Energy: Road transportation

The Norwegian road €iorismodel is being evaluateg
this year and the intention is to have a new model
operation before next year submission.

Energy: Navigation

The emission inventory for simgpin general will be
evaluated this year primarily due to need for ujpdgthe
NOy inventory. However, this will also have influence
on the GHG emissions from shipping.

Agriculture

Improve explanations of emission fastand activity
data used in NIR.

LULUCF: The extent of the area
of forest and other wooded land
higher altitudes

A project has been initiated to confirm the exteinthe
ahrea of forest and other wooded land at highdudkss.
It has yet not been decided how this will be finadi.

LULUCF: Including Finnmark

A full forest inventormgn plots in the 3x3 km grid in
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County

coniferous forest in Finnmark County staited005.
The plan is that the inventories of these areasanwd in
2013, and can be included in the 2014 report.

LULUCEF: Assessing plots from
the 3x3 km grid that was not
assessed as forest in earlier
inventories

In 2007 national aerial photographs started todwmel wo
supplement the field survey to update and cheat lan
cover statistics and land cover change statistics T
method will also be used for wooded land above the
coniferous forest limit, in mountainous areas aod f
Finnmark county.

LULUCEF: Cropland and grasslan

During 2009 it is planned to evaluate the methaaiu
for assessing emissions and removals for cropladd a
grassland.

LULUCF

Include trees with diameters less than 50afiar 2010.

LULUCEF: Cropland and grasslan

Evaluate methods used for assessing emissions and
removals for cropland and grassland.
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2. Trends in Greenhouse Gas Emissions

2.1. Emission trends for aggregated greenhouse gas ensts

Total greenhouse gas emissions in Norway, exprassetbon dioxide equivalents, were
55.1 million tonnes in 2007, which is an increat&.6 million tonnes compared to 2006. The
emissions in 2007 have reached its highest lemebs2004, and the emissions have been
fluctuating between 53.5 and 55,1 in the period®2R007. The total greenhouse gas
emissions have increased by 5.4 million tonnes &etw 990 and 2007, or by almost 11 per
cent.

Norway will have to reduce its national GHG emissidy about 9 per cent from the level in
2007 in order to achieve the emission target aéricent higher than the emissions in 1990

required by the Kyoto Protocol by the period 20@8-2 if the emissions stabilise at the level
of 2007.

In 2006 the land-use category forest land remaifongst land was the major contributor to
the total amount of sequestration with 26.3 milionnes C@ Land converted to forest land
contributed with 4.0 million tonnes GOThe remaining land-use categories showed net
emissions, which totalled 2.5 million tonnes £0his gave a net COemoval from the
LULUCF sector of 27.9 million tonnes.

The net greenhouse gas emissions including alteswand sinks are 24.2 million tonnes in
2006. The total contribution from different souréesn 1990 to 2007 is illustrated in Figure
2.1 and in Table 2.1.

O Waste

@ LULUCF

O Agriculture

O Solvent and other prod. use

Mtonnes CO 2-eq

m Industrial processes

W Energy

Figure 2.1 Total emissions of all GHG emissionsgkited as C@equivalents from the
different sectors. Source: Statistics Norway/SFT
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Industrial Solvent : Total - with Total -
Year| Energy processes and other | Agriculture| LULUCF | Waste LULUCE without
prod. use LULUCF

1990 29,5 13,7 0,2 4,4 -12,3 1,8 37,4 49,7
1991| 28,6 12,6 0,2 4,5 -11,5 1,8 36,2 47,7
1992 29,6 9,9 0,2 4,5 -11,1 1,8 34,8 45,9
1993 30,9 10,7 0,2 4,4 -11,3 1,8 36,6 48,0
1994 32,5 11,0 0,2 4,5 -10,8 1,8 39,2 50,0
1995| 32,3 11,0 0,2 4,5 -11,7 1,8 38,0 49,7
1996 35,4 10,8 0,2 4,6 -11,0 1,7 41,7 52,7
1997| 354 10,8 0,2 4,5 -11,3 1,7 41,3 52,6
1998 354 11,0 0,2 4,6 -11,2 1,6 41,6 52,8
1999( 36,3 11,3 0,2 4,5 -13,8 1,5 40,0 53,8
2000| 35,6 11,6 0,2 4,5 -17,1 1,5 36,3 53,4
2001 37,5 111 0,2 4,4 -18,9 15 35,7 54,6
2002 371 10,3 0,2 4,3 -23,7 1,4 29,6 53,3
2003| 38,3 9,7 0,2 4,4 -25,7 1.4 28,3 54,0
2004| 38,3 10,5 0,2 4,3 -25,9 1,4 28,8 54,7
2005 37,7 10,1 0,2 4,3 -27,9 1,4 25,8 53,7
2006| 38,5 9,3 0,2 4,2 -22,5 1,4 31,0 53,5
2007 40,0 9,2 0,2 4,3 -25,9 1,3 29,2 55,1

Table 2.1 Total emissions of greenhouse gasesurgesband removals from LULUCF in Norway
1990-2007. The emissions are given in million ten@&-equivalentsSource: Statistics

Norway/SFT

Figure 2.2 illustrates the development of emissmingreenhouse gases from various sectors
(disregarding LULUCF) in changes in per cent.
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other prod. use

Agriculture
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Figure 2.2 Changes in total greenhouse gas emissiglJNFCCC source categories during
the period 1990-2007 compared to 1990. Sourceishta Norway/SFT

Norway has experienced economic growth since 1®8h explains the general growth in
emissions. This has resulted in higher,@@issions from most sources, but in particular
from the energy use, both in energy industriesearetgy use in transportation.
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The total emissions (disregarding LULUCF) show aked decrease between 1990 and 1992
and an increase thereafter with small interruptiari995, 2000 and 2002. Looking at the
overall trend from 1990 to 2007, it can be seehtti@emissions increased by about 11 per
cent. Also in 2007, the highest level of greenleogss emissions were recorded.

The downward trend in the early 1990’s has beemanmily due to the decreased consumption
of gasoline and fuel oils as well as reduced prodoof metals. Contributors to this
development were the low economic activity duringtttime and the C&£tax, which was
implemented with effect from 1991.

The total emissions decreased by about 2.4 perfreent2001 to 2002. This decline is
primarily a result of close-downs and reductionghie ferro alloy industry and magnesium
industry, reduced flaring in the oil and gas eximacsector and reduced domestic navigation.
The reduction outweighs increased emissions fraad taffic and from the production of
fertilizer as well as from aluminum production dnaim the consumption of HFCs.

Emissions in 2003 moved again upward by 1.3 per@gplained by an increase in economic
activity, including transportation, but especiatiythe petroleum sector. A cold winter
combined with low generation of hydropower due toray dry period increased the
consumption of oil for heating.

In 2004, the emissions increased by 1.3 per canes2003. This increase came as a result of
higher emissions in industrial processes, in paldarcfrom metal production and chemicals.
The total emissions were reduced by 1.9 per cent £004 to 2005. The reduction are

mainly due to reduction in the use of heatingasla result of high prices on heating oil and
decrease in the emissions from industry, becaukenefr production volumes. In 2006 the
emissions have decreased by 0.5 per cent. Theiemssfrom industrial processes (chemical
industries and metal production) have decreasektkwhiissions from energy use in
transportation have increased. From 2006 to 200 2&inissions increased by 2,9, mainly
because emissions from energy use have increased.

2.2. Emission trends by gas

As shown in Figure 2.3, CQOs by far the largest contributor to the total GE@issions,
followed by NO and CH, and then the fluorinated gases PFCg,&id HFCs. In 2007 the
relative contributions to the national totals frtme different gases were: G@1,7 per cent,
CHy: 8,0 per sent, pO: 7,7 per cent and fluorocarbons (PFCs &t HFCs) 2,6 per cent.
The relative share of CGas increased from 81,1 per cent in 2006.
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Fluorinated

N20 gases
3%

CHA4
8 %

1
CcO2
81 %

Figure 2.3 Distribution of emissions of greenhogases in Norway by gas, 2007. Source: Statistics
Norway/SFT

Table 2.2 presents emission figures for all diggeenhouse gases, expressed in absolute
emission figures and total G@quivalents.
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Table 2.2 Emissions of greenhouse gases in Norwaggithe period 1990-2007. Units: G@nd
CO,—eq. in Mtonnes (Mt), CHand NO in ktonnes (kt) and other gases in tonnes ()r&o Statistics
Norway/SFT

PFK HFK Total
Gas CO2 CH4 N20 SF6 without
LULUCF
14 16| % 23|32 | 125 [ 134a | 143 | 152 | 227¢a
8 a a
Year Mtonnes ktogne kto;me tonnes tonnes tonnes MtquZ—
36, 0, 0O
1990 34,8 219,7 15,2 467,4 2 0,0 92,0 0 0 0,0 0,0 0,0 01 0,0 49,7
31, 0, O,
1991 334 222,0 148 |4165 0 00| 87,0 0O 0O 00 o0 00 o04 0,0 47,7
21, 0, O,
1992 34,2 225,0 129 |3216 4 00| 295 0O 0 00 02 00 07 0,0 45,9
20, 0, O
1993 35,9 228,3 13,7 324,3 6 0,0 30,9 0 0 0,0 1,8 0,0 08 0,0 48,0
18, 0, O,
1994 37,9 231,8 140 |286,9 3 00] 36,7 0O 0O 05 54 102 08 0,0 50,0
18, 0, O,
1995 37,8 230,8 142 2833 1 00| 254 0O 0 24 102 15 10 0,0 49,7
16, 0, 0O
1996 40,9 231,8 14,4 258,5 2 0,0 24,0 0 0 55 16,7 39 1,5 0,0 52,7
15, 0, O,
1997 41,0 232,8 144 12299 1 00| 243 0 1 97 246 69 24 0,1 52,6
13, 0, 0, 14,
1998 41,1 226,9 14,7 | 2098 3 00| 304 1 3 8 357 105 5,6 0,1 52,8
12, 0, 0, 20,
1999 42,0 220,1 15,3 196,2 3 0,0 36,6 1 6 0 50,2 14,9 8,7 0,2 53,8
11, 0, 1, 26,
2000 41,6 226,6 146 |1864 6 00| 39,1 1 0 2 644 205 124 0,2 53,4
11, 0, 1, 33,
2001 43,0 227,2 143 |1875 9 00| 331 1 5 4 788 27,1 164 0,3 54,6
14, 0, 2, 39,
2002 42,0 219,2 14,9 201,3 0 0,0 10,0 1 3 2 95,2 32,3 19,3 0,5 53,3
10, 0, 3, 42, 111,
2003 43,4 220,4 14,4 |1256 1 0,0 9,8 1 0 4 8 343 228 0,8 54,0
0, 3, 45, 127,
2004 43,9 218,8 14,9 122,1 94 0,0 11,5 1 8 3 6 359 27,0 1,0 54,7
0, 4, 47, 149,
2005 42,9 2111 15,3 116,7 7,6 0,0 13,1 1 5 8 1 37,3 34,5 1,1 53,7
0, 5, 50, 169,
2006 43,3 202,8 14,2 102,12 86 0,0 8,9 1 3 1 3 38,6 384 1.2 53,5
10, 0, 6, 52, 193
2007 45,0 210,1 13,7 108,7 3 0,0 3,2 1 4 4 7 40,0 34,9 1,2 55,1

Table 2.3 presents the emissions in million torpersgreenhouse gas and the changes in per
cent for each greenhouse gas for the period 199 2Md for 2006-2007.

Table 2.3 Emissions in Mtonnes &€@q. and changes in per cent for each greenhouseSyaurce:
Statistics Norway/SFT

Year CO, CH, N.O PFCs SFs HFCs Total
1990 34,8 4,6 4,7 3,4 2,2 0 49,7
2005 42,9 4,6 4,7 0,8 0,3 0,5 53,8
2006 43,3 4,4 0,7 0,2 0,5 53,5
2007 45 4,4 4,2 0,8 0,1 0,6 55,1
Changes 1990-2007 29 % -4 % -10 % -76 % -97 % - 11%
Change 2006-2007 4% 4% -4 % 8% -64 % 8% 3%
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As seen in table 2.2 and 2.3, there has been disag increase in C@emissions and a
significant decrease in emissions of fluorocarhartbe period from 1990 to 2007.

The fluorocarbons constituted a larger fractiomthef greenhouse gas emission total in the
early 1990s than that in 2007 while £@presented a smaller share in 1990 than in 2007.
The emissions of CiHand NO have been relatively stable over the same period.

Figure 2.4 illustrate the changes in per centherdifferent greenhouse gases for the period
1990 to 2007.

40 %

>
0% F— . " CH4

-20 % —— N20O

40 % - Fluorinated
gases

-60 % - —— Total

-80 % ‘
1990 1992 1994 1996 1998 2000 2002 2004 2006

Figure 2.4 Changes in emissions of greenhouse dasgas in Norway 1990-2007,
compared to 1990. Source: Statistics Norway/SFT

Figure 2.4 shows that the overall increasing tieasl been weakened by decreased emissions
of fluorinated gases. However, the increase in €@fissions in 2007 had a major impact on
the total change in greenhouse gas emissions fafié @ 2007. We will describe these

trends further for each of the six greenhouse gasie following.

Note the fact that the source categories in thigtdr are not completely consistent with the
IPCC source categories. Note also that since tliere no emissions of HFCs in 1990 these
gases are not included in this figure.

2.2.1. Carbon dioxide (CO,)

The Norwegian C@emissions originate primarily from industrial soes related to oil and
gas extraction, the production of metals, and ttuesport sector. A relatively large share of
the transport-related emissions originates frons@baavigation and the fishing fleet. Since
generation of electricity is almost exclusively hyelectric, emissions from stationary
combustion are dominated by industrial sourcesiatetdnal energy use.

The distribution of C@emissions on various categories is shown in Figuse
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Figure 2.5: Distribution of C@emissions in Norway by source in 2007. SourcesBtat Norway/SFT

Table 2.4lists CQ-emissions from each source category for the wpeted 1990-2007. The
change in emissions from 1990 to 2007 compare®%0 is displayed in Figure 2.6.

Table 2.4 C@emissions from different source categories forgbgod 1990-2007. Emissions in
million tonnes C@ Source: Statistics Norway/SFT

vear | Sty T Ot T il T g | Coasluate Totermatie T 1
1990 7,3 7,4 7,0 7,6 3,2 2,3 34,8
1991 6,9 7,3 6,4 7,6 3,0 2,2 33,4
1992 6,8 7,8 6,6 7,7 3,1 2,2 34,2
1993 7,0 8,1 7,1 8,2 3,3 2,1 35,9
1994 7,9 8,8 7,5 7,9 3,2 2,5 37,9
1995 7,2 9,0 7,5 8,1 3,3 2,6 37,8
1996 8,7 9,8 7,7 8,3 3,5 2,8 40,9
1997 8,0 10,2 7,8 8,3 3,8 2,8 41,0
1998 8,0 9,8 8,0 8,6 4,0 2,8 41,1
1999 7,7 10,3 7,9 8,5 4,3 3,2 42,0
2000 6,8 11,6 8,4 8,4 3,9 2,5 41,6
2001 7,2 12,5 8,0 8,9 3,8 2,7 43,0
2002 7,0 12,3 7,4 9,0 3,7 2,7 42,0
2003 7,8 12,7 7,6 9,1 3,7 2,5 43,4
2004 7,0 12,9 8,0 9,4 3,7 2,8 43,9
2005 6,6 12,8 7,6 9,6 3,7 2,7 42,9
2006 7,1 12,5 7,3 9,9 3,6 3,0 43,3
2007 6,7 13,8 7,4 10,1 3,7 3,3 45,0

In the period from 1990 to 2007 the total emissioh€0; increased by 2Per cent, or by
10.2 million tonnes. The increases in naturalugsesin gas turbines in the oil and gas
extraction industry have been the most importantrdautor to the overall C@increase
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In 2007 the total Norwegian emissions of G&ere 45.0 million tonnes which is an increase
of 1.7 million tonnes or about 3.9 per cent frora fneceding year. The mayor sectors
contributing to increasing emissions were oil aad mpdustry and road traffic with a
combined increase on 1.5 million tonnes. On therogide emissions from stationary
combustion were decreasing with 0.4 million ton6€3% from 2006.

100 %

80 % -

Stationary combustion
60 % -
—— Oil and gas industry

Industrial processes

40 % A Road traffic

Coastal traffic and fishing
——— Other mobile sources
Total

20 % -

0% -
19

A

-20 %

Figure 2.6 Changes in Norwegian g@missions 1990-2007 for major sources compared to
1990. Source: Statistics Norway/SFT

Emissions from the oil- and gas industry incredasgdbout 86 per cent since 1990 as a result
of large increases in production volume of oil glagd and the export of natural gas in
pipelines.However, emissions per unit produced oil/gas haenlbecreasing, because of
technical and administrative improvements parttjuiced by a C@taxation regime
established in 1991. Nevertheless, this trend bas bounteracted in the last few years, due
to technical factors related to a shift to olded amore marginal oil-and gas fields and shift in
production from oil to gas. Production of gas isrenenergy demanding than production of
oil. The emissions from oil and gas decreased W@mmillion tones from 2005 to 2006, but

in 2007 the total petroleum production in Norwagrgased, and therefore the £€nissions
from this sector also went up 1.3 million tonnes.

Road transportation has had an increase of 33gueiGQ emission from 1990 to 2007.
Although emissions from gasoline vehicles decred&yealmost 10 per cent during this
period, this fall was counteracted by the significshift from gasoline to diesel vehicles.
Although modern cars have lower emissions per drkra, this has been outweighed by
more km driven and larger cars.

Emissions of C@from coastal traffic and fishing are 14 per ceghkr in 2007 than in 1990,
mainly due to higher activity in the petroleum secihe substantial increase in the
production of Norwegian oil and gas in the Nortla 8earing the 1990s resulted in increased
traffic of supply boats to and from the oil platits until 1999, after which the emissions have
been quite stable.
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CO, emissions from industrial processes are abowsdhee level as in 1990, and contribute
with 16.6 per cent of total G@missions. About 63 per cent of the £gnissions from this
sector are from metal production.

The CQ emissions from stationary combustion are approteipd 5 per cent of the total GO
emissions, a decrease of 6 per cent compared t I8 reduction in CQemissions are
mainly caused by increase in the use of electrreaitiyer than oil. However, these emissions
are very sensitive to winter temperatures andgueks, since many heating systems have the
possibility to switch to oil when electricity prisare high.

2.2.2. Methane (CHy)

About 50 per cent of the methane emissions in 20@inated from agriculture, and 27 per
cent originated from waste treatmeiiiethane emissions from agriculture are dominated by
releases from enteric fermentati@ombustion and evaporation/leakage in the oil- gasl
industry accounted for 15 per cent of the totalssmons in 2007, the largest fraction of which
is releases of methane (venting) during the loadimdjunloading operations offshore. Other
sources include emissions from among others pedirsl domestic heating, coal mining and
oil refineries.

Figure 2.7 illustrates the distribution of Norweagi@H;-emissions in 2007.

Other
sources; 8 %

Landfills;

Oil and gas
31%

industry;
13 %

50 %

Figure 2.7 Distribution of Norwegian Ct¢missions in 2007. Source: Statistics Norway/SFT

The methane figures from 1990 to 2007, distribuedhe different categories are displayed
in table 2.5:
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Table 2.5 Emissions of Gih Norway 1990-2007. The emissions are givenaonrs CH Source:
Statistics Norway/SFT

Sector
Year Landfills | Agriculture | Oil and gas industry | Other sources | Total
1990 80,4 106,9 15,3 17,2 219,7
1991 80,0 108,6 17,4 16,0 222,0
1992 78,6 108,8 22,4 15,2 225,0
1993 78,3 107,4 26,1 16,6 228,3
1994 78,2 109,2 27,7 16,6 231,8
1995 76,7 110,4 27,5 16,2 230,8
1996 75,4 111,0 28,5 17,0 231,8
1997 73,9 110,3 32,0 16,7 232,8
1998 69,2 111,3 29,9 16,4 226,9
1999 64,2 110,9 28,0 17,0 220,1
2000 66,7 109,4 33,0 17,5 226,6
2001 64,3 107,4 38,2 17,3 227,2
2002 61,7 105,0 34,8 17,6 219,2
2003 61,2 107,5 32,5 19,2 220,4
2004 60,9 105,3 35,4 17,2 218,8
2005 58,4 106,0 30,3 16,4 2111
2006 57,3 102,2 27,1 16,3 202,8
2007 56,3 104,1 31,5 18,2 210,1

The total methane emissions increased by abouies.6ent from 2006 to 2007. During the
period 1990-2007 the total Glemissions decreased by 4.7 per c€able 2.5 andigure 2.8
show that this decrease is primarily due to dee@asnissions from waste treatment which
more than compensated for the growth in emissimra the oil- and gas industry.

Small annual fluctuations in the emissions fromdh@nd gas industry can be explained by
changes in production volumes. Measures for mitigahe emissions from combustion and
evaporation/leakage in the oil- and gas industmeh®ot been sufficient to compensate for the
increase in activity level and change in extractrom oil to gas.

The waste volumes have grown during the period@4Z®7), but this effect has been more

than offset by increased recycling and incineratibwaste and increased burning of methane
from landfills.
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Figure 2.8: Changes in CHmissions for major Norwegian sources between H9@02006.
Source: Statistics Norway/SFT

2.2.3. Nitrous oxide (N;O)

Figure 2.9 shows that 49 per cent of the Norwegiarssions of BO are of agricultural

origin, with agricultural soils as the most promnbeontributor. The second most important
source is production of nitric acid from two planighich is one of the steps in the production
of fertilizer. These emissions account for 33 pEnt®f the total. The contribution from road
traffic amounted to 4 per cent in 2007, with enuasioriginating from the use of catalytic
converters in mobile sources. Included under “dthez emissions from e.g. fuel combustion,
manure management and waste-water handling.

Other
sources
14 %

Agriculture
49 %

Nitric acid
production
33%

Figure 2.9: Distribution of Norwegian D emissions by major sources in 2006. Source:
Statistics Norway/SFT

The emissions of YD are rather stable. During the period 1990-208%dtal NO emissions
decreased by 10 per cent. From 2006 to 2007 thaseavdecrease in the emission by
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approximately 4 per cent, which is due to lowerssiains from the fertilizer industry. This
and other details are shown in Table 2.6 and Figule.

Table 2.6 Emissions of,@ in Norway by major sources 1990-2007. The emrmssiwe given in
ktonnes. Source: Statistics Norway/SFT

Year Agriculture Nitric acid production Road traffic Other sources Total
1990 7,00 6,69 0,15 1,38 15,22
1991 7,05 6,18 0,17 1,35 14,75
1992 7,01 4,41 0,19 1,34 12,94
1993 6,98 5,11 0,23 1,36 13,68
1994 6,98 5,29 0,25 1,47 14,00
1995 7,09 5,28 0,29 1,54 14,21
1996 7,15 5,22 0,34 1,65 14,37
1997 7,16 5,18 0,38 1,68 14,39
1998 7,16 5,44 0,41 1,64 14,65
1999 6,97 6,18 0,44 1,74 15,33
2000 7,03 5,59 0,46 1,50 14,57
2001 6,79 5,43 0,50 1,57 14,29
2002 6,72 6,16 0,52 1,50 14,90
2003 6,78 5,52 0,53 1,58 14,41
2004 6,79 5,96 0,55 1,62 14,92
2005 6,81 6,31 0,55 1,62 15,28
2006 6,64 5,25 0,55 1,75 14,19
2007 6,79 4,44 0,54 1,88 13,66
18,00
16,00 -
14,00 -
12,00 ~
g O Other sources
9 10,00 7 O Road traffic
2 - . .
S 800 O Nitric acid production
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Figure 2.10 Changes inJ® emissions for major Norwegian sources betweeld 299l
2007. Source: Statistics Norway/SFT

Emissions of MO from agriculture have been rather stable fomthele period since 1990.
Bearing in mind the very high level of uncertaibtyth in level and trend of the key category
“agricultural soils”, no conclusions can be dravinoat the development in emissions from
agriculture
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Changes in the production processes of nitric letldo decreased emissions from this source
in the beginning of the 1990s, while there was @@nate increase in emission in the
following years due to increased production voluni@provements in the production

process brought the emissions down again in 20@6eaen further down in 2007, to a level
which is 34 per cent lower than in 1990. Therelt®en a decrease by over 15 per cent in
emissions from this source from 2006 to 2007.

The increasing use of catalytic converters in ligtticles has increased the emissions @ N
from road traffic with 0.4 ktonnes, or above 250geet during the period 1990-2007.

2.2.4. Perfluorcarbons (PFCs)

The emissions of the perfluorcarbons tetrafluordraee (Ck) and hexafluoroethane {&)
from Norwegian aluminium plants in 2007 were repdrat 108.7 and 10.3 tonnes
respectively, corresponding to a total of 0.8 miiltonnes of C@equivalents.

The total emissions of PFCs decreased by 76 peircéme period 1990-2007 following a
steady downward trend as illustrated in Figure 2ZThe emission of C/decreased by 77 per
cent, while the emission of,E; decreased by 72 per cent in the same pelAB@&.s reduction
is caused by improved technology and process dambich has led to 84 per cent decrease
in the amount of PFCs emitted per tonne aluminiuodpced during the period 1990-2007.
However, there was an increase of 12 per cent #0006 to 2007. In 1990, the emissions of
PFCs were 3.88 kg CO2-equivaltents per tonne alumimproduced. In 2007, this is reduced
to 0.60 kg per tonne aluminium.

PFCs may be used as substitutes for ozone-depkilvggances. In Norway, the component
CsFg (PFC-218) is used for this purpose. The actuassions of GFghave been calculated at
only 56 kg in 2007, corresponding to about 392 &snof CQ-equivalents. Since a tax on
import and production of PFCs was implemented id32he introduction of PFCs in new or
modified applications has fallen to an insignifickavel.

Consumption of halocarbons is also describe8dation 4.6.
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Table 2.7 Emissions of PFCs in Norway 1990-200@mmes. Total C@eq.are in million tonnes.
Source Statistics Norway/SFT

YEAR | PFK14 (CF4) | PFK116 (C2F6) | PFK218 (C3F8) | Total CO2-eq.
1990 467,4 36,2 0,0 3,4
1991 416,5 31,0 0,0 3,0
1992 321,6 21,4 0,0 2,3
1993 324,3 20,6 0,0 2,3
1994 286,9 18,3 0,0 2,0
1995 283,3 18,1 0,0 2,0
1996 258,5 16,2 0,0 1,8
1997 229,9 15,1 0,0 1,6
1998 209,8 13,3 0,0 1,5
1999 196,2 12,3 0,0 1,4
2000 186,4 11,6 0,0 1,3
2001 187,5 11,9 0,0 1,3
2002 201,3 14,0 0,0 1,4
2003 125,6 10,1 0,0 0,9
2004 122,1 9,4 0,0 0,9
2005 116,7 7,6 0,0 0,8
2006 102,1 8,6 0,0 0,7
2007 108,7 10,3 0,0 0,8

Mtonnes CO2 equivalents
N
|
|
|

2002

| H LTI

Figure 2.11 Emissions of PFCs in Norway 1990-200% emissions are given in million
tonnes CQ@-equivalents. Source: Statistics Norway/SFT

1990
1992
1994
1996

2.2.5. Sulphur hexafluoride (SF;)

Up till 2007 the largest source of &@missions in Norway was magnesium production, eher
Sk was used to cover the surface of liquid magnesaprevent it from oxidizing. The
covering gas was emitted to air after use and nasSéxpected to react with the metal. The
consumption of Sfwas reduced through the 1990s due to improvenem¢shnology and
process management and reduced production. Howteegpyocess management changes
from year to year and consequently also the consampf Sk. In 2007, the Sfemissions
were 97 per cent lower than in 1990. Primary maigness produced by one company in
Norway. The company decided to retain only the sdaoy production, and primary
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production of magnesium ceased in 2002. This enpldie much lower emission level since
2002..

The use of Sfas a cover gas in the aluminium foundries lastég @uring the period 1992-
1996. Sincel997 SMas not been used in the foundries.

The main other use of $I5 in gas insulated switchgears (GIS) and othgh-bltage
applications. Since the signing of a voluntary agrent in 2002, emissions from this sector
have decreased 26 per cent until 2007. Howevenre thias an increase in §émissions from
2005 to 2006. This increase was mainly due to eamssiuring large maintenance works as
well as two incidents with leakage from gas treatheguipment.

Table 2.8 Skemissions in Norway 1990-2007. The emissions i@engn tonnes. Source
Statistics Norway/SFT.

Year GIS A:\S ;?:iiium d?lr;(tjry Other Total

1990 0,05 2,14 0,00 2,20
1991 0,06 2,02 0,00 2,08
1992 0,06 0,64 0,00 0,71
1993 0,07 0,66 0,00 0,74
1994 0,08 0,79 0,01 0,88
1995 0,09 0,51 0,01 0,61
1996 0,09 0,47 0,01 0,57
1997 0,09 0,44 0,05 0,58
1998 0,09 0,58 0,05 0,73
1999 0,10 0,73 0,05 0,87
2000 0,11 0,77 0,05 0,93
2001 0,09 0,65 0,06 0,79
2002 0,08 0,14 0,01 0,24
2003 0,05 0,17 0,01 0,23
2004 0,05 0,21 0,02 0,28
2005 0,05 0,24 0,02 0,31
2006 0,07 0,12 0,02 0,21
2007 0,06 0,00 0,02 0,08
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Figure 2.12 Emissions of SF6 in Norway 1990-200i& @missions are given in Mtonnes
CO,-equivalents. Source: Statistics Norway/SFT

2.2.6. Hydrofluorcarbons (HFCs)

The total actual emissions from HFCs used as gutestifor ozone depleting substances
amounted to 0.57 million tonnes of g@quivalents in 2007. Compared to the emissions in
2006, this represents an increase of about 8 peridee emissions in 1990 were
insignificant. The application category refrigeoatiand air conditioning contribute by far
with the largest part of the HFCs emissions. Tiewotategories foam/foam blowing and fire
extinguishing contributed small amounts to the all@missions. Tier 2 methodology was
used to calculate the emissions. Figure 2.13 displee development of the emissions of
HFCs in the period 1990-2007. Table 2.9 shows tigademissions of different HFCs over
the same period. The figure shows that emissiareased exponentially until 2002 due to
the strong demand for substitution of ozone dapdetubstances. When the tax on HFCs was
introduced in 2003 the increase slowed down toeali trend due to more widespread
introduction of natural agents and smaller cha(§¢atistics Norway (2007/8)).
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Table 2.9Actual emissions of HFCs in Norway 1990-2007 calfmd using the Tier 2 methodology.
The emissions are given in tonnes. The total Mtimnes CO2 equivalents. Source Statistics
Norway/SFT

Year HFK23 | HFK32 | HFK125 | HFK134 | HFK134a | HFK143 | HFK143a | HFK152a | HFK227ea | in I\Itcc))tr?rlws
CO2-eq.

1990 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,13 0,00 0,00
1991 0,00 0,00 0,00 0,00 0,04 0,00 0,00 0,41 0,00 0,00
1992 0,00 0,00 0,00 0,00 0,19 0,00 0,00 0,65 0,00 0,00
1993 0,00 0,00 0,00 0,00 1,78 0,00 0,00 0,79 0,00 0,00
1994 0,00 0,00 0,47 0,00 5,43 0,00 0,18 0,81 0,00 0,01
1995 0,00 0,01 2,38 0,00 10,17 0,00 1,52 0,99 0,00 0,03
1996 0,01 0,02 5,48 0,00 16,70 0,00 3,87 1,47 0,05 0,05
1997 0,04 0,15 9,72 0,00 24,64 0,00 6,86 2,44 0,11 0,09
1998 0,07 0,33 14,75 0,00 35,71 0,00 10,49 5,62 0,15 0,13
1999 0,07 0,64 19,98 0,00 50,17 0,00 14,87 8,72 0,16 0,18
2000 0,06 1,04 26,16 0,00 64,41 0,00 20,47 12,43 0,17 0,24
2001 0,06 1,51 33,37 0,00 78,84 0,00 27,10 16,41 0,28 0,30
2002 0,07 2,26 39,20 0,00 95,18 0,00 32,34 19,32 0,45 0,36
2003 0,09 3,00 42,40 0,00 111,84 0,00 34,30 22,82 0,76 0,40
2004 0,10 3,83 45,29 0,10 127,55 0,00 35,91 27,01 0,95 0,44
2005 0,12 4,54 47,80 0,09 149,14 0,41 37,34 34,47 1,10 0,48
2006 0,12 5,34 50,06 0,09 169,27 1,27 38,62 38,38 1,22 0,52
2007 0,13 6,41 52,45 0,09 193,73 1,71 40,00 34,93 1,23 0,57
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& O Other gases
8 o3 O HFC 143a
8 ' m HFC 125
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Figure 2.13 Actual emissions of HFCs in Norway 12907. The emissions are given in
Mtonnes CQ@-equivalents. Source: Statistics Norway/SFT
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2.3. Emission trend by source

2.3.1. Total emissions by source classification

Figure 2.14 illustrates the total emissions of GiH®lorway in 2007 in IPCC classification
of sources. The Energy sector is by far the mopbimant, contributing with almost 73 per
cent of the total emissions.

Industrial
processes 167 %

Energy 727 %
Solvent and other

prod. use 03 %
Agriculture 7 .8 %
Waste 2.4 %

Figure 2.14 Total emissions of GHG in Norway in 2@ sources. Source: Statistics
Norway/SFT

Figure 2.15 shows the changes in greenhouse gasiens by sectors in the period 1990 to
2007. The Energy sector is divided in its five msub-sectors: Fuel combustion in energy
industries, fuel combustion in manufacturing indiestand construction, fuel combustion in
transport, and fuel combustion in other sectorgitiue emissions from fuels comes in
addition.
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Figure 2.15 Development of emissions of all GH@egias C@-equivalents, from the
different sectors. Source: Statistics Norway/SFT
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2.3.2. Energy

Figure 2.16 displays the distribution of GHG enossiin 2007 on the main sub categories
within the energy sources.

Transpoart
40 %

Other sectors
g %

Fugitive emissions
from fuels
1M %

hanufacturing
Industries & Construction
9 9%

Energy Industries
32 %

Figure 2.16 Greenhouse gas emissions in 2007 fhenehergy sector distributed on the different
source categories. Source: Statistics Norway/SFT

The Norwegian energy sector has traditionally bd@minated by hydroelectric power. As a
result of this electricity is normally used in hegtand in many manufacturing processes.
Within the energy sector the fuel combustion inTh@nsport sector is the biggest emitter of
GHG with a share 010 per cent in 200 Number two is fuel combustion in Energy
industries, with a share 8B per centThis sector is almost completely dominated by fuel
combustion in the oil and gas extraction and relaigivities.

The total emissions of greenhouse gases from thiggsector over the period 1990-2007 are
listed in Table 2.10. The emission changes detantdte various source categories in the
energy sector between 1990 and 2007 compared t®8tklevel, are illustrated in Figure
2.17 and discussed in the following
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Table 2.10 Total emissions of greenhouse gasasthie energy sector in Norway 1990-2007. The
emissions are given in Million tonnes g€nuivalents. Source: Statistics Norway/SFT

Manufacturing Fugitive
Inﬁﬂ;ﬁgs Industries_, & Transport Sgi‘)?; 1 emissions Total
Construction from fuels

1990 6,7 3,7 11,3 4,3 3,0 29,5
1991 7,1 3,5 11,2 3,9 2,5 28,6
1992 7,7 3,4 11,5 3,6 2,9 29,6
1993 8,0 3,8 12,1 3,5 3,1 30,9
1994 8,7 4.4 11,9 3,7 3,3 32,5
1995 8,5 4,0 12,4 3,7 3,2 32,3
1996 9,4 45 13,1 4,4 3,7 35,4
1997 9,8 4,4 13,3 4,0 3,5 35,4
1998 9,4 4,5 13,6 3,9 3,6 35,4
1999 9,3 4,2 14,3 4,0 4,1 36,3
2000 10,2 3,9 13,4 3,4 4,5 35,6
2001 11,5 4,0 13,6 3,8 4,2 37,5
2002 11,7 3,7 13,5 4,0 3,7 37,1
2003 12,4 4,1 13,8 4.3 3,6 38,3
2004 12,5 3,9 14,3 3,8 3,5 38,3
2005 12,6 3,6 14,4 3,5 3,3 37,7
2006 12,6 4,0 15,0 3,5 3,1 38,5
2007 12,8 3,6 15,9 3,1 4.4 40,0
100 % —e—Energy

Industries
80 %

—#— Manufacturing
Industries &

Construction
—&— Transport

60 %

40 % -

Other
sectors
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—*%— Fugitive emissions
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Figure 2.17  Changes in emissions in the variousa®uategories in the energy sector between
1990 and 2007 compared to the 1990 level. Soutegisfics Norway/SFT.

During most of the 1990s energy related emissiagre wicreasing, mainly due to higher
activity in the oil and gas extraction sector amdhie transport sector. In 2007 the total
emission level in the energy sector was 35 per loigiier than in 1990, or almost 10,5
million tonnes higher. There were short, temporarnyssion reductions in 1991, 1995, 2000,
2002 and 2005 followed by new growth. The reductioh991 was caused by a period with

nclude CRF key categories 1 A4 (stationary combusti agriculture, forestry, fishing, commerciabanstitutional
sectors and households, motorized equipment and scmoters in agriculture and forestry, and shipszoats in fishing)
and 1 A5 (fuel used in stationary and mobile mijitactivities).
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reduced economical activity, in 2000 by a mild wiménd tax changes which resulted in
reduced use of fuels for heating purposes and eetliue| sales respectively. The decrease
from 2001 to 2002 was due to reduced fugitive eimissfrom fuels and lower emissions

from manufacturing industries and construction,clfoutpaced the increased emissions from
energy industries and transport over the same ¢ghefize emission level in 2005 was 1 per
cent lower than in 2004. The small decrease in 20@5due to reduced use of heating olil.

Emissions from fuel combustion Energy industries have increased by 90,5 per cent from
1990 to 2007, and from 2006 to 2007 there was @mitrease. The main source is offshore
oil and gas extraction. Oil and gas extractiongiaged an important role in the national
economy in recent decades. On the offshore oilgasdnstallations, electricity and pumping
power is principally produced by gas turbines, tnd lesser extent, diesel engines.

In 2007 the emissions from energy use in offshdraral gas extraction contributed with
about 25 per cent of the total GHG emissions inidgt In 1990 the corresponding
contribution was 14 per cent. The growth can bdaxed by increased production of oil and
gas and more energy demanding extraction due tgadgioil fields a transition from oil to
gas. During the period 1990-2007 the emissions@f f@®m energy production offshore has
increased from 5.4 million tonnes to 11.0 milliemnes CQ.

Public generation of electricity is almost complg@ominated by hydroelectric generation.
The only important exceptions are waste incinengiower plants and a small coal
combustion plant (6 MW) on the island of Spitsberge

Industrial emissions related to fuel combustionginate to a large extent from the production
of raw materials and semi-manufactured goods afiays, petrochemicals, paper and
minerals. Emissions fromdlanufacturing industries and construction have decreased 2 per
cent from 1990 to 2007, while the decrease fron6202007 was about 10 per cent.

Emissions fromlransport showed an overall increase by 40 per cent fron® 182007,

while the emissions increased by almost 6 perftent 2006 to 2007 (see, Table 2.10, Table
2.11 and Figure 2.18). The share of transporterntaotal GHG emissions has increased from
23 per cent in 1990 to 29 per cent in 2007. Raafficraccounts for 59 per cent of the total
mobile emissions, while emissions from navigatiad aivil aviation accounts for 22 and 6
per cent respectively. Due to the fact that makiays are electrified in Norway, emissions
of GHG from this source are insignificant. Othemisportation (off-road vehicles and other
machinery and other non-specified) accounts fopdrdcent of the emissions from the source
transport, and it has increased by 108 per cethieiperiod 1990-2007. Without this source,
the transport sector has had an overall increaS3Iper cent

Emissions of GHG from road traffic increased byp@B cent from 1990 to 2007. Between
2006 and 2007 emissions increased by 2,5 perRead traffic contributed to the total
national GHG emissions by almost 19 per cent.

Emissions from navigation increased by 36 per fremt 1990 to 2007, mainly because of
increased activity related to the oil- and gasaetion sectorNavigation contributed to the
total national GHG emissions by 4.8 per cent in7200

% Include mainly emissions from use of oil or gasHeating purposes. Does not include consumptiaoalf as feedstock
and reduction medium, which is included in the stdal process category.
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Emissions from civil aviation have increased byp@4 cent since 1990. The substitution of
older planes with new and more energy efficienhetahas played an important role to limit
the emission growth. Civil aviation contributecdtbe total national GHG emissions by about
1.7 per cent in 2007.
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8 \/\/—/\/’ —— Civil Aviation

——Road transportation

—— Railways
—— Navigation

—— Other transportation

Million tonnes CO2
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Figure 2.18  Changes in G&missions from different modes of transport inQt2007.Source:
Statistics Norway/SFT

Table 2.11 Total emissions of greenhouse gasestfie transport sector in Norway 1990-2007.
Million tonnes CQ@-equivalents. Source: Statistics Norway/SFT
injl Road . Railways Navigation Other . Total
Aviation transportation transportation Transport

1990 0,686 7,736 0,107 1,947 0,849 11,3
1991 0,704 7,663 0,103 1,942 0,830 11,2
1992 0,727 7,837 0,109 2,004 0,785 115
1993 0,723 8,295 0,115 2,167 0,788 12,1
1994 0,808 8,074 0,118 2,009 0,929 11,9
1995 0,869 8,228 0,116 2,095 1,060 12,4
1996 0,965 8,502 0,079 2,210 1,295 13,1
1997 0,992 8,513 0,083 2,439 1,278 13,3
1998 1,016 8,759 0,064 2,556 1,250 13,6
1999 1,167 8,714 0,061 2,790 1,555 14,3
2000 1,067 8,544 0,055 2,554 1,140 13,4
2001 1,074 9,061 0,053 2,290 1,171 13,6
2002 0,923 9,156 0,049 2,256 1,124 13,5
2003 0,964 9,305 0,045 2,250 1,247 13,8
2004 0,955 9,625 0,049 2,296 1,359 14,3
2005 0,803 9,791 0,048 2,368 1,382 14,4
2006 0,869 10,086 0,046 2,345 1,687 15,0
2007 0,918 10,325 0,049 2,656 1,970 15,9

The source catego@ther Sectors(table 2.10) includes fuel combustion in agricwdtur
forestry and fisheries, fuel combustion from resit sources and fuel combustion from
commercial/institutional sources (CRF key categotid4 and 1A5) The total emission
from this sector was 3.1 million tonnes £€yuivalents in 2007. Fuel combustion in
agriculture, forestry and fisheries accounts farwt85 per cent of the emissions of this
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sector. Since 1990 the emissions from the fuel amtidn in agriculture, forestry and
fisheries has been reduced by almost 9 per cent.

Greenhouse gas emissions from residential soucoesiated in 2007 for about 49 per cent of
other sector’s total. Emissions were 6.5 millionries less in 2007 than 1990 due to
electrification of heating infrastructure. Howeveew technologies and occasional electricity
shortages have at times reversed this trend. Reganiples of fluctuations are the relatively
low emissions from residential sources in 2000 tdu&e mild winter which led subsequently
to relatively low consumption of fuels. In 200Betemissions from residential sources
increased due to a dry and cold winter combinetl extraordinary high electricity prices.
From 2003 to 2006 the emissions from residentiatses decreased by 43 per cent, and from
2006 to 2007 the emissions went down another 1tegmr This can be explained by a
reduction in electricity prices since 2003, bubads increase in energy conservation and
more use of wooden fuel in households.

Emissions from commercial/institutional sources mak the last 16 per cent of this category.
There has been 4 per cent decrease from 1990 ¥ 2060 a decrease of 6 per cent from 2006
to 2007.

The source category termEdgitive emissions from fuelgefers to emissions from oil and
gas activities such as flaring of natural gas, &g@ls and venting of methane. Indirect,CO
emissions from NMVOC emitted during the loading amébading of oil tankers are also
accounted for in this category. These emissionsegrerted to 4.4 million tonnes GO
equivalents in 2007. In order to minimize emissifyom these activities, Norway has
implemented various technical measures and at&0O Nevertheless, due to large increases
in production emissions have increased by per cent from 192006

2.3.3. Industrial processes

The industrial process sector accounted for 1 €eet of the national greenhouse gas
emissions in 2007. The emissions from this souategory have decreased by almost 33 per
cent from 1990 to 2007 and decreased by 1 perfaant2006 to 2007.

Metal production is the main source of procesgedlandustrial emissions for both ¢@nd
other greenhouse gases such g3 [ertiliser production), SH{magnesium foundries) and
PFCs (aluminium production), contributing with abéa per cent of the total emissions from
Industrial processes. Chemical industry contribuiits 20 per cent of the emissions from
Industrial processes.

Figure 2.19 shows the variation in the differemtustries contribution to greenhouse gas

emissions from 1990 to 2007. Table 2.11 providgsrés for the total greenhouse gas
emissions from the Industry sector for the sameger
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Figure 1.  Figure 2.19 Total greenhouse gas emissions inrtlestrial source categories in
Norway during the period 1990-20030ource: Statistics Norway/SFT

Table 2.12 Total greenhouse gas emissions frorimthestry sector in Norway 1990-2007.
Million tonnes CQ-eq. Source: Statistics Norway/SFT

vear Mineral Chemical Meta_l Othe_r Consumption of Total
Products Industry Production | Production | Halocarbons and SF6
1990 0,72 2,98 9,85 0,08 0,06 13,70
1991 0,67 2,72 8,99 0,12 0,06 12,57
1992 0,72 2,13 6,88 0,12 0,07 9,93
1993 0,92 2,40 7,18 0,13 0,08 10,73
1994 0,93 2,47 7,41 0,13 0,10 11,04
1995 0,97 2,49 7,23 0,13 0,12 10,97
1996 0,97 2,45 7,03 0,14 0,15 10,75
1997 1,03 2,48 6,88 0,15 0,23 10,79
1998 0,98 2,35 7,28 0,10 0,27 11,00
1999 0,96 2,43 7,44 0,08 0,33 11,26
2000 0,96 2,50 7,45 0,23 0,40 11,57
2001 0,92 2,38 7,06 0,22 0,45 11,05
2002 0,94 2,51 6,16 0,23 0,46 10,32
2003 0,98 2,31 5,70 0,23 0,47 9,71
2004 0,84 2,48 6,35 0,24 0,51 10,45
2005 0,89 2,40 6,03 0,20 0,55 10,12
2006 0,94 2,09 5,34 0,21 0,64 9,26
2007 1,01 1,80 5,59 0,17 0,64 9,20

During the first half of the 20th century, a larggale industrialization took place in Norway.
Many industrial communities appeared around thgeldwydroelectric resources particularly
in the western parts of the country. Typical pradweere raw materials and semi-
manufactured goods such as aluminium and ferrgsllBhe main energy source has always
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been hydroelectricity. However, fossil fuels haeet used as reducing agents or raw
materials. Greenhouse gases are emitted as pretatesl gases.

Approximately 10 per cent of total GHG emission®Norway were fromMetal Production
in 2007, and the sector contributed with 61 pet oéthe emissions from Industrial
Processes. The largest contributor to the GHG éomis$rom Metal Production in 2007 is
aluminium production (53 per cent) and ferroall¥5s per cent).

There are seven plants in Norway producing alummiBoth prebaked anode and the
Soederberg production methods are used. Produstti@imminium leads to emission of
various components such as £80, NOy perfluorocarbons (PFCs), heavy metals and
persistent organic pollutants. PFCs emissions frosduction of aluminium contributed in
1990 to 6.7 per cent of the total GHG emissiondanway. The share of the total in 2007 is
reduced to 1.5 per cent. Emissions of PFCs havedsed with 76 per cent from 1990 to
2007 and between 2006 and 2007 the emissions hengased by 8 per cent.

Production of ferro alloys is the second most inguarsource within the metal production
category. Norway is a major producer of ferroallaggh 12 plants in operation in 2007.
The GHG emissions from ferro alloy production aated for 4.5 per cent of the national
total GHG emissions in 2007, and the emissions dacesased with 10.4 per cent since
1990. From 2005 to 2006 GHG emissions from ferlmyaldecreased by 24 per cent due to
reduced production. However, in 2007 the emissinoreased by almost 14 per cent
compared to the level in 2006.

Other metals produced in Norway today are nickak; and magnesium, one plant of each.
Emissions from theses sources are minor comparethés metal producers.

The major source of Eemissions is magnesium production. There is orgnesum
manufacturing plant in Norway. The plant closed ddhe production of primary magnesium
in 2002 but the production of secondary cast magnes continuing. Sgfrom magnesium
foundries accounted in 2006 for 0.2 per cent ottha GHG emissions in Norway. In 1990
this sector contributed with 4.3 per cent of theamal total GHG emission3 he reduction is
mainly due to the closure of the primary magnesuant in 2002, and improvements in
technology and in process managemaAiitmagnesium production in Norway stopped in
2002. During 2006 also the production of remeltimagnesium stopped, and there were no
emissions from this source in 2007.

The chemical industryis the industry sector’'s second most importarggaty, accounting

for almost 20 per cent of the emissions in this@ed he emissions were reduced by about 40
per cent in the period 1990-2007. From 2006 to 28@7%&missions decreased by almost 15
per cent. In Norway, this category includes pritygoroduction of fertilizers and silicon
carbide. These processes releagé rom nitric acid production) and GQfrom production

of ammonia and carbidedjhe NO emissions from production of nitric acid accouainfer
almost 3 per cent of the total GHG emissions in72@Md 15 per cent of the GHG emissions
in sector Industrial processes. ThgoN\emissions have decreased with 34 per cent fr&d0 19
to 2007 while the production of nitric acid incredsy 22 per cent. The detected reduction is
due to improved technology in the nitric acid proiion.

Production of Mineral products contributed in 1990 by 1.5 percent of the total@&H
emissions in Norway and this share has increasg&dtper cent in 2007. The emissions from
the sector increased with 39 per cent from 1990£20@® 7.3 per cent from 2006-2007
mainly due to increased production of clinker ia tement production. Cement production is
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by far the main source of emissions from minerabtprcts. Cement is produced in two plants
in Norway, releasing C£emissions from coal and waste used in direct fivedaces, and

from carbon in limestone. In 2007, the £€nissions from clinker production accounted for
1.6 per cent of the total national GHG emissiors @b per cent of the GHG emissions in the
sector. From 1990-2007 the g@missions from clinker production increased by8bcent
and from 2006 to 2007 the G@mission increased by almost 9 per cent.

Refrigeration and air conditioning equipment is thest important application category
related to emissions of hydrofluorocarbons (HFGg)ear the categorgonsumption of
halocarbons and Sk. The emissions constitute almost 7 per cent oéthissions from the
industry sector. Substitution of ozone-depletinigstances and increased application of air-
conditioning systems in cars and buildings amgifiee rapid growth in these emissions.
However, the tax on HFCs introduced in 2003 haseraidd this growth somewhat
(Statistics Norway (2007/8)). Electrical switchgeand the use of $l&s trace gas are the
most important sources of non-process emissiopMNorway does not manufacture
halocarbons or SF

2.3.4. Solvent and other product use

Use of solvents and products containing solversslitén emissions of non-methane volatile
organic compounds (NMVOC), which is regarded amdirect greenhouse gas. The
NMVOC emissions will over a period of time in thiemsphere oxidize to GO

Indirect CQ emissions from solvents and®lfrom anaesthesia and propellant represented
approximately 0.3 per cent of the total GHG emissim 2007 equal to the emission level
in1990. The share has been more or less unchamyd1990.

2.3.5. Agriculture

In 2006, abou?.8per cent of the total Norwegian emissions of greesk gases (GHG)
originated from agriculturélhis corresponds to 4.3 millidnnnes C@eqv. The emissions
from agriculture are quite stable, with emissiobew 3 percent lower in 2007 than in 1990,
and 2 per cent higher than in 2006.

The sectors clearly biggest sources of GHGs areefierfermentation” (Ck) from domestic
animals, contributing with 4ger cent and “agricultural soils” () contributing with 46er
cent of the sectors emissions. These are alsodegaries. Manure management contributes
with 10 per cent.

Enteric fermentation contributed with over 89 ktonnes of ¢Eimissions in 2007,
corresponding to 1,871 million tonnes £&yuivalents, which is 3.4 per cent of the national
GHG emissions. Enteric fermentation constitutep@&bcent of the overall CHmissions

from agriculture and 44 percent of the sectors’ Gé@ssions. Emissions have been rather
stable with minor fluctuations. Emissions decreaaletbst 4 per cent in the period 1990-2007
but and the emissions increased approximately 2¢rdrfrom 2006-2007.

CHs-emissions due tmanure managemeni@amounted to almost 15 ktonnes in 2007,
corresponding to 0.32 million tonnes €€&yuivalents. PD-emissions due to manure
management amounted to about 0.40 ktonnes in 200&sponding to 0.12 million tonnes
CO; equivalents. In 2007, manure management emitéetirillion tonnes of CQ
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equivalents, which is 10 per cent of the GHGs fagriculture and 0.8 per cent of the
Norwegian emissions of GHGs. Emissions of GHGmfroanure management stayed at the
same level in the period 1990-2007.

The emissions of YO in Norway fromagricultural soils amounted to 6.4 ktonnes in 2007, or
1.98 million tonnes calculated in G@quivalents. They accounted for about 47 per oent
the total Norwegian pO emissions in 2007 or about 3.6 per cent of tted ddorwegian
greenhouse gas emissions that year.

Emissions of MO from agricultural soils are a key category beeaafsuncertainty, both in
level and trend. The emissions decreased by 216 teiperiod 1990-2007 but increased by
2.3 per cent from 2006 to 2007.

Table 2.13 Total greenhouse gas emissions froragheultural sector in Norway 1990-2007.
Million tonnes CQ-eq. Source: Statistics Norway/SFT

Field
Year Enteric. Manure Agricu!tural Burning of Total
Fermentation | Management Soils Agricultural
Residues
1990 1,95 0,43 2,04 0,03 4,44
1991 1,97 0,45 2,04 0,02 4,49
1992 1,98 0,45 2,03 0,01 4,47
1993 1,95 0,44 2,03 0,02 4,44
1994 1,98 0,45 2,02 0,01 4,47
1995 2,00 0,46 2,05 0,02 4,53
1996 2,01 0,47 2,07 0,02 4,57
1997 1,99 0,46 2,08 0,01 4,55
1998 2,01 0,47 2,08 0,01 4,57
1999 2,01 0,46 2,02 0,01 4,50
2000 1,98 0,46 2,03 0,01 4,49
2001 1,94 0,46 1,96 0,01 4,37
2002 1,90 0,45 1,94 0,01 4,30
2003 1,95 0,43 1,98 0,01 4,36
2004 1,90 0,43 1,98 0,01 4,32
2005 1,91 0,44 1,99 0,01 4,34
2006 1,84 0,43 1,94 0,01 4,21
2007 1,87 0,44 1,98 0,01 4,30
2.3.6. Waste

The waste sector, with emissions of 1.3 millionnes1 CQ-equivalents in 2007, accounted
for 2.4 per cent of the total GHG emissions in Naywhis year.

The sector includes emissions from landfills (EMastewater handling (GHnd NO) and
small scale waste incineration (g@nd CH). Waste incineration with utilization of energy is
treated in the Energy chapter, hence the triflimgsgions from waste incineration here.

Solid waste disposal on land (landfills) is the meategory within the waste sector,

accounting for about 89 per cent of the sectottal temissions. Wastewater handling
accounts for 11 per cent, and waste incineratioreee trifling emission.
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The emissions of greenhouse gases from the wadte seere relatively stable until 1997.

From 1998 emissions declined, and in 2007 the eomssvere about 27 per cent lower than

in 1990. In spite of increasing amounts of waseedmissions of ClHfrom landfills has
decreased because of a combination of increasgdireg; incineration and burning of

landfill gas.

The development of the emissions from waste is shiawable 2.14 and figure 2.20.
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Figure 2.20  Total emissions of greenhouse gasboimvay from the waste sector 1990-2007.

Million tonnes CQ@-equivalents. Source: Statistics Norway/SFT

Table 2.14 Emissions from the waste sector in Hgri990-2007. Mtonnes GOequivalents.

Source:Statistics Norway/SFT

Year Landfills Wastevx_/ater Wast(_a Total
Handling Incineration
1990 1,69 0,14 0,00 1,82
1991 1,68 0,14 0,00 1,81
1992 1,65 0,13 0,00 1,78
1993 1,64 0,14 0,00 1,78
1994 1,64 0,14 0,00 1,78
1995 1,61 0,14 0,00 1,75
1996 1,58 0,15 0,00 1,73
1997 1,55 0,16 0,00 1,71
1998 1,45 0,15 0,00 1,61
1999 1,35 0,15 0,00 1,50
2000 1,40 0,14 0,00 1,54
2001 1,35 0,14 0,00 1,49
2002 1,30 0,13 0,00 1,43
2003 1,28 0,14 0,00 1,42
2004 1,28 0,14 0,00 1,42
2005 1,23 0,14 0,00 1,37
2006 1,20 0,15 0,00 1,35
2007 1,18 0,15 0,00 1,34
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Figure 2.20 shows that emissions of methane haueased slightly since 1998. This is due
to reduction of the amount of waste disposed giadial sites. This reduction is the result of
several measures which were introduced in the v&estior particularly in the 19904/ith a
few exceptions, it is prohibited to dispose eagyrdéable organic waste at landfills in
Norway. In 1999, a tax was introduced on wastevdedd to final disposal sites. In 2007 this
tax was 416 NOK per tonne waste disposed at ldsitis with double side and bottom
lining (rising to 434 NOK per tonne in 2008 and 442009), and 541 NOK per tonne waste
disposed at landfills without double lining. In aieh, landfills receiving biodegradable
waste (waste containing degradable organic carb@(C)) are required to collect and treat
landfill gas. In 2007 a total of 57 landfills hatbtalled a landfill gas extraction system, and
approximately 22 ktonnes of methane was recovdileel amount of waste generated has
increased by about 45 per cent since 1995, butalthes increase in material recycling and
energy utilization in the period there has not baasmilar increase in the amount of
degradable waste to landfills.

2.4. Land Use Change and Forestry

The average annual net sequestration from the LUELB&&tor was about 16.8 million tonnes
CO-equivalents for the period 1990-2007. The avemgrial net sequestration was 11.3
million tonnes C@-equivalents from 1990 to 1998, and about 22.4ionilCO,-equivalents

per year from 1999 to 2007. In 2007 the net seqaissh was calculated at 25.8 million €O
equivalents, which would offset 47 per cent oftifital greenhouse gas emissions in Norway
that year. The sequestration increased by aboupéd @ent from 1990 to 2007.

The calculated changes in carbon depend upon $é&etars such as growing conditions,
harvest levels, and land use changes. In partigulbvariations in annual harvest directly
influence the variations in changes in carbon st@id dead organic matter.

Figure 2.21 shows the land areas occupied by flereit land-use categories as defined by
the IPCC (IPCC 2003) in 1990 and 2007.

1990 2007

27,8 % 29,0 %

@ Forest land
W Crop land
O Grassland
O Wetlands
59,4 % 33% 59,0 % 31% W Settlements

02% 04% @ Other land

73% 6.5%

19% 2,1%

Figure 2.21 Land area by category in 1990 and 2007

As can be seen from Figure 2.21, forest land, wis@iso the most important land-use
category, covers around one fourth of the mainkmed of Norway. The changes in land
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categories are small. Forest land, grassland atidraent areas are slightly increasing from
1990 to 2007, while cropland and wetland areasleceeasing.

In 2007 the land-use category forest land remaifongst land was the major contributor to
the total amount of sequestration with 27.7 milionnes C@ Land converted to forest land
contributed with 0.3 million tonnes GOFrom 1990 to 2007 the total net sequestration of
CO; increased by 110 per cent. The explanation ferghowth is a continued increase in
standing volume and gross increment, while the amolCQ, emissions due to harvesting
and natural losses has been quite stable. Theasmiesequestration since 1990 is due to an
active forest management policy, and to some extematural factor€EEmissions of Cihiand
N2O from forest land remaining forest land are neglegcompared to the GQequestration;
0.01 Gg and 0.04 Gg, respectively (correspondiregptmut 0.21 Gg and 12 Gg of ¢O
equivalents)The emissions of CHand NO have remained fairly constant over the period,
except for in 2006 when the Gidmissions, due to a large number of wildfires, &aubak.

Figure 2.22 illustrates the change in carbon stacksrest, land to forest, dead organic
matter and soil between 1990 and 2007.
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Figure 2.22 Carbon stock changes in forest, lantbtest,,, dead organic matter and soil. 1990-
2007.

All other land-use categories than forest remaifiangst showed net emissions, they were
calculated at a total of 2.1 million tonnes £0Of these, the most important category was
grassland with total emissions of 1.87 million tesmf CQ.

2.5. Emission trends for indirect greenhouse gases and>%

Nitrogen oxides (N¢), non-methane volatile organic compounds (NMVORQ]) aarbon
monoxide (CO) are not greenhouse gases, but theydraindirect effect on the climate
through their influence on greenhouse gases, iticpéar ozone. Sulphur dioxide (g also
has an indirect impact on climate, as it incredisedevel of aerosols with a subsequent
cooling effect. Therefore, emissions of these gase$o some extent included in the
inventory.

The trend of these pollutants in Norway duringpleeod 1990-2007 is presented below.
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The overallNOy emissionshave decreased with approximately 7 per cent 16680 to 2007.
This can primarily be explained by stricter emigssiegulations with regard to road traffic,
which has given a reduction of almost 56 per cemes1990. These reductions counteracted
increased emissions from oil and gas productiod (& cent) and from navigation (27 per
cent). The totaINO, emissions increased with approximately 2 per remt 2006 to 2007.

Theemissions of NMVOCexperienced an increase in the period from 19204, mainly
because of the rise in oil production. However,ghessions have decreased by 50 per cent
from 2001 to 2007, and are now 34 per cent lowan ih 1990. From 2006 to 2007 the
emissions of NMVOC have decreased by 2 per cemns. ddcrease has been achieved through
the implementation of measures to increase thecliegyof oil vapour offshore at loading and
storage terminals.

Emissions of COhave decreased by 54 per cent over the period-2990. This is explained
primarily by the implementation of new emissiomstards for motor vehicles.

SO, emissionswere reduced by 62 per cent from 1990 to 2007 Tan mainly be explained
by a reduction in sulphur content of all oil prothuand lower process emissions from ferro
alloy and aluminium production as well as refingrie
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Figure 2.23 Emissions of NOx, NMVOC, CO and StONorway 1990-2007. The
emissions are given in Ktonnes. Source: Statidtmsvay/SFT
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3. Energy

3.1. Overview

The Energy sector accounted for 72.7 per centeofNbrwegian greenhouse gas emissions in
2007 that is an increase from 59.4 per cent in 1B®@d traffic and offshore gas turbines
(electricity generation and pumping of natural gegipelines) are the sector’s largest single
contributors and the sectors that have increased simece 1990. Other important sources are
coastal navigation, energy use in the productioraafmaterials, as well as oil and gas
operations which give rise to significant amourftugitive emissions.

Despite the short, temporary emission reductionsiwtook place in the years 1991, 1995,
2000 and 2002, GHG emissions in the energy seatoeased by 35.5 per cent during the
period 1990-2007, primarily due to increased attiii the sectors of oil and gas extraction
and transport, specifically road transport. Togadteral emissions in 2007 were 4 per cent
higher than those of 2006.

Key source categories

As indicated in Section 1.5, the Tier 2 key catggoralysis performed for the years 1990 and
2007 has revealed that in terms of total level @nlénd uncertainty thieey categorieq the
Energy sector for 2007 are, in CRF order, the Yoilhg:

» Stationary Fuel Combustion, Solid Fuels —G0A1-1A2-1A4)
» Stationary Fuel Combustion, Liquid Fuels —{J0A1-1A2-1A4)
» Stationary Fuel Combustion, Gaseous Fuels - @81-1A2-1A4)
» Stationary Fuel Combustion, Biomass —HAL1-1A2-1A4)

» Other sectors, Mobile Fuel Combustion —{GDA4)

» Civil Aviation — CO, (1A3a)

* Road Transportation — GQ1A3Db)

* Road Transportation — (1A3b)

* Navigation — CQ (1A3d)

* Navigation — CH (1A3d) ok

» Other Transportation — G1A3e)

» Other Transportation —J0 (1A3e)

* Fugitive Emissions from Oil — CO(1B2a)

* Fugitive Emissions from Natural gas — £(B2b)

* Venting and Flaring — CO(1B2c)

* Venting and Flaring — CH (1B2c)

In addition to source categories defined as keggmates according to the Tier 2 key category
analysis the following source categories is defiagdkeys according to Tier 1 key category
analysis:

* Fugitive Emissions from Oil — CH1B2a)

* Military, mobile — CQ (1A5b)

Coal mining (1B1a) is not found to be a key catggorthe key category analysis. However,
it is here regarded as a key category on the béSsigialitative” criteria such as change in
trend and uncertainty in the emission factors. Bhisrce is described in detail in Section 3.3.
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An important issue, which is also elaborated is #&ctor, concerns the capture and storage of
CO, emissions at the offshore gas-condensate fielddc&8leipner Vest. These unique
operations are discussed in detail in section 3.5.

Some aspects of aggregation in the key categolyseshave been changed since the
previous NIR. Emissions from 1A@ther sectors, mobile combustiare now treated as a
separate category. Fishing vessels and agriculuaahinery are in this sector the most
important subcategories. In the previous NIR theaessions were grouped together with
stationary emissions in 1A1, 1A2 and 1A4.

Emission allocation

Emissions from waste incineration at district hegplants are accounted for under the
energy sector, as the energy is utilized. Metham®a fandfills used for energy purposes is
also accounted for in this sector. Emissions frianrfg in the energy sectors are described in
Sections 3.4Coal and coke used as reducing agents and gasarggoduction of ammonia
(non-energy part) are accounted for under indugir@esses. Flaring outside the energy
sectors is described in Chapter 8 Waste. The saplea to emissions from cigarettes,
accidental fires etc. Emissions from burning ofpcresidues and agricultural waste are
accounted for under Chapter 6 Agriculture.

Mode of presentation

The elaboration of the energy sector in the follgywtarts with a description of emissions
from the energy combustion sources (Section 3o8pvwed by a description of fugitive
emissions (Section 3.3) and a discussion on thienepnd storage of G@missions at the
offshore gas-condensate field Sleipner Vest (Se@&ib). Cross-cutting issues are elaborated
in Section 3.6 and comprise the following elements:

« Comparison between the sectoral and reference agipro
+ Feedstock and non-energy use of fuels
+ Indirect CQ emissions from Cldand NMVOC

Finally, the memo items of international bunkerl$uend CQ emissions from biomass, are
addressed in Section 3.7.

In the case of energy combustion, emissions framrttividual combustion sources are
discussed after a comprehensive presentation @téregy combustion sector as a whole
(Section 3.2.1). The purpose for such an arrangersén avoid repetition of methodological
issues which are common among underlying sour@gosetes, and to enable easier cross-
reference.
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3.2. Energy Combustion

3.2.1. Overview

This section describes the calculation of GHG eimnssfrom the combustion of fossil fuels
and biomass. All known combustion activities witleimergy utilization in various industries
and private households are included.

The fuel combustion sector is dominated by the simns of CQ which in 2007 contributed
97.6 per cent to the totals of this sector (1A).

Emissions from fuel combustion constituted 64.8qmet of the national GHG total in 2007.
The emissions increased by about 34.5 per cenigeetw990 and 2007, primarily due to
activity growth in oil and gas extraction thathe tmajor part of energy industries sector and
transport, mainly road transportation. Emissiorelsevn 2007 increased by 0.8 per cent from
the 2006 levels.

This sector hosts twelve source categories defisdceys according to Tier 2 key category
analyses and one as key category from the Tiealyses. These, along with the non-key
categories, are presented in detail in the follgwin

3.2.1.1. Methodological issues

Emissions from fuel combustion are estimated as#wtoral level in accordance with the
IPCC sectoral approach Tierl/Tier 2/Tier 3. Oftetaltfuel consumption is better known than
the sectoral consumption.

The general method to estimate emissions fromcom@bustion is multiplication of fuel
consumption by source and sector by an appropraission factor. Exceptions are road and
air transport where more detailed estimation moakdsised, involving additional activity data
(see sections 3.2.5 and 3.2.4. respectively). ¢aredumption figures are taken from the
Norwegian energy balance. The mean theoreticabgroemtent of fuels and their density are
listed in table 3.1.
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Table 3.1. Average energy content and densityed$fu

Energy commodity Theoretical energy content Density
Coal 28.1 GJ/tonne

Coal coke 28.5 GJ/tonne

Petrol coke 35.0 GJ/tonne .

Crude oil 42.3 GJ/tonne = 36.0 GJdn  0.85 tonne/m
Refinery gas 48.6 GJ/tonne "

Natural gas (200%) 39.67 GJ/1000 St 0.85 kg/Sm
Liquefied propane and butane (LP@E.1 GJ/tonne = 24.4 GJ#n  0.53 tonne/rd
Fuel gas 50.0 GJ/tonne .

Petrol 43.9 GJ/tonne =32.5GJ¥n  0.74 tonne/M
Kerosene 43.1 GJ/tonne = 34.9 GJ¥n  0.81 tonne/R
Diesel oil, gas oil and light fuel oil 43.1 GJ/tonne = 36.2 GJdn  0.84 tonne//d
Heavy distillate 43.1 GJ/tonne = 37.9 GJ¥n  0.88 tonne/r
Heavy fuel oil 40.6 GJ/tonne = 39.8 GJAn  0.98 tonne/m
Methane 50.2 GJ/tonne .

Wood 16.8 GJ/tonne = 8.4 GJ/solidm0.5 tonne/solid @
Wood waste (dry wt) 16.25-18 GJ/tonne

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

Waste 10.5 GJ/tonne

* The theoretical energy content of a particulagrgly commodity may vary; Figures indicate mean eslu

1Sm3 = standard cubic metre (at 15 °C and 1 atmosppeeissure).
Source: Energy statistics, Statistics Norway.

Table 3.2. Overview of estimated and reported grease gases GOCH, and NO for
energy combustion activities*

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

* R means that emission figures in the nationalssioh inventory are based on figures reported bytants; reported figures are by and
large available for all years in the period 19902(E means that the figures are estimated bys8tatiNorway (Activity data * emission
factor).

However, for some major manufacturing plants (irtipalar offshore activities, refineries,

gas terminals, cement industry, production of ptasammonia production), emissions of one
or more compounds reported by the plants to thevligian Pollution Control Authority are
used instead of figures calculated as describedealho these cases, the energy consumption
of the plants in question is subtracted from thaltenergy use before the general method is
used to calculate the remaining emissions of timepowund in question, in order to prevent
double counting. Reported figures are used fofadively small number of plants, but as
these contribute to a large share of the totalggnese, a major part of the total emissions are
based on such reported figures. E.g. for sour@gosats energy industries and
manufacturing industries and constructions a ragjimate indicate that maybe as much as
90 per cent of the sectors emissions is basedpmntesl data from plant. The reports is from
the mandatory reporting obligation that is a pathe plants permits given by the authorities
and from 2005 emission data from the emissionnigadiystem. An overview of the type of
emissions (i.e. estimated and/or reported) usddemventory for the different sectors is
given in table 3.2 for the greenhouse gases C8, and NO.

In the last years three documentation reports baea published describing the
methodologies used for road traffic (SFT 1999cjaton (Finstad et al. 2002b) and
navigation (Tornsjg 2001).

3.2.1.2. Activity data

The annual energy balance, compiled by Statistmsvialy, forms the framework for the
calculation of emissions from energy use. Howeasmexplained above a large part of the
total emissions are based on reports from plantshase much energy, i.e. offshore
activities and energy-intensive industries on sh8teh energy use is included in the energy
balance, but is subtracted before the remaining®oms are calculated by the standard
method of multiplying energy use by emission fastor

The energy consumption data used in the emissicnlations are, with few exceptions,

taken from the annual energy balance compiled biisiits Norway. The energy balance
survey the flow of the different energy carriershin Norwegian economic activities. These
accounts include energy carriers used as raw memd reducing agents. The carriers are
subtracted from the energy balance and are natded in the data used to estimate emissions
from combustion.

As some emissions vary with the combustion techmgla distribution between different
sources is required. Total use of the differenpailducts is based on the Norwegian sales
statistics for petroleum products. For other eneayyiers, the total use of each energy carrier
is determined by summing up reported/estimatedwuopsion in the different sectors. A short
summary of the determination of amounts used ofrtaen groups of energy carriers and the
distribution between emission sources is givenwefollowed by an explanation of the
difference between energy accounts and the enalgnde sheets, including the differences
involved in Norway’s submissions to internationedanizations. Energy balance sheets for
all years in the period 1990-2007 are presentéhmex IV of this report.
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The independent collection of different energy ieasrconducted by Statistics Norway, as
described below, makes it possible to perform adtingh verification of the emission data
reported by the entities to SFT and Norwegian Fairo Directorate (NPD) and included in
the inventory.

Natural gas
Most of the combustion of natural gas is relatedxivaction of oil and gas on the Norwegian

continental shelf. The amounts of gas combustesdtkilluted between gas turbines and
flaring, are reported annually to Statistics Norvisgthe Norwegian Petroleum Directorate
(NPD). These figures include natural gas combuistgas turbines on the various oil and gas
fields as well as on Norway'’s two gas terminalshame. The data are of high quality, due to
the Norwegian system of G@axation on fuel combustion. Statistics Norwayiawal survey
on energy use in manufacturing industries and $gjeses from distributors give the
remainder. Some manufacturing industries use nagasain direct-fired furnaces; the rest is
burned in boilers and, in some cases, flared.

LPG and other gases

Consumption of LPG in manufacturing industrieseigarted by the plants to Statistics
Norway in the annual survey on energy use. Figanesse of LPG in households are based
on sales figures, collected annually from the orhpanies. Use in agriculture and
construction is based on non-annual surveys; thedifor agriculture is held constant,
whereas the figure for construction is adjusteduafip, based on employment figures.

Use of refinery gas is reported to Statistics Ngrivam the refineries. The distribution
between the sources direct-fired furnaces, flaaing boilers is based on information collected
from the refineries in the early 1990's.

At some industrial plants, excess gas from chenaicdlmetallurgical industrial processes is
burned, partly in direct-fired furnaces and pantlyoilers. These amounts are reported to
Statistics Norway. Two ferroalloy plants sell exxgas (CO gas) to some other plants, where
it is combusted for energy purposes. Amounts sadanually reported to Statistics Norway.
One sewage treatment plant utilizes biogas extlatéhe plant, and reports quantities
combusted (in turbines) and calculated,@@issions. Other emissions are estimated by
Statistics Norway, using the same emission fa@er®r combustion of natural gas in
turbines.

Oil products
Total use of the different oil products is basedSbatistics Norway's annual sales statistics for

petroleum products. The data are considered véapke since all major oil companies
selling oil products have interest in and repothiese statistiésThe use of sales statistics
provides a given total for the use of oil produethjch the use in the different sectors must
sum up to. This is not the case for the other gneagriers. The method used for oil products
defines use as identical to sales; in practiceethal be annual changes in consumer stocks,
which are not accounted for.

Stationary use takes place in boilers and, in soaeufacturing industries, in direct-fired
furnaces. There is also some combustion in smathgvmainly in private households. Mobile
combustion is distributed among different sourdescribed in more detail under the
transport sector (Sections 3.2.4-3.2.8). In addlitmoil products included in the sales
statistics, figures on use of waste oil are giveBtatistics Norway's industry statistics.

% The statistics are corrected for direct imporbliyer importers or companies.
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Statistics Norway also collects additional inforraatdirectly from a few companies about
the use of waste oil as a fuel source.

Coal

Use of coal, coke and petrol coke in manufactumaiyistries is annually reported from the
plants to Statistics Norway. The statistics covlemain consumers and are of high quality.
Combustion takes place partly in direct-fired fures, partly in boilers. Figures on some
minor quantities burned in small ovens in privateigeholds are based on sales figures. In
addition, an insignificant figure on use of coatle agricultural sector has formerly been
collected from the farmers. Since 2002, there le@n mo use of coal in Norwegian
agriculture.

Wood, wood waste and black liquor

Use of wood waste and black liquor in manufacturmdystries is taken from Statistics
Norway's annual survey on energy use in thesersetise of wood in households is based
on figures on the amount of wood burned from theuahsurvey on consumer expenditure
for the years before 2005. The statistics coveclpase in physical units and estimates for
self-harvest. The survey figures refer to quarg@iequired which do not necessarily
correspond tase The survey gathers monthly data that cover tbequting twelve months;
the figure used in the emission calculations (takem the energy accounts), is the average
of the survey figures from the year in question dredfollowing year. For 2005 and 2006 the
figures are based on responses to questions getatiwood-burning in SSB’s Travel and
Holiday Survey. The figures from the new surveyerdd quantities of woodsed The

survey gathers quarterly data that cover the pregadelve months. The figure used in the
emission calculations is the average of 5 quartartyeys. Figures on some minor use in
agriculture and in construction are derived fromieasurveys for these sectors. Combustion
takes place in boilers and in small ovens in pevaiuseholds. Consumption figures for wood
pellets and wood briquettes are estimates, basedmumal information from producers and
distributors.

Waste

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

According to the Norwegian Pollution Act, each mamation plant has to report emission data
for SO, NOx, CO, NH;, particles, heavy metals and dioxins, and the amnoiuwaste
incinerated to the county governor. The county gowethen reports this information to the
Norwegian Pollution Control Authority. If emissioase not reported, the general method to
estimate emissions from waste incineration is tdtipiy the amount of waste used by an
appropriate emission factor. Normally a plant sfieeimission factor is made for the
component in question. This factor is based orrdhie between previous emission figures
and quantities of waste burned. This factor is timettiplied with the amount of waste
incinerated that specific year.

Energy balance sheets vs energy accounts

There are two different ways of presenting ener@gcesEnergy balancesheets (EBS) and
energy accountsThe energy figures used in the emission calanatare mainly based on the
energy balance sheets. The energy balance sheé#te fgears 1990-2007 are presented in
Annex IV.
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The energy account®llow the energy consumption in Norwegian econoagtivity in the
same way as the National accounts. All the enesgyl oy Norwegian enterprises and
households is to be included. Energy used by Naameigansport trades and tourists abroad
is also included, while the energy used by forergnsport industries and tourists in Norway
is excluded.

Theenergy balance shettdllows the flow of energy within Norway. This meathat the
figures only include energy sold in Norway, regasdl of the users' nationality. This includes
different figures between the energy sources balaheet and the energy account, especially
for international shipping and aviation.

The energy balance sheet has a separate itemduagyesources consumed for transportation
purposes. The energy accounts place the consungdtadhenergy under the relevant
consumer sector, regardless of whether the consoimgtfers to transportation, heating or
processing.

In response to previous year's ERT recommendalialance sheets in Annex IV are now
presented in a way that displays a greater levdisaiggregation than that of previous reports.
This more detailed presentation concerns, in padicthe years 1992-2007. For 1990 and
1991, balance sheets are presented in the old foasiéechnical problems did not allow
preparation of a corresponding disaggregatiomie tior the NIR submission.

Figures from the energy sources balance sheeepogted to international organizations such
as the OECD and the UN. The energy balance shigtherefore, be usually comparable
with international energy statistics.

Important differences between figures presentetierenergy balance sheet (EBS) and
figures used in the emission calculations (EC) are:

» Fishing EC use only fuel sold in Norway, whereas EBS ailstudes an estimate for
fuel purchased abroad.

» Air transport EC use only Norwegian domestic air traffic (extthg military), while
EBS includes all fuel sold in Norway for air transp including military and fuel used
for international air transport.

» Coall/coke for non-energy purposdsis consumption is included in net domestic
consumption in EBS, whereas EC include only enesgd for combustion in the
calculation of emissions from energy.

3.2.1.3. Emission factors

Emission factors for Cfare independent of technology and are based oavédrage carbon
content of fuels used in Norway (SFT, 1990; NonaedDil Industry Association — OLF,
1994).

For CH, and NO, information on emission factors is generallymanited, because, unlike
the CQ emission factors, they depend on the source adéitiesions and the sector where the
emissions take place. The emission inventory usestlyndefault factors from IPCC (1997b).
The emission factor for methane from fuel woodalen from SINTEF (1995). Due to lack of
data, some emission factors are used for sectocs@ombinations other than those they
have been estimated for.
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The standard emission factors used in the absdmmere specific ones are hereafter
addressed ageneral.

The general emission factors for £€@sed in the emission inventory are listed in t&8
followed by a more detailed description of the dastused for offshore operations and gas
terminals.

Table 3.3. General emission factors for £O
CO,
tonne/tonne
Coal 2.52
Coke 3.19
Petrol coke 3.59
Motor gasoline 3.13
Aviation gasoline 3.13
Kerosene (heating) 3.15
Jet kerosene 3.15
Auto diesel 3.17
Marine gas oil/diesel 3.17
Light fuel oils 3.17
Heavy distillate 3.17
Heavy fuel oll 3.2
Natural gas (1000 Stn 2.34
LPG 3
Refinery gas 2.8
Blast furnace gas 1.571
Fuel gas 2.5
Landfill gas 0
Biogas (2.75)
Fuel wood 1.8)
Wood waste (1.8)
Black liquor (1.8§
Municipal waste 0.251
Special waste 3.2

! The emission factor for natural gas used in thisgion inventory varies as indicated in Tablesshd 3.5.
2 Non-fossil emissions, not included in the inveytor

Source: Norwegian Petroleum Industry Associatidil §1990), SFT (1996),.

Offshore operations

For all years up to 2002 emissions of {f@m gas combustion offshore are calculated by
Statistics Norway on the basis of activity dataorggd by the oil companies to NPD and SFT
and the emission factors shown in Table 3.4. Fewtdars 2003-2007 the data used in the
inventory are emissions reported directly by tleddfioperators. The latter are obliged to
report these and other emissions annually to NRDSHT .

The CQ emission factor used for all years leading up3®8land for all fields except one is
one average (standard) factor based upon a suavagaout in the early 1990s (OLF 1993,
1994). From 1999 and onwards the emission factopgdayed reflect increasingly field
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specific conditions as individual emission factbasve been reported directly from fields.
Table 3.4 displays the time series of such emidsictors, expressed as averages.

Gas turbines offshore
kg CO,/Sm?® gas burned
1990-1994 2.34
1995 2.29
1996 2.30
1997 2.30
1998 2.31
1999 2.50
2000 2.48
2001 2.47
2002 2.45
2003 2.46
2004 2.43
2005 2.45
2006 2.43
2007 2.40

Table 3.4 Average emission factors of,@®©m the combustion of natural gas in turbines at
offshore oil fields.

For the years after 2002 reported emissare used
Source: SFT/NPD

Gas terminals

Emission factors for the two Norwegian gas ternsrsak based on continuous measurements
of fuel combustion. The terminals are from 2003uded in the emission trading system. The
average C@emission factors for fuel gas at one gas ternanalshown in Table 3.5. The fuel
gas used at the terminal originates from threehfit gas fields and the emission factors in
the table reflect the average carbon content imagbpective gases. Emission factors used for
the other gas terminal lie within the same rangehduld be born in mind that the emission
figures used in the inventory for gas terminalsthose reported directly by the plants. From
2005 the emission data is from the ETS and befaeftom the mandatory annual report

from the plants to SFT (see also Section 3.2.1).

The general Ciland NO emission factors used in the emission inventorytis source are

listed in Tables 3.6 and 3.8, respectively. TaBl&sand 3.9 display the cases where emission
factors other than the general ones were usectindltulations.
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Table 3.5 Average emission factor for £@m the combustion of gas at one gas terminal.

Average content of CQ in fuel gas
t CO,/tgas
2007 2.66
2006 2.67
2005 2.67
2004 2.68
2003 2.68
2002 2.68
2001 2.68
2000 2.73
1999 2.69
1998 2.73
1997 2.77
1996 2.84
1995 2.93
1994 2.93
1993 2.79
1992 2.94
1991 2.82
1990 2.70

Source: SFT
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Source Direct-fired Gas :

furnaces turbines Boilers Small stoves Flares
Coal 0.028 - 0.28 8.4 -
Coke 0 - 0.28 8.4 -
Petrol coke 0 - 0.28 - -
Charcoal - - - 8.4 -
Kerosene (heating) - - 0.17 0.3 -
Marine gas oil/diesel 0.016 0 0.4 - -
Light fuel oils - - 0.4 0.4 -
Heavy distillate 0.04 - 0.4 0.4 -
Heavy fuel oil 0.04 - 0.4 - -
Natural gas (1000 St 0.05 0.91 0.2 - 0.24
Refinery gas 0.054 - 0.24 - 0.28
Blast furnace gas 0.054 - 0.24 - -
Landfill gas - - 0.24 - 0.37
Fuel gas 0.05 - 0.24 - -
LPG - - 0.17 0.24 -
Fuel wood - - - 5.3 -
Wood waste - - 0.25 - -
Black liquor - - 0.25 - -
Wood pellets - - 0.25 5.3 -
Wood briquettes - - 0.25 - -
Municipal waste - - 0.23 - -
Special waste 0.04 - 0.4 - -

Numbers in bold have exceptions for some secteesTable 3.7.

Source: IPCC (1997b), SFT (1996), SINTEF (1995) @hé (1994).
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Table 3.7 Exceptions from the general factors fbiy,Gtationary combustion.
Unit: kg CHy/tonne fuel.

[

4

Emission Fuel Source Sectors
factor
0 Natural gas (1000 St | Direct fired Manufacture of other mineral products
fuel gas furnaces Manufacture of cement, lime and plaster
Direct fired Mgnufacture of plastics and synthetic rubber in
0.085 Natural gas (1000 Sin f primary forms,
urnaces . . .

manufacture of other organic basic materials
Coal mining
Extraction of crude petroleum and natural ga|

0.03 Coal Boilers Oil refineries
Gas terminals
Production and distribution of electricity

Fuel oils incl. special . .
0.1 waste Boilers Industry incl. power supply

Coal mining
Extraction of crude petroleum and natural ga|

0.0425 Natural gas (1000 St | Boilers Oil refineries
Gas terminals
Production and distribution of electricity

0 Blast furnace gas Boilers Manufacture of refinettgdeum products

Table 3.8 General emission factors foiQ\ stationary combustion. Unit: kg®/tonne fuel

Source D;Lerﬁzzfsd Gas turbines Boilers Small stoves Flares
Coal 0 - 0.04 0.04 -
Coke 0 - 0.04 0.04 -
Petrol coke 0 - 0.04 - -
Charcoal - - 0.07 - -
Kerosene (heating) - - 0.03 0.03 -
Marine gas oil/diesel 0.03 0.024 0.03 - -
Light fuel oils - - 0.03 0.03 -
Heavy distillate 0.03 - 0.03 0.03 -
Heavy fuel oil 0.03 - 0.03 - -
Natural gas (1000 St 0.02 0.019 0.004 - 0.02
Refinery gas 0.024 - 0.005 - 0.024
Blast furnace gas 0.024 - 0.005 - -
Landfill gas 0.024 - 0.005 - 0.002
Fuel gas 0.024 - 0.005 - -
LPG - - 0.03 0.03 -
Fuel wood - - - 0.032 -
Wood waste - - 0.005 - -
Black liquor - - 0.005 - -
Wood pellets - - 0.07 0.032 -
Wood briquettes - - 0.07 - -
Municipal waste - - 0.035 - -
Special waste 0.03 - 0.03 - -

Numbers in bold have exceptions for some secteesTable 3.9.

77



National Inventory Report 2009 - Norway

Source: IPCC (1997b), SFT (1996) and OLF (1994).

Table 3.9Exceptions from the general factors fgdNstationary combustion.
Unit: kg NbO/1000 Snatural gas

Emission factor Fuel Source Sectors
0.017 Natural gas Direct-fired furnaces  Manufacture lakfics
0.06 Natural gas Flares Oil drilling

3.2.1.4. Uncertainties

Uncertainty estimates for greenhouse gases aremegsand discussed in Annex Il, as well
as under the individual underlying source categadiescribed in the following.

In general, the total energy use is less uncett&n the energy use in each sector. For some
sectors (e.g. the energy and manufacturing incisjtthe energy use is well known.
However, in the case of households and servicerseehergy use is more uncertain. The
energy use in the most uncertain sectors has lugested in the official energy statistics, so
that the sum of the energy use in all sectors sghaltotal sales.

3.2.1.5. Source specific QA/QC and verification

The emission sources in the energy sector arededjéo the QA/QC procedures described
in section 1.6. In the last years three documematports have been published describing
the methodologies used for road traffic (SFT 1998eiation (Finstad et al. 2002b) and
navigation (Tornsjg 2001).

Emission estimates reported by the plants to SkTirestuded in the inventory is from the
annual report each plant with a permit from SFT thasend. From 2005 we have also
received an annual report from entities includethETS. In connection with establishing
the ETS the plants estimates were quality checiethé time series and specific emphasis
on the years 1998-2001. During this process a stargitime series were established for the
period from 1990. In addition to this SFT also reeemission data through a voluntary
agreement between the authority and the indudtiresectors that are not yet included in the
ETS. Data received by SFT though the different riépgp channels described above are
controlled very thoroughly by SFT and Statistica\May. Especially the emission data plants
included in the ETS and in the voluntary agreenaeatverified extensively.

3.2.1.6. Recalculations

The recalculations performed in the energy seaiacern primarily the year 2006. This is
mainly due to changes in the energy statistics.fijuees used in the 2008 submission were
based on preliminary figures on energy use. Novetiergy statistics include final energy
consumption figures from the statistics on energg in the manufacturing industries. Also
some other final energy figures on energy use baea included. Changes in the emission
figures due to such changes in the energy statigtiit not be commented on specifically
under each IPCC code.

3.2.1.7. Planned improvements
There is for the moment no planned activity thdt iiprove the data quality for NIR 2010.

78



National Inventory Report 2009 - Norway

3.2.2. Energy industries (CRF source category 1A1)

3.2.2.1. Description

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

Emissions from the energy industries accounte@®3%d® per cent of the sectoral totals and
23.3 per cent of the total GHG emissions in Nornwaf®007. The increase that took place
during the period 1990-2007 is as high as 90.xpet and is attributed primarily to the
increased activity in the oil and gas extractioci@e Emissions in 2007 are 1.8 per cent
above the 2006 emissions.

According to the Tier 2 key category analysis f002, this sector is, in conjunction with
sectors 1A2 and 1A4, a key category with respect to

« Emissions of C@from the combustion of solid, liquid and gaseauwedd in both level and
trend uncertainty

« Emissions of Chifrom the combustion of gaseous fuels in trend ttacgy and biomass
in level only

« Emissions of C@from sector 1A4 Other sectors, mobile combustsoas explained in
Chapter 1.5 separated from sector 1A 4 and isifiheis key category, see chapter
3.2.9.1.

3.2.2.2. Methodological issues

A description of the general method used for edionaof emissions from fuel combustion is
given in Section 3.2.1.1. However, most of the reggbemissions in this source category are
from the annual report from the entities to SFT BIRRD. In the case of waste incineration,
further specifications on the methodology are gielow.

Waste incineration — Cand CH,

Net CQ emissions from wood/ biomass burning are not cmmsd in the Norwegian
inventory, because the amount of g@leased during burning is the same as that abddrp
the plant during growth. Carbon emitted in compauather than C& e.g. as CO, CiHand
NMVOC, is also included in the G@mission estimates. This double counting of carbam
accordance with the IPCC guidelines (IPCC 1997b).

Waste incineration — O

Emissions of NO are derived from the emissions of N®hich are reported from each plant to
the Norwegian Pollution Control Authority. More sgeeally, an estimated amount of 2.5 per
cent of this NQ is subtracted and reported to UNFCCC a® KEFT 1996). Accordingly, the
net NQ, emissions constitute 97.5 per cent of the emisgieported by the plants. For some
years, emissions of Nave not been reported for a number of plantdhdee cases, specific
emission factors for the plants have been madegdagson earlier emissions and amounts of
waste incinerated. These new factors have beentosstimate the missing figures.
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3.2.2.3. Activity data

Electricity and heat generation and distribution

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

Extraction of oil and natural gas

Production of oil and natural gas is the dominatiagtor for emissions from combustion in
the energy industries in Norway. The Norwegian ¢tetrm Directorate reports annually the
amounts of gas combusted in turbines and diesaklun turbines and direct-fired furnaces
on the oil and gas fields. The data are of higHityudue to the CQtax on fuel combustion.
These activity data are used for 1990-2002. Fro@82hwards, reported emission figures
from the field operators are used.

Coal production

Norway's coal production takes place on Svalbah& dnly coal producing company reports
its coal consumption and some minor use of oil potglannually. In addition to emissions
related to Norway's own coal production, emissimos Russian activities are also included
in the Norwegian emission inventory. As Russianvégtdata are scarce, emissions from an
estimated quantity of coal combusted in Russiango@iants are calculated. Since 1999 there
has been only one such plant; in earlier year®etivere two of those.

Gas terminals

Norway has two gas terminals, where natural gas fitee Norwegian continental shelf is
landed, treated and distributed. Annual figuresiatural gas combusted in turbines and
flared are reported to SFT and NPD. Emissions dedun inventory for this category are
from the gas terminals annual report to SFT.

Oil refineries

The oil refineries annually report their use of@iént energy carriers to Statistics Norway.
Refinery gas is most important, but there is atsoes use of LPG and oil products. Emissions
included in inventory for this category are frone tiefineries annual report to SFT.

3.2.2.4. Emission factors

The emission factors used for the energy industieshose presented in Section 3.2.1.3. For
some industries and components, more informatiouthe derivation of the emission
factors is given below.

Waste incineration

The emission factors for combustion of waste (fqsait only) for CQ, CH, and NO are
displayed in Tables 3.3, 3.6 and 3.8, respectivehyission factors for Cand CH have
been calculated by SFT (1996).

Extraction of oil and natural gas

The CQ emission factor for gas combustion offshore usedll years leading up to 1998
and for all fields except one, is an average fadstmed upon a survey carried out in the early
1990's (OLF 1993, 1994). From 1999 onwards the omgactors employed reflect
increasingly field specific conditions (see als@t®m 3.2.1.3).
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3.2.2.5. Uncertainties

The uncertainty analysis performed (Annex Il) hlagven that for the energy industries the
uncertainty in the activity data is3 per cent of the mean for ail 4 per cent for gas and5
per cent of the mean for coal/coke and waste.

In the case of the emission factors for Cthe uncertainty i3 per cent of the mean for all,
+7 per cent for coal/coke and gas &80 per cent of the mean for waste.

Emission factors for ClHand NO are very uncertain. Distributions are stronglgvs&d with
uncertainties which lie below and above the meaa factor of 2 and 3, respectively.

3.2.2.6. Source specific QA/QC and verification

The energy industries are subjected to the geQEX&DC procedures described in Section
1.6. Some source specific QA/QC activities weredemted in the following industries:

Extraction of oil and natural gas

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

Oil refineries

The CQ emissions reported from the refineries are contpaith the emissions estimated by
Statistics Norway on the basis of activity data amdssion factors for the different energy
carriers used.

Results from the above studies have so far shoatrethission estimates are in agreement
with the reported figures.

3.2.2.7. Recalculations

1A 1a Public electricity and heat production
* Revised data. Changes in figures for energy u20@3-2006, due to the inclusion of
a plant for which data previously were lacking, é@aused a minor increase in the
emissions.

1A 1b Petroleum refining
» Reallocation. Emissions erroneously registerecbhd ave been moved to liquid.

1A 1c Manufacture of solid fuels and other energlustries
» Correction of error. C@emissions from one plant have been reduced 2006;2lue
to the correction of a previous double countingadidition, there is a marginal
reduction in CH emissions 2005-2006, due to the correction okaipus error in
registered emissions from one plant.

3.2.2.8. Planned improvements
There is for the moment no planned activity thdt iiprove the data quality for NIR 2010.
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3.2.3. Manufacturing industries and construction (CRF souice category 1A2)

3.2.3.1. Description

Emissions form the sector of manufacturing indestand construction include industrial
emissions originating to a large extent from thaedpiction of raw materials and semi-
manufactured goods (e.g. iron and steel, non-ferroetals, chemicals, fertilizers, pulp and
paper, mineral industries, food processing indesttibuilding and construction industry).
These emissions are related to fuel combustion, timdy is, emissions from use of oil or gas
for heating purposes. Consumption of coal as feeldsind reduction medium is not included
in this sector, but it is accounted for under tidusstrial processes sector.

Emissions from this sector contributed 6.5 per ¢ernlhe national GHG total in 2007.
Emission from the sector has decreased by 2.2qmiflom 1990 to2007. Between 2006 and
2007 sectoral emissions decreased by 10.1 perduatp decreased emissions in chemical
and pulp and paper industry.

According to the Tier 2 key category analysis f002 this sector is, in conjunction with
sectors 1A1 and 1A4, a key category with respect to

« Emissions of C@from the combustion of solid, liquid and gaseauedd in both level and
trend uncertainty

« Emissions of Chifrom the combustion of gaseous fuels in trend ttacgy and biomass
in level only.

3.2.3.2. Methodological issues

A description of the general method used for edtonaof emissions from fuel combustion is
given in Section 3.2.1.1. For a few plants the smrsfigures are based on reported figures
from the plants to SFT. However, in 2007 thesetglascount for approximately 2/3 of the
CO, emissions reported for the sector. The generaltzion method, amount of fuel
combusted multiplied with a fuel specific emissidastor, is valid for both the estimates
performed by Statistics Norway and the emissiopsnted by the plants to SFT in this sector.

3.2.3.3. Activity data

Statistics Norway carries out annual surveys omggnese in manufacturing industries, which
supply most of the data material for the calculatd combustion emissions in these sectors.
The energy use survey covers 90 per cent of theygmse in this sector. For the remaining
companies, figures are estimated based on datatfreisample together with data on
economic turnover, taking into account use of défe energy carriers in the same industries
and size groups. A change in methodology from 1#88had minor consequences for the
time series, since the energy use is mainly conatat to a few major plants within the
industry, from which data were collected both ia lresent and the earlier method. The data
on energy use in manufacturing industries are daned to be of high quality.

Information on use of waste oil and other hazardeaste is also collected through the
energy use statistics.

For the construction industry, the figures on usthe different energy carriers are partly

taken from the annual sales statistics for petralpuoducts and are partly projected from
earlier surveys; the energy data are considereémrancertain.
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In some sectors auto diesel is mainly used in nm&ciiand off-road vehicles, particularly in
mining and construction. This amount of fuel isdzhsn reported consumption of duty-free
auto diesel in the manufacturing industries andeported sales of duty-free auto diesel to
construction. The methods for calculating emissmesdiscussed in section 3.2.8. Emissions
from off-road machinery in industry are currentiyported under the CRF source category
1A3e —Other TransportationAccording to the guidelines, they should be ideld under the
source category 1A2.

3.2.3.4. Emission factors
The emission factors used in this source categeryhase presented in Section 3.2.1.3.

3.2.3.5. Uncertainties

Uncertainties in the activity data and the emis$amtors in the manufacturing industries and
construction are as presented in Section 3.2.2r8ofe detailed description is presented
Annex II.

3.2.3.6. Source specific QA/QC and verification

There is no specific QA/QC procedure for this sewategory. For a description of the
general QA/QC procedure, see Section 1.6.

3.2.3.7. Recalculations

1A 2a Iron and steel
* Revised data: C£emissions reported from one plant, which previpugtre
registered as combustion emissions, have now h@imstween process and
combustion for the whole period 1990-2006, thusstagia reduction in combustion
emissions. At the same time, the total figuregterplant have been reduced for
1991-2005. For another plant, the figures have laegsted somewhat downwards
for 1998-2001 and 2005.

1A 2 b Non-ferrous metals
* Revised activity data. Figures on LPG use at oasatgiave been reduced for 2003
and increased for 2004-2005, causing corresporatingges in emissions of GO
CH4 and NO.

3.2.3.8. Planned improvements
There is for the moment no planned activity thdt imiprove the data quality for NIR 2010.

3.2.4. Transport — Civil Aviation (CRF source category 1A3)

3.2.4.1. Description

Civil aviation gives rise to predominantly G@&missions. In 2007 emissions from this source
category were about 5.9 per cent of the natiortal eaissions from transport and about 1.7
per cent of the GHG national total. From 1990 t6 2these emissions increased by 32 per
cent due to activity growth. Emission fluctuatianger time have been primarily dictated by
the activity growth rates. In 2007 emissions wdyeud 4,5 per cent higher than those of
2006. The emissions from aviation were at its hsgjfevel in 1998-2001 when the emissions
were in average about 9% higher than in 2007.

Civil aviation is a key category with respect to £J#nissions in both level and in trend.
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Emissions of Ciland NO from this source category are insignificant.

3.2.4.2. Methodological issues

The calculation methodology applied is describeHinstad et al. (2002b). According to the
IPCC Good Practice Guidance the methodology us&gkis2 based on the detailed
methodology described in EEA (2001). This methodplallows estimation of emissions and
fuel consumption for different types of aircraftacding to the average flying distance and
numbers of landings and take-offs (LTO). All movernsebelow 1000 m are included in the
"Landing Take Off" (LTO) cycle. Movements over 10@0are included in the cruise phase.
All emissions from international aviation are exd#d from national totals, and are reported
separate (see Section 3.7.1.3).

3.2.4.3. Activity data

Statistics Norway annually collects data on ustief from the air traffic companies. These
data include specifications on domestic use anduatsdought in Norway and abroad. The
types of fuel used in aircraft are both jet fuedrdssene) and aviation petrol. The latter is used
in small aircraft only. Emissions from the consuimptof jet kerosene in domestic air traffic
are based directly on these reported figures. Domesnsumption of jet kerosene has been
reported to Statistics Norway by the airlines sih®83. The survey is annual, but data from
the surveys for 1993 and 1994 have not been uged dseone of the largest airlines in
Norway was not included. Domestic consumption piaot995 is estimated by extrapolation
on the basis of domestic kilometres flown and isenmcertain (Finstad et al. 2002b). Sales
figures are used for the minor use of aviationgletr

3.2.4.4. Emission factors

The emission factors used in the emission inverftmrgivil aviation are presented in Tables
3.10-3.11.

The Norwegian Petroleum Industry Association presieémission factors for GQor the
combustion of jet fuel and gasoline (Finstad e2@02b). The C@emission factor used for
aviation gasoline is 3.13 tonnes &Onne fuel and has been applied to all small aftcAll
other aircraft use jet fuel (kerosene) with an eiois factor of 3.15 tonnes Gnne fuel.

For N;O a default emission factor is used for all airc(@@CC 2001) and is valid for both
LTO and the cruise phase. EEA (2001) and IPCC (R60dgest using an emission factor for
CHg,, given in Olivier (1991), to be 10 per cent of tov@C. This is, however, only valid for
LTO since studies indicate that only insignificamounts of methane is emitted during the
cruise phase. No methane is therefore calculatetthéocruise phase and all emissions are
assumed to be VOC (HC). The VOC emission factasaacraft specific as given in EEA
(2001).

Only aggregated emission factors (kg/tonnes fuetiare used in the Norwegian inventory.
The emission factors are calculated based ond¢atasion divided by activity data for LTO
and in the cruise phase, respectively.

Recalculations performed in connection with lastrigesubmission were based on a new
methodology (EEA 2001 and Finstad et al. 2002b)laddo changes in emission factors for
previous years. New emission factors back to 198@wherefore used in the inventory.
Emission factors were calculated with activity diaal989, 1995, and 2000. Factors for the
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years 1990-1994 and 1996-1999 were interpolatedioFs before 1989 and after 2000 were
kept constant.

Emission factors for small aircraft are the sametie whole period.

Table 3.10 General emission factors for aviation.
Unit: CO,: tonne/tonne fuel, CiHand NO: kg/tonne fuel.

cQ CH NO
Source Aviation Jet Aviation Jet Aviation
gasoline | kerosene gasoline kerosene | gasoline/Jet
kerosene
Charter/scheduled flights
Domestic
LTO (0-100 m) 3.15 0.1854* 0.1
LTO (100-1000 m 3.15 0.0304 0.1
Cruise (Above 1000) 3.15 0 0.1
Foreign
LTO (0-100 m) 3.15 0.1
LTO (100-1000 m 3.15 0.1
Cruise (Above 1000) 3.15 0.1
Helicopters
LTO (0-100 m) 3.15 3.21 0.1
LTO (100-1000 m 3.15 3.2' 0.1
Cruise (Above 1000) 3.15 0 0.1
Small aircraft
LTO (0-100 m) 3.13 3.61 0.1
LTO (100-1000 m)  3.13 1.55 0.1
Cruise (Above 1000) 3.13 0 0.1

! Jet kerosene used on aircraft in the Defence @icés has an emission factor of 0.35 kgy/@Hine.
Source: IPCC (2001) and Finstad et. al (2002)

Table 3.11 Time series of variable £émission factors from the combustion of jet kerese
in aviation(Factors for 1989, 1995 and 2000 are estimatedi@srgin the table. Factors for 1990-1994 and
1996-1999 are calculated by linear interpolatioradfors before 1989 and after 2000 are kept congtant

CH4Emission Factor (kg/tonne fuel)

Sector Source 1989 1995 2000
General 0-100 m 0.1558 0.2014 0.1854

100-1000 m 0.025p 0.033 0.0304

cruise 0 0 0
Norwegian 0-100 m 0.1567 0.3361 0.3927
aviation abroad

100-1000 m 0.025y 0.055 0.0672

cruise 0 0 0
Foreign aviation 0-100 m 0.1567 0.3361 0.3927
in Norway

100-1000 m 0.025y 0.055 0.0672

cruise 0 0 0
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3.2.4.5. Uncertainties

Activity data: The uncertainty in the activity data for civil atren is estimated to he?0 per
cent of the mean, primarily due to the difficultyseparating domestic emissions from
emissions from fuel used in international transgBstpdal and Zhang 2000). In a recent
study on emissions from aircraft (Finstad et aD24), fuel consumption was also estimated
bottom-up and compared to the reported figuresdtethe section below)he estimated
and reported data differed by about 10 per cenvé¥er, the reported data are considered
most accurate and were used in the calculatiorde&sribed above, data before 1995 are
more uncertain than for later years.

Emission factorsThe uncertainty in the GQemission factors i3 per cent. The uncertainty
in the emission factors for GHnd NO lies below and above the mean by a factor ofd23n
respectively.

3.2.4.6. Source specific QA/QC and verification

In 2002 a methodology improvement was made in thisgon calculations for civil aviation
(Finstad et al. 2002b). According to the IPCC Glwodctice Guidance the methodology used
is Tier 2 based on the detailed methodology in EE¥01). This methodology allows
estimation of emissions and fuel consumption féfledent types of aircraft according to the
average flying distance and numbers of landingstaketoffs (LTO).

3.2.4.7. Recalculations

1A 3 a Civil aviation
* Revised activity data. Changes in the distribubetween LTO air traffic under and
above 100 metres, has caused alterations fqredtissions, in accordance with
differences in emission factors.

3.2.4.8. Planned improvements
There is for the moment no planned activity thdt iwiprove the data quality for NIR 2010.

3.2.5. Transport — Road Transportation (CRF source categoy 1A3Db)

Road traffic accounts for more than 2/3 of theltetaissions from transport. GHG emissions
from road transportation accounted for 18.4 pet oéthe national GHG total in 2007.
During the period 1990-2007 an increase of 30.%pat took place due to activity growth.
Between 2006 and 2007 emissions increased by @2epé The percentage increase from
2006 to 2007 was low compared to the years befoeda switching from petrol to diesel
driven personnel cars in 2007. The introductioa @fQ differentiated tax on new personnel
cars led to this.

According to the Tier 2 key category analysis f802, road transportation is a key category
with respect to: emissions of G@nd NO in terms of uncertainty in both level and trend;
emissions of Chlin terms of trend uncertainty only.

3.2.5.1. Methodological issues

A model for estimating emissions from road traffias developed in 1993 (SFT 1993) and
revised in 1999 (SFT 1999c¢). The results (expreasealerage aggregated emission factors)
from this model have been used as input to thergeamission model.
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Model structure

A fuel-based model has been chosen, where thedmtglumption of various fuels provides
the framework for determining the emissions. Théssin factors depend on the kind of
vehicle (type, weight, technology, age), fuel typed driving mode. The total number of
vehicle-kilometers does not enter the calculatidinsctly. However, fractions of the total
mileage are estimated for each combination of Veltategory and driving mode. These
fractions are used to allocate fuel consumptiothnéovarious combinations. Emission factors
may be given as emissions per vehicle-kilometgreounit fuel consumed.

Total emissions (Q) of a pollutan} from fuel type k), while driving with a warm engine
may be calculated from equations (3.1) and (3.R)vine

I T
M kZ(pijk D]——kE{'—kD
1 |k Tk
or

- 14T
az % Moz {2

Ok = Pik i

(3.1) Qi

where

Total emissions

Total fuel consumption

Emission factor, g/kg

Emission factor, g/km

Fuel consumption, kg/km
Vehicle-kilometers

Fuel type

Combination of vehicle type, fuel type, and
driving mode

- Pollutant

T ATAT Z0

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

_ T
ws)lk—;m{ﬁJ

Emissions from evaporation and cold starts are dttwéhe tailpipe emissions from warm
motors.

The fuel-based model calculates inter annual chaimgemissions from changesMy (total
fuel consumption) and:

* The number of vehicles in the various categories
» Technologies in use

* Annual average distance (km) driven per vehicle
» Driving patterns
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Model parameters

Road traffic emissions are calculated for each ¢oation of the following parameters:

Pollutants: the same pollutants as in the genengdsson model, excluding heavy metals
and POPs

Vehicle categories: there are 10 classes, whickliffiexent combinations of vehicle type,
weight, and fuel, see Table 3.12.

Vehicle age (0-29 and 30+ years, 31 age classa in

Driving mode: Five modes are considered, namely:

Driving mode Speed limit

Urban 30 km/h or less
Urban 40 and 50 km/h
Rural 60 and 70 km/h
Rural 80 km/h

Highway 90 km/h

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

The modes apply only to driving with a warm engiBmissions from cold start and
evaporation are calculated separately as desdrib®ection 3.2.5.3.

Table 3.12  Vehicle categorie&sin the emission model for road traffic

Fuel Type Total weight

Gasoline Passenger car

" Light duty <35t
" Heavy duty >35t
" Bus >3.5t
Diesel Passenger car .

" Light duty <35t

Light heavy duty 3.5-7.5t
Medium heavy 7.5-16t

duty

Heavy heavy > 16t
duty

Bus >35t

*Emissions from motorcycles and mopeds are calailaith a simplified method.

*The model may also be extended to include LPG @%@ Gehicles.

3.2.5.2. Activity data

All activity data are, as far as possible, upddtecvery year of the inventory. Data are taken
primarily from official registers, public statissi@nd surveys. However, some of the data are
based on assumptions. The sources of activityatatisted below:

» Total fuel consumption: the total amounts of fumasumed are corrected for off-road use

(in boats, snow scooters, motorized equipment). &tbese corrections are estimated either
from assumptions about the number of units, anopatation time, and specific fuel
consumption, or from assumptions about and invastigs into the fraction of consump-
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tion used off-road in each sector. The NorwegiamndReum Industry Association supplies
the data for total fuel consumption.

« Number of vehicles: the number of vehicles in thkaaus categories and age groups is
taken from the official register of the Norwegiaird2torate of Public Roads.

« Average annual mileage: most figures are deterniireed surveys by Statistics Norway or
the Institute of Transport Economics. In some insgg assumptions are made.

» Driving modes: the Directorate of Public Roads thais on the annual number of vehicle-
kilometres driven on national and county roads. d&i@ are allocated by speed limits and
vehicle size (small/ large). Similar data existrimunicipal roads in the ten largest cities.
The same distribution is assumed to be valid foeomunicipal roads.

The fractionTijk/Tk of the vehicle-kilometre total for each fuel idatdated using the
following variables:

* Number of vehicles, by category and age
« Average annual mileage, by category
» Average annual mileage, by age and aggregate eetatégory

These fractions are used together with specificdarsumption factors to allocate fuel used
by road traffic to categories defined by the par@msevehicle type, vehicle age and driving
mode.

3.2.5.3. Emission factors

The emission factors are based on several solCoesplete lists of sources with references
are given in SFT (1999c). The most important refees are listed below:

» Copert Il (EEA 1997), a computer program to caltikmissions from road traffic. Both
this and the following report have been used foessd purposes, including the calculation
of warm engine emissions from light and heavy veliccold start emissions and
emissions from mopeds and motorcycles.

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

« A detailed report for the Germ&ammweltbundesan{Hassel et al. 1994) based on
measurements from TUV (Technischer UberwachungsiWéheinland), is used for
estimating emissions from light vehicles.

* Measurements performed by the National Institut€exthnology in Norway (SFT 1993),
used for estimating emissions from light vehicles.

» Several reports from AB Svensk Bilprovning in Swedlésted in SFT 1993), used for
estimating emissions from heavy vehicles.

« The Corinair Emission Inventory Guidebook (EEA 1R96ed for estimating evaporation.

» Results from the MEET programme (MethodologiesHstimating Air Pollution
Emissions from Transport) (Sérié and Joumard 198@&)used for estimating cold start
emissions.

In addition, NO factors were revised in 2005, based primarilyz@mse & Vermeulen
(2002), Riemersmat al. (2003), EPA (2004) and T&I (2005).
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are listed in Tables 3.13-3.15.

All factors are given by vehicle category and testbgy, and refer to new vehicles. Some
factors also distinguish between driving modesaddition, emission factors (hot and cold)
and fuel consumption factors are corrected to takeaccount the change in values as the

vehicles age.

Table 3.13. General CHand NO emission factors from use of natural gas and &G
passenger cars and heavy duty vehicles

Source Fuel CH kg/tonne  N,O kg/tonne
Passenger cars Natural gas 0.261 0.0255

LPG 0.195 0.213
Heavy duty vehicles |Natural gas 4.29 0.0255

Source: SFT (1999c¢), Riemersma et al. (2003), EXA4) and TJI (2005).
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Table 3.14 Averaged® emission factors from road traffic including caliéirt emissions and
evaporation. Unit: g/kg fuel.

Gasoline Autodiesel
Passenger |Other Heavy Motorcycl |Passenger |[Other Heavy
cars light duty |duty Mopeds |es cars light duty [duty
1973 0.024 0.017 0.031 0.059 0.061 0.038 0.025 0.146)
1980 0.026 0.018 0.032 0.058 0.058 0.037 0.025 0.136]
1986 0.029 0.020 0.034 0.059 0.054 0.038 0.025 0.127|
1987 0.030 0.020 0.036 0.059 0.054 0.037 0.025 0.128
1989 0.036 0.020 0.039 0.059 0.053 0.037 0.025 0.128
1990 0.049 0.020 0.041 0.059 0.052 0.037 0.025 0.128
1991 0.062 0.020 0.042 0.059 0.052 0.037 0.025 0.128
1992 0.071 0.023 0.043 0.059 0.052 0.038 0.025 0.128
1993 0.087 0.030 0.044 0.059 0.052 0.039 0.025 0.130
1994 0.107 0.040 0.045 0.059 0.051 0.039 0.025 0.128
1995 0.132 0.053 0.045 0.059 0.051 0.040 0.025 0.131]
1996 0.161 0.069 0.045 0.059 0.051 0.040 0.025 0.131]
1997 0.188 0.086 0.045 0.059 0.051 0.042 0.025 0.133]
1998 0.207 0.100 0.045 0.059 0.051 0.044 0.026 0.129
1999 0.228 0.112 0.045 0.059 0.051 0.045 0.028 0.126)
2000 0.250 0.125 0.044 0.059 0.051 0.047 0.029 0.126]
2001 0.262 0.133 0.044 0.059 0.051 0.052 0.032 0.126)
2002 0.273 0.138 0.044 0.059 0.051 0.058 0.036 0.126]
2003 0.279 0.143 0.044 0.059 0.051 0.065 0.040 0.126)
2004 0.283 0.145 0.045 0.059 0.052 0.072 0.044 0.126]
2005 0.287 0.148 0.045 0.059 0.052 0.078 0.048 0.126|
2006 0.287 0.149 0.046 0.059 0.052 0.082 0.051 0.126]
2007 0.285 0.148 0.046 0.059 0.052 0.082 0.052 0.125

Source: SFT/Statistics Norway (1999c¢), Gense & éeten (2002), Riemersma et al. (2003), EPA (2004) a
TAI1 (2005)..

Emissions from evaporation and cold starts

Emissions and fuel consumption from evaporation@oid starts are calculated separately.
Evaporation of NMVOC from gasoline vehicles is cééted using the method given in the
Corinair Emission Inventory Guidebook (EEA 1996miEsions from running losses, hot
soak emissions, and diurnal emissions are inclutleekage emission factors have been
calculated, taking Norwegian climate condition®iatcount. Factors are given by vehicle
category and technology.

In most cases, driving with a cold engine givedbrgemissions than driving with a warm
one, particularly for CO and NMVOC. The extra enaas are called cold start emissions.
These are calculated as an additional emissiomibation per start. Factors are given by
vehicle category and technology. They are mairkgnadrom Copert (EEA 1997) and Sérié
and Joumard (1996). Detailed driving patterns a&gibnal temperature data are used. The
driving patterns are taken from a travel surveyukédand et al. 1999) and include trip length
and time between trips. Engine temperatures areded for the use of engine pre-heaters.

The extra fuel consumption caused by evaporationcald starts is subtracted from the total
consumption before emissions from warm enginesamilated.
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Table 3.15 Average CHemission factors from road traffic including catart emissions and
evaporation. Unit: g/kg fuel.

Gasoline Autodiesel
Passenger |Other Heavy Motorcycl |Passenger |[Other Heavy
cars light duty |duty Mopeds |es cars light duty [duty
1973 1.759 1.279 1.983 5.896 4,926 0.119 0.156 0.208
1980 1.684 1.259 1.964 5.843 4.940 0.119 0.154 0.208
1986 1.601 1.043 1.994 5.850 4,946 0.120 0.145 0.193
1987 1.601 1.032 2.014 5.850 4,944 0.121 0.146 0.194
1989 1.615 1.050 2.115 5.855 4,938 0.126 0.151 0.192
1990 1.589 1.052 2.168 5.855 4,939 0.127 0.153 0.190
1991 1.565 1.049 2.234 5.855 4.939 0.126 0.154 0.189
1992 1.610 1.079 2.303 5.855 4,939 0.124 0.150 0.188
1993 1.591 1.056 2.350 5.855 4.939 0.116 0.142 0.183
1994 1.565 1.027 2.395 5.855 4,939 0.107 0.130 0.174
1995 1.537 0.996 2.406 5.855 4.939 0.102 0.118 0.167
1996 1.498 0.951 2.404 5.855 4,939 0.097 0.110 0.158
1997 1.442 0.914 2.388 5.855 4.939 0.090 0.104 0.150
1998 1.382 0.877 2.362 5.855 4,939 0.085 0.098 0.142
1999 1.331 0.833 2.310 5.855 4.939 0.079 0.091 0.136
2000 1.311 0.795 2.154 5.855 4,939 0.074 0.084 0.132
2001 1.247 0.724 1.677 5.855 4.939 0.068 0.077 0.126
2002 1.207 0.679 1.267 5.855 4,939 0.061 0.071 0.118
2003 1.157 0.644 1.038 5.855 4.939 0.055 0.065 0.111
2004 1.102 0.607 0.886 5.855 4,939 0.049 0.059 0.104
2005 1.078 0.588 0.796 5.855 4,939 0.043 0.052 0.097
2006 1.045 0.564 0.788 5.855 4,939 0.039 0.046 0.090
2007 1.019 0.546 0.757 5.855 4,939 0.035 0.040 0.081

Source:SFT/Statistics Norway (1999c), Gense & Valeme(2002), Riemersma et al. (2003), EPA (2004) an
TQI1 (2005).

3.2.5.4. Uncertainties

The uncertainty in the activity data and the,@issions from road transportation is found
to be+10 per cent and3 per cent of the mean, respectively. In the casdHa and NO the
uncertainty in the emission factors lies below ahdve of the mean by a factor of 2 and 3,
respectively. A detailed description of the undetiaanalysis is given in Annex Il.

3.2.5.5. Source specific QA/QC and verification

Top down and bottom up data on fuel consumptiorcanepared for gasoline and diesel
vehicles on an annual basis. The consumption aflige&sand auto diesel for road traffic is
estimated as total sales minus consumption for atbes i.e a top down approach. The
emission model for road traffic (SFT 1993; SFT19%so makes bottom up estimates of
consumption, which can be compared with the toprddata. For gasoline, the agreement is
very good (difference less than 5 per cent for mpesats). For auto diesel the agreement is
poorer, with the top down estimate up to 40 pet eabove the bottom up estimate. The
causes are uncertainties in the amount of non-usadn one hand, and uncertainties in
mileage and specific consumption on the other.

However, the total consumption of auto diesel, lagidce the C@emission from this fuel, is
well known. The uncertainty concerns the allocabetween road and non-road use. Foy CH
and NO the total emission is sensitive to the allocatiae to different emission factors.
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3.2.5.6. Recalculations
* Revised activity data. Revised figures on vehidlerketres and fuel consumption for
the period 2003-2006, have caused changes in emssBbom road traffic.
3.2.5.7. Planned improvements

The Norwegian road emission model is being evatuttes year and the intention is to have a
new model in operation before next year submission.

3.2.6. Transport — Railways (CRF source category 1A3c)

3.2.6.1. Description

Railway traffic in Norway uses mainly electricitguto diesel is used at a small number of
lines, for shunting etc). The greenhouse gas eomsgrom this source category are therefore
insignificant.

3.2.6.2. Methodological issues

The general estimation methodology for calculatambustion emissions from consumption
figures and emission factors is used in this sooategory.

3.2.6.3. Activity data

Consumption figures for auto diesel used in locavestare collected annually from the
Norwegian State Railways.

3.2.6.4. Emission factors

The emission factors used in this source categargiaplayed in Table 3.3 for G@nd

Table 3.16 for Chland NO.

3.2.6.5. Uncertainties

The consumption data are of high quality. Theirartainty is estimated to k& per cent of
the mean. The uncertainty in the emission factor<, is £3 per cent of the mean, whereas
for CH; and NO the uncertainty is below and above the meanfagtar of 2 and 3,
respectively.

3.2.6.6. Source specific QA/QC and verification

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

3.2.6.7. Recalculations
There were performed no specific recalculationghie sector.

3.2.6.8. Planned improvements
There is for the moment no planned activity thdt iwiprove the data quality for NIR 2010.
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3.2.7. Transport — Navigation (CRF source category 1A3d)

3.2.7.1. Description

According to UNFCCC, Norwegian national sea traficlefined as ships moving between
two Norwegian ports. In this connection installagat the Norwegian part of the continental
shelf are defined as ports. Emissions from fisl@irgdescribed in Section 3.2.9.

Emissions from navigation constituted 4.7 per c#rthe national GHG total in 2007. They
increased by 33 per cent from 1990 to 2007, mdirjause of increased activity in the oil
and gas extraction sector. Emissions in 2007 we:@ fder cent higher than those of 2006.

Navigation is a key category with respect to@missions in both level and trend
uncertainty.

3.2.7.2. Methodological issues

Emissions from navigation are estimated accordirityé Tier 2 IPCC methodology. The
levels and the spatial distribution of emissiomgfmational sea traffic are estimated by an
updated and improved methodology presented in Ja 2601). The improvement is due to
the collection of new data on fuel use for theat#t vessel categories and the registration of
changes in regular coastal trade (connectionsfdist). Mobile drilling rigs are also included
in the calculations. Emissions from internationarime bunkers are excluded from the
national totals and are reported separately (se&08€e3.6.1), in accordance with the IPCC
Good Practice Guidance.

Annual emissions are estimated from sales of fudbimestic shipping, using average
emission factors in the calculations. For 1993 H9@8 emissions have also been estimated
based on a bottom up approach (Tornsjg 2001).Wassalso done for 2004. Fuel
consumption data were collected for all categasfeships (based on the full population of
Norwegian ships in domestic transport); freightseds (bulk and tank by size), oil loading
vessels, supply/standby ships, tug boats, coastat$, military ships and other ships.
Emissions were estimated from ship and size sjpesifiission factors and fuel use. From this
information, average emission factors were estichdeapplication in the annual update
based on fuel sales. This approach is unfortunéelyesource demanding to conduct
annually. Sale of fuel to domestic shipping andifig were about 15 per cent higher, in both
1993 and 1998, than the fuel consumption estimagetkscribed in Section 3.2.7.3 for the
same years. Some explanations may be that thefgpless also include sales to foreign
vessels bunkering in Norway. Norwegian vessels bratkabroad are not included.

3.2.7.3. Activity data

The annual sales statistics for petroleum prodgigtss figures on the use of marine gas oil,
heavy distillates and heavy fuel oil in domestigigation. Information on fuel used in
freighters is gathered from surveys performed lai§ics Norway. In cases where infor-
mation on oil related vessels is lacking, datacatkected directly. Data on fuel consumed by
public road ferries are available from the Direaterof Public Roads, whereas the
consumption by other ferries and regular coastalevessels is obtained directly from the
companies. For 2004 this information is receivenrfithe so calle&erjefaktautvalgeta
Committee of experts looking into issues relatetetoy traffic. The consumption figures for
other types of ships and boats are mainly takem f8tatistics Norway (1996). Information on
fuel use at mobile drilling rigs is taken from satatistics, but information on use i.e. whether

94



National Inventory Report 2009 - Norway

it is used for drilling, stationary combustion g@&ctaken from the oil companies’ reports to
SFT and NPD. These reports are found in the sed@Bhvironmental Welg database
operated by OLF, NPD and SFT.

For marine gas oil, the sales figures are adjugpeor down when problems in balancing the
overall use against the total sale of this eneegyi@r arise, thus introducing an element of
uncertainty regarding the quality of the figuretuadly used in the emission estimates. The
total fuel use has been verified in Tornsjg (208hhwing a deviation of about 15 per cent.
This can be explained by the fact that the bottprmethod does not cover all ships, but it
may also be that the domestic/international distinds not precise enough in the sales
statistics. The increase in bottom up consumpti@hsales between 1993 and 1998 is quite
similar.

3.2.7.4. Emission factors

For CQ the following standard emission factors basedarban content are used:
« Marine gas oil/diesel and special distillate:73kt/kg fuel
+ Heavy fuel oil: 3.20 kg/kg fuel

For N;O and CH the general/standard emission factors for liqueld used in the emission
inventory are taken from IPCC/OECD: 0.23 kg /ibhne fuel and 0.08 kgJ®/tonne fuel.
In the case of oil drilling, the employed factore as follows:

*  CHyg: 0.8 kg/tonne marine gas oil/diesel; 1.9 kg/tohaavy fuel oll

* N20: 0.02 kg/tonne marine gas oil/diesel

Some natural gas is combusted in ferry transportathe CH emission factor used in this
case is 40.029 kg/1000 Siwel.

3.2.7.5. Uncertainties

The estimated bottom-up emission figures are uaitert he most important sources of error
are assumed to be estimation of fuel used by fish@ssels, delimitation of national sea
traffic and the emission factors. Generally theralso uncertainty connected to cases where
calculations are necessary because of the lacitafah fuel consumption. This applies
particularly to large ships, as these usually useerfuel and have accordingly greater
significance for the emissions. No analysis onl¢vels of error has been made. National
emission figures are generally more certain tharfitfures for the different vessel categories.
The uncertainty in the activity data is assessdxettil0 per cent. With regard to emission
factors the uncertainty for ships and fishing vesiset3 per cent of the mean for GGror

CH,4 and NO the corresponding uncertainties lie in the ran§égo +100 and -66 to +200
(see also Annex lI).

3.2.7.6. Source specific QA/QC and verification

In 2001, bottom-up (from surveys) and top down d¢ftan sales) on fuel consumption were
compared (Tornsjg 2001). The outcome showed thatfoam sales were 15 per cent higher
than data from reported consumption. As indicateskeiction 3.2.7.3 above, this can be
explained by the fact that the bottom up methodduae cover all ships, but it may also be
that the domestic/international distinction is spécified precisely enough in the sales
statistics. A similar deviation has been foundtfa years 1993 and 1998. In the calculations,
sales figures are used, as they are assumed torgecomplete and are annually available. As
mentioned, emission estimates for ships have beeteiottom up for 1993 and 1998
(Tornsjg 2001). These results have been comparbdivg annual estimates. The agreement
is reasonable, given the uncertainty in the fuéh d@termined by both methods.
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3.2.7.7. Recalculations
No specific recalculations have been performedHisrsource category.

3.2.7.8. Planned improvements

The emission inventory for shipping in general Wil evaluated this year primarily due to
need for updating the NOnventory. However, this will also have influenme the GHG
emissions from shipping.

3.2.8. Transport — Other transportation — (CRF source catgory 1A3e)

3.2.8.1. Description

This source category includes emissions from pagdiiansport of natural gas but primarily
motorized equipment. Energy generation for pipefraasport of natural gas mainly take
place at the production facilities and is repoitedector 1A1. Motorized equipment used in
agriculture, fishing and in military are not accteohfor under this source category.

Emissions from this sector were 3.2 per cent ofidaiegonal GHG total emissions in 2007. In
the period 1990-2007, these emissions increasd@®yer cent. In 2007 emission levels
were 4.8 per cent lower than those in 2006.

According to the Tier 2 key category analysis 002, other transportation is a key category
with respect to emissions of G@nd NO in terms of both level and trend uncertainty.

The calculation of emissions from pipelines andarigéd equipment is elaborated in the
following.

3.2.8.2. Pipelines

3.2.8.2.1.Methodological issues

Emissions are estimated through the general melbggldescribed earlier, involving
consumption figures and appropriate emission factor

3.2.8.2.2.Activity data

Figures on natural gas used in turbines for pipdifansport at two separate facilities are
reported annually from the Norwegian Petroleum Qogate to Statistics Norway (NPD).

3.2.8.2.3.Emission factors

The emission factors employed are the standardriaased for turbines fired with natural
gas (see Tables 3.3, 3.6 and 3.8). The sourcélddactors used are SFT/NPD and IPCC
(1997h).

3.2.8.2.4.Uncertainties

The uncertainty in the activity data for pipelirea®l is found to b&20 per cent of the mean.
For CH, and NO the uncertainty lies below and above the meaa fagtor of 2 and 3,
respectively (see Annex II).
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3.2.8.2.5.Source specific QA/QC and verification

There is no source specific QA/QC procedure fag #aictor. For the description of the
general QA/QC procedure, see Section 1.6.

3.2.8.2.6.Recalculations
No specific recalculations have been performedHisrsource category.

3.2.8.2.7.Planned improvements
There is for the moment no planned activity thdt iwiprove the data quality for NIR 2010.

3.2.8.3. Motorized equipment

3.2.8.3.1.Description
The categorynotorized equipmermomprises all mobile combustion sources excemt, reea,
air, and railway transport. Farm and constructiguigment are the most important
categories. Other categories include mines andiggaforestry, snow scooters, small boats
and miscellaneous household equipment.

Emissions from motorized equipment are reporteceusdveral source categories:
* Agriculture/Forestry/Fishing: IPCC 1A4c

* Households: IPCC 1A3e

* Military: IPCC 1A5b

» Other Transportation: IPCC 1A3e

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

3.2.8.3.2.Methodological issues
Emissions are estimated through the general meltbggldescribed earlier, involving
consumption figures and appropriate emission factor

3.2.8.3.3.Activity data

Gasoline and auto diesel are handled differentbhg0mption of gasoline is estimated
bottom-up for each type of machinery based on datde number of each type of
equipment, usage and specific consumption.

Snow scooterdNumber of equipment is obtained annually fromMuewegian Public Roads
Administration. We assume a mileage of 850 km/yal a specific consumption of 0.15
I/km (T11991). A portion of 16 per cent of petmnsumption in agriculture is assigned to
snow scooters. The remaining snow scooter fuellsopson is assigned to households.

Chainsaws and other two-stroke equipméntly consumption in forestry is considered,
based on felling data. Felling statistics are gaithdy Statistics Norway. 50 per cent is
supposed to be felled with use of chain saws, aitbnsumption of 0.33 IfnNote:
Consumption has been kept fixed since 1994 basedcaiculation by the Institute of
Technology (Bang 1996).

Lawn mowers and other four-stroke equipménily consumption in households considered.
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Consumption oauto diesels based on data from the energy accounts. Aindrection of
the consumption in a number of industries is alieddo motorized equipment, based on
surveys or expert judgments.

3.2.8.3.4.Emission factors
The emission factors used are given in Tables 3.18-

Table 3.16.General emission factors for other nobdurces

CH, kg/ N.O kg/

tonne tonne

Railway Auto diesel 0.18 1.2
Small boats 2 stroke Motor gasoline 5.1 0.02
Motor gasoline 1.7 0.08

Small boats 4 stroke Auto diesel 0.18 0.03
Motorized equipment 2 stroke Motor gasoline 6 0.02
Motor gasoline 2.2 0.07

Motorized equipment 4 stroke Auto diesel 0.17 1.3
Light fuel oils 0.17 1.3

Snow scooters have the same emission factors as fboMopeds, see Tables 3.14-3.15.
Bold figures have exceptions for some sectorsTsdde 3.17.

Sources: Bang (1993), SFT (1999c), Finstad et2fl0(), Finstad et al. (2002a) and Finstad et a0(32).

Table 3.17 Exceptions from the general factorgfe@enhouse gases and precursors for other
mobile sources

Component Emission Fuel Source Sectors
factor
(kg/tonne)
CH, 6.2 Motor gasoline  Motorized equipment 2 stroke Agliticre
CH, 3.7 Motor gasoline  Motorized equipment 4 stroke Agliticre
CH;, 7.7 Motor gasoline  Motorized equipment 2 stroke Fareahd logging
CH, 8.1 Motor gasoline  Motorized equipment 2 stroke Pevaduseholds
CH, 55 Motor gasoline  Motorized equipment 4 stroke Pevaduseholds
CH, 0.18 Auto diesel Motorized equipment 4 stroke Privatedeholds
Agriculture and forestry,
N,O 0.08 Motor gasoline  Motorized equipment 4 stroke Fishing, Energy sectors,

Mining/Manufacturing

3.2.8.3.5.Uncertainties
The estimates of consumption are considered quaitertain, particularly for gasoline.
However, the total consumption of gasoline and digeel is well known (see also Annex II).

3.2.8.3.6.Source specific QA/QC and verification
There is no source specific QA/QC procedure fag Heictor. For a description of the general
QA/QC procedure, see Section 1.6.

3.2.8.3.7.Recalculations

* Revised activity data. The figure on auto dieselus equipment has been somewhat
increased, and thus causing higher emissions.
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3.2.8.3.8.Planned improvements
There is for the moment no planned activity thdt iiprove the data quality for NIR 2010.

3.2.9. Other Sectors (CRF source category 1A4)

3.2.9.1. Description

The source catego@ther Sectoréncludes stationary combustion in agricultureggiry,
fishing, commercial and institutional sectors andseholds, motorized equipment and snow
scooters in agriculture and forestry, and shipskarats in fishing.

Fuel combustion in agriculture, forestry and fiseégmaccounts for more than half of the
emissions of this source category. In 2007 thd &rtassions from this sector were 3.1
million tonnes C@-equivalents and constitute of 5.7 per cent ofomati total GHG that year.
The emissions decreased by 27.6 percent from 1©20G7 and 10 percent during 2007.
Throughout the period 1990-2007, emissions hawfated although with a decreasing
trend. The trend is mainly due to reduced conswngif fuel oil in the commercial,
institutional and households sectors.

In this year key category analyses sector 1A4, tadbel combustion and 1A4 stationary

fuel combustion was separated from sector 1A4. Aling to the Tier 2 key category

analysis for 2007, sectors 1A1, 1A2 and 1A4 statigriuel combustion and 1A4 mobile fuel

combustion were define as as key categories wie to:

« Emissions of C@from the combustion of solid, liquid and gaseauedd in both level and
in trend uncertainty

« Emissions of Chifrom the combustion of gaseous fuels in trend riag#y, and biomass
in both level and trend uncertainty

Emissions of C@from sector 1A4 mobile fuel combustion is key gategy both in both level
and in trend uncertainty.
3.2.9.2. Activity data

Motorized equipment
Activity data are as described in section 3.2.8.3.

Households

Statistics Norway's annual survey on consumer ekipge gives figures on use of wood in
households. Figures on use of coal and coal cakdenrved from information from the main
importer. Formerly, Norway's only coal producingrqmany had figures on coal sold for
residential heating in Norway. From about 20005 #ale was replaced by imports from
abroad. Figures for LPG are collected from the Bapp Heavy fuel oil is taken from the
sales statistics for petroleum products. As thesaomption of each energy carrier shall
balance against the total sales in the saleststatiase of fuel oil, kerosene and heavy
distillates in households is given as the residitar consumption in all other sectors has
been assessed.

Agriculture
Data on energy use in hothouses are collectedyregsi performed regularly. Sales figures

are used to project the figures for consumptioailgproducts in the years between, while
biofuels and LPG are kept constant. The AgricultBradgeting Board has figures on the use
of gasoline, auto diesel and fuel oil in agricudtexcluding hothouses. A figure on the minor
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use of coal was previously collected annually fitve only consumer. Since 2002, however,
there has been no use of coal in the Norwegiam@grral activities.

Fishing

Figures on the use of marine gas fuel, heavy istiand heavy fuel oil are identical with the
registered sales to fishing in the sales statifticpetroleum products. The figures used in the
emission calculations differ from the energy acdspuas the latter include also an estimated
guantity on Norwegian use purchased abroad. Irtiaddb these figures on use in large
fishing vessels, a minor figure on estimated usgasbline in small fishing boats is also
included.

Commercial and institutional sectors

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

For most other commercial and institutional sectthrs total use of fuel oil appears as a
residual after the use in all other sectors has lesgémated; the distribution of this residual
between sub-sectors is done by using figures orggnese per man-labour year from the
energy survey from the mid-1980s.

Use of heating kerosene in commercial industriesiisulated by projecting a figure on use
from the mid-1980s proportionally with the registisales to buildings in industrial
industries outside the manufacturing industriee &stimated total amount is distributed
between sub-sectors by using figures on energp@isman-labour year from the mid-1980s
survey.

3.2.9.3. Emission factor
The emission factors used in this source categarpi@esented in Section 3.2.1.3.

3.2.9.4. Uncertainties
Uncertainty infishingis described together with navigation in SectichR5.

The method used for finding the use of fuel oikdsene and heavy distillateshnuseholds
implies a great deal of uncertainty regarding thality of these figures, particularly for fuel
oil, which is the most important of these threerggearriers. Since the late 1990s it also has
been necessary to adjust figures for other setasler to get consumption figures for
households that look reasonable. Hopefully, newests will improve the quality of these
figures in the future.

As the total use of the different oil products &fided as equal to the registered sales, use in
some sectors are given as a residual. This afgpligse of heating kerosene and heavy
distillates in households, and total use of fueirocommercial and institutional sectors.
Accordingly, these quantities must be regardednasmain, as they are not based on direct
calculations. This uncertainty, however, appliely oo the distribution of use between sectors
- the total use is defined as equal to registeadebsregardless of changes in stock.
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The uncertainty in the activity data for this saioategory i=10 per cent of the mean for the
commercial/institutional sector, as@0 per cent of the mean for the residential seaxsarell
as for agriculture/forestry/fishing. Emission fastef CQ have an uncertainty that lies
betweent3 and+30 per cent of the mean, depending on the fuel (ssElAnnex II).

Emission factors of CiHand NO are as usual highly uncertain.

3.2.9.5. Source specific QA/QC and verification
There is no source specific QA/QC procedure fag Heictor. For a description of the general
QA/QC procedure, see Section 1.6.

3.2.9.6. Recalculations

1A 4 a Commercial/institutional
* Revised activity data. Figures on methane flarec Heeen reduced somewhat for
2002-2006, thus causing marginally higher emissaiGH, and NO for these years
from utilised methane.

3.2.9.7. Planned improvements
There is for the moment no planned activity thdt imiprove the data quality for NIR 2010.

3.2.10.0ther (CRF source category 1A5)

This source includes solely emissions from fuelingwilitary stationary and mobile
activities. Emissions of C{Jrom the mobile military sub-sector appear to ke category
according to Tier 1 key source analysis.

Figures on fuel oil are annually collected diredtlym the military administration, while for
other energy carriers figures from the sales siegifor petroleum products are used. For
stationary activities the emission factors usethis source category are those presented in
Section 3.2.1.3. For mobile activities the emplogedssion factors are those presented in the
corresponding transport sectors (see Sections-3.2.8). The stationary and mobile
emissions from the Norwegian military activities the years 1990-2007 are listed in Table
3.18.

There have been large variations in annual saleslaéry aviation kerosene; as stock
changes are not taken into account, the actualahmise is uncertain.

3.2.10.1Recalculations
No specific recalculations have been performedHisrsource category.
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Table 3.18. Stationary and mobile emissions frotitary activities
Unit: CO;, in Mtonnes, Cliand NO in tonnes.

CO, CH, N,O

1990

1A5A Military - stationary 62.4 7.9 0.6

1A5B Military - mobile 393.7 15.1 19.1
1991

1A5A Military - stationary 53.3 6.7 0.5

1A5B Military - mobile 352.5 13.7 17.8
1992

1A5A Military - stationary 60.1 7.2 0.6

1A5B Military - mobile 426.8 17.7 25.5
1993

1A5A Military - stationary 44.3 5.6 0.4

1A5B Military - mobile 322.5 13.7 16.0
1994

1A5A Military - stationary 51.0 6.4 0.5

1A5B Military - mobile 456.7 13.9 21.6
1995

1A5A Military - stationary 48.1 6.1 0.5

1A5B Military - mobile 406.1 11.5 21.7
1996

1A5A Military - stationary 62.4 7.9 0.6

1A5B Military - mobile 344.2 10.9 15.5
1997

1A5A Military - stationary 73.6 9.2 0.7

1A5B Military - mobile 350.9 10.5 20.4
1998

1A5A Military - stationary 49.6 6.2 0.5

1A5B Military - mobile 309.9 11.5 25.6
1999

1A5A Military - stationary 50.3 6.3 0.5

1A5B Military - mobile 341.3 10.9 20.0
2000

1A5A Military - stationary 40.6 5.1 0.4

1A5B Military - mobile 137.5 7.8 11.8
2001

1A5A Military - stationary 54.4 6.9 0.5

1A5B Military - mobile 240.6 13.1 13.1
2002

1A5A Military - stationary 44.1 55 0.4

1A5B Military - mobile 409.2 9.9 14.4
2003

1A5A Military - stationary 58.3 7.4 0.6

1A5B Military - mobile 114.2 6.8 4.5
2004

1A5A Military - stationary 455 5.7 0.4

1A5B Military - mobile 284.7 8.7 10.2
2005

1A5A Military - stationary 37.3 4.7 0.4

1A5B Military - mobile 251.9 5.4 9.0
2006

1A5A Military - stationary 38.7 4.9 0.4

1A5B Military - mobile 238.9 6.2 8.5
2007

1A5A Military - stationary 32.1 4.1 0.3

1A5B Military - mobile 177.2 4.9 6.8
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3.3. Fugitive Emissions from Coal Mining and Handling -1Bla — CH,
(Key Category)

3.3.1. Description

There are today two coal mines at Spitsbergenldtigest island in the Svalbard archipelago)
operated by a Norwegian company. They opened twndanine in 2001. As the Norwegian
GHG inventory, according to official definitiondyall include emissions from all activities at
Svalbard, also emissions from Russian coal prodadtave been estimated. Until 1998, there
was production in two Russian coal mines, but sthea, production takes place only in the
Barentsburg mine. The production there is at pres@msiderably smaller than the Norwegian
production. Russian activity data are more uncettzan the Norwegian, which causes a
correspondingly higher uncertainty in the emisgigares.

At Svalbard there has been a smoldering fire irRhssian mine that was closed down in
1998. At an inspection in 2005, no emissions weggstered, which indicates that the fire has
burnt out. Due to lack of data, emissions for eanears from this fire have not been
estimated. However, Norwegian authorities assuraettiese emissions were limited.

The Norwegian coal production was almost uncharfiged 1990 to 2000. In 2001 the
production more than doubled and in 2004 the Noravegoal production was almost 10
times higher than in 1990. In 2005 there wereaifirone of the coal mines and this caused
that the production was almost halved from 2002005. In 2007 the production was about
35 per cent over the 2004 production. The emisdiams this fire in 2005 are included in the
inventory. The C@emissions from the fire are estimated to approteige8,000 tonne.

CH, from coal mining is not defined as a key catedgorhe Tier 2 key category analysis nor
in Tier 1 analysis. However, we regard coal mirasca key category due to change in trend
in the coal production and the fact that the erars§actor used for the Norwegian mines is in
an order of magnitude less than IPCC’s defaulbfact

3.3.2. Methodological issues

CO,

Indirect CQ emissions from methane oxidized in the atmospaerealculated by
multiplying the calculated CHemission with the factor 2.74 tonne £aer tonne Chi
(Section 3.6.3 for more information on indirect 0O

CH,

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

3.3.3. Activity data

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

3.3.4. Emission factor

CH,

For Norwegian coal production a country specifidssion factor of Chifrom extraction of
coal was determined in 2000 in two separate styzbe®rmed by (IMC Technical Services
Limited 2000) and (Bergfald & Co 2000).

The emissions of methane from coal mining werdestudy measured in two steps. First,
coal was sampled and the methane content in caaanalysed (IMC Technical Services
Limited 2000). The sampling process started afteng period (a week) of continuous
production. Small samples of coal were removedctirdrom the coalface as soon as
possible after a cut was taken. This was to mirendizgassing losses in the samples if the
face or heading had been standing for a long time.

The samples yielded an estimate of seam gas casft@rE35-1.325 rhmethane per tonne

coal derived from an average content of 0.7%ar tonne. This factor includes the total
possible methane emissions from coal mining, lagdimd transport on shore and on sea. The
factor also includes the possible emission frondhag and crushing of coal at the coal
power plant.

Secondly, the methane content in ventilation amfthe underground coal mines at
Spitsbergen was measured (Bergfald & Co 2000). RhenNorwegian mines the methane
content in the ventilation air was measured to@4LaT methane per tonne coal.

Considering the measurements it was therefore déd¢muse 0.54 kg methane per tonne coal
as emission factor when calculating methane emrmsdiom coal mining in Norway.

According to IPCC's Good Practice Guidance, theadgian mines at Spitsbergen have
characteristics that should define the mines agngndund mines, whereas the emission
factor we use is more characteristic for surfaceasi The low content of methane is
explained with the mine’s location 300-400 metarsvesea level. Furthermore, the rock at
Spitsbergen is porous and therefore methane hasaeel through many years.

For the Russian mine in Barentsburg, the emissiotof for CH has been estimated in the
same manner as the Norwegian factor, based on neeasnts by (Bergfald & Co as 2000).
This is an underground mine, which causes condiiehagher emissions than from the
Norwegian mines; we use the factor 7.16 kg metip@neonne coal for this mine. The
Russian mine that was closed down in 1998, howevas,situated more like the Norwegian
mines; accordingly we use the same emission féotdhis as for the Norwegian mines.

3.3.5. Uncertainties
The uncertainty in the activity data concerning \Wegian coal production is regarded as
being low. The uncertainty in Russian data is adergsibly higher.

Today, country specific factors based on measuresvege used in the calculations. We
assume that the uncertainty in the EF is much |dlean that reported in (Statistics Norway
2000), when an IPCC default emission factor wasl .use(Statistics Norway 2000) the
uncertainty in the EF was estimated by expert juglgisito as much as -50 to +100 per cent.
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The EF we use for the Norwegian mines is an avervatfee measurement of methane in coal
sampled in the study (IMC Technical Services Liiohig900). This average EF is two to eight
times higher than the methane content measureentilation air by (Bergfald & Co 2000).
This should indicate that the chosen emission fastmther conservative.

3.3.6. Source specific QA/QC and verification

Independent methods to estimate the EFs used iratbelations are described above in this
chapter.

Statistics Norway and SFT carry out internal cheafikihe emission time-series and
corrections are made when errors are detecte@esgtmn 1.6 for general QA/QC procedures.

3.3.7. Recalculations
There has not been recalculation of the emissibmates since NIR 2008.

3.3.8. Planned Improvements

In the desk review report in 2005 Norway was enaged to assess the feasibility of applying
a measurement-based tier 3 approach to this kegaat Norway has considered the advice
and has so far no plans of applying a Tier 3 madlogy. However, we have on the agenda to
evaluate the EF based on measurements that wa tlee¢alculation today.

3.4. Fugitive Emissions from Oil and Natural Gas — 2B

3.4.1. Overview

Fugitive emissions from oil and natural gas contigb/.8 per cent to the total GHG emissions
in Norway in 2007 and with 10.8 per cent of the Gei@issions in the energy sector. The
emissions the sector increased by 39.7 percent 2@06 to 2007 due to flaring in connection
with start-up problems at a new LNG plant. Thessbfams resulted in about 1.3 million
tonne CQ emitted from flaring. Under normal operational dion emissions from flaring is
expected to be very little.

Without the emissions from flaring at the LNG pl#mé GHG emissions from oil and gas
extraction was decreased by 3.5 per cent from 20@607 and was in 2007 at the same level
as in 1990.

In 2007 CQ from flaring off shore contributed with 2 per ceéotthe total GHG emissions in
Norway. Despite increased production of oil andthasCQ emissions from flaring off shore
were about 20 per cent lower in 2007 than it wak9@0 which is due to the introduction of
tax on gas flared off shore from 1991. The amotigias flared may fluctuate from year to
year due to variation of startups, maintenanceiredruption in operation. To minimise
emissions from venting and flaring technical measurave been implemented. The venting
rate is low due to strict security regulations.

Table 3.19 gives an overview over the calculatiointhe fugitive emissions of GOCH,,

N-O and NMVOC. The notation R/E in the table indisateat emission estimates is based on
reporting from the entities or calculated by StatssNorway, see e.g. section 1.4.4.2 about
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flaring. Basically the emission estimates are edrout by Statistics Norway up to about

2002.

Table 3.19

Fugitive emissions from oil and natyas. Emission sources, compounds,

methods, emission factors and activity data inatlickethe Norwegian GHG Inventory.
Denne ma eg komma tilbake fil

B Fugitive emissions from CO, CH, N,O NMVOC | Method | Emission | Activity
fuels factor data
1.B.2.a Qil
i. Exploration IE IE NO IE Tier Il Cs PS
ii. Production IE IE NO IE Tier Il CSs PS
iii. Transport E R/E NO R/E Tier Il Cs PS
iv. Refining/Storage R/E R NO R Tier I/l CSs PS
v. Distribution of oil E NE NO R/E Tier | C/CSs CS/PS
products
vi. Other NO NO NO NO
1.B.2.b Natural gas
i. Exploration IE IE NO IE IE IE IE
ii. Production/Processing IE IE NO IE IE IE IE
iii. Transmission IE IE NO IE IE IE IE
iv. Distribution IE IE NO IE Tier Il CSs PS
v. Other leakage
industrial plants, power E R NO R Tier Il Cs PS
stations
residential/commercial sectors NO NO NO NO
1.B.2.c
Venting
i. Oil IE IE NO IE Tier Il CS/PS PS
ii. Gas IE IE NO IE Tier Il CS/PS PS
iii. Combined R/E R/E NO R/E Tier Il CS/PS PS
Flaring
i. Olil (well testing) R/E NE NE R/E Tier Il CS PS
ii. Gas
Gas and oil fields R/E R/E E R/E Tier Il Cs PS
Gas terminals R R E R/E Tier | CS CS
Refineries R R R/E E Tier | CSs CSs
iii. Combined IE IE IE IE Tier | CS CSs

R = emission figures in the national emission inggnare based on figures reported by the plantsekission figures are estimated by
Statistics Norway (Activity data * emission factolfE = Included elsewhere, NO = Not occurring, CSaufitry specific,

PS = Plant specific, Tier = the qualitative levetlee methodology used, C=Corinair.

3.4.2. Fugitive Emissions from Oil — CQ, CH4 - 1.B.2.a (Key Category)

3.4.2.1. Description

1.B2acovers emissions from loading and storage of caildeefining of oil and distribution

of gasoline.

Loading, unloading and storage of crude oil ondihéelds offshore and at oil terminals on
shore causes direct emissions of4@iAd indirect emissions of G&om oxidized NMVOC
and CH. Non-combustion emissions from Norway's two diirmeries (a third was closed
down in 2000) include C£CH, and NMVOC. Gasoline distribution causes emissmfns
NMVOC, which lead to indirect C£emissions.
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Indirect emissions of C{from loading of crude oil etcetera dwey categoryn level and
trend in the Tier 2 key category analyses due t®rainty in emission factors. The source
category is for Chemissions defined as key according to the Tiardlyses. The
contribution to total uncertainty in level and tdeis shown in Annex II.

3.4.2.2. Methodological issues

Loading and storage of crude oil off shore and bare

From 2003, emission of CGHind NMVOC from loading and storage of crude oilsbiittle
tankers included in the GHG Inventory are baseceported emission figures from the oil
companies. Emissions, activity and to some extengsons factors are reported from each
field operator into the database Environmental Widile database is operated by NPD, SFT
and'The Norwegian Oil Industry Association (OLF). Incktibn the field operators each year
deliver a report where they describe the activitiesng the last year.

Before 2003 the reported emissions of CH4 and NMVi©¢€alculated by Statistics Norway.
The calculation was based on the field specific @mof crude oil loaded and stored
multiplied with field specific emission factors.dgtdl specific activity data and emission
factors (the latter only to SFT) used in the caltioh were annually reported by the field
operators to Statistics Norway and SFT. Since 2680 an increasing share of the shuttle
tankers have had installed vapor recovery units)/Rnd emissions from loading of crude
oil on shuttle tankers with and without VRU arectéted separately for each field. In
addition emission figures were annually reporte®kd and used in the QC of the calculated
Statistics Norway emission figures.

Norway considers that the method for calculatireg@i, and NMVOC emissions from
loading and storage of crude oil is consistenttierperiod 1990-2005.

Only emissions from loading and storage of the Namnan part of oil production are included
in the inventory.

For the two Norwegian oil terminals on shore, thessions from loading of crude oil are
reported annually from the terminals to SFT. At ohéhe terminals VRU for recovering
NMVOC was installed in 1996. The calculation of #raissions of CkHand NMVOC at both
terminals is based upon the amount of crude odddaand oil specific emission factor
dependent of the origin of the crude oil loaded.

The reported indirect CQemissions from the oxidation of Gldnd NMVOC in the
atmosphere see Section 3.6.3 for this source aatéggoalculated by Statistics Norway.

Refining/Storage — 1.B.2.A.iv

The direct emissions of GOCH, and NMVOC included in the inventory are reportgdiie
refineries to SFT. There is however one exceptiahthat is CH emissions from the largest
refinery. The CH emissions from that refinery are estimated by 8% multiplying the

yearly amount of crude oil throughput by a plargafic emission factor that is based on
measurements carried out by Spectracyne in 2002@0%. Also the NMVOC emissions are
based on measurement carried out by Spectracy2@0® and 2005.
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The CQ emissions originate from the coke on the catahat is burned off and from the
coke calcining kilns. The CQemissions from catalytic cracker and calcininggiare
calculated from the formula:

Q) tonne C@per year = (NM RG per year * volume% GQ / 100 *( molar weight of C&Y 22.4)) / 1000

« the amount of stack gas (RG) is measured contityious

« the density of the stack gas is 1.31 kgANm

« volume percentage of G based on continuously measurements. Howevie if
refinery can document that the volume percentagefis not fluctuating more than
2 per cent from last years report it is not mangato have continuous measurements.

The indirect CQfrom oxidized CH and NMVOC is calculated by Statistics Norway.

Gasoline distribution — 1.B.2.a.v

NMVOC emissions from gasoline distribution are aéted from the amount of gasoline

sold and emission factors for loading of tankergaaoline depot, loading of tanks at gasoline
stations and loading of cars.

3.4.2.3. Activity data

Loading and storage of crude oil off shore and bare

The amount of oil buoy loaded and oil loaded fraorage tankers is reported by the field
operators in an annual report to SFT and NorweBitnoleum Directorate (NPD). The
amount of oil loaded on shuttle tankers with ohwiit VRU is separated in the report.

Before 2003, Statistics Norway gathered data onustsocof crude oil loaded at shuttle
tankers and stored at storage vessels from the NR®data from each field are reported
monthly by the field operators to NPD on both a srasd a volume basis. The allocation of
the amount of crude oil loaded at shuttle tankatssiored at storage vessels with or without
VRU is from the annually report the field operatare committed to deliver to SFT and
NPD.

The amount of oil loaded at on shore oil terminglalso reported to SFT and NPD.

Refining — 1.B.2.a.iv
The crude oil throughput is annually reported by phant to SFT.

Gasoline distribution — 1.B.2.a.v
Gasoline sold is annually collected in StatisticsWay’s sale statistics for petroleum
products.

3.4.2.4. Emission factors

Loading and storage of crude oil off shore and bare

For the years before 2003, emission factors uséukiigcalculation of CiHand NMVOC
emissions offshore are field specific and were regabto SFT and NPD in an annual report.
SFT forwarded the emission factors to Statisticeady. From 2003 the emission figures
reported by the field operators are used in thentory.

The evaporation rate varies from field to field awer time, and the emission factors are
dependent on the composition of the crude oil de@ted by density and Reid vapour
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pressure (RVP). The VOC evaporation emission facoe obtained from measurements,
which include emissions from loading and washinghuaittle tankers. For some fields the
emission factors are not measured, only estimateel CH, content of the VOC evaporated is
also measured so that total emissions of VOC ditebgtween CH and NMVOC.

The emission factors that the field operator uséir calculations is reported to SFT and
NPD. They report emissions factor with and withg®U and the split between Gtnd
NMVOC.

Loading on shoreThe emission factors are considerably lower atairid¢orway's two oil
terminals than at the other, because the oil sparted by ship and therefore the lightest
fractions have already evaporated. At the otheniteal the oil is delivered by pipeline. The
latter terminal has installed VRU, which may reddddVVOC emissions from loading of

ships at the terminal by about 90 per cent. NMV@@ssions at this terminal are estimated to
be more than 50 per cent lower than they would teen without VRU. However, the VRU
technology is not designed to reduce methane drahetemissions.

Refining/Storage — 1.B.2.A.iv

The emission factor used in the calculation of raeéhemissions from the largest refinery is
based upon measurements performed by Spectracg@®and 2005. The EF is deduced
from the measured methane emissions and the criughecughput in 2005.

Gasoline distribution — 1.B.2.a.v
Emission factor for NMVOC from filling gasoline tars used in the calculations are from
(EEA 2001) and is 1.48 kg NMVOC/tonne gasoline.

3.4.2.5. Uncertainties

The uncertainty in the emission factors of methaom oil loading (Statistics Norway 2000)
and NMVOC (Statistics Norway 2001c) is estimatetdéa 40 per cent and in the activity
datat 3 per cent.

3.4.2.6. Source-specific QA/QC and verification

Statistics Norway gathers data for the amount efieroil loaded off and on shore from the
NPD. This data is reported monthly by the field rigpers to NPD. The activity data are
quality controlled by comparing them with the figarreported in the field operator’s annual
report to SFT and NPD.

Statistics Norway'’s calculated emissions for 1920afe compared with the emission data
that the field operators report to SFT and NPDn2003 Statistics Norway estimate
emission based on activity data that the filed afmes monthly report to NPD and reported
emission factors. When discrepancies are founddmithe two sets of data they are
investigated and corrections are made if appragriéerrors are found, SFT contacts the
plant to discuss the reported data and changesaude if necessary.

3.4.2.7. Recalculations

1B 2a iv Refining and storage
* Revised data. Minor reduction in indirect €émnissions from one plant 2005-2006
because of lower NMVOC emissions, due to revisednteng from this plant.
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1B 2a v Distribution of oil products
* Revised data. Minor changes in indirect &missions, due to new calculations of
NMVOC from petrol distribution, based on updatefbrmation on time for
installation of vapour recovery units. Revised feggifor 1991-1992 and 1994-2006.
The figures have been reduced for 1992 and 199Thaneised for other years.
3.4.2.8. Planned improvements

There is for the moment no planned activity thdt iwiprove the data quality for NIR 2010.

3.4.3. Fugitive Emissions from Natural Gas — CH - 1.B.2.b (Key Category)

3.4.3.1. Description

Sector 1.B.2.b covers fugitive emissions of GHd NMVOC and indirect emissions of €O
from the two gas terminals.

CO, and CH from natural gas ikey categoryvith respect to total trend. Their contribution to
total uncertainty in level and trend is shown im&m |l.
3.4.3.2. Methodological issues

Fugitive emissions of CHand NMVOC from gas terminals are annually repoftech the
terminals to SFT.

The emissions are calculated based on the numiseratéd and leaky equipment units that is
recorded through the measuring and maintenancegofpr reducing the leakage. The
number of sealed and leaky equipment units is c@tetwo times a year and the average
number of the counting is used in the calculatibis. assumed in the calculation that a
leakage has lasted the whole year if not the oppasdocumented.

3.4.3.3. Activity data

Activity data is sampled through the terminals nueiag) and maintenance program which
aim is to reduce leakage.

3.4.3.4. Source-specific QA/QC and verification

Reported emissions are compared with previous yeanssions.

3.4.3.5. Recalculations

1B 2b5 Natural gas, other leakage
. Revised data. Somewhat higher indirect,@@issions in 2006, because of revised
emission figure for NMVOC from one plant.

3.4.3.6. Planned improvements
There is for the moment no planned activity thdt iwiprove the data quality for NIR 2010.
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3.4.4. Fugitive Emissions from Venting and Flaring — CQ, CH, - 1.B.2.c — (Key
Category)

3.4.4.1. Description

Included in sector 1.B.2.c Flaring are emissioongnfflaring of gas off shore, at gas terminals
and at refineries and the emissions is reportegator 1.B.2.c.ii. Emission from flaring of oil
by well testing is reported in sector 1.B.2.c.i.

Sector 1.B.2.&/entingincludes emissions of GOCH, and NMVOC from exploration and
production drilling of gas and oil and reinjectiohCQO; at the Sleipner olil field. The major
source is cold vent and leakage of iid NMVOC from production drilling.

The sector 1.B.2.¥entingincludes emissions of Gtand NMVOC and hence indirect GO
emissions from cold venting and diffuse emissiognsifextraction and exploration of oil and
gas. CQ emissions vented to the atmosphere when the iojeot CG; has to stop for
maintenance etcetera is reported in this secter Seetion 3.5 C@Qcapture and storage at the
oil and gas production field Sleipner Vest for het description of this source.

Most of the emissions in sectbiB.2.cFlaring come from flaring of natural gas offshore
(during both well testing, extraction and pipeltrensport) and at gas terminals and flaring of
refinery gas at the refineries. There is somerftaof oil in connection with well testing -
amounts flared and emissions are reported to NPCS&T .

CO, and CH from venting and flaring ikey categoryvith respect to the level and total trend
due to change in trend. Their contribution to totatertainty in level and trend is shown in
Annex II.

3.4.4.2. Methodological issues

Venting

Emissions of Cjland NMVOC from cold venting and diffuse emissiémseach field are
reported annually to SFT from the field operatdre Emissions are calculated by multiplying
the amount of gas produced with an emission fadtoe.indirect C@ emissions are
calculated by Statistics Norway.

The vented C@at Sleipner Vest is measured.

Flaring

The CQ, CH; and NO emissions from flaring of gas off shore is fog fheriod 1990-2002
calculated by Statistics Norway on the basis déifspecific gas consumption data and
country specific average emission factor, see Taldlg. From 2003, emissions of génd
CH, from flaring offshore reported by the oil companie NPD and SFT are used in the
inventory. The same method is used in the cal@raif emission from flaring by well
testing. We consider that the method is considterdll year.

Emissions of C@from flaring at the two gas terminals that is udzd in the inventory are
reported from the plant.

The refineries reports annually @@missions from flaring to SFT. The emissions are
calculated by multiplying the amount of gas flavéth plant specific emission factors.
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3.4.4.3. Activity data

Venting
Amounts of gas produced or handled at the platf@arageported from NPD and use in the
QC of the reported emissions.

Flaring

Amounts of gas flared at offshore oil and gas ifetians are monthly reported by the
operators to the NPD. Amounts flared at the twotgasinals are reported to NPD and SFT.
Amounts of refinery gas flared are found by disttibg the total amounts between different
combustion technologies by using an old distributtey, based on data collected from the
refineries in the early 1990s. This distributiorcafirmed in 2003.

3.4.4.4. Emission factors

Venting

The emission factors used in the calculation oteg®missions is the default emission
factors listed in Table 3.20 or field specific fat. The reference for the default factors is
Aker Engineering (1992). During the expert revieWthe NIR 2005 it was a subject whether
the EF we used were default factors or field specif

Table 3.20 Default emission factors for cold vertd leakage at gas fields off shore

NMVOC CH,
Calculation
Emission factor | Emission factor | method
Emission source [9/Sm3] [9/Sm3]
Glycol regeneration 0.065 0.27
Gas dissolved in liquid from K.O.
Drum 0.004 0.00
Gas from produced water system 0.03 0.03
Seal oil systems 0.015 0.01
Leaks through dry compressor
gaskets 0.0014 0.00
Start gas for turbine's 0.4 0.36 Tonne per start ug
Depressurisation of equipment 0.005 0.02
Instrument flushing and sampling 0.00021 0.00
Purge and blanket gas 0.032 0.02
Extinguished flare 0.014 0.02
Leaks in process 0.007 0.02
Depressurisation of annulus 0.0000005 0.00
Drilling 0.55 0.25 Tonne per well
Flaring

From 2003, C@emission figures reported by the oil companiehéoSFT and NPD are used
in the inventory. For the years 1990-02, averagsson factors, based on field specific
factors, are used, except for one field, for wradireld specific factor is used for all years. In
Table 3.21, the CQemission factors for flaring off shore and at gas terminals are shown.
The other gas terminal uses in 2007 2.67 tonngtGne gas.

* The gas source is standard fuel gas.
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Emission factors used in the calculations for westing are shown in Table 3.22. During the
review of the 2008 inventory submission the expsriew team raised question to that CH

and NO from well testing off shore were not includedhe inventory. Norway then
estimated the emissions of ¢ihd NO and presented the result for the expert reviamte
Our intention was to include emission estimatehis years submission. But due to an
omission this has not been done.

Table 3.21  Emission factors for flaring of natugals at off shore oil fields and one gas

terminal on shore.

Average emission factor | Average emission factor
for flaring at one gas for flaring off shore
terminal
t CO,/t gas kg CO,/ Sn? gas
2007 2.67 2.42
2006 2.69 2.43
2005 2.70 2.43
2004 2.70 2.44
2003 2.70 2.41
2002 2.70 2.47
2001 2.70 2.42
2000 2.70 2.52
1999 2.70 2.48
1998 2.70 2.34
1997 2.70 2.34
1996 2.70 2.34
1995 2.70 2.42
1994 2.70 2.34
1993 2.70 2.34
1992 2.70 2.34
1991 2.70 2.34
1990 2.70 2.34

Source: SFT/NPD

Table 3.22  Emission factors for flaring in connentwith well testing.

Compounds (unit) unit/tonne Source unit/kSnt flared Source

flared oil natural gas
CO, (tonnes) 3.2 SFT (1990) 2.34 SFT (1990)
CH, (tonnes) NE 0.00024 IPCC (1997b)
N,O (tonnes) NE 0.00002 OLF (2004)
NMVOC (tonnes) 0.0033 OLF (1994) 0.00006 OLF (2004)
CO (tonnes) 0.18 OLF (2004) 0.015 OLF (2004)

The Norwegian Oil Industry Association (OLF)

3.4.4.5. Uncertainties

The uncertainty in the amount of gas flared isStafistics Norway 2000) regarded as being
low, £4 per cent, due to that there is a tax onflgeied and there is requirement by law that

the gas volume flared is measured (NPD 2001). Ticertainty in the C@emission factor
for flaring is £10 (Statistics Norway 2000).
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The uncertainty in CiHand NMVOC emissions from venting and, hence, eittdirect
emissions of Cg) is much higher than for flaring.

All uncertainty estimates for this source are giieAnnex Il.

3.4.4.6. Source-specific QA/QC and verification

Statistics Norway collects the activity data usethie calculation from the NPD. The figures
are quality controlled by comparing them with tigufes reported in the field operators
annually report to SFT and NPD and time seriesheeked.

The calculated emissions are compared with thestomglata the field operators have

reported to SFT and NPD, before 2003. From 2008rted emissions is checked by SFT and
Statistics Norway. Statistics Norway calculatesssmoins from reported emission factors and
activity data collected monthly by the office o&tsstics in NPD. When discrepancies are
found between the two sets of data this is invagtidjand corrections are made if appropriate.
If errors are found SFT contacts the plant to disdhe reported data and changes are made if
necessary.

Statistics Norway and SFT perform internal chedkihie reported data for venting from the
field operators. Some errors in the time-seriesuatglly found and the field operators are
contacted and changes are made. The same progeditewed to check the amount of gas
reported as flared. The quality of the activityadest considered to be high due to that there is
a tax on gas flared off shore. NPD has a thorowgirol of the amount of gas reported as
flared.

3.4.4.7. Recalculations

1B 2c2.2 Venting and flaring; flaring gas
* Revised data. Changes in figures for energy u2004-2006, due to the inclusion of
a plant for which data previously were lacking, é@aused a minor increase in the
emissions.
3.4.4.8. Planned improvements

There is for the moment no planned activity thdt iwiprove the data quality for NIR 2010.

3.5. CO, capture and storage at the oil and gas productiofield Sleipner
Vest (Key Category)
3.5.1. Description

The natural gas in the Sleipner Vest offshore gamiensate field contains about 9 per cent
CO,. The CQ content has to be reduced to about 2.5 per céotebransported to the
consumers onshore. The €0 be removed amounts about 1 million tonnes par.y

When this North Sea field was planned around 188@onsiderations were influenced by
the discussions about strategies to reduce gregselgas emissions and a possible national
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tax on CQ-emissons (introduced in 1991 and extended in 190Gjas therefore decided that
the removed C@should be injected for permanent storage intocdoggcal reservoir. The
selection of an appropriate reservoir is essefarahe success of geological storage oL,CO
In their search for a suitable reservoir the comgmmawere looking for a saline aquifer with
reasonable high porosity and a capture rock abmpeavent leakage. Furthermore the,CO
should be stored under high pressure - preferabhgrian 800 meters below the surface.
Under these conditions G@& buoyant and less likely to move upwards than @@aseous
form.

The Utsira Formation aquifer, which is located abtwe producing reservoirs at a depth of
800 — 1000 meters below sea level, was chosen@grs@rage because of its shallow depth,
its large extension (which guarantees sufficientim®), and its excellent porosity and
permeability (which is well suited for high injedty). The formation is overlain by a thick,
widespread sequence of Hordaland Group shaleshwhiould act as an effective barrier to
vertical CQ leakage, see figure 3.1 below:

CO- is injected into a thick sandstone layer (Utsira Fm.)
at 800-1100 m depth below sealevel
* The sandstones have porosities of 35-40 9% and
permeabilities of >1 D

Figure 3.1 CQ capture from Sleipner Vest well stream and storageleipner @st
Source: Statoll

The reservoir was characterised by reservoir inftion such as seismic surveys and
information from core drillings.

In the Sleipner case it has been very importafddate the injection well and the storage site
such that the injected G@ould not migrate back to the Sleipner A platfd®h.A) and the
production wells. This will both prevent corrosiproblems in the production wells and
minimise the risk of C@leakage through production wells. The injectiompcs located 2.5

km east of the Sleipner A platform. Migration exations have been based on the Top Utsira
map (see figure 2 in Annex V) with the €&xpected to migrate vertically to the sealing
shales and horizontally along the saddle poinhefstructure. This will take the G@way

from other wells drilled from the Sleipner platfard more detailed description of the
reservoirs suitability for long term G@torage is given inn Annex V.
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The field and the injection program have been ierafon since 1996. Statoil monitors the
injected CQ with respect to leakages.

Investigations carried out so far show that theatgd CQ has been kept in place without
leaking out. In case unexpected @ovements take place beyond the capture rockein th
future it can be registered by the monitoring teghes. Table 3.23 below gives the amount of
CO; injected since the project started in 1996.

Table 3.23 CQfrom the Sleipner field injected in the Utsira+fmation, 1000 tonnes.
1996 1997 1998 1999 2000 2001 2002 2003 2004 200806 2 2007

CO, 70 665 842 971 933 1009 955 914 750 858 820 921
(ktonnes)

Source: SFT

When the injection has to stop for maintenanceteeeCQ is vented to the atmosphere. The
amount vented to the atmosphere is included ilgteen house gas inventory reported under
1B2c - see 3.4.4. In 2006 this emission amount&d i3 tonnes CO The figures for the

other years are given in Table 3.24.

Table 3.24 Emissions of G@om the Sleipner C@njection plant due to inaccessibility of the
injection facilities, tonnes.

1996 1997 1998 1999 2000 2001 2002 2003 2004 200806 2 2007

CO, 81000 29000 4195 9105 8318 3050 7567 23WD377 6191 2471 6413
(tonnes)

Source: SFT

The status by 1.1.2008 is that 9.7 million tonn€s @as been injected into the Utsira
Formation and 0.2 million tonnes GB@as been vented. The following figure 3.2 showes th
yearly injected and vented volumes for the entijedtion period on Sleipner.

Injected and vented CO , 1990-2007

1.20

1.00 -

0.80 +

o Vented
0.60 -

B Injected

Mill tonnes

0.40 -

0.20 ~

0.00 -
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Figure 3.2 Injected and vented ¢&t Sleipner Vest Source: SFT
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3.5.2. Methodological issues

The reported data covers emissions to the atmoshgr when the injection system is out of
operation. These emissions are measured by consrmetering of the gas stream by
VCONE-meter. The reported amounts of &dich are injected in the Utsira formation are
based on continuous metering of the gas streanmifigeometer.

The Sleipner C@injection project is considered as the first indasscale, environmentally
driven CQ-injection project in the world. In order to docum&hat happens with the G@
European research project initially called SACSh¢Tsaline aquifer carbon dioxide storage
project”) was organized around it. The SACS prograded in 2002 and was succeeded by the
ongoing the EU-cofunded CO2STORE. The projects hangarallel to the development of
Sleipner Vest and have special focus on monitcaimdg) simulation. Research institutes and
energy companies from several countries participatiee projects. The core of the projects
has been to arrive at a reasoned view of whethlbooadioxide remains in the Utsira sand
and whether developments in this formation can baeitared. The spread of carbon dioxide
through the aquifer is recorded by seismic survBgse line 3D seismic data were acquired
in 1994, prior to injection, and the first repeatv@y was acquired in 1999, when some 2.28
mill tonnes of CQhad been injected into the reservoir. This wa®Wdd by seismic surveys
in 1999, 2001, 2002, 2004 and 2006. The monitameghodology and the results of the
monitoring are described in Annex V written by Sthat

The stored C@has been monitored using time lapse seismic tbrooits behaviour and
evaluate
* whether any of it has leaked into the overburdexh, $ike ocean or the atmosphere, or
* whether any of it has migrated towards the Slaipmsallations, potentially leading
to corrosion problems for well casing
The results show that neither of these eventuslitees occurred. So far there are no signs of
CO, above the top of Utsira Formation.

Results from the projects are also given in sevegarts and articles such as: “Final Tecnical
Report of the SACS2 project — EU project NNE-199%:21, issued 30.07.2002", “Recent
time-lapse seismic data show no indication of lgakat the Sleipner Gfnjection site”
published at 7th Greenhouse Gas Control Techndd@onference (GHGT7),Vancouver
2004 and "4D seismic imaging of an injected @me at the Sleipner field, central North
Sea” (under publishing in the Geological Society.ofidon Memoir). A more detailed list of
publications and presentations is given in AnneX e project has confirmed that sound
waves reflect differently from carbon dioxide aradk svater. Comparing seismic data
collected before and after injection started hbmnad researchers to show how £deep
inside the Utsira formation migrates (see figura Bnnex V). It is held under the layer of
shale cap rock, 80 metres thick, which covers thele/formation. This extends for several
hundred kilometres in length and about 150 kiloe®etn width.

The time-lapse seismic data clearly image the ®ithin the reservoir, both as high
amplitude reflections and as a pronounced velgumishdown (see figure 4 in Annex V). The
data also resolve a vertical @€himney, which is regarded the primary feeder 6 @ the
upper part of the bubble.

Flow simulation models, which match the 4D seisdata reasonably well, have been used to
predict the C@behaviour, see figure 3.3.
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After three years of injection

gl S

B,

Figure 3.3 Flow simulation of CO Source: Statoil

The results from the simulations indicate that gk shales provide a capillary seal for the
CO; phase.

There are no seismic indications of faults withia tipper part of the reservoir, and no
indications of leakage into the capture rock.

The time-lapse seismic images clearly show the ldpugent of the C@plume, and also have
been used to calculate the amount of, @Qhe reservoir. The volume calculated from the
observed reflectivity and velocity pushdown is astent with the injected volume.

Other monitoring methods Statoil is running are rtwimg the injected Cg gravimetric
monitoring, pressure measurements and well mongorFor more details see Annex V.

3.5.3. Uncertainties

The reported data covers emissions to the atmosghgr when the injection system is out of
operation. The accuracy in these measurements by@d€ONE-meter is/- 5 per cent. The
orifice meter used to meter the amount of,@gected in the Utsira formation have 3 per

cent accuracy. So far there have not been detaatetbakage from the storage. We expect to
have more information from the SACS/CO2STORE-pitsjand the monitoring program as
the Sleipner project develops — see QA/QC andigatibn below.

3.5.4. Source specific QA/QC and verification

The results are promising and so far the injeceeirgmains in place. In Norway storage
projects like Sleipner have to apply for a perrftiérathe Pollution control Act. The storage
of COy is included in the emission licence for the SleipYest field. According to the license
Statoil is obliged to monitor the G&torage. Furthermore Statoil reports the amouQ@f
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emitted and the amount injected every year to Thevsgian Pollution Control Authority.
The monitoring gives a system for QA. So far thenitazing is included in the
SACS/CO2STORE projects and when these projectiraiezed a decision will be taken
about a further monitoring program for the Sleipimgzction project. The injected G@ so

far proven to be removed from the atmosphere andéehi¢ is not reported as in the emission
inventory. When the injection have to stop for ni@nmance etc Statoil have to pay a£1éx

for the emissions. These emissions are reportédetdblorwegian Petroleum directorate. In
this national emissions inventory these fugitivassions are reported under 1B2c.

3.5.4.1. Planned improvements
Further results from monitoring may improve theadgality for NIR 2010

3.6. Cross-cutting issues

3.6.1. Sectoral versus reference approach

As in previous submissions, there are large denatin the output from the Reference
Approach (RA) and Sectoral Approach (SA), bothtfe energy consumption data and the
CO, emissions throughout the years. Possible explamatd the differences are given below.
The results for all years in the period 1990-20@/dasplayed in Table 3.25. In the RA, both
fuel consumption and G{&missions are higher that those of the SA for rjeats.

The differences that arise between the SA and RAl&oway have still not been possible to
fully explain. Some revisions of figures for oildagas production and export, particularly for
2004-2006, have, however, led to reduced differenabove all, the extreme 2005 figures in
the 2008 submission have now been reduced conblgekowever, there is still no
explanation why the largest negative differenctheawhole period is in 2006.

For some years, there have been very large statislifferences in the Norwegian energy
balance, i.e., an incongruity between figures cergysupply and energy use. It is reason to
believe that the statistical differences explaifeast some of the SA/RA differences. The
end-user statistics used in the SA are considered teliable.

Generally, the main reason for the deviation betwtee SA and RA is probably inaccuracies
in the oil and gas production or export statistizge to the large production and export, small
errors can amount to large discrepancies in thiemalttotal emissions. According to the
Norwegian Petroleum Directorate, the uncertaifbeproduction figures are 1 and 0.3 per
cent for natural gas and crude oil, respectivelynvidy has also a large non-energy use of
coal, coke, natural gas and liquefied petroleum(gR&5), large oil and gas production and
exports (domestic supply is the difference betwibertwo large numbers in each case), and
relatively large statistical errors. These factoeke the use of the RA inappropriate for
Norway. There is also some uncertainty connectéde@arbon emission factors used in the
RA; changes in the factors, particularly for crudle can cause great changes in the figures
for actual CQ emissions e.g. the use of the IPCC default f&@dd instead of 20.33, which

is used now, would reduce the emissions by 700i@®des.
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There are, as before, intensions to investigatsetpeoblems further. Hopefully, these
investigations will enable the presentation of ldis®rging figures in future SA/RA
comparisons.

Table 3.25 Comparison of fuel consumption and €@ission data between the Reference
Approach (RA) and the Sectoral Approach (SA), 12007.

1990| 1991| 1992| 1993| 1994| 1995| 1996| 1997| 1998| 1999, 2000

Fuel Consumption

Reference approach: Apparent consumption |(RID3.0| 425.9| 435.7| 476.0] 452.9| 435.2| 428.5| 467.2| 480.1] 516.7| 501.3

Sectoral approach  (PJ) 375.867.9| 377.1| 392.6| 413.1| 410.7| 446.8] 450.5| 449.7| 452.8| 441.2

Difference (RA-SA) (%) 75| 15.8] 155]| 21.2 9.6 6.0 -41 3.7 6.8 14.1| 13.6

CO; Emissions

Reference approach (Gg) 293730929| 31122 33925| 32217| 30877| 30767| 33629| 34760| 37540| 36418
Sectoral approach  (Gg) 259B25567| 26077| 27143| 28610| 28364| 31034| 31190| 31124 31449| 30423
Difference (RA-SA) (%) 13.2| 21.0] 19.3| 25.0| 12.6 8.9 -0.9 78| 11.7| 19.4| 19.7

2001| 2002| 2003| 2004| 2005| 2006| 2007

Fuel Consumption

Reference approach: Apparent consumption |(Fs%)3.9| 430.9| 529.3| 527.8| 456.5| 411.2| 530.5

Sectoral approach  (PJ) 465.467.8| 487.8| 488.3| 479.1| 499.9| 505.0

Difference (RA-SA) (%) 170 -79| 85| 81| -47| -17.8] 51

CO, Emissions

Reference approach (Gg) 394431304| 38099| 37977 32739| 29729| 37637
Sectoral approach  (Gg) 325032628 33924 | 34068| 33597| 34533| 34778
Difference (RA-SA) (%) 21.4| -41]| 123| 115| -2.6] -13.9 8.2

Source: Statistics Norway/SFT

3.6.2. Feedstocks and non-energy use of fuels

Emissions from the use of feedstocks are accotitige Good Practice Guidance and are
generally accounted for in the industrial processes$or in the Norwegian inventory. By-
products from processes like CO gas that is salidcambusted are accounted for and
reported under the energy sector.

Carbon storage factors are based on national ¢onslitor LPG, natural gas, coal, coke oven
coke and petroleum coke. For the rest of the feelist the factors used are those of countries
that are regarded of having the same productiofilgend technology as Norway. It should

be noted that fuels oxidized during industrial @eses are assumed "stored".
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3.6.3. Indirect CO, emissions from CH and NMVOC

According to the reporting guidelines to the Clim&onvention all emissions of carbon from
fossil compounds are to be included in the nati@tG inventory. When methane or
NMVOC are oxidised in the atmosphere indirect;@issions are formed. The emissions of
CH, and NMVOC from some sources will partly be of fibesigin and should therefore be
included. Indirect C@emissions originating from the fossil part of £&hd NMVOC during
fuel combustion are automatically included in th@ssion inventory. The corresponding
emissions from non-combustion sources are accodioted the inventory under the

following source categories:

» Coal Mining and Handling — 1Bla
* Gas terminals — 1B2b

e Oil terminals — 1B2a

« Refineries — 1B2a

« Oil gas extraction activity — especially from loagiof crude oil — 1B2a and 2B2c
« Distribution of oil products — 1B2a
» Silicon carbide - 2B4.1

» Calcium carbide - 2B4.2

e Methanol - 2B5.5

» Plastic - 2B.5

* Ferroalloys - 2C.2

» Solvent and other product use - 3

The indirect CQemissions from oxidised Gtind NMVOC are calculated from the content
of fossil carbon in the compounds. The average anaiucarbon is estimated to be 75 per
cent in methane and 82 per cent in NMVOC. Thisddadhe emission factors 2.74 kg
COy/kg CH; and 3 kg C@Qkg NMVOC.

3.7. Memo items
3.7.1. International bunkers

3.7.1.1. Description

Emissions from international marine and aviationkmr fuels are excluded from the national
totals, as required by the IPCC Guidelines. Thienegéd emission figures are reported
separately and are presented in Table 3.26.

In 2007 CQ emissions from ships and aircraft in internatidnaffic bunkered in Norway

amounted to a total of 3.3 million tonnes, whiclresponds to about 6 per cent of the total
Norwegian CQ emissions.
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During the period 1990-2007, emissions of @@m marine bunkers increased by 37 per
cent, primarily due to activity growth. However, issions varied greatly in this period and
reached a peak in 1997.

Due to variations in the activity level, G@&missions from international air traffic varied
during the period 1990-2007, as well. These emissieached their peak in 2006 and 2007 at
a level that was double as high that of 1990. Heeas aircraft engines are more fuel-
efficient now than they were some years ago, ibvad that the increase in international air
traffic has in fact been higher than that of thessimons. After a general increase in the 1990s,
emissions declined somewhat from 2000 to 2004oviceld by a substantial increase in 2005-
2007.

Table 3.26. Emissions of GACH,, NbO, NGO, CO, NMVOC and Srom ships and aircraft
in international traffic bunkered in Norway, 1990 . Unit: 1000 tonnes, GOn Mtonnes.

Marine 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
CO, 15 13 16 17 18 23 25 30 29 27
CH, 61 01 01 01 01 02 02 02 02 02
N,O 00 00 OO OO 0O 01 01 01 01 01
NOx 28.6 242 30.3 325 358 43.8 482 584 559 520
CcoO 14 12 15 16 18 22 24 29 26 24
NMVOC 11 09 12 13 14 17 19 23 22 20
SG, 99 9.7 123 135 14.0 13.7 154 188 145 124
Marine 2000 2001 2002 2003 2004 2005 2006 2007
CO, 26 26 21 21 20 23 23 20
CH, 02 02 01 01 01 02 02 01
N,O 01 01 01 01 00 01 01 01
NOx 50.4 50.1 39.8 394 37.6 432 43.2 38.6
CO 24 24 19 19 18 21 21 18
NMVOC 20 20 16 16 15 17 17 15
SO, 106 128 70 80 78 86 51 6.1
Aviation 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
CO; 06 06 06 06 06 06 07 08 08 09
CH, 00 00 OO OO 0O 00 00 00 00 o00
N,O 00 00 OO OO 0O 00 00 00 00 o00
NOx 21 19 21 23 22 22 25 28 30 34
CO 09 09 10 12 12 13 13 13 12 1.2
NMVOC 03 03 04 05 06 06 06 05 05 04
SG, 61 01 01 01 01 01 01 01 01 01
Aviation 2000 2001 2002 2003 2004 2005 2006 2007
CO, 09 08 07 07 08 11 12 12
CH, 00 00 00O 00O 00 00 00 00
N,O 00 00 00 00O 00 00 00 00
NOx 33 30 27 27 31 39 45 45
CO 09 08 08 08 09 11 13 13
NMvOC 02 02 02 02 02 03 03 03
SG, 61 01 01 01 01 01 01 01

Source: Statistics Norway/SFT
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Differences between the IEA (International EnergyeAcy) data and the data reported to
UNFCCC in sectoral data for marine shipping ana@tiemn are due to the fact that different
definitions of domestic use are employed. In thewWwdgian inventory, domestic consumption
is based on a census in accordance with the IPO@ pg@ctice guidance. On the other hand,
the IEA makes its own assessment with respecttgpht between the domestic and the
international market.

3.7.1.2. Shipping

Methodological issues

Emissions are calculated by multiplying activitya®ith emission factors. The sales
statistics for petroleum products, which is basedeports from the oil companies to
Statistics Norway, has figures on sales for bunkéraarine gas oil, heavy distillates and
heavy fuel oil. The same emission factors as if\tbevegian national calculations are used.

Activity data
Sales figures for international sea transport f&tatistics Norway's sales statistics for
petroleum products are used for marine gas oilyhdsstillates and heavy fuel oil.

Emission factors
Emission factors used fehipping are described undéavigationin Section 3.2.7.

3.7.1.3. Aviation

Methodological issues

The consumption of aviation bunker fuel in Norwayestimated as the difference between
total purchases of jet kerosene in Norway for awilation and reported domestic
consumption. Figures on total aviation fuel constiompare derived from sales data reported
to Statistics Norway from the oil companies. Theata do not distinguish between national
and international uses. Data on domestic fuel mseland consumption are therefore
collected by Statistics Norway from all airline cpamies operating domestic traffic in
Norway. The figures on domestic consumption frortireas are deducted from the total sales
of jet kerosene to arrive at the total fuel sategriternational aviation. The bottom-up
approach of Norway is the detailed Tier2 CORINAIRthodology. The methodology is
based on detailed information on types of airaafl number of LTOs, as well as cruise
distances.

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

Emission factors
Emission factors used f@dwiationare described undéwiationin Section 3.2.4.

3.7.1.4. Precursors

Emissions of NQfrom international sea traffic in 2007 were ab8atktonnes, which equals
20 per cent of the national Norwegian Nénissions. During the period from 1990 to 2007,
NOx emissions from international shipping bunkeretlarway increased by 35 per cent.
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NOx emissions from international aviation amounted.t@®ktonnes in 2007. Although the
emissions have varied during the period 1990-20162006 and 2007 emissions were the
highest in the period, 114 per cent higher that9i@0.

Apart from NQ from marine bunkers, emissions of precursors firttiernational aviation and
sea transport are small compared to the total matemissions of these gases.

3.7.2. CO, emissions from biomass

Emissions are estimated from figures in the enaggpunts on use of wood, wood waste and
black liquor. According to the guidelines, these,@@issions are not included in the national
total in the Norwegian emission inventory.
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4. Industrial Processes

4.1. Overview

The chapter provides descriptions of the methodetogmployed to calculate emissions of
greenhouse gases from industrial processes. Onkgcombustion emissions are included in
this chapter. Emissions from fuel combustion inustdy are reported in Chapter 3 Energy.
Nearly all of the GHG emission from industrial pesses included in the Norwegian GHG
Inventory is from annually reports sent by eacmpta the Norwegian Pollution Control
Authority (SFT). The rest of the emissions includiethe inventory are calculated by
Statistics Norway. The calculations are based oissam factors and activity data. The
emission factors are collected from different searavhile the activity data used in
calculations carried out by Statistics Norway @nfrofficial statistics collected by Statistics
Norway.

A specific QA/QC was carried out in 2006 for thealéhtime series for the industrial
processes sector as recommended by the expenvrmaen. The QA/QC covered the GHG
emissions from the largest industrial plants tanoiided in the inventory. The methodology
for the performances of the QA/QC is presentednnéeX lll. The changes in the emissions
resulting from the QA/QC were described in the ladation section for each source
category in NIR 2006.

The GHG emissions from Industrial processes in 200 16.7 per cent of the total GHG
emissions in Norway. The corresponding percentad®90 and 2006 were 27.6 and 17.3 per
cent respectively. The emissions from this souategory decreased by 32.9 per cent from
1990 to 2007 and by 0.7 per cent from 2006 to 200@.decrease from 1990 to 2007 is
mainly due to reduced PFC emissions from produdafcaduminium and S§from production

of magnesium. There was a reduction in the PFCsomis by almost 76 per cent even if the
production of aluminium in the period 1990-2007 maseased by 57 per cent. The reduction
in the Sk emissions is due to the closing down of productiboast magnesium in 2002,
improvements in the GIS-sector and an almost eldeiuse of S§as tracer gas. In June

2006 also the magnesium recycling foundry was dakevn.

Metal production contributed to about 61 per cdrhe total GHG emissions from Industrial
Processes in 2007, mainly from production of faitoys and aluminium, and in 1990 the
contribution from metal production was about 72 gant. Chemical Industry and Mineral
Product are the two other main contributing seato)07 with 19.5 and 10.9 per cent,
respectively, of the total GHG emissions in thistse

The Tier 2 key category analysis performed for 1880 2007 has revealed the key categories
in terms of level and/or trend uncertainty in tleetsr Industrial Processes as shown in Table
4.1. However, source category 2A1, 2B1, 2C1 and @&@Xkey categories from Tier 1 key
category analysis.
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Table 4.1 Key categories in the sector Industriaddesses

IPCC Source category Gas Key Method
category
according

to tier

2A1 Cement Production ofe) Tier 1 Tier 2

2B1 Ammonia Production (6{0) Tier 1 Tier 2

2B2 Nitric Acid Production N,O Tier 2 Tier 2

2B4 Silicon carbide CO, Tier 2 Tier 2

2C1 Iron and Steel Produsction CQ Tier 1 Tier 2

2C2 Ferroalloys Production cQ Tier 2 Tier 2

2C3 Aluminum Production CO, Tier 2 Tier 2

2C3 Aluminum Production PFC Tier 2 Tier 2

2C4 Sk Used in Aluminum and Magnesium Foundries SE Tier 1 Tier 2

2F Consumption of Halocarbons and Sulphur HFCs Tier 2 Tier 2

Hexafluoride

4.2. Mineral Products — 2A

The sector category Mineral products include,@issions from production of cement, lime
and limestone and dolomite use. Table 4.2 showdllkaCQ emission from the sector
category are based on figures reported by theptarSFT, that it is used a Tier 2
methodology for all sources and if the sourceskagecategory or not.

Production of Mineral Products contributed in 18§01.5 percent of the total GHG
emissions in Norway and this share has increas&dtper cent in 2007. The emissions from
the sector increased with 39 per cent from 1990£20@ 7.3 per cent from 2006-2007
mainly due to increased production of clinker.

Table 4.2. Mineral products. Component emitted iactuded in the Norwegian GHG inventory,
tier of method and key category.

Mineral products CO; Tier Key
category
-- Cement production R Tier 2 Yes
-- Lime production R Tier 2 No
-- Limestone and dolomite use R Tier 2 No

1
R = Figures reported by the plant to SFT

4.2.1. Cement Production — CQ - 2A1 (Key Category)

4.2.1.1. Description

Two plants in Norway produce cement. Productionevhent gives rise to both non-
combustion and combustion emissions of,Cthe emission from combustion is reported in
Chapter 3 Energy. The non-combustion emissionsnatig from the raw material calcium
carbonate (CaC#£). The resulting calcium oxide is heated to formlar and then crushed to
form cement
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(4.1) CaCQ+ heat -~ CaO + CQ

In 2007, the C@emissions from clinker production accounted f@ der cent of the total
national GHG emissions and 9.5 per cent of the @H1ssions in the sector Industrial
processes.

From 1990-2007 the Gmissions from clinker production increased by83¥r cent and
from 2006 to 2007 the G&@mission increased by 8.7.

CO, from clinker production is according to a Tierdykcategory analysis defined as key
category due to contribution in level to total Gléfaission.

4.2.1.2. Methodological issues

The emissions of C{from clinker production included in the GHG invent are reported by
the two producers in an annually report to SFT.4Sions are estimated by multiplying the
annually clinker production, included the CemerihKdust (CKD), at the plant with plant
specific emission factors. This is regarded asea Zimethodology.

4.2.1.3. Activity data

The amount of clinker and CKD the plant use inrtleaiculation is reported each year from
the plants to SFT.

4.2.1.4. Emission factors

CO,

The emission factors used are plant specific. Botofs are dependent on the chemical
composition of the clinker i.e. the content of @a &g. The fraction of CaO from non-
carbonate sources like ashes is subtracted. Ttssiemfactors are calculated particularly for
the two Norwegian factories. One plant uses thef&ac530 tonne CQper tonne clinker
(Norcem 2006). The other producers use the emisastor 0.541 tonne C{per tonne clinker as
recommended by (SINTEF 1998a). The IPCC defaulssion factor is 0.5071 tonne g@nne
clinker. The same emission factors are used for @r clinker production.

4.2.1.5. Uncertainties
Uncertainty estimates for greenhouse gases arae givénnex Il.

4.2.1.6. Source specific QA/QC and verification

The general QA/QC methodology is given in Sectidghahnd the specific QA/QC carried out
for Industrial processes is described in Annex Ill.

Statistics Norway occasionally calculate alterregmission figures for Cand compare
them with the emission figures reported by the {slam the Norwegian Pollution Control
Authority to check if they are reasonable. Thewalons are based on the clinker production
(reported annually from the plants to the Statisiieway). The emission factors used are
recommended by SINTEF (1998a) and based on thalamimposition of the raw materials
used. These emission factors are calculated partictor the two Norwegian plants and are
0.520 and 0.541 tonne G@er tonne clinker respectively. The IPCC defauission factor is
0.5071 tonne Cghtonne clinker. The calculated emission figuresagyuite well with
emissions figures reported by the plants.
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4.2.1.7. Recalculations
There has been no recalculation since NIR 2008.

4.2.1.8. Planned improvements
There is no planned activity this year that wilprave the data quality for NIR 2010.

4.2.2. Lime Production — 2A2

4.2.2.1. Description

Three plants that produce lime in Norway report€d €missions from processes to SFT. The
GHG emissions from lime production represent 1xiceat of the total emission from
Industrial processes in 2007.

4.2.2.2. Methodological issues

All three plants calculate the emissions of@sed on actual production volumes of lime
and plant specific emission factors for £@m limestone and dolomite respectively. The
emissions are reported to the SFT. For one of g SFT has estimated the emissions for
2002-2004 based on activity data and plant speeifisssion factors. SFT has also
interpolated the emissions for the years 1991-188te same plant. .

4.2.2.3. Uncertainties

Uncertainty estimates for greenhouse gases ara qivennex |l.

4.2.2.4. Source specific QA/QC and verification

The general QA/QC methodology is given in Sectidhahnd the specific QA/QC carried out
for Industrial processes is described in Annex lll.

4.2.2.5. Recalculations

There has been no recalculation since NIR 2008.

4.2.2.6. Planned improvements
There is no planned activity this year that wilprave the data quality for NIR 2010.

4.2.3. Limestone and Dolomite Use - 2A3

4.2.3.1. Description

Two plants report emissions from limestone and ishitl® use to SFT. One plant neutralizes
sulphuric acid waste with limestone and fly ashisTagroduces C® The use of fly ash
decrease the G@missions compared with when limestone is used.sBeond plant is a
brick producer and uses limestone in its producfidre GHG emissions from this source
category in 2007 were 0.3 per cent of the totaksian from Industrial processes.
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4.2.3.2. Methodological issues

The plants report emission figures of £X0 SFT. The emissions are calculated by
multiplying the amount of sulphuric acid and linmst with emission factors.
4.2.3.3. Emission factors

An emission factor of 0.45 tonnes €ger tonne sulphuric acid is used by the plant,
calculated from the reaction equation. The briakdpicing plant uses an emission factor of
0.440 tonnes C{per tonne CaC®©

4.2.3.4. Uncertainties

Uncertainty estimates for greenhouse gases ara givennex |l. .

4.2.3.5. Source specific QA/QC and verification

The general QA/QC methodology is given in Sectidghahd the specific QA/QC carried out
for Industrial processes is described in Annex Ill.

4.2.3.6. Recalculations

The minor emissions of GArom a brick producing plant, previously not esited, have
been included for the whole period 1990-2006.

4.2.3.7. Planned improvements

There is no planned activity this year that wilrave the data quality for NIR 2010.

4.3. Chemical Industry — 2B

In the Norwegian inventory, there are 14 differactivities included under chemical industry.
Nearly all emissions figures from this industrylinded in the inventory are reported figures
from the plants to the SFT. Table 4.3 shows whaGGithat is emitted from which industry,
tier of methodology and if the source categoryayg &ategory or not.

Table 4.3. Chemical industry. Components emittetiacluded in the Norwegian inventory.

COz CH4 Nzo NMVOC Tier Key
category
Ammonia R NA NA NA Tier 2 Yes
Nitric acid NA NA R NA Tier 2 Yes
Silicon carbide R+E R/E NA NA Tier 2 Yes
Calcium carbide R NA NA R Tier 1 No
Methanol E R NA R Tier 2 No
Plastic R+E R NA R Tier 2 No

R means that emission figures in the national éorisaventory are based on figures reported bypthats. E means that the figures are
estimated by Statistics Norway (Activity data * esion factor). NA = Not Applicable.
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4.3.1. Ammonia Production — CO; - 2B1 (Key category)

4.3.1.1. Description

In Norway ammonia is produced by catalytic steaformeing of wet fuel gas (containing
ethane, propane and some buthane). This is ome atéps during fertilizer production.
Hydrogen is needed to produce ammonia, and wegheels the basis for the production of
hydrogen. A substantial amount of €@ recovered from the production process.

The net CQemissions from production of ammonia representég8r cent of the GHG
emissions from Industrial processes and 0.6 pdrafdahe Norwegian emissions in 2007.

The gross C@emissions from the production process were ab@ye? cent lower in 2007
compared to 1990 while the net emissions decreagbd!O per cent in the period. The
reduction in the net emissions is due to that theumt of recovered C{Oncreased by about
130 per cent. From 2006 to 2007 the gross, netecalered C@all decreasd by about 20
per cent.

In 2007, 155 kilo tonnes CQvere captured and sold, see Figure 4.1. The amiat the
amount of CQ captured is from about 70 k tonnes, in 1990 arg® 1® about 200 kilo
tonnes in the years 2000-2006.

According to the Tier 1 key category analysis amia@noduction is defined as key category
due to contribution in level and trend.

Figure 4.1 CQ emissions from production of ammonia.

CO, emissions from production of ammmonia
800,000
700,000 /’\\
600,000 //\/\\ /f\\/
g 500,000 N\ N \ I —— Gross emissions of CO2
g 400,000 \ / Recovery of CO2
§ 300,000 \/ Net CO2 emissions
200,000 /f\f"\
100,000 ~/
0,000 : : ‘
1990 1995 2000 2005
Source: SFT

4.3.1.2. Methodological issues

The CQ emission figures in the Norwegian emission inventoodel are based on annually
reports from the plant. The plant calculates thessions by multiplying the amount of each
gas used with gas specific emission factor.
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The plant has reported consistent figures bacl®@®1A part of the C®which is generated
during the production process, is captured and teotdher objectives et cetera soft drinks,
and therefore deducted from the emission figureshie source and reported22 Food
and Drink Some of the captured G@ exported to other countries but is nevertheless
included in the Norwegian GHG Inventory.

4.3.1.3. Activity data

The total amount of gas consumed is annually reddsy the plant to SFT. As a part of the
official Industrial statistics gas consumed is aksported to Statistics Norway who use these
figures for the QA/QC calculations by alternativethod.

4.3.1.4. Emission factors

The plant emission factors used in the calculat@fresmissions are based on carbon content
in the gases consumed.

4.3.1.5. Uncertainties

The amount of gas is measured by using turbinematel the meters are controlled by the
Norwegian Metrology Service. The uncertainty in theasurement of propane and butanes is
calculated to £ 0.2 and ethane + 0.13 per cent.nlixeof propane/butanes is as average 60
per cent propane and 60% butanes.

4.3.1.6. Source specific QA/QC and verification

The general QA/QC methodology is given in Sectidghahnd the specific QA/QC carried out
for Industrial processes is described in Annex Ill.

The figures reported from the plant are comparezhtoulations done by Statistics Norway
based on total amount of gas consumed and an emisgtor on 3 tonnes Gfonne LPG
recommended by IPCC (1997b). The calculated enmisgigures agree quite well with
emissions figures reported by the enterprises.

4.3.1.7. Recalculations

There has been no recalculation since NIR 2008.

4.3.1.8. Planned improvements
There is no planned activity this year that wilprave the data quality for NIR 2010.

4.3.2. Production of Nitric Acid —N,0 - 2B2 (Key Category)

4.3.2.1. Description

There are two plants in Norway where nitric acigrigducedNitric acid is used as a raw
material in the manufacture of nitrogenous-basedifer. The production of nitric acid
(HNOs) generates nitrous oxide {8) and NQ as by products of high temperature catalytic
oxidation of ammonia (N§J.

The two plants have together five production lif@se production line was rebuilt in 1991
and in 2006 two lines were equipped with the tetdoo- N,O decomposition by extension
of the reactor chamber. Full effect of implementing latter technology will be reached in
2007. Figure 4.3 shows that the production spebifio emissions were reduced substantially
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in the early 90ties. The reduced emissions wergauvebuilding of one production line in
1991 and that a larger part of the production bectkom that line. From 1992 approximately
50 per cent of the total production of nitric adrom that production line.

The NO emissions are based on continuous measuremigvit af the production lines that
represent about 60 per cent of the productionhrget other lines the emissions are based on
monthly measurements, two of the lines, and weeldgsurements at the last production line.
The fluctuation in IEFs is assumed to explain bwyltlee emissions are measured.

The NO emissions from production of nitric acid accounfier 2.5 per cent of the total GHG
emissions in 2007, and 15.0 per cent of the GHG&nons in sector Industrial processes. The
N2O emissions have decreased with 34 percent frord «a®2007 while the production of

nitric acid increased by 22 percent. Correspondhmanges from 2006 to 2007 was 15 per
cent decrease inJ emissions and 0.4 percent reduction in production

Production of nitric acid is defined as key catggooth in level and trend according to the
Tier 2 key category analysis.

Figure 4.2 Relative change in total emissions, Itptaduction and IEF for nitric acid production.
1990=100

Relative change in total emissions, total productio n and IEF
for the plants and the sector category. 1990=100
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Figure 4.3 |IEF for nitric acid production. Tonne®l per tonne nitric acid. 1990=100
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4.3.2.2. Methodological issues

NG,

The two plants report the emissions ofd0Nlo SFT. The BD emissions have been
continuously measured since 1991 at one produtiherand from 2000 at another. The
emissions at the three other production lines ased on monthly and weekly measurements.
4.3.2.3. Activity data

The plants report the production of Hj® SFT.

4.3.2.4. Uncertainties

Uncertainty estimates for greenhouse gases ara givennex Il. The uncertainty in the
measurements is estimated by the plant to +7 (RIOD)2 However, in the 2006 report to SFT
one plant reports that the uncertainty in measunewieN,O is calculated to £1-3 per cent.
4.3.2.5. Source specific QA/QC and verification

The general QA/QC methodology is given in Sectidhahnd the specific QA/QC carried out
for Industrial processes is described in Annex lll.

The plants report the production of HN® SFT. They compare trends in the production data
with the trend in MO emission and use this as a quality check.

4.3.2.6. Recalculations
The reported figure on JO emissions from one plant in 2006 has been altered

4.3.2.7. Planned improvements
There is no planned activity this year that wilpirave the data quality for NIR 2010.
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4.3.3. Silicon Carbide — 2B4 (Key Category)

4.3.3.1. Description
Silicon carbide has been produced at three plarts2006 when one plant was closed down.

Silicon carbide (SiC) is produced by reduction o&dz (SiQ) with petrol coke as a reducing
agent.

(4.2) SiQ+3C - SiC+2CO

COnf- CO,

In the production of silicon carbide, G@nd CO is released as a by-product from the wwacti
between quartz and carbon. Methane {QHay be emitted from petrol coke during parts of
the process and sulphur origin from the petrol coke

The GHG emissions from production of silicon caebatcounted for 0.1 per cent of the total
GHG emissions in 2007, and 0.8 per cent of the @Hii&sions in sector Industrial processes.
The emissions were reduced by 67.3 per cent igghes 1990- 2007 and increased by 3.2 per
cent from 2006 to 2007. The large decrease fron® 192007 is due to reduced production
and that one plant was closed down in 2006. Thatufation in emissions over the years is

due to variation in production of crude siliconlude.

According to the Tier 2 key category analysis adelproduction is defined as key category
due to change in trend.

4.3.3.2. Methodological issues

Norway changed in NIR 2006 the method for calcatCQ from silicon carbide production
from the mass balance method described in the B#i896 IPCC Guidelines (using input of
reducing agents) to an EF-based method (using @iliden carbide production as activity
data). Both methods are regarded as being TiertBads in IPCC 2006. During the review of
the initial report in 2007 the reviewer raised dioesto the change of method but concluded
after consideration that the two methods providg gemilar results, except for 1990, and that
the use of the present method is justified.

CO;
Emission figures are reported annually by the tipteats to the SFT.

CO, from process is calculated based on the folloveiggation:
(4.3) CO, = X Activity data * Emission factor

The three production sites have used amount ofymexticrude silicon carbide as activity data
in the calculation of C@emissions.

NMVOC

Emission figures are reported to the Norwegianu@olh Control by the plants. The
emissions are calculated by multiplying annual patithn of silicon carbide by an emission
factor.
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Indirect emission of C@is calculated by Statistics Norway based on thission of CH.

CH,
The emission of Cldfrom production of silicon carbide is calculateasbd on the following
equation:

(4.4) CQ= 2 Activity data* Emission factar

The three production sites has used amount of peztiarude silicon carbide as activity data
and a plant specific emission factor.

CO
The emissions of CO are calculated by StatisticsMdyg from the consumption of petrol coke
and an emission factor.

4.3.3.3. Activity data

The activity data used by the plants for the calitoh of CQ and CH are the amount of
produced crude silicon carbide. The activity datadiby Statistics Norway for the calculation
of CO is the consumption of petrol coke as reporbeStatistics Norway.

4.3.3.4. Emission factors

CO
All three sites have changed their emission faitidhe default factor of 2.62 ton Gidn
crude silicon carbide (IPPC 2006), see Table 4.4.

CH,
For calculation of methane emissions the plantiipeanission factor 4.2 kg C#tonne
crude SiC is used, see Table 4.4.

Documentation of the choice and uncertainties efeimission factor is given in Section
4.3.3.5.

CO
The emission factor is in accordance with the IR&@delines (IPCC 1997h).

Table 4.4. Emission factor for G@H, and CO used for silicon carbide production.

Component Emission factor Source

CO, 2.62 tonnes C@tonnes crude SiC  IPCC 2006

CH, 4.2 tonnes Chkl/tonnes crude SiIC ~ PS

CcO 0.4 tonnes CO/tonnes petrol coke Rosland (1987)
NMVOC

From 2007 and onwards the emission factor is basedeasurements made once a year. The
emission factors for 2007 for are 10.906 t NMVOGC3kt for Washington Mills and 10.84 t
NMVOC/kt Sic for Saint Gobain. For previous yedhse emission factor for Saint Gobain is
more or less constant whereas the emission famtashington Mills varies.
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Uncertainties

CO,

Activity data: The three productions sites useaimmunt of produced crude silicon carbide as
activity data. The uncertainty of the activity @afiven as this production figure is calculated
to bezx 3 per cent.

Emission factor: When using the standard emissotof of 2.62 tonne C{ionnes SiCthe
uncertainty range is estimated to be — 16 % to %t+7This can be explained due to variations
in raw materials as well as process variations,iatésed on previous development of site
specific emissions factors (SINTEF 1998 e).

The carbon content in coke is varying, normallyrir85 to 92 % carbon. The coke is also
varying in the content of volatile components, leygrocarbons. There are also variations in
the process itself. The Acheson process is at atadess, and the reactions include many
part reactions that differ from batch to batch,shese of variations in the mix of quarts and
coke, the reactivity of the coke etc. The processgations described above is the reason why
the factor presented in tonne &Onn coke used is not constant. For WashingtofsNhie
factor is in the range 1.07-1.27. For Saint Goloaia has to look at the two plants in
Lillesand and Arendal together, because the inpdtautput from them are somewhat mixed
together. The factor for them is in the range A B4.This implies that the output of SiC will
have some variation from batch to batch.

The justification of changing method is that th& lienne CQ /tonne coke varies over the
years due to variation in carbon content in coke that this variation is larger or in the same
order of variation that the production of crudécsih carbide. In addition there is a relatively
large difference in the carbon consumption dataénearly 1990s due to the use of purchase
data as a proxy for carbon consumption. The silzambide production data in the early
1990s especially is considered being more acctinatethe coke consumption.

Emissions: The total uncertainty of the resultingssions of CQ based on uncertainties in
activity data and emissions factor, is calculateti¢ in the range of — 20 % to + 10 %.

CH,

Activity data: The three production sites use thant of produced crude silicon carbide as
activity data. The uncertainty of the activity @afiven as this production figure is calculated
to bet 3%.

Emission factor:
The emission factor of 4.2 kg Gitbnne SiC is used, and the uncertainty leveltisneded to
be+ 30%.

The following explains the calculation of emissfantor and the uncertainty level:

The production of SiC is a batch process with danadf about 43 hours. The GH
concentration (ppm) is monitored continuously tingt 6.5 hours. After this, only control
monitoring is carried out. The results show thatd¢bncentration of CHs peaking in the
first hour of the process, giving a ¢Ebncentration 10 — 15 times higher than in the3as
hours of the process. A typical level of the coriion of CH, is given in Figure 4.4 below.
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If the CH;-concentration is averaged over the total batcle w3 hours, this will give an
emissions factor of 4.2 kg GHonne SiC, i.e. 3.5 kg Gi#tonne petrol coke.

1B 2 25 30 35 40 45
Timer ett oppstart

Konsentrasjon ppm
CH,

Figure 4.4 Concentration of CHor one batch of SiC.

To establish the uncertainty level, the followirgg@ssments was done:
e The uncertainty in monitoring of concentration @mally = 5 per cent (expert judgment).
e The uncertainty of monitoring of the amount of gawithin + 15 per cent (type of monitoring
equipment).
*  The uncertainty of the production of SiC for eaelich is stable, and is assessed to be within &déve
+ 5 per cent.

*  The uncertainties of raw materials and processtiari add + 5 per cent.

If these uncertainties are added, the estimatdt igfsiotal uncertainties for the resulting
emissions of Chlis + 30 per cent.
4.3.3.5. Source spesific QA/QC and verification

The general QA/QC methodology is given in Sectidhahnd the specific QA/QC carried out
for Industrial processes is described in Annex Ill.

4.3.3.6. Recalculations

Emissions of NMVOC from production of crude silicoarbide have been estimated by the
plants for the whole period from 1990, and aretlierfirst time included in the emission
inventory.

4.3.3.7. Planned improvements
There is no planned activity this year that wilprave the data quality for NIR 2010.

4.3.4. Production of Calcium Carbide — 2B4

4.3.4.1. Description

One plant in Norway was producing calcium carbidgl 2003. The production of calcium
carbide generates G@missions when limestone is heated and when p=ika is used as a
reducing agent.
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The reaction
(4.5) CaCQ - CaO +CQ
which takes place when limestone (calcium carbQnateecated.

The reactions
(4.6) CaO + C (petrol coke). CaG + CO

(4.7) COOf - CO
where petrol coke is used as a reducing agenttcesthe CaO to calcium carbide.

4.3.4.2. Methodological issues

The CQ figures in the National GHG emission inventory based on emission figures
reported from the plant to SFT. The emission egemsare based on the amount of calcium
carbide produced each year and an emission fastionaed by (SINTEF 1998e). Some of
the carbon from petrol coke will be sequestereithénproduct, but not permanently. Thus,
this carbon is included in the emission estimate.

4.3.4.3. Activity data
The amount of calcium carbide produced is repdriethe plant to SFT.

4.3.4.4. Emission factors

The emission factor used by the plants in the taticun of CQ has been estimated by
(SINTEF 1998e€) to be 1.71 tonne/ tonne include@ 00, /t cac, from fuel. In the CRF

the emissions from fuels is reported in the Enafwgpter. (SINTEF 1998e) conclude that the
one reason for the difference between the facsotisat the IPCC assumes that all calcium
carbonate is calcinated. However, in the produgbimtess at the plant they first produced
CaG that gives C@emissions. Some of the Ca®as then refined to DICY in a process that
consumed C@ This CQ gas was collected from one of the first stephef@aG

production. The net consumption of €@ production of DICY is according to SINTEF
about 1.3 tonne C{per tonne DICY produced. This implies that thecipeCO; IEF
fluctuates.

4.3.4.5. Uncertainties
Uncertainty estimates for greenhouse gases ara gqivénnex Il.

4.3.4.6. Source specific QA/QC and verification

The general QA/QC methodology is given in Sectidghahnd the specific QA/QC carried out
for Industrial processes is described in Annex Il

4.3.4.7. Recalculations
There has been no recalculation since NIR 2008.

4.3.4.8. Planned improvements
Since the plant is closed down there is no furgh@nned activity to review historical data.
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4.3.5. Production of Methanol - 2B5

4.3.5.1. Description

One plant in Norway produces methanol. Naturalagasoxygen are used in the production
of methanol. The conversion from the raw mateti@alsiethanol is done in various steps and
on different locations at the plant. ¢ehd NMVOC are emitted during the production
process. Emissions from flaring of natural gas dpction of methanol are now as
recommended by IPCC'’s review team reported undér 2B

Indirect emissions of C{are calculated by Statistics Norway based on thissson of CH
and NMVOC, see chapter 1.3.3.

4.3.5.2. Methodological issues

The plant reports emission figures of £&dhd NMVOC to SFT. The reported emissions are
based on measurement.

4.3.5.3. Emission factors

Emission factors for flare of natural gas are f@,C2340 tonnes/Stfor CH, 0.24
tonnes/Smand for NO: 0.02 tonnes/Si

4.3.5.4. Uncertainties

Uncertainty estimates for greenhouse gases arae givénnex Il.

4.3.5.5. Source specific QA/QC and verification

The general QA/QC methodology is given in Sectidhahnd the specific QA/QC carried out
for Industrial processes is described in Annex lll.

4.3.5.6. Recalculations

There has been no recalculation since NIR 2008.

4.3.5.7. Planned improvements
There is no planned activity this year that wilprave the data quality for NIR 2010.

4.3.6. Production of Plastic 2B5

4.3.6.1. Description

Three plants report emission under this sourcegoage Two of the plants were one plant up
to 2001. One of the plants produces ethylene aoplytene where the other has vinyl chloride
production. Various components are emitted durregproduction of plastic.

CH, and NMVOC emissions are from leakages in the m@deirect CQ@emission is from
combustion and is reported in Chapter 3 Energy.

During the production process of ethylene and vainybride there is an oxide chloride step

for production of ethylene chloride followed by ckiang to vinyl chloride monomer and
hydrochloric acid.
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4.3.6.2. Methodological issues
CO,, CH; and NMVOC

Emission figures are annually reported to SFT, @@m combustion is based on gas specific
emissions factors and activity data. £ahd NMVOC emissions reported are based on
measurements.

Indirect emissions of C{calculated by Statistics Norway are based on tiesson of CH
and NMVOC.

4.3.6.3. Uncertainties

It is difficult to measure leakages of ¢Bhd NMVOC and therefore the uncertainty is
regarded as being large. Uncertainty estimategriE@nhouse gases are given in Annex Il.
4.3.6.4. Source specific QA/QC and verification

The general QA/QC methodology is given in Sectidhahd the specific QA/QC carried out
for Industrial processes is described in Annex lll.

4.3.6.5. Recalculations

There has been a minor change in indirect €@issions from one plant in 2006, due to
altered figure for reported NMVOC emissions.

4.3.6.6. Planned improvements

There is no planned activity this year that wilpirave the data quality for NIR 2010.

4.3.7. Production of Explosives - 2B5

4.3.7.1. Description

There has been one plant in Norway producing exmesbut the plant was closed down in
2001. Nitric acid was used as a raw material imtla@ufacture of explosives and in the
production of nitric acid NQwas emitted.

4.4, Metal Production — 2C

Metal production in Norway includes plants prodgciron and steel, ferroalloys, aluminium,
nickel zinc and also magnesium until spring 2006dBction of anodes is also included in
this chapter. Nearly all emissions figures from pheduction of metals included in the
inventory are figures reported annually from thenps$ to the SFT.

Approximately 10 per cent of total GHG emission®iorway were from Metal Production in
2007, and the sector contributed with nearly 61ceeit of the emissions from Industrial
Processes. The largest contributor to the GHG eonmis$rom Metal Production in 2007 is
Aluminum production and ferro alloys.

The emissions from Metal Production decreased by g&r cent from 1990-2007 and

increased by 4.6 per cent from 2006-2007. The tezluérom 1990-2007 was due to
decreased PFC and &hat again was due to improvement in technologynaium
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production and the close down of a magnesium pa006. The CQemissions from Metal
Production increased by 10.4 per cent from 1990720 by 6.9 percent from 2006-2007.

Table 4.5 Metal production. Components emittedianllided in the Norwegian inventory.

CO, CH,4 PFCs Sk Tier Key
category

2C1 Iron and steel R NA NA NA Tier 2 Yes
2C2 Ferroalloys R R NA NA Tier 2/3 Yes
2C3 Primary R NA R R Tier 2 Yes
aluminium
2C4 Secondary |[NA NA NA R Tier 1 No
aluminium
2C4 Magnesium E NA NA R Tier 2 Yes
2C5 Nickel R NA NA NA Tier 2 No
2C5 Anodes R NA NA NA Tier 2 No

R means that emission figures in the national éorisaventory are based on figures reported bypthats. E means that the figures are
estimated by Statistics Norway (Activity data * esion factor). NA = Not Applicable.

4.4.1. Production of Iron and Steel — 2C1

4.4.1.1. Description

Three plants producing iron and steel are includeéte Norwegian Inventory. In Norway,
iron is produced from ilmenite and coal is usea asducing agent. Various components are
emitted during the production process. Processsoms of CQfrom an iron/steel

production are primary from coal used as a reduagent.

According to the Tier 1 key category analysis,@missions from production of iron and
steel are key category in level and trend.

4.4.1.2. Methodological issues

In the Norwegian GHG Inventory, emission figure<C@,, annually reported to the SFT, are
used. These emission figures are based on calmsati

4.4.1.3. Uncertainties

Uncertainty estimates for greenhouse gases ara givénnex V.

4.4.1.4. Source specific QA/QC and verification

The general QA/QC methodology is given in Sectidghahnd the specific QA/QC carried out
for Industrial processes is described in AnnexdlD, emission figures reported to SFT are
compared with calculations at Statistics Norwaygshe amount of reducing agent and
emission factors. This method is recommended byCIR@Gen data from measurements are
not available.

Annually reported emission figures are first colé by the SFT and then Statistics Norway.
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Adjustments and recalculations have been donéntmet years reported emission figures
seem to be unreasonable high or low compared toqudy years. This is applicable when
the variations in the reported emission figuresxdbhave a natural explanation.

4.4.1.5. Recalculations

As stated under 1A2a, G@missions from one plant, which previously wegistered as
combustion emissions, have now been split betweareps and combustion for the whole
period 1990-2006, thus causing an increase in pEOERISSIONS.

4.4.1.6. Planned improvements
There is no planned activity this year that wilprave the data quality for NIR 2010.

4.4.2. Production of Ferroalloys - CO, - 2C2 (Key Category)

4.4.2.1. Description

There were 12 plants producing ferroalloys in Norwa2006. One plant closed down in
2001, two plants were closed down during 2003 amdin 2006. The plant that was out of
production in 2006 started up again in 2007. Fdrcos, silicon metal, ferromanganese and
silicon manganese are now produced in Norway. Ebromium was produced until the
summer in 2001. Ferro silicon with 65 to 96 percgirnd silicon metal with 98-99 percent
Si is produced. The raw material for silicon is gsidSiQ). SiO; is reduced to Si and CO
using reducing agents like coal, coke and charcoal.

(4.8) SiQ - SiO- Si+CO
The waste gas CO and some SiO burns to forma&@@ SiQ (silica dust).

In ferroalloy production, raw ore, carbon materetsl slag forming materials are mixed and
heated to high temperatures for reduction and smyelfhe carbon materials used are coal,
coke and some bio carbon (charcoal and wood). fideszsibmerged arc furnaces with
graphite electrodes or consumable Soederberg @ellestrare used. The heat is produced by
the electric arcs and by the resistance in thegeharaterials. The furnaces used in Norway
are open, semi-covered or covered.

Several components are emitted from productiorwballoys. Emission of CQOs a result of
the oxidation of the reducing agent used in thelpction of ferroalloys. In the production of
FeSi and silicon metal NMVVOC and GEmissions originates from the use of coal and coke
in the production processes. From the productidiermd manganes (FeMn), silicon
manganes (SiMn) and ferrochromium (FeCr) therenlg 6O, emissions.

Measurements performed at Norwegian plants produeimo alloys indicates that in addition
to emissions of C@and CH also NO is emitted. The emissions of ¢end NO are
influenced by the following parameters:
* The silicon level of the alloy (65, 75, 90 or 983% and the silicon yield
* The method used for charging the furnace (batctontinuously)
* The amount of air used to burn the gases at thedopolling the temperature in off
gases.
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The GHG emissions (GOCH, and NO) from ferroalloy production accounted for 5.2 per
cent of the national total GHG emissions in 1990 a® per cent in 2007. The GHG (0O
CH,4 and NO) emissions from production of ferroalloy decrebisg 16.7 per cent from 1990
to 2007. From 2006 to 2007 the GHG emissions fremoélloy production increased by 17.2
per cent.

According to the Tier 2 key category analysis,@missions from production of ferroalloys
are key category in level due to uncertainty inssiain factors and the large share of total
emissions.

4.4.2.2. Methodological issues

CO,

The methods used in the calculation of &issions form production of ferroalloy is in
accordance with the method recommended by the IPRCC 1997b), GPG (IPCC 2001)
and the 2006 Guidelines adopted by IPCC in Api flear. Emissions are reported by each
plant in an annual report to the SFT.

The plants have used two different methods forutatng CQ-emissions:

1. Mass balance; the emissions for {d€®calculated by adding the total input of C imra
materials before subtracting the total amount af @Groducts, wastes and sold gases
(Tier 3)

2. Calculate emission by multiplying the amount ofueidg agents in dry weight with
country specific emission factors for coal, coketrpl coke, electrodes, anthracite,
limestone and dolomite. (Tier 2)

The two methods are regarded as being consistdregah plant have used the same method
for the entire time series.

Indirect emissions of Cfare calculated based on the emission of &ktl NMVOC.

CHsand NO

The emissions of CiHand NO are calculated by multiplying the amount of fatloy

produced with an emission factor. Emissions arented by each plant in an annual report to
the SFT.

Plants producing ferro manganes, silicon manganég$earochromium do not emit emissions
of CH; and NO.

NMVOC

The emissions are estimated by Statistics Norway fhe consumption of reducing agents
and an emission factor.

4.4.2.3. Activity data

CO,
Calculation of emissions is based on the consumpmtigross reducing agents and electrodes
in the production of ferroalloys.

CH; and NO
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The gross production of different ferroalloys igdsn the calculation.

NMVOC
The gross amount of reducing agents that are usdtd calculation of NMVOC emissions
are annually reported to Statistics Norway fromhealant.

4.4.2.4. Emission factors

CO,

The carbon content of each raw materials usedeMidr 3 calculation is from carbon
certificates from the suppliers. The carbon in gadduct, CO gas sold et cetera is calculated
from the mass of product and carbon content.

In the Tier 2 calculation the emission factorsfaoen SINTEF (1998b, 1998c and 998d) and
the factors are listed in Table 4.6.

Table 4.6. Emission factors from production of dattoys. Tonnes C{ionne reducing agent or
electrode.

Coal| Coke| Electrodes| Petrol coke| Carbonate | Dolomite
ore Limestone
Ferro silicon 3.08 3.3 3.36 -- -- --
Silicon metal 3.120 3.3 3.54 -- -- --
Ferro chromium | -- 3.22 3.51 -- -- --
Silicon manganese- 3.24 | 3.51 3.59 0.16-0.35 0.43-0.47
Ferro manganesg -- 3.24 351 3.59 0.16- 0.35 041B-0

Source: SINTEF (1998b, 1998c, 1998d).

CHsand NO
Measurements performed at Norwegian plants produeimo alloys indicate emissions of
N2O in addition to CkHl The emissions of CHand NO are influenced by the following
parameters:

* The silicon level of the alloy (65, 75, 90 or 983% and the silicon yield

* The method used for charging the furnace (batcontinuously)

* The amount of air used to burn the gases at thedopolling the temperature in off

gases.

Measurements campaigns at silicon alloy furnacee baen performed since 1995, and these
measurements is the base for the values in the BRE&EMent for silicon alloys. The results
of the measurements, that the emissions factdreiNorwegian Chland NO are based

upon, are presented in SINTEF (2004a). A summatgefeport is given in the publication
Reduction of emissions from ferroalloy furnaces BH¥ (2004b). Main focus for the studies
has been NQemissions. However, the emissions of,GiHd NO have also been measured.

Full scale measurements have been performed atetiffindustrial FeSi/Si furnaces. The
average Chland NO concentrations in the ferroalloy process are witime exceptions a few
ppm. For NO and CH the exception is during spontaneous avalanchééeioharge (i.e.
collapse of large quantities of colder materialkrfg into the crater or create cavities) occur
from time to time, see Figure 7 in SINTEF (2004h)the avalanches the,® emissions goes
from around zero to more that 35 ppm. The avalasmehe always short in duration. There are
also increased XD emissions during blowing phenomenon.
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The EF used in the inventory represents the loteyen-average pO and CH concentration
measurements outside the peaks in concentratibiespdaks in concentration occur due to
avalanches (sudden fall of large amount of coltiarge into the furnace) that occur from
time to time is not fully reflected in the EFs. TBEs used we regard as conservative
particular for the early 1990s when the avalanete® more frequent than the latest years.

All companies apply sector specific emission fagiarthe emission calculation, see Table
4.7. The factors are developed by the Norwegiarmgfoy Producers Research Organisation
(FFF) and standardized in meeting with The Fedamaif Norwegian Process Industries
(PIL) (today named Federation of Norwegian Indesirin February 2007.

Table 4.7. Emission factors for Gldnd NO from production of ferroalloys. Emission factors
in kg per tonne produced ferroalloy.

FeSi-
Si-met FeSi-75% 65%
Alloy,
charging Sprinkle- Sprinkle- Sprinkle-
routines Sprinkle-  charging charging charging
and Batch- charging and Batch- Sprinkle- and Batch- Sprinkle-  and
temperature | charging ! >750C? | charging charging ! >750C? charging charging ' >750C?
kg CH, per
tonne metal 0.1187 0.0881 0.1000 0.0890 0.0661 0.0750 0.0772 0.0573 0.0650
M M E E E E E E E
kg N.O per
tonne metal 0.0433 0.0214 0.0252 0.0297 0.0136 0.0161 0.0117 0.0078 0.0097
E E E E E E E E E

1 Sprinkle-charging is charging intermittently eyeninute.

2 Temperature in off-gas channel measured wherth#tenocouple cannot ‘see’ the combustion in tmedae
hood.

M=measurements and E= estimates based un measusemen

NMVOC
Statistics Norway uses an emission factor of 1. Rkt OC/tonne coal or coke (EPA 1986)
in the calculations.

4.4.2.5. Uncertainties

The uncertainty in activity data and emission fextoave been calculated to £5 per cent and
+7 per cent respectively, see Annex II.

4.4.2.6. Source specific QA/QC and verification

The general QA/QC methodology is given in Sectidghahnd the specific QA/QC carried out
for Industrial processes is described in AnnexTHe reported emissions from the plants
were compared with emissions data given in theednitok and other relevant data available.
In some cases, the emission data were verifieddling control calculation based on
emission factors and activity data. In all cases,donstruction of charts and figures of
emissions and activity data helped identifying migsiata and possible errors.
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All the main producers of ferroalloys in Norway werontacted and asked to supply missing
emissions data and activity, and to explain anibbs errors identified. The feedback from
the companies made it possible to make correcaoddilling of gaps in the series of data.

A complete time series from 1990 to 2004 could staldished for all three relevant
greenhouse gas parameters for most companiesfrDatdhe white book and the reported
company data corresponded well.

During the review of the initial report in the 208¢tivity data like coal, coke, electrodes,
petrol coke and bio carbon were collected from gdaht once again and so was emissions of
CH, and NO based on EFs shown in Table 4.7. With very feeepions the AD reported in
the CRF is data that the plants have reported 1o ke IEF for the sector and also for each
plant is fluctuating from year to year mainly doevariation in sold CO and in production of
ferro alloy products.

Statistics Norway makes in addition an annual gquabntrol (QC) of the emission data on
the bases of the consumption of reducing agenysabléect in an annual survey and average
emission factors.

4.4.2.7. Recalculations

CO, emissions from some plants have been adjustdatiglidownwards for 2006, as the
previous figures also included combustion emissigsscombustion emissions also were
calculated separately in the 2008 submission, dldarounting has accordingly been
corrected.

4.4.2.8. Planned improvements
There is no planned activity this year that wilpirave the data quality for NIR 2010.

4.4.3. Production of Primary Aluminium —CO , and PFC - 2C3 (Key Category)

4.4.3.1. Description

There are seven plants in Norway producing alummiBoth prebaked anode and the
Soederberg production methods are used. In theeBuoed) technology, the anodes are baked
in the electrolysis oven, while in the prebakedtedogy the anodes are baked in a separate
plant. In general the emissions are larger fromSithederberg technology than from the
prebaked technology.

Production of aluminium leads to emission of vasisomponents as G50, NOy,
perfluorocarbons (PFCs), heavy metals and persistganic pollutants. The emission of
CO; is due to the electrolysis process during the pecodn of aluminium, while the SO
emissions are from the sulphur in the reducing egesed. NQ is primary produced by the
high temperature oxidation of nitrogen in the Ait.plants also report emissions of particles,
heavy metals and PAH. Emissions of heavy metalsaeeo the metal content in the raw
materials used and the reducing agents.

There has been a substantial reduction in the R#t@l emissions from the seven Norwegian

aluminium plants in the period from 1990 to 200MisTis a result of the sustained work and
the strong focus on reduction of the anode efi@gjuency in all these pot lines and that there
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has been a shift from Soederberg to prebaked témiyorhe focus on reducing anode effect
frequency started to produce results from 199déth technologies. For prebaked
technology the PFC emissions per tonne aluminiume weduced from 2.57 in 1990 to 1.98
in 1991 and 0.96 in 1992 and respective valueSéederberg were 5.61, 5.29 and 5.03. In
2007 the specific PFC emissions were for prebakedSmederberg 0.40 and 1.57 kg£0
equivalent, see Figure 4.5. In 1990 57 per cettt@fluminium production in Norway was
produced with prebaked technology and the shaatuofinium production from prebaked
was increased to 83 per cent in 2007. Two new phaith prebaked technology were
established in 2002 and two plants using Soedetieelmology were closed down in 2001
and 2003.

PFCs emissions from production of aluminium conti#in 1990 to 6.8 per cent of the total
GHG emissions in Norway. The share of the tota®0@7 is reduced to 1.5 per cent.
Emissions of PFCs are decreased with 76.2 perfant1990 to 2007. However, between
2006 and 2007 the emissions have increased byer €ept.

The PFC emissions per tonne aluminium producedoimisly was 3.88 kg C&equivalent in
1990 and 0.60 kg C&equivalent in 2007. This is a reduction of 84 pent from 1990 to
2007. However, there was an increase of 12 perfoemt2006 to 2007. The increase in
specific emissions in 2007 was due to plant specdnditions..

An increase in production capacity is also inclugdethe modernisation, leading to higher
emissions of C@

PFCs and C@emissions from aluminium production are both kategory in level, PFC also
in trend both according to the Tier 2 key categomglysis.

Figure 4.5 kg PFC in CO2 equivalent per tonne ahiom

kg PFC in CO2 equivalent per tonne aluminium
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4.4.3.2. Methodological issues

CO,
The inventory uses the emission figures reporteslR®, calculated by each plant on the basis
of consumption of reducing agents. This includebaa electrodes, electrode mass and
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petroleum coke. The emissions factors are primaglgulated from the carbon content of the
reducing agents.

Previously, Statistics Norway estimated the,@&missions from consumption data provided
by the enterprises but now figures reported bypthats to SFT are used. Reported figures are
available since 1992. For 1990 and 1991 there nwemata, hence recalculation was made
using production data and reported emissions dath992.

The aluminium industry calculates the £€nissions separate for each technology. The
following methods are used:

CO, from Prebake Cells
(4.9) Q =A*C*3.67

* Where
Q is the total yearly emissions of O
* Als the yearly net consumption of anodes
» C s per cent carbon in the anodes
3,67 is the mol-factor C£C

CO, from Soederberg Cells
(4.10) Q = S*3.67*(K*C1+P*C2)
* Where
Q is the total yearly emissions of O
» Sis the yearly consumption of Soederberg paste
» Kis the share of coke in the Soederberg paste
e P is the share of patch in the Soederberg paste
o K+P=1
e Clis the fraction of carbon in the coke. Fraci®per cent Carbon/100
e C2is the fraction of carbon in the peach. Fracisoper cent Carbon/100

PFCs

Perfluorinated hydrocarbons (PFCs), e.g. tetrafiomthane (CJf and hexafluoroethane
(CJFg), are produced during anode effects (AE) in trebBke and Soederberg cells, when the
voltage of the cells increases from the normal 4t&¥5-40V. During normal operating
condition, PFCs are not produced. The fluorinehenRPFCs produced during anode effects
originates from cryolite. Molten cryolite is necasgas a solvent for alumina in the
production process.

Emissions of PFCs from a pot line (or from smejtare dependent on the number of anode
effects and their intensity and duration. Anodeetficharacteristics will be different from
plant to plant and also depend on the technologyl (Brebake or Soederberg).

During electrolysis two per fluorocarbon gases (BF@trafluormethane (GFand
heksafluorethane ¢E€s), may be produced in the following reaction:

Reaction 1
4NaAlF: +3C - 4Al +12NaF+ 3CE

148



National Inventory Report 2009 - Norway

Reaction 2
ANaAlF: + 4C - 4Al +12NaF 2C.Fs

The national data are based on calculated placifgpigures from each of the seven
Norwegian plants. We have used the Tier 2 methadifrcalculations, which are based on a
technology specific relationship between anodecefferformance and PFCs emissions. The
PFCs emissions are then calculated by the so-csllbgeg method, where a constant slope
coefficient, see Table 4.8, given as kg/@dhne Al/anode effect minutes per cellday, is
multiplied by the product of anode effect frequeaayl anode effect duration (in other words,
by the number of anode effect minutes per cell daydl this product is finally multiplied by

the annual aluminum production figure (tonnes diy@ar). The formula for calculating the
PFCs is:

kg CR, per year = &4 * AEM « MP
and
kg GFs per year = kg GFper year ¢ Exreicra
Where :
Scra = “Slope coefficient” for CE (kg pedta/anode effect minutes/cell day
AEM = anode effect minutes per cell day
MP = aluminium production, tonnes Al per year

Feorsicra= Welght fraction of GF¢/CF,

Table 4.8. Technology specific slope and overveltaggfficients for the calculation of PFCs
emissions from aluminium production.

Technology? "Slope coefficient™ ° Weight fraction GFs/CF;4
(kg prdtal)/ (anode effect/cellday)

Uncertainty Uncertainty

or4 (+96) Fcareicra (+06)
CWPB 0.143 6 0.121 11
SWPB 0.272 15 0.252 23
VSS 0.092 17 0.053 15
HSS 0.099 44 0.085 48

a. Centre Worked Prebake (CWPB), Side Worked Prels\k&8), Vertical Stud Sgderberg (VSS), HorizontaldSt
Sgderberg (HSS).

b. Source: Measurements reported to IAl, US EPAspred measurements and multiple site measurements.

c. Embedded in each slope coefficient is an asswamession collection efficiency as follows: CWPB 983%WPB 90%,
VSS 85%, HSS 90%. These collection efficienciegehzeen assumed based on measured PFC collectitinris|a
measured fluoride collection efficiencies and ekpgeinion.

Slope coefficient”: The connection between the anparameters and emissions of PFC.
Measurements of PFCs at several aluminium planis leatablished a connection between

anode parameters and emissions of @kd GFs. The mechanisms for producing emissions
of PFC are the same as for producing; @Rd GFs. The two PFC gases are therefore
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considered together when PFC emissions are catculdhe GFs emissions are calculated as
a fraction of the Clremissions.

The Tier 2 coefficients for Centre Worked Prebagelis (CWPB) are average values from
about 70 international measurement campaigns madegdhe last decade, while there are
fewer data (less than 20) for Vertical Stud Soeeeyleells (VSS). The main reason for the
choice of the Tier 2 method is that the uncertagin the facility specific slope coefficients is
lower than the facility specific based slope caméints in Tier 3. This means that there is
nothing to gain in accuracy of the data by doingsueements with higher uncertainties.

“Slope coefficient” is the number of kg ¢per tonne aluminium produced divided by the
number of anode effects per cell day. The parantatitrday is the average number of cells
producing on a yearly basis multiplied with the raenof days in a year that the cells have
been producing.

Sulphur hexafluoride (Sl

SFKs used as cover gas in the aluminium industry israssl to be inert, and $Emissions are
therefore assumed to be equal to consumption. Afptemt SEwas used as cover gas in the
production of a specific quality of aluminium fral®92 to 1996. The aluminium plant no
longer produces this quality, which means thai Skissions have stopped.

4.4.3.3. Emission factors

In the present calculations we have calculatedRRE€ emissions using the newest Tier 2
recommended values by IAIl for ¢Rhe slope coefficients of 0.143 kg f£&nne Al/anode
effect minutes per cell day for CWPB and 0.092\f&S). The amount of £&& is calculated
from the Tier 2 values for GFwhere the weight fraction of,&; to CF,is setequal to 0.121
for CWPB and 0.053 for VSS. This change alone imees the calculated G@quivalent
emissions by 10% for our prebake cells, becaustethigh global warming potential for
CoFe.

Thus, all the values we have used in our presduotileéions are technology specific data,
recommended by IAl. Our facility specific measudada that we have used until today are all
in agreement with these data, within the uncewnansinge of the measurement method
employed.

4.4.3.4. Activity data

Both production data and consumption of reducirenggyand electrodes is reported annually
to SFT.

PFCs
The basis for the calculations of PFCs is the armofiprimary aluminium produced in the
pot lines and sent to the cast house. Thus, angltedhmetal is not included here.

4.4.3.5. Uncertainties
Uncertainty estimates for greenhouse gases are givénnex Il.
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PFCs

The uncertainties in the so-called Tier 2 slopdfements from IAl is lower (6% and 17% for
CWPB and VSS cells, respectively), compared tarieasured facility specific based slope
coefficients, where the uncertainties are arourtd,28ven when the most modern measuring
equipment is used (the continuous extractive-typarier Transform Infrared (FTIR)
spectroscopic system). Control measurements irHyaro Aluminium plants (Karmgy and
Sunndal) done by Jerry Marks in November 2004, slibtat the measured values for
CWPB and VSS cells were well within the uncertairatigyge of the Tier 2 slope coefficients.

4.4.3.6. Source specific QA/QC and verification

The general QA/QC methodology is given in Sectidhand the specific QA/QC carried out
for Industrial processes is described in Annex Il

CO,

It was possible to establish data series of €@m 1990 to 2004 for all plants. There are still
some discrepancies between reports of procesedeld® and energy related GOespecially
in the beginning of the 1990s. This is becausea# difficult to provide sufficient energy data
to calculate the energy related combustions.

The emission figures reported by the plants are @sitrolled by Statistics Norway. Statistics
Norway make their own estimates based on the copoimof reducing agents and
production data collected in an annual survey arieage emission factors.

Percflourocarbons (PFCs)

The emission figures from the aluminium plantsreforted to SFT annually. As a quality
control, it is checked that the reports are coneplEtch figure is compared with similar
reports from previous years and also analysed gatkichnical changes and utilisation of
production capacity during the year into accoungriors are found the SFT contacts the
plant to discuss the reported data and changesadle if necessary.

SFT has regular meetings with the aluminium industnere all plants are represented. This
forum is used for discussion of uncertainties androvement possibilities.

SFT’s auditing department are regularly auditing dfuminium plants. As part of the audits,
their system for monitoring, calculation and repagtof emissions are controlled.

4.4.3.7. Recalculations

There has been no recalculation since NIR 2008.

4.4.3.8. Planned improvements
There is no planned activity this year that willprave the data quality for NIR 2010.

4.4.4. Production of Secondary Aluminium — 2C4

4.4.4.1. Description

One open mill in Norway is handling secondary ahiomn production. For earlier years there
have been some emissions 0g.SF
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4.4.5. Production of magnesium —SEk- 2C4 (Key Category)

4.4.5.1. Description

There is one plant in Norway producing magnesiuhe plant closed down the production of
primary magnesium in 2002 but the production ot caagnesium is continuing. From the
mid-1970s, both the magnesium chloride brine proe@sl the chlorination process were used
for magnesium production. Since 1991, only the ichédion process was in use.

Production of magnesium leads to process relateda@®® CO emissions. During the
calcinations of Dolomite (MgCa(CG{2) to magnesium oxide, Cs emitted. During the next
step, magnesium oxide is chlorinated to magneshioride and coke is added to bind the
oxygen as CO and GOSG; is emitted due to the sulphur in the reducing agsad.

In the foundry, producing cast magnesiumg BRused as a cover gas to prevent oxidation of
magnesium. The Norwegian producers of cast magmelsas assessed whetheg 85ed a
cover gas reacts with other components in the turn@he results indicate that it is relatively
inert, and it is therefore assumed that alj @$ed as cover gas is emitted to airs.

Sk from magnesium foundries accounted in 1990 fopéi3cent of the national total GHG
emissions. The emissions have decreased and thi® i®© improvements in technology and
in process management. The primary magnesium ptiodustopped in 2002 and only
secondary production is retained and this prododt@s no C@emissions from processes.
During 2006 also the production of remelting Mgpgted and there were no emissions from
this source in 2007.

SK; emissions from magnesium foundries are, accordiriige Tier 1 key category analysis,
defined as key category in level and trend.

4.4.5.2. Methodological issues

CO,

The IPCC (1997b) recommends using the consumpfiogdoicing agent as the activity data
for estimating emissions. (SINTEF 1998f), on thieenthand, recommends using production
volume in the calculations. The Norwegian emissnwentory use production data as activity
data. The C@emissions are therefore calculated by using anppatiduction volume and the
emission factor recommended by (SINTEF 1998f).

Sk

The consumption figures of the cover gasgjSFe used as the emission estimates in
accordance with the IPCC Guidelines (IPCC 199787b® The SkFemissions are reported
annually to SFT.

Studies performed by the Norwegian producer haseszed that Skised as cover gas is
inert. Therefore the consumption of 3§ uses as the emission estimate in accordanbe wit
the IPCC Inventory Guidelines and Good Practiced@uge.

The plant reports the emissions each year to SFT.
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4.4.5.3. Activity data

The GHG emission inventory we use production volsiae activity data in the calculation of
CO,. This method is recommended by (SINTEF 1998f). pllamt reports the consumption of
Sk to SFT.

4.4.5.4. Emission factor

An emission factor of 4.07 tonnes @t@nnes produced magnesium is used to calculaged th
annually emissions of CASINTEF 1998f).

4.4.5.5. Uncertainties

The uncertainty in the emissions is assumed to b@er cent, see Annex Il.

4.4.5.6. Source specific QA/QC and verification

The general QA/QC methodology is given in Sectidh 1

Last years reported emission data from the placdispared with previously reported data
and the emissions are compared with the production.

4.45.7. Recalculations
There has been no recalculation since NIR 2008.

4.4.5.8. Planned improvements
There is no planned activity this year that willprave the data quality for NIR 2010.

4.4.6. Production of Nickel - 2C5

4.4.6.1. Description

One plant in Norway produces nickel. During theduretion of nickel C@Qare emitted. C®

is emitted in the production of nickel due to tlel® from the production of nickel carbonate
and use of coke as a reducing agent.

4.4.6.2. Methodological issues

CO,

Emission figures are annually reported from thenpta the SFT and based on calculation of
material balance.

4.4.6.3. Uncertainties

Uncertainty estimates for greenhouse gases are givénnex Il.

4.4.6.4. Source specific QA/QC and verification

The general QA/QC methodology is given in Sectidhdnd the specific QA/QC carried out
for Industrial processes is described in AnnexTHere is no source specific QA/QC
procedure for this sector. See section 1.6 fod#seription of the general QA/QC procedure.

4.4.6.5. Recalculations
There has been no recalculation since NIR 2008.
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4.4.6.6. Planned improvements
There is no planned activity this year that willprave the data quality for NIR 2010.

4.4.7. Manufacture of Anodes - 2C5

4.4.7.1. Description

Three plants in Norway produce anodes (Ardal, Sehadd Mosjgen). Prebaked anodes and
coal electrodes are alternatives to the use ofaadicoke as reducing agents in the
production process for aluminium and ferroalloyse Bnodes and coal electrodes are
produced from coal and coke. The production of asahd coal electrodes leads to
emissions of C@

4.4.7.2. Methodological issues

The emissions of C{are calculated by each plant and the method iscbas he
Aluminium Sector Greenhouse Gas Protocol by the International Aluminium Institute
(1Al, 2005a).

4.4.7.3. Uncertainties

Uncertainty estimates for greenhouse gases are givénnex Il.

4.4.7.4. Source specific QA/QC and verification

The general QA/QC methodology is given in Sectidghand the specific QA/QC carried out
for Industrial processes is described in Annex Il

4.4.7.5. Recalculations

The CQ figures for 2005-2006 from one anode producingieave been somewhat
reduced.

4.4.7.6. Planned improvements

There is no planned activity this year that willprave the data quality for NIR 2010.
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4.5. Other Production — 2D
4.5.1. Pulp and paper - 2D1

4.5.1.1. Description

There are C@emissions from non-combustion from one plant is sector. The emissions
originate from the limestone. Emissions from contimunsis included in Chapter 3.

4.5.1.2. Methodological issues

The CQ emissions are calculated by multiplying the amafndimestone by an emission
factor. For the years 1990-97 the emissions amitzed by SFT based upon activity data
reported to SFT by the plant and emission factbe @missions in the period 1998-2004 are
reported in the plant’s application for G@ermits within the Norwegian emissions trading
scheme. From 2005 and onwards, the plant repagtertiissions through the annual reporting
under the emissions trading scheme.

4.5.1.3. Activity data

Activity data is reported by the plant to SFT. Tdreount of limestone is calculated from
purchased amount.

4.5.1.4. Emission factors

The emission factor used in the calculation is @4 per tonne limestone.

4.5.1.5. Uncertainties
No source specific uncertainty is known.

4.5.1.6. Source specific QA/QC and verification

The general QA/QC methodology is given in Sectidhdnd the specific QA/QC carried out
for Industrial processes is described in Annex lll.

4.5.1.7. Recalculations

There has been no recalculation since NIR 2008.

4.5.1.8. Planned improvements
There is no planned activity this year that willprave the data quality for NIR 2010.

4.5.2. Food and drink - CO, - 2D2

4.5.2.1. Description

This source category includes NMVOC emissions fpyoduction of bread and beer, €0
from carbonic acid mainly used in breweries, expbétaptured C@and CQ from
production of bio protein.
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As mentioned in Section 4.3.1 Ammonia Productiame CQ from this production is
captured and in Norway mainly used as carbonic iactérbonated beverages but most of the
captured CQis exported. The whole tonnage, inland use andréeg volume, is reported
under this category, 2D2. The largest part of théssions takes place after the bottles is
opened and not in the breweries. In 2007, about KisBnes CQ@were sold for national use
and export.

4.5.2.2. Methodological issues

CO,
The figures are based on the sale statistics fr@mmaimmonia producing plant.

NMVOC

Production of bread and beer (and other similastypeoducts) involves fermentation
processes that lead to emission of NMVOC (ethamat)issions are calculated based on
production volumes and emission factors.

Production of Bio Protein C©

CO, emissions from production of bio protein from matwas are included from the year
2001 when this production started. The bio proteimeing used as animal fodder. Emission
data reported from the plant to the SFT are inadudehe national inventory.

4.5.2.3. Activity data

NMVOC
Production volumes of bread and beverage are agmegbrted to Statistics Norway.

4.5.2.4. Emission factors

« NMVOC
» The emission factors in Table 4.10 are taken freEBA 1996).

Table 4.9. NMVOC emission factors from productibbread and beverage.

Emission factor Unit
Production of bread 0.003 tonnes/tonnes produced
Production of beverage 0.2 kg/1000 litre

Source: EEA (1996)

4.5.2.5. Uncertainties

NMVOC
The emission factors used is recommended by EE86)18nd not specific for Norwegian
conditions.

4.5.2.6. Source specific QA/QC and verification

NMVOC
The general QA/QC methodology is given in Sectidhand the specific QA/QC carried out
for Industrial processes is described in Annex Il
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There is no source specific QA/QC procedure fas faictor. See section 1.6 for the
description of the general QA/QC procedure.

4.5.2.7. Recalculations
There has been no recalculation since NIR 2008.

4.5.2.8. Planned improvements
There is no planned activity this year that willprave the data quality for NIR 2010.

4.6. Consumption of Halocarbons and Sk
4.6.1. HFCs and PFCs from Products and Processes — HFC F ZKey Category)

4.6.1.1. Description

HFCs and PFCs can be used as substitutes for oepheting substances (CFCs and HCFCs)
that are being phased out according to the MonReatbcol. They are used in varied
applications, including refrigeration and air cdi@hing equipment, as well as in foam
blowing, fire extinguishers, aerosol propellantd analysing purposes. There are no
production of HFCs and PFCs in Norway. However, P& emitted as a by-product during
the production of aluminium, see chapter 4.4.3tte most significant gases, measured in
CO; equivalents are HFC-134a, HFC-143a and HFC-12%&sMied in metric tonnes
emissions of the low-GWP HFC-152a are also sigaificThe use of PFCs in product-
applications is very low e.g. due to high taxation.

In January 2003 a tax on import and production BEHnd PFC was introduced. In July
2004 this tax was supplemented with a refund ferdéstruction of used gas. In 2007 the tax
and refund were both 193.98 NOK (approximately 2BEper tonnes of Cf£equivalents.
Based on these new realities a project was edtahlito review the emission calculations of
HFC and PFC. This work (Statistics Norway (20071835 completed in mars 2007 and is
reflected in this report.

HFC emissions increased from 0,52 Mtonnes CO2-adgnts in 2006 to 0,57 Mtonnes CO2-
equivalents in 2007, and constitute 1 % of totailssians in Norway.

This sector (2F) is according to the Tier 2 keyegaty analysis defined as key category due
to uncertainty in trend.

4.6.1.2. Method

Actual emissions of HFCs and PFCs are calculatedjuke Tier 2 methodology. This
methodology takes into account the time lag in smarss from long lived sources, such as
refrigerators and air-conditioning equipment. Thericals slowly leak out from seams and
ruptures during the lifetime of the equipment. Téekage rate, or emission factor, varies
considerably depending on type of equipment.

Potential emissions are calculated employing tkee T methodology, which only considers
the import, export and destruction of chemicalbuftk and in products without time lag. It
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was found that the ratio between potential (Tierddd actual emissions (Tier 2) was about
2:1in 2007.

4.6.1.3. Activity data

There is no production of HFC or PFC in Norway. Eteall emissions of these chemicals
originate from imported chemicals. Imported andaigd amounts of chemicals in bulk are
collected annually by the Norwegian Pollution Coh#&uthority. Imported and exported
amounts of chemicals in products for the years 188%/ were collected through a survey in
1999 (SFT 1999a), and this information was usesktonate imports and exports the years
prior to and after the survey. For the source aategefrigeration, data on imports from
customs statistics were used to update the esthaateunts for 1998-2006.

4.6.1.4. Emission factors

Leakage rates and product lifetimes used in theutations are shown in Table 4.10.

Table 4.10. Emission factors for HFCs from produtd lifetime of products

Annual emissionsLifetime
Application category during lifetime  of pro-
(per cent of initial  ducts
charge) 1990-2006 (years
Refrigeration and air conditioning
Household refrigerators and freezers 1°
Commercial and industrial applications,
imported 3 18
Refrigerated transport, imported 2( 11
Air conditioning aggregates and heat
pumps, imported 11
Water/liquid refrigerating aggregates,
water-based heat pumps, imported 11
Stationary equipment produced in Norway 1( 1°
Mobile air conditioners ( 12
Foam
Polyurethane with diffusion barrier 4(
Polyurethane without diffusion barrier 2(
Extruded polystyrene 3(
Fire extinguishers 18
Solvents 5(
Aerosol propellants 5(

Source: Hansen (2007)

4.6.1.5. Uncertainties

The uncertainties of the different components efriational greenhouse gas inventory have
been evaluated in detail in 2006 by Statistics Ngr¢See annex Il). Both the leakage rate
(emission factor) and the stored amount of chemiadtivity data) are considered quite
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uncertain. The total uncertainties for the emisgstimates by the consumption of
halocarbons are estimated to#i® per cent for both HFC and PFC.

4.6.1.6. Source specific QA/QC and verification

There is no specific QA/QC procedure for this secdee section 1.6 for the description of
the general QA/QC procedure.

4.6.1.7. Recalculations

Revisions of activity data for 2005 and 2006 foresal gases contributed to minor changes
(< 1 per cent) in estimated emissions. Activityadan imports of PFC-218 and HFC-134 for
earlier years were also revised, but had insigafieffect on the estimated emissions from
HFCs and PFCs.

In the previous inventory the data for import of Gd~(mainly HFC-134a) in mobile air
conditioning for 2005 and 2006 was set equal teegtenated imports in 2004. In the present
inventory the import was calculated based on tleaye annual increase for previous years.

4.6.1.8. Planned improvements

The methodology will progressively be improved agvnmport statistics and information
from users and sectors become available.

4.6.2. Emissions of Sk from Products and Processes — 2F

4.6.2.1. Description

In mars 2002 a voluntary agreement was signed leettee Ministry of Environment and the
most important users and producers of GIS. Accgrthrthis agreement emission from this
sector should be reduced by 13 per cent in 20038nzer cent in 2010 with 2000 as base
year. For the following up of this agreement, tkers (electricity plants and -distributors) and
producers (one factory) report yearly to the gowent.

4.6.2.2. Methodological issues

The general methodology for estimating; ®fissions was revised in 1999 (SFT 1999d),
while the sector-specific methodology for GIS hastbrevised in this years reporting based
on new information from the agreement. The curneethod for GIS is largely in accordance
with the Tier 3a methodology in the IPPC Good ReacGuidance (IPCC 2000). The method
for other sources is largely in accordance withTileg 2 methodology in the IPPC guidelines
for emission inventories (IPCC 1997a,b). The calttahs take into account imports, exports,
recycling, accumulation in bank, technical lifeten&f products, and different rates of leakage
from processes, products and production procebses 2003 and onwards emission
estimates reported directly from users and prody@acording to the voluntary agreement,
are important input.

Emissions from production of GIS (one factory) wigrduded for the first time in 2003. The
company has, as part of the voluntary agreemehttivé Ministry of the Environment, made
detailed emission estimates back to 1985. Thesss@mns constitute a significant part of

national emissions of $HN recent years emissions rates have been coablgegeduced due
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to new investments and better routines. The compamyperforms detailed emission
calculations based on accounting of thg &e throughout the whole production chain.

Emissions from a small number of GIS users thahatgart of the agreement are calculated
with emission factors from Table 4.13. They acadan1-2 per cent of total emissions from
GIS use.

4.6.2.3. Activity data

Data is collected from direct consultations withpwnters and exporters of bulk chemicals and
products containing SFand from companies that uses$frvarious processes.

4.6.2.4. Emission factors

Leakage rates and product lifetimes used in theutations are shown in Table 4.11 and 4.12.
Table 4.11. Yearly rate of leakage ofs&®m different processes

. Leakage rate (per cent of

Emission source :
input of SFe)

Secondary magnesium foundries 100
Tracer gas in the offshore sector 0
Tracer gas in scientific
experiments 100
Production of semiconductors 50
Medical use (retinal surgery) 100
Production of sound-insulating
windows 2
Other minor sources 100

Source: SFT (1999d).

Table 4.12 Product lifetimes and leakage rates fppoducts containing SF

- Yearly rate of Product

Product emission source .
leakage lifetime (years)

Sealed medium voltage
switchgear 0.1 30
Electrical transformers for
measurements 1 30
Sound-insulating windows 1 30
Footwear (trainers) 25 9
Other minor sources

Source: SFT (1999d).

4.6.2.5. Source specific QA/QC and verification

During the work on the new methodology for 2005 ssiuins, historical data were
recalculated, emission factors from different searwere established and the bank aof iBF
existing installations was estimated. For GIS, iinfation from the industry, attained through
the voluntary agreement with the Ministry of Envineent, was important input in this
recalculation.
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4.6.2.6. Recalculations
There has been no recalculation since NIR 2008.

4.6.2.7. Planned improvements
There is no planned activity this year that willprave the data quality for NIR 2010.

4.6.3. Paraffin wax use — 2G

4.6.3.1. Description

Paraffin waxes are produced from crude oil and us@dnumber of different applications,
including candles, tapers and the like. Combustiosuch products results in emissions of
fossil CQ.

Emissions from the incineration of products contagrparaffin wax, such as wax coated
boxes, are covered by emissions estimates fromevianeration.

4.6.3.2. Methodological issues

Emissions of C@from the burning of candles, tapers and the lileecalculated using a
modified version of equation 5.4 for Waxes — Tiéviéthod of the 2006 IPCC Guidelines:

(4.11) Emissions = PC* PF *-C(ax*-44/12

Where:
Emissions = C@emissions from waxes, tonne €0
» PC = total candle consumption, TJ
* PF = fraction of candles made of paraffin waxes
* CGyax = carbon content of paraffin wax (default), tol@/&J (Lower Heating Value
basis)
e 44/12 = mass ratio of GLC

Consumption figures on paraffin waxes are multgply the default net calorific values
(NCV). Net consumption in calorific value is theonwerted to carbon amount, using the
value for carbon content (Lower Heating Value beasisl finally to CQ emissions, using the
mass ratio of C@C.

4.6.3.3. Activity data

Statistics Norway collects data on import, expo aold produce of “Candles, tapers and the
like (including night lights fitted with a float)”Using theses data, net consumption of
paraffin waxes and other candle waxes (includiegrin) can be calculated.

4.6.3.4. Emission factors
Parameter values used in the emissions calculagi@ngiven in Table 4.13.
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Table 4.13 Parameters employed when calculatingsion

Parameters Factor [Unit References
Net calorific value 2006 IPCC
(NCV) 40.20| TJ/Gg

Carbon content (Cfzx, tonnes 2006 IPCC
Lower Heating Value CI/TJ = kg

basis) 20.00 C/GJ

Mass ratio of CQC 3.67 -

Fraction of paraffin wax

(PF) 0.66 -

The assumption of 0.66 as the fraction of all casdileing made of paraffin waxes is based on
estimates obtained from one major candle and wawitar (estimating ca. 0.5) and one
Norwegian candle manufacturer (estimating ca 0.Bg importer estimated the fraction to be
ca. 5 per cent higher in 1990. However, sincepbissible change is considerably smaller
than the difference between the two fraction edtisiave have chosen to set this factor
constant for the whole time series. The fractioparaffin waxes has probably varied during
this period, as it, according to the importer, 3tlg depends on the price relation between
paraffin wax and other, non-fossil waxes. Howeatpresent we do not have any basis for
incorporating such factor changes.

Furthermore, we assume that practically all ofdaedle wax is burned during use, so that
emissions due to incineration of candle waste agtigible.

4.6.3.5. Uncertainties

According to the 2006 IPCC Guidelines, the defaaiission factors are highly uncertain.
However, the default factor with the highest uraiaty is made redundant in our
calculations, due to the level of detail of ountt data.

4.6.3.6. Source specific QA/QC and verification

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

4.6.3.7. Recalculations

There has been no recalculation since NIR 2008.

4.6.3.8. Planned improvements
There is no planned activity this year that willprave the data quality for NIR 2010.
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5. Solvent and other product use

5.1. Overview

This chapter describes emissions from solventso#mer products. Use of solvents and
products containing solvents result in emissionsarf-methane volatile organic compounds
(NMVOC), which is regarded as an indirect greenleagass. The NMVOC emissions will
over a period of time in the atmosphere oxidiSE@

In addition to solvents emitting NMVOC, there ather products that emit other volatile
components. Emissions ob® from anaesthesia procedures and spray cansciuded in
the Norwegian inventory.

In 2007, the total emissions from solvents andopiheduct use totalled 0,187 million tonnes
of COx-equivalents. This represented approximately OrZpet of the total GHG emissions
in 2007. The emissions have decreased by 1.7 %oa@dpo 1990 and increased by 3.0 %
from 2006.

5.2. Solvent losses (NMVOC)

5.2.1. Description

The use of solvents leads to emissions of non-metkalatile organic compounds
(NMVOC) which is regarded as an indirect greenhaese The NMVOC emissions will over
a period of time in the atmosphere oxidise to,@Mich is included in the total greenhouse
gas emissions reported to UNFCCC.

Solvents and other product use are non-key caggori

5.2.2. Method

Our general model is a simplified version of théaded methodology described in chapter 6
of the EMEP/CORINAIR Guidebook 2007 (EEA 2007).réfpresents a mass balanoer
substance where emissions are calculated by multiplyingevaht activity data with an
emission factor. For better coverage, point sourepsrted from industries to the Norwegian
Pollution Control Authority and calculated emissoftom a side model for cosmetics are
added to the estimates. For a detailed descripfionethod and activity data, see Holmengen
and Kittilsen (2009).

It is assumed that all products are used the saae as they are registered, and substances
are not assumed to accumulate in long-lived praddot other words, it is assumed that all
emissions generated by the use of a given produmglits lifetime take place in the same
year as the product is declared to our data sotieeNorwegian Product Register. In sum,
this leads to emission estimates that do not fdfiect the actual emissions taking place in a
given year. Emissions that in real life are spreat over several years all appear in the
emission estimate for the year of registration. ey, this systematic overestimation for a
given year probably more or less compensates fasstonms due to previously accumulated
amounts not being included in the estimate figures.
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No official definition of solvents exists, and astliof substances to be included in the
inventory on NMVOC emissions was thus created. Shlestance list used in the Swedish
NMVOC inventory (Skarman et al. 2006) was used basis. This substance list is based on
the definition stated in the UNECE Guideline§he list is supplemented by NMVOC
reported in the UK’s National Atmospheric Emissidngentory (NAEI) (AEA Energy and
Environment 2007). The resulting list was compribgdb78 substances. Of these, 355 were
found in the Norwegian Product Register for onenore years in the period 2005-2007.
Cosmetics

Cosmetics are not subject to the duty of declamafithe side model is based on a study in
2004, when the Norwegian Pollution Control Authpritalculated the consumption of
pharmaceuticals and cosmetics (SFT 2005a). Theuogptson was calculated for product
groups such as shaving products, hair dye, bodynietand antiperspirants. The consumption
in tonnes each year is calculated by using theioelship between consumption in Norwegian
kroner and in tonnes in 2004. Figures on VOC cdred emission factors for each product
group were taken for the most part from a studghamNetherlands (IVAM 2005), with some
supplements from the previous Norwegian solvenarzd (the previous NMVOC emission
model).

NMVOC and CQ

The use of solvents leads to emissions of non-metkialatile organic compounds
(NMVOC) which is regarded as an indirect greenhaese The NMVOC emissions will over
a period of time in the atmosphere oxidise to,@@ich is included in the total greenhouse
gas emissions reported to UNFCCC (see chapter 1.9.)

5.2.3. Activity data

The data source is the Norwegian Product Register.person placing dangerous chemicals
on the Norwegian market for professional or privage has a duty of declaration to the
Product Register, and import, export and manufagjuis reported annually. The only

exception is when the amount of a given producttgdaon the market by a given

importer/producer is less than 100 kg per year.

The information pertained in the data from the RatdRegister makes it possible to analyse
the activity data on a substance level, distribudedr product types (given in UCN codes;
Product Register 2007), industrial sectors (follogvistandard industrial classification

(NACE; Statistics Norway 2003), including privateuseholds (no NACE), or a combination

of both. As a consequence, the identification adcHfc substances, products or industrial
sectors that have a major influence on the emissigreatly facilitated.

Cosmetics
The side model for cosmetics is updated each yaHr data on from the Norwegian
Association of Cosmetics, Toiletries and FragraBappliers (KLF).

Point sources

Data from nine point sources provided by the NonaedpPollution Control Authority is added
to the emissions estimates. The point sources eperted from the industrial sector
“Manufacture of chemicals and chemical productsAQ¥E 24). In order to avoid double
counting, NMVOC used as raw materials in this seee excluded from the emission
estimates from the Product Register data.

% “yolatile compound (VOC) shall mean any organic gmund having at 293.15 degrees K a vapor press@®b kPa or
more, or having a corresponding volatility undes farticular conditions of use."
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5.2.4. Emission factors

Emission factors are specific for combinations fduct type and industrial sector. Emission
factors are gathered from the Swedish model famesing NMVOC emissions from solvent
and other product use (Skarman et al. 2006). Thsséon factors take into account different
application techniques, abating measures and atteenpathways of release (e.g. waste or
water). These country-specific emission factordyafpl12 different industries or activities
that correspond to sub-divisions of the four majmission source categories for solvents
used in international reporting of air pollutionuf@pean Environment Agency 2007).

It is assumed that the factors developed for Swademepresentative for Norwegian
conditions, as we at present have no reasons ievbahat product types, patterns of use or
abatement measures differ significantly betweerwlmecountries. Some adjustments in the
Swedish emission factors were made (See HolmengdKitilsen (2009)).

In accordance with the Swedish model, emissiorofacivere set to zero for a few products
that are assumed to be completely converted thraaghbustion processes, such as EP-
additives soldering agents and welding auxiliari@santities that have not been registered to
industrial sector or product type are given emisgaxtor 0.95 (maximum). Emission factors
may change over time, and such changes may bedettlin this model. However, all
emission factors are at the moment constant forealts.

5.2.5. Uncertainty

Uncertainty in emission factors

The emission factors are more detailed in the n&WNC model than in the previous

model, as this model can take into account thassions are different in different sectors and
products, even when the substance is the same.\ldower this to be correct, a thorough
evaluation of each area of use is desirable, bupossible within a limited time frame. Thus,
the emission factor is set with general evaluatiartsch leads to uncertainty.

The emission factors are gathered from severarifit sources, with different level of
accuracy. The uncertainties in emission factoreddmn how detailed assessment has been
undertaken when the emission factor was establisP@tie emission factors are assumed to
be unbiased, while others are set close to thectegenaximum of the range of probable
emission factors. This, together with the fact thatparameter range is limited, gives us a
non-symmetrical confidence interval around somthefemission factors. For each emission
factor we thus have two uncertainties; one negdtiyand one positive (p). These are
aggregated separately, and the aggregated undgiitathus not necessarily symmetrical.

Uncertainty in activity data

For the activity data, the simplified declarati@ml the negative figures due to exports lead
to known overestimations, for which the uncertaiiotya large extent is known. A more
elaborate problem in calculations of uncertaintgsimating the level of omissions in
declaration for products where the duty of declaratioes apply. In addition, while
declarations with large, incorrect consumption fegguare routinely identified during the
QA/QC procedure, faulty declarations with small samption figures will only occasionally
be discovered. There is however no reason to leetleat the Product Register data are more
uncertain than the data source used in the previmge! (statistics on production and
external trade), as similar QA/QC routines are Usethese statistics.

The errors in activity data are not directly quialile. Any under-coverage in the Product
Register is not taken into account. Skarman €2aD6) found that the activity data from the
Swedish Product register had an uncertainty of eabbdyer cent. The Norwegian Product
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Register is assumed to be comparable to the Sweathslthus the uncertainty in the activity
data is assumed to be 15 per cent. For some pgdiiciplified declarations give an
indication of maximum and minimum possible amouhtghese cases, the maximum amount
is used, and the positive uncertainty is set tpdiscent as for other activity data, while the
negative uncertainty is assumed to be the intdrealeen maximum and minimum amount.
All activity data are set to zero if negative.

For a detailed description of the uncertainty asialysee Holmengen and Kittilsen (2009).

The variance of total emission was estimated frioenviariance estimates obtained for emission factors
and activity data, using standard formulas forilweance of a sum and the variance of a product of
independent random variablddhe aggregated uncertainties in level and trendjien in table

5.1 and 5.2.

Table 5.1 Uncertainty estimates for level in NMV@issions, 2005-2007. Tonnes and per cent
Uncertainty in Negative (n) Negative (n) Positive (p) Positive (p)

level (per cent of (per cent of
total emissions total emissions)
2005 2 288 4.58 1437 2.88
2006 1651 3.70 1103 2.47
2007 1299 2.79 1168 2.51

Table 5.2 Uncertainty estimates for trend in NMV@gissions, 2005-2007. Tonnes
95% confidence interval

Uncertainty in trend Negative (n) Positive (p) for change
2005-2006 2135 1067 (-7 366 , -4 164)
2006-2007 1420 947 (407 , 2774)
2005-2007 1882 1076 (-5286 , -2328)

5.2.6. Completeness
No major missing emission sources are likely.

5.2.7. Source specific QA/QC and verification
Internal checks of the time-series of calculatedssions data and input activity data have
been conducted by Statistics Norway and correcwasnade when errors are found.

5.2.8. Planned improvements
There is no planned activity this year that willprave the data quality for NIR 2010.

5.2.9. Recalculations
The whole time series 1990-2006 has been recadclldhe indirect C@emissions from

solvents have risen by 10-25 ktonnes, due to tipdeimentation of a new estimation method
for NMVOC emissions from solvents.

5.3. Other product use -3D
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5.3.1. Use of NO in anaesthesia — 3D

5.3.1.1. Method

N2O is used in anaesthesia procedures and will adissions of 0. The figures are

based on BD data from the two major producers and importei2000. These figures are
related to the number of births and number of bguisiin hospitals for each year to estimate
consumption.

5.3.1.2. Activity data

For this source actual sale of@lis used for the year 2000. Number of births asdhigths

in hospitals is gathered from the Statistical yeakbof Norway each year.

5.3.1.3. Emission factors

As mentioned, no emission factors are used sire@ighres are based on sales gON

5.3.1.4. Uncertainty

The figures are uncertain. There may be small ingo®mnot included in Statistics Norway's
telephone survey with 2000 data, but the emissao@small, so it is believed that the
uncertainty is at an acceptable level.

5.3.1.5. Completeness

A minor consumption from small importers may besirng, but these will probably account
for an insignificant fraction of the total,® emissions.

5.3.1.6. Source specific QA/QC and verification

There is no source specific QA/QC procedure fag Heictor. See section 1.6. for the
description of the general QA/QC procedure.

5.3.1.7. Planned improvements
There is no planned activity this year that willprave the data quality for NIR 2010.

5.3.1.8. Recalculations
No recalculations are carried out since last year.

5.3.2. Use of NO as propellant — 3D

N2O is used as a propellant in spray boxes and #aswill lead to emissions of . It is
also used in research work, for instance in the fodustry and at universities. Small
amounts are used at engineering workshops amoegsdibr drag-racing. There is no
production of NO for these purposes in Norway.

5.3.2.1. Methodological issues

Information on sale volumes is given from the pdatat Statistics Norway. Statistics Norway
assumes that all propellant is released to air.
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5.3.2.2. Uncertainty

The figures for 2000 are used for all years. liefieved that all figures from all major
importers are included in the inventory.

5.3.2.3. Completeness
No major missing emission components are likely.

5.3.2.4. Source specific QA/QC

There is no source specific QA/QC procedure fas Hactor. See section 1.6. for the
description of the general QA/QC procedure.

5.3.2.5. Planned improvements
There is no planned activity this year that willprave the data quality for NIR 2010..

5.3.2.6. Recalculations
No recalculations are carried out since last year.
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6. Agriculture

6.1. Overview

About 8 per cent of the total Norwegian emissions of greeisk gases (GHG) originated
from agriculture, in 2007This corresponds to 4.3 millidonnes C@eqv. The emissions
from agriculture are quite stable, with emissian2007 about 3 percent lower than in 1990,
but about 2 percent higher than in 2006.

The sectors clearly biggest sources of GHG’s anéetéec fermentation” (Cl) from domestic
animals, contributing with 4ger cent and “agricultural soils” ¢R) contributing with 46
percent of the sectors emissions.. Manure managesoatributes with 10 percent.
These three are also key categories

Agriculture contributes particularly to GHN,O and NH emissions. Domestic animals are
the major source of Cfemissions from agriculture. Both enteric fermeptaand manure
management contribute to process emissions of meiidanure management also generates
emissions of MO

Microbiological processes in soil lead to emissiohsl,O. Three sources of X are
distinguished in the IPCC methodology:

1. direct emissions from agricultural soils (from udesynthetic fertilisers, animal excreta
nitrogen used as fertiliser, biological nitrogexation, crop residues, industrial and urban
wastes and cultivation of soils with a high orgaconitent)

direct soil emissions from animal production (enass from droppings on pastures)

N2O emissions indirectly induced by agricultural itiés (N losses by volatilisation,
leaching and runoff).

W

There are also some emissions of the greenhouss g3 and CH and of the precursor
NOx arising from the burning of crop residues on ib&l§.

Animal manure and the use of fertiliser also getgeemissions of ammonia (NH Another
source of ammonia is treatment of straw using amanas a chemical.

As indicated inTable A1-3 in Annex | of this report, the key caiteganalysis performed in
2009 for the years 1990 and 2007 has revealedrthatms of total level and trend
uncertainty thé&ey categoriesn the Agricultural sector are the following:

* Enteric fermentation - CH (4A)

» Direct soil emissions - )0 (4D1)

e Animal production - MO (4D2)

e Indirect emissions - )0 (4D3)

« Manure management’cH,; and NO (4B)

6 Key category only in Tier 1 key category analysis.

169



National Inventory Report 2009 - Norway

6.2. Emissions from enteric fermentation in domestic liestock 4A— CH
(Key Category

6.2.1. Description

An important end product from the ruminal fermeistatis methane (Ck). The amount of
CH, produced from enteric fermentation is dependergemeral factors, like animal species,
production level, quantity and quality of feed istgl and environmental conditions.
According to IPCC (IPCC, 2001) the method for estimg CH, emission from enteric
fermentation requires three basic items:

No. 1 The livestock population must be dividet ianimal subgroups, which describe
animal type and production level.

No 2. Estimate the emission factors for each saupin terms of kilograms of CH
per animal per year.

No 3. Multiply the subgroup emission factors bg subgroup populations to estimate
subgroup emission, and sum across the subgrowgstitoate total emission.

Enteric fermentation is a key category becausenoérainty in level and trend.
Its contribution to uncertainty in the national @mtory is 4.30 % to uncertainty in level and
1.88 % to uncertainty in trend.

Enteric fermentation contributed with 89 ktonne<bf, emissions in 2007, corresponding to
1.871 Mtonnes C@equivalents, which is 3.3 per cent of the natigaBIG emissions.

Enteric fermentation constitutes 85 per cent ofaberall CH,emissions from agriculture and
44 percent of this sectors GHG emissions. Emisdiane been rather stable with minor
fluctuations. Emissions decreased by 3.9 percetfteiperiod 1990-2007 but increased by 1.7
percent in 2006-2007.

6.2.2. Methodological issues

The methodology for calculating GHom enteric fermentation for the main emission
sources cattle and sheep was in 2006 updated Teh@ approach for all years, as
recommended by the UNFCCC review team.

The methodology for calculating GHom enteric fermentation for the other animal
categories is in accordance with IPCC’s Good RracBuidance Tier 1 method (IPCC 1997a,
1997b). The numbers of animals of each kind anda@eemission factors for each kind of
animals are used to calculate the emissions

6.2.3. Activity data

The Tier 2 method of calculation requires subdivigihe cattle and sheep populations by
animal type, physiological status (dry, lactatimgpegnant) live weight and age. Table 6.1
describes the animal categories used for cattleshadp in the calculations.

For dairy cows additional information from the C&e&cording System, concerning annual
milk production and proportion of concentrate ie thiet has been used. The Cow Recording
System also supplies information about slaughter sigughter weight and average daily
weight gain (ADG) for growing cattle, which arelizted in the calculations for growing

cattle
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Table 6.1 Categories of cattle and sheep usedamibrwegian calculations of methane emission from
enteric fermentation.

Categories of cattle and sheep

Dairy cows

Beef cows

Replacement heifers, < one year
Replacement heifers, > one year
Finisher heifers, < one year

Finisher heifers, > one year

Finisher bulls, < one year

Finisher bulls, > one year

Breeding sheep, > one year

Breeding sheep, < one year
Slaughter lamb, < one year. Jan- May
Slaughter lamb, < one year. Jun- Sept

The main source of the livestock statistics isrgggster of production subsidies. The register
covers 90-100 per cent of the animal populatiorsgpt for horses and reindeer. The register
is used in order to get consistent time seriesatd.dAnimals are counted twice a year and the
register is updated with these counts. The avenag®er of the two counts is used. In
addition to the animals included in the registepafduction subsidies, an estimate of the
number of horses that are not used in farming iainbd from the Norwegian Agricultural
Economics Research Institute (NILF). The numbeeofdeer is obtained from the
Norwegian Reindeer Husbandry Administration

For some categories of animals not living a whaaryfor instance lambs, lifetime is taken
into account to get a yearly average for the nunobanimals. An expert judgment suggests
an average lifetime of 143 days for lambs (UMB 200he formula for calculating the
average figure for lambs will then be:

143

[

-

(6.1) Lambs

There exist some differences between these nunabdrgthe FAO statistics. The explanation
is, that the figures to the FAO are supplied byNloewegian Agricultural Economics
Research Institute (NILF). NILF elaborates an oll@alculation for the agricultural sector,
which is the basis for the annual negotiationgliereconomic compensation to the sector.
The overall calculation includes a grouping ofagticultural activities, comprising area,
number of animals and production data. This methadlittle different from the one used by
Statistics Norway. Differences include

» Different emphasis on the dates for counting, 304 31.12
* NILF does not register pigs under 8 weeks, whitatiStics Norway does.

6.2.4. Emission factors

For cattle and sheep the following basic equatreruaed to calculate the GEmission
factor for the subgroups (Tier 2):

(6.2) EF = (GE- Ym - 365 days/yr) / 55.65 MJ/kg GH
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Where:

EF = emission factor, kg CHhead/yr

GE = gross energy intake, MJ/head/day

Ym = CH, conversion rate, which is the fraction of grossrgw in feed converted to GH

This equation assumes an emission factor for dregrgar (365 days). In some
circumstances the animal category may be aliva f&horter period or a period longer than
one year and in this case the emission factorbeikkstimated for the specific period (e.g.,
lambs living for only 143 days and for beef cattlieich are slaughtered after 540 days).

For the animal categories others than cattle aedsthe Tier 1 default emission factors for
each kind of animal (IPPC 1997a, 1997b) is useé. drhissions from domestic reindeer,
deer, ostrich and fur-bearing animals are includetie Norwegian calculations. Emission
factors for these animals are developed by scalmigsion factors for other animals that are
assumed most similar with regard to digestive sysiad feeding. The scaling is done by
comparing average weights for the actual animalggoThe emission factor used for
reindeer is 11 kg/animal/yr, and has been estimayestaling the emission factors for goats
and sheep according to carcase weight. The emissitor for deer of 52.64 kg/animal/yr
has been estimated by scaling the emission fagotatdiry cattle, and the emission factor 4.97
kg/animal/yr for ostrich by scaling the emissiontéa for horses. The emission factor for fur-
bearing animals is set to 0.10 kg/animal/yr, ansleen estimated by scaling the emission
factor for swine.

Table 6.2 Emission factors for Gftom enteric fermentation and different animalagpestimated
with the Tier 1 method

Emission factor

Animal (Tonnes/animal/year)
Horses 0.018

Goats 0.005

Pigs 0.0015

Hens 0.00002

Turkeys 0.00002

Reindeer 0.011

Deer 0.053

Ostrich 0.0050

Fur-bearing animals 0.0001

Source: IPCC (1997a, 1997b) and Agricultural Siaisfrom Statistics Norway.

6.2.5. Uncertainties

Activity data
The data are considered to be known wittbrper cent.
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Emission factors

Although the emissions depend on several factaldlzerefore vary between different
individuals of one kind of animal, average emisdaetors for each kind are used in the tier 1
methodology for all animal categories except cattld sheep, where a tier 2 methodology is
used . The standard deviation of the emission fagsoconsidered to €25 per cent, which

is the estimate from IPCC (IPCC 1997 [GreenhouseI®&ntory. Reference Manual...] ).
This uncertainty estimate is also used for the simisfactors for cattle and sheep in the tier 2
methodology. Even if the calculations, due to cdesations of a number of nutrition related
factors have become more accurate, the standaratidevcan still be the same, according to
expert judgement (UMB 2006 [Email from Harald Valdé¢he Norwegian University of Life
Sciences, January 27 2006]).

6.2.6. Completeness
Major missing emission sources are not likely.

6.2.7. Source specific QA/QC and verification

In 2001, a project was initiated to determine tk@cé number of animal populations. This
was completed in 2002. The revised data on anim@llations form the basis for the
emission calculations for all years. In 2005-208&tistics Norway and the Norwegian
Pollution Control Authority carried out a projeatcooperation with the Norwegian
University of Life Sciences, which resulted in grdate of the emission estimations for cattle
and sheep using a tier 2 method.

6.2.8. Recalculations
No new recalculations since the last NIR

6.2.9. Planned improvements
No new improvements are planned for NIR 2010

6.3. Emissions from manure management - 4B - CH N,O /Key
categories)

6.3.1. Description

The relevant pollutants emitted from this sourdegary are CH (IPCC 4B(a)), NO (IPCC
4B(b)) and NH (NFR 4B).

N2O is key category according to Tier 2 key categorglysis because of its contributions to
level uncertainty, 0.84 percent. ¢4 key category only in the Tier 1 key categorglgsis.

CHgs-emissions due to manure management amounted36 ktannes in 2007,

corresponding to 0.31 Mtonnes g€yuivalents. B{D-emissions due to manure management
amounted to 0.40 ktonnes in 2007 correspondingli® Bltonnes CQequivalents.
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Manure management emitted in 2007 0.45 Mtonn&®fequivalents, which is 10 per cent
of the GHG'’s from agriculture and 0.8 per centht Norwegian emissions of GHGs.

Emissions of GHGs from manure management increlagdd% in the period 1990-2007 and
by 2.6 % from 2005 to 2006.

Organic material in manure is transformed to,@Han anaerobic environment by
microbiological processes. Emissions from cattle(ana) are most important in Norway. The
emissions from manure depend on several factgos; @ animal, feeding, manure
management system and weather conditions (temperatal humidity).

During storage and handling of manure (i.e. befbeemanure is added to soils), some
nitrogen is converted tod. The amount released depends on the system aaiibduof
manure management. Solid storage and dry lot olineais the most important source.

Emissions of NHfrom manure depend on several factors, e.g. tyjpaimal, nitrogen
content in fodder, manure management, climate, tihepreading of manure, cultivation
practices and characteristics of the soil. In #€C default method a NHolatilisation
fraction of 20 per cent is used for the total Nrexion by animals in the country. But in the
Norwegian emission inventory, ammonia volatilisati@mlues from Statistics Norway's
ammonia model are used, which are expected torgore correct values for Norway. The
estimated national volatilisation fractions haviéedled between 17-20 per cent since 1990,
and are now close to the IPCC default value of@0cent.

6.3.2. Methodological issues

CH4
Emissions of methane from manure are estimatedulefollowing equation, in accordance
with the IPCC Tier 2 method (IPCC 1997a, 1997b):

N; [M; [V§ [B, [MCF,

: E =

(6-3) 100c

E: Emissions of methane

N: Population of animals

M: Production of manure (kg/animal/year)

VS: Volatile solids (per cent)

Bo: Maximum methane-producing capacity*(kg-
VS)

MCF: Methane conversion factor

i Species

" Volatile solids (VS) are the degradable organitemal in livestock manure (IPCC 1997a,b).
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Table 6.3 Norwegian factors used to estimatg €6m manure management in the IPCC Tier 2
method

Manure production|VS Bo MCF

(kg/animal/day) | (per cent) | (m*kg-VS) |(per cent)
Dairy cattle 45 9.2 0.18 8
Bulls > 1 year 35 9.2 0.21 8
Heifers > 1 year 30 9.2 0.21 8
Non-dairy cattle <1 year | 15 9.2 0.21 8
Horses 255 16.4 0.21 8
Sheep > 1 year 2 19.5 0.19 5
Sheep < 1 year 1 19.5 0.19 5
Diary goats 1.8 23 0.19 5
Other goats 1 23 0.19 5
Pigs for breeding 9 9.5 0.21 8
Pigs for slaughter 4.5 9.5 0.21 8
Hens 0.16 15.6 0.25 8
Chicks bred for laying hen®.085 19.4 0.25 8
Chicks for slaughter 0.085 19.4 0.25 8
Ducks for breeding 0.17 16 0.25 8
Ducks for slaughter 0.057 16 0.25 8
Turkey and goose for 0.7 16 0.25 8
breeding
Turkey and goose for 0.29 16 0.25 8
slaughter
Mink, males 0.35 16 0.25 8
Mink, females 0.7 16 0.25 8
Fox, males 0.56 16 0.25 8
Fox, females 1.12 16 0.25 8
Reindeer 2 195 0.19 2
Deer 23.7 9.2 0.18 8
Ostrich 7.05 16.4 0.21 8

Source: Agricultural Statistics from Statistics War and Norwegian University of Life Sciences.

The factors M, VS, Band MCF are average factors meant to representtibie country.
The factor B represents the maximum potential production ofhewe¢ under optimum
conditions. MCF is a correction obBccording to how the manure is handled reflecting
Norwegian manure handling practices for each tyjmmonal waste. The factors are
estimated jointly by Statistics Norway and the Negran University of Life Sciences
(Institute of Chemistry and Biotechnology, SectionMicrobiology).

N.O

In Norway, all animal excreta that are not depaksdaring grazing are managed as manure.
N2O from manure is estimated in accordance with @G default method (IPCC 1997b),

but with Norwegian values for N in excreta fromfeient animals according to Table 6.4..
Norwegian values are also used for the fractiototafl excretion per species for each
management system (MS) and for pasture. The fresctoe updated every year and are given
in table 6.5. The distributions between differaiotage systems and pasture are consistent
with the distributions used for calculating bleimissions
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Table 6.4 N in excreta from different animals

kg/animal/yedr
Dairy cattle 82
Heifer < 1 year 29
Bull < 1 year 24
Heifer > 1 year 35
Bull > 1 year 35
Horses 50
Sheep < 1 year 7.7
Sheep > 1 year 11.6
Goats 155
Pigs for breeding 18.3
Pigs for slaughterirfg 4.4
Hens 0.7
Chicks bred for laying hefs  |0.147
Chicks for slaughterirfy 0.053
Ducks, turkeys/ goose for
breeding 2
Ducks, turkeys/ goose for
slaughtering 0.34
Mink 4.27
Foxes 9
Reindeer 6
Deer 12
Ostrich 12

Includes pasture.

2pPer stalled animal. Stall we define as the roonofa animal. An animal that lives one year needsstall the whole year. But for example
in a stall (or pen) for slaughter swine you breaaterthan one slaughter swine per year. This méetdte N in excreta for dairy cattle is
from one cattle per year, but for slaughter swiner stalled animal" equal to 2.5 slaughter svaieestall (or pen) per year.

Source: Sundstgl and Mroz (1988) and estimatiorStagistics Norway.

Table 6.5 Fraction of total excretion per speciedach management system and for pasture 2005

Anaerobic | Liquid system| Solid storage| Pasture range| Other
Lagoon and drylot and paddock | manure
management
systems
Dairy cattle 0 0.67 0.05 0.28 0
Non-dairy 0 0
cattle 0.64 0.05 0.31
Poultry 0 0.27 0.73 0 0
Sheep 0 0.26 0.30 0.44 0
Swine 0 0.88 0.12 0 0
Other animals| 0 0.26 0.28 0.46 0

Source: Data for storage systems from Statistics Norvepg) and Gunderseand Rognstad (2001) (poultry) and data for pagtares from Tine BA
(2003) (Dairy cattle, goat), Statistics Norway'sripée Survey 2001 (Statistics Norway 2002) (nonydeattle, sheep) and expert judgements

The emissions of nitrous oxide from manure manage e estimated using the following
equation, in accordance with the IPCC Tier 2 mettie@C 1997a, 1997hb):
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6.4) E=Y {3 (N, Nex tms, )| EF.}

E: Emissions of BO-N (kg NbO-N/year, NO-N is the amount of nitrogen in
the nitrous oxide compound)

N: Population of animals

Nex: Annual average N excretion (kg N/animal/year)

MS: Fraction of total excretion per specie for eadmagement system

EF:  N,O emission factor (kg f0-N/kg N)

s Manure management system

i Species

NH3
Statistics Norway's NFmodel is used for calculating the emissions of @mia from manure
management. The principle of the model is illugilanfigure 6.1.

Storage moduleGives a Spreading moduleGives a Pasture datdasture
relative distribution of relative distribution of times for different animal
manure to different storage manure on different categories. Coupling of
management systems and spreading methods and loss loss factors.

loss factors for these. factors for these.

Animal population data:
Scaling of manure amounts,

!

Calculated loss of NHN
absolute numbers distributed
om storage, spreading and
pasture.

Figure 6.1 The principle of the NHnodel

The storage module in the Nifhodel gives the relative distribution of manurefte different
storage management systems. Total emissions franaget are estimated by multiplying the
different emission factors for the storage systbgnghe amount of manure for each storage
system and summarizing the results. The amountapiune is estimated by the number of
animals and manure production factors for each of@amimal.
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6.3.3. Activity data

CH4 and N,O
Emissions are estimated from the animal populatitmw the animal population is estimated
is described in Section 6.2.3

NH3

Activity data on storage systems are rare, anaiigsource practically available is the
Sample survey of agriculture and forestry 2003t{&tes Norway 2004) and Statistics

Norway survey of different storage systems in 2@B0ndersen and Rognstad 2001). Data for
storage systems are unavailable for other yearaly8es and estimations of the effects on
emissions of the assumed changes in storage systroes1990, show that the assumed
change is of little significance to the emissios.addition, data on animal populations are
used to estimate the amounts of manure. How threambopulation is estimated is described
in Section 6.2.3.

The manure is distributed to the following storagstems categories:
* Manure cellar for slurry
* Manure pit for slurry
* Indoor built up/deep litter
e Outdoor built up/enclosure
» Storage for solid dung and urine

Each of these categories are given for all comtmnatof the following productions and
regions:
Regions:

* South-Eastern Norway

* Hedmark and Oppland

* Rogaland

*  Western Norway

e Tregndelag

* Northern Norway

Production:
» Cattle
* Pork
* Sheep and goat
* Poultry

* Horse, farm raised fur-bearing animals and rabbit

6.3.4. Emission factors

CH4
The calculated average emission factors for diffeamimal types are shown in table 6.6.
They are country specific factors which may devfaten the IPCC default values.
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Table 6.6 Average Cfemission factors for manure management in the Bgian method. Tier 2

Emission factor (kg/animal/day)

Dairy cattle 14.41
Bulls > 1 year 13.07
Heifers > 1 year 11.20
Non-dairy cattle < 1 year 5.60
Horses 16.98
Sheep > 1 year 0.90
Sheep < 1 year 0.45
Dairy goats 0.95
Other goats 0.53
Pigs for breeding 3.47
Pigs for slaughter 1.74
Hens 0.12
Chicks bred for laying hens 0.08
Chicks for slaughter 0.08
Ducks for breeding 0.13
Ducks for slaughter 0.04

Turkey and goose for breeding  |0.54
Turkey and goose for slaughter |0.23

Mink, males 0.27
Mink, females 0.54
Fox, males 0.43
Fox, females 0.87
Reindeer 0.36
Deer 7.58
Ostrich 4.69

Source: Agricultural Statistics from Statistics Way.

N.O
The IPCC default values for,® emission factors from manure management are ibede
are consistent with the good practice guidance QRG01).

Table 6.7 MO emission factors for manure management per mamargagement system

Manure management system Emission factor, K9-N/kg N
Anaerobic lagoon 0.001

Liquid system 0.001

Daily spread 0

Solid storage and dry lot 0.02

Pasture range and paddock 0.02

Other system 0.005

Source: IPCC (1997b).
NH3

Emission factors vary with production and storaggesm; in the model there is no variation
between regions. The factors used are shown ireTaBl
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Table 6.8 NH Emissions factors for various storage systemspoductions. Per cent NN of total

N
Storage system

Manure |Open Manur |Open |Indoor |Outdoor |Storage

cellar |manure pite pit |flagst |built built for solid

for for slurry |for ones |up/deep |up/enclosudung and

slurry slurry litter e urine

with
lid
Gutter | Gutter Drainage to
gutter

Cattle, milking cow:
Loss from animal room 5 5 5 8 8 5
Loss from storage |2 9 2 2 15 15 15
room
Total loss 7 14 7 7 23 23 20
Pigs:
Loss from animal room5 15 15 15 15 15 20
Loss from storage |4 6 2 2 25 25 30
room
Total loss 19 21 17 17 40 40 50
Sheep and goats:
Loss from animal room5 15 15 15 15 15 15
Loss from storage |2 6 2 2 10 10 10
room
Total loss 17 21 17 17 25 25 25
Poultry:
Loss from animal room.2 10 12 12 25 25 25
Loss from storage |15 15 15 15 25 25 25
room
Total loss 27 25 27 27 50 50 50
Other animals:
Loss from animal roorm 0 0 0 15 15 15
Loss from storage |10 0 0 0 15 15 15
room
Total loss 15 0 0 0 30 30 30

Source: Morken (2003a).
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The emission factors in Table 6.8 are based onfdataDenmark, Germany and
Netherlands, since measurements oiMd$ses in storage rooms have so far not beeredarri
out in Norway.

The emission factors are combined with the actigdta in the survey (Gundersen and
Rognstad 2001), the Sample survey of agricultucefarestry 2003 and emission factors for
NH3; emissions from storage of manure and stalled dajralculated for production and
region (Table 6.9). To estimate losses, these @mi$actors are in turn multiplied with the
amount of manure (based on number of animals afattérs per animal). The number of
animals is the only activity data that differs frgmar to year.

Table 6.9 Average emission factors for the mantokage systems used, distributed on type of animal
production and region. Per cent of total N

South- Hedmark/OpplandRogaland Western | Trgndelag Northern
Eastern Norway Norway
Norway
Cattle 10.1 8.4 8.8 8.1 7.7 7.7
Pigs 26.2 22.1 19.8 20.3 21.0 21.2
Sheep and (225 21.8 18.6 20.9 21.4 21.1
goats
Poultry 47.0 46.4 38.7 37.3 41.7 445
Other 25.7 24.7 17.1 19.1 23.5 21.6
animals

Source: Statistics Norway, NHnodel estimations

6.3.5. Uncertainties
Uncertainties estimates are given in Annex |l.

6.3.5.1. Activity data

CH,

The data for the number of animals are considerdx tknown withint5 per cent. Other
activity data are the different manure storageesyst(which will determine the emission
factor), which have been assessed by expert judgsniehis will contribute to the
uncertainty

N,O

Emissions are estimated from the animal populafitre. data for the number of animals are
considered to be known withi#b per cent.

For the emissions of /0 from manure management, Norwegian data for Nkaneta are
used. The nitrogen excretion factors are uncerkaihthe range is considered to be within
115 per cent. (SFT 1999a) The uncertainty is coraakettd differences in excretion between
farms in different parts of the country, that tievey farms may not have been
representative, general measurement uncertaintyhanféct that fodder and fodder practices
have changed since the factors were determined

There is also an uncertainty connected to the idivisetween different storage systems for
manure, which is considered to be witkitD per cent, and the division between storage and
pasture, which is considered to be withkitb per cent.
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6.3.5.2. Emission factors

CH,

Norway is using the IPCC default factors (Tier 2tmoelology) for the emission of GHbut
with some national data. The emission factors ansidered to have the uncertainty range
+25 per cent (Rypdal and Zhang 2000).

N,O

For the emission of O from different storage systems, IPCC default siarsfactors are
used. They have an uncertainty range of -50 to flHd@ent (IPCC 2001) except for the
storage category "daily spread" where it is notliapple.

NH;
Ammonia emissions from agriculture are estimateskdaon national conditions. There is not
made any uncertainty analysis for the revised Niddel, which has been in use since 2003.).

6.3.6. Completeness
Major missing emission sources are not likely.

6.3.7. Source specific QA/QC and verification

In a Nordic project in 2002, the results for emossi of both Ciland NO from manure
management in the national emission inventorie® fie@en compared with the results using
the IPCC default methodology and the IPCC defadtdrs (Petersen and Olesen 2002). This
study contributed to discover differences and gagsmch of the Nordic national
methodologies.

Statistics Norway has, in cooperation with the Negwan University of Life Sciences (UMB),
made improvements in the calculation model for amiamemissions from the agricultural
sector. Data sources used for the recalculatiotiseimevised NkImodel are coefficients from
the Norwegian University of Life Sciences, and supveys from Statistics Norway; a
manure survey (Gundersen and Rognstad 2001) arséhthele survey of agriculture and
forestry (2001).

Statistics Norway'’s detailed manure survey givesamxtended activity data which are better
related to emission source categories, for manamagement and spreading. New loss
factors for different manure management categanesalso used in the revised NiModel.
These factors are closer connected to specifizinet

6.3.8. Recalculations
No recalculations in 2009

6.3.9. Planned improvements
No improvements are planned before NIR 2010.
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6.4. Direct and indirect emissions from agricultural sols - 4D - NO (Key
Category)

6.4.1. Description

The greenhouse gasegNand CQ are emitted from agricultural soils in Norw&ynissions
of CO; are discussed section 7.

The emissions of YO in Norway from agricultural soils amounted to &tdnnes in 2007, or
2 Mtonnes calculated in Geequivalents. They accounted for about 47 per ottite total
Norwegian NO emissions in 2007 or about 3.6 per cent of tked ddorwegian greenhouse
gas emissions that year

Emissions of MO from agricultural soils are key category becaafsgncertainty, both in
level and trend. Their contribution to uncertaiofythe national inventory was 31 % for level
in 2007 and 11.5 % for trend (1990-2007)

The emissions had minor fluctuations in the pedi®80-2007 with a top in the years 1996-
98. During the period 1990-2007 emissions decrebgeét]6 % in spite of a 2 % increase
from 2006 to 2007

Three sources of JD from agricultural soils are distinguished in tR€C methodology,
namely:

» Direct emissions from agricultural soils (from udesynthetic fertilisers, animal
excreta nitrogen used as fertiliser, biologicatagen fixation, crop residues, industrial
and urban wastes and cultivation of soils withghlorganic content);

» Direct soil emissions from animal production (eraas from droppings on pastures);

* N0 emissions indirectly induced by agricultural aitiés (N losses by volatilisation,
leaching and runoff).

The use of synthetic fertilisers, animal excreteogien as fertiliser, and droppings on pastures
also results in emissions of NH-or the first two sources, the calculated amadimitrogen
that is emitted directly asJ® has been corrected for the nitrogen emitted ag NH

6.4.2. Methodological issues

6.4.2.1. Synthetic fertiliser

N,O

The direct emissions of & from use of synthetic fertiliser are calculateahi data on total
annual amount of fertiliser sold in Norway andrnisogen content, corrected for the amount
of synthetic fertilizer applied in forest.(this a@cordance with the comments of the review
team in the 2005 review) The resulting amount ithapplied on agricultural fields is
multiplied with the IPCC default emission factoheélemissions are corrected for NiHat
volatilises during spreading.

NH3
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Statistics Norway's NFmodel (described section 6.3.2) is used for catouy the emissions
of ammonia from the use of synthetic fertilisereTdalculations of Nklemissions from the
use of synthetic fertiliser are based on the ansahhitrogen supplied and emission factors
for the percentage of nitrogen emitted aszNHring spreading.

6.4.2.2. Manure applied to soils

N,O

In Norway, all animal excreta that are not depalsitering grazing are used as manure and
applied to soils. Further, it is assumed that afsrda not emit NO themselves, but emissions
of N,O and NH from manure management before manure applicatidietds are taken into
account (see section 6.3.2).

The emission of BD from manure used as fertiliser is calculated lojtiplying the total
amount of N in manure used as fertiliser with tREC default emission factor. The®
emissions are corrected for hHhat volatilises during spreading.

NH;

Statistics Norway's NFimodel(fig 6.1 in section 6.3.2) is used for cting emissions of
ammonia from spreading of manure on cultivatedifiednd meadow. A spreading module in
the NH; model gives the relative distribution of manureesyl as fertiliser, distributed on
different spreading methods. Total emissions frpneading are estimated by emission
factors for the different spreading methods mukigbby the amount of manure. The amount
of manure is estimated by the number of animalsnaadure production factors for each type
of animal.

6.4.2.3. N,O from biological nitrogen fixation

Another source of pO emissions is biological nitrogen fixation. Theshonportant N-fixing
crop in Norway is clover. The amount of nitrogexefil by a crop is very uncertain, and it is
difficult to assign a conversion factor fop® emissions derived from nitrogen fixation (IPCC
1997a, 1997b). The amount of nitrogen fixed is mplitd with the IPCC default emission
factor.

6.4.2.4. No,O from crop residues

Concerning re-utilisation of nitrogen from cropiceges, there is only limited information.
Nitrous oxide emissions associated with crop residiecomposition are calculated by using
the Tier 1b method, as described in the IPCC (20@e to lack of national or default
factors, factors from the Swedish National Invept@wedish Environmental Protection
Agency (2005) have been used for the Residue/Criip for grass and green fodder, for
Fragwm for rapeseed, potato, roots for feed and greedeiodnd for Fragfor grass, rapeseed
and green fodder. Factors from the Austrian Natitmaentory Report (Umweltbundesamt
2005) have been used for vegetables.

(6.5)Fcg = Zi [Cmpi * (Res/Crop); * Fracp; * Fracy; * (l_ Fracgyrni — Fracgemoveni )]

Fcr = N in crop residue returned to soils (tonnes)

Crop = Annual crop production of crop i (tonnes)

Res/Crop = The residue to crop product mass ratablé 6.10)
Fragm =Dry matter content (Table 6.10)
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Frag, = Nitrogen content (Table 6.10)

Fragurn = Fraction of crop residue burned on field (Figbr2)

Fragemovep = Fraction of crop residue removed used as fodddrstraw in animal rooms
(Figure 6.2)

Table 6.1C0Factors used for the calculation of the nitrogemiemt in crop residues returned to soils

Residue/Crop Frag Frag

Grass 0.25 0.85 0.014
Wheat 1.3 0.85 0.0028
Rye 1.6 0.85 0.0048
Ryewheat 1.45 0.85 0.0038
Barley 1.2 0.85 0.0043
Oats 1.3 0.85 0.007
Rapeseed 1.8 0.91 0.0107
Potatoes 0.4 0.2 0.011
Roots for feed 0.3 0.2 0.0228
Green fodder 0.25 0.835 0.013
Vegetables 0.8 0.2 0.005
Peas 1.5 0.87 0.0142
Beans 2.1 0.855 0.0142

! Including perennial grasses and grass-clover mestu

Source: IPCC (2001), Swedish Environmental Pratacdigency (2005), Austrian Umweltbundesamt (2085atistics Norway.

Figure 6.2. Fraction of crop residue used as steawd fodder, and fraction burned
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6.4.2.5. NoO from industrial and urban wastes

No data are available for the amount of N in indabktvaste applied as fertiliser, but this
source is assumed to be very limited in NorwayaDat the NO emission arising from
sewage sludge applied on fields has been calcutgt@dultiplying the amount of nitrate in

the sewage sludge applied with the IPCC defaulssiom factor. Statistics Norway (waste
water statistics) annually gives values for the ami@f sewage sludge, and the fraction of the
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sewage sludge that are applied on fields. The Necdn the sludge is given in Statistics
Norway (2001), and the same value of 2.82 per isaimged for all years.

6.4.2.6. NoO from cultivation of soils with a high organic cdent

Large NO emissions occur as a result of cultivation ofamig soils (histosols) due to
enhanced mineralization of old, N-rich organic maftPCC 1997a, 1997b). The emissions
are calculated using the IPCC default emissiorofaat 8 kg NO-N/ha per year, and an
approximation of the area of cultivated organid soNorway. The same activity data are
used for all years, due to lack of annual datadfdesk (the Norwegian Centre for Soil and
Environmental Research, changed name to "Biofoirs2006) has estimated that there is

64 438 ha organic agriculture soils based on ntaae 500 000 soil samples. However, they
expect organic soils to be underrepresented im sla@npling. Jordforsk expect the real area to
be between 70 000 and 100 000 ha (Jordforsk 2@td4)assumed to be 85 000 ha in the
calculations. The estimate of organic soils is dasemeasurements of C in the soil. The area
estimate of organic soils is based on measurenoé@sn soil (Jordforsk 2004).

6.4.2.7. Direct soil emissions from animal production (emisas from droppings on
pastures)

N,O

The fraction of the total amount of animal manuredoiced that is droppings on pastures is
given by national data for the distribution of memto different storage systems and data for
pasture times (Table 6.5). The amount of N depadslteing grazing is multiplied with the
IPCC default emission factor.

NH;

Statistics Norway's NEmodel is used for calculating the emissions of @mian from
pastures. Animal population data, data for padiores, and factors for the nitrogen amount
in excreta for different animal categories give tiiteogen amounts for the animal categories
on pastures. Specific emission factors by anim@&gmy are used.

6.4.2.8. N losses by volatilisation

Atmospheric deposition of nitrogen compounds fisg#d soils and surface waters, and
enhances biogenic® formation. Climate and fertiliser type influente ammonia
volatilisation. Deposition of ammonia is assumeddaespond to the amount of K Hhat
volatilises during the spreading of synthetic fes#ir, storage and spreading of manure, and
volatilisation from pastures. This amount is ob¢girfirom Statistics Norway's ammonia
model. The MO emissions are calculated by multiplying the amt@drN from deposition
with the IPCC default emission factor.

6.4.2.9. N,O from leaching and runoff

A considerable amount of fertiliser nitrogen istliyem agricultural soils through leaching
and runoff. Fertiliser nitrogen in ground water auniface waters enhances biogenic
production of NO as the nitrogen undergoes nitrification and diiction. The fraction of
the fertiliser and manure nitrogen lost to leachang surface runoff may range from 10 to 80
per cent. The IPCC (1997a, 1997b) proposes a defalule of 30 per cent, but in the
Norwegian inventory a national factor of 18 perto@ordforsk 1998) is usdtat is believed

to give better results under Norwegian conditidrtgs country specific factor has been
calculated based on an estimate of the amountrat@ieaching for the country on 33 kg
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N/hectare (Jordforsk 1998), which comes from a flumodel by Jordforsk (Norwegian

Centre for Soil and Environmental Research),. Tiperé is an estimated average based on
measurements of N-leaching in 12 small watershedsaiand expresses the discharge to
nearest surface water recipient. Behind this awefiggre, there is a huge variation in N-
leaching, depending on weather conditions, sogsyfarm practices, geographical location
etc. Climate data, soil data, agricultural practietc. are monitored closely in these 12
watershed areas. The areas are chosen so thaofetlger make up a representative selection
of Norwegian farming with regard to farming praes¢ geographical localization and climate
and soil conditions The amount of nitrogen lost to leaching is mulegliwith the IPCC

default emission factor to calculate the emissibN £

6.4.3. Activity data

N>O

The activity data significant for the estimationdafect and indirect emissions op® from
agricultural soils and YD emissions from pastures, and the sources faadtiety data are
listed in Table 6.11.
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Table 6.11 Activity data for process emissions & ik the agriculture

Sources
Consumption of synthetic fertilizer Norwegian Food Safety Authority (total
sale),
NIJOS (2005) (fertilizing of forest)
Number of animals Statistics Norway (applicatioms f

productions subsidies)

Distribution between manure storage | Sample Survey of agriculture and forestry

systems 2003 (Statistics Norway 2004) and
Gundersen and Rognstad (2001)

Pasture times for different animal Tine BA (2003) (Dairy cattle, goat),

categories Statistics Norway's Sample Survey 2001

(Statistics Norway 2002) (non-dairy
cattle, sheep), expert judgements.

Biological N-fixation Aakra and Bleken (1997)
Crop yield Statistics Norway
Amount of sewage sludge Statistics Norway, waste water statistics

Fraction sewage sludge applied on fieldsStatistics Norway, waste water statistics

Area of cultivated organic soils Jordforsk (2004)

NHs

-Synthetic fertiliser

The Norwegian Food Safety Authority calculatestaltealue for annual consumption of
synthetic fertilisers in Norway based on sale fegurThese data are corrected for the amount
of fertilizer used in forests. For the calculatmfithe emission of Nklwe need a specification
of the use of different types of synthetic ferglisDue to the lack of newer data, we have to
assume that the percentual distribution betweenishge of different fertiliser types is the
same as in 1994, see table 6.13

-Animal manure applied to soil and pasture

There are several sources of activity data on sigmgaf manure in the N#model. The main
sources are the manure survey in 2000 by StatiNteway (Gundersen and Rognstad 2001),
various sample surveys of agriculture and fores890-2007 and the annual animal
population. Animal population is updated annualllge animal population estimation
methodology is described in Section 6.2.3. Datenftbe manure survey do only exist for
2000, while the data from the sample surveys haea lupdated for several, but not all, years

Data for time on pasture and share of animals stupaare collected from the Sample
Survey in Statistics Norway 2000 and from TINE BANE BA is the sales and marketing
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organisation for Norway's dairy cooperative andarevmost of the milk production). The
data from TINE BA comprises pasture data for gaats milking cows and are updated

annually. All other pasture data are from the

Stias Norway Sample survey 2000. The

parameters used in the calculations and their ssuae shown in Table 6.12.

Table 6.12 Parameters included in the estimatioNldf emissions from manure

Parameters (input)

Sources

Number of animals

Statistics Norway (applications f
productions subsidies)

Nitrogen factors for manure

Various sources, compiled by Statistics
Norway

Area where manure is spread, split on cultiva
field and meadow.

Btistics Norway (Sample Surveys of
Agriculture), Gundersen and Rognstad
(2001)

Area and amount where manure is spread, §
on spring and autumn.

ditatistics Norway (Sample Surveys of
Agriculture), Gundersen and Rognstad
(2001)

Addition of water to manure,

Gundersen and Rognstad (2001), expert
judgements, Statistics Norway's Sample
Survey 2007

Spreading techniques

Gundersen and Rognstad (20q16rt
judgements

Usage and time of harrowing and ploughing

GundeasehRognstad (2001), expert
judgements, Statistics Norway’'s Sample
Surveys of Agriculture

Pasture times for different animal categories

Tine BA (Dairy cattle, goats), Statistics
Norway's Sample Survey 2001 (non-dair
cattle, sheep), expert judgements.
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6.4.4. Emission factors

N,O

The IPCC default emission factor of 0,0125 k@NN/kg N has been used for all sources of
direct NO emissions from agricultural soils, with the fellmg two exceptions: Emissions of
N.O from animals on pastures are calculated usingR8€ factor of 0.02 kg PO-N/kg N,
and the emissions that occur as a result of ctibimaf organic soils are calculated by using
the IPCC default emission factor of 8 kgONdN/ha per year (IPCC 2001).

The IPCC default emission factor of 0.01 kgONN/kg NHs-N is used to calculate emissions
of N>O from ammonia volatilised. The IPCC default enaadiactor of 0.025 kg MbD-N/kg N
lost to leaching/runoff is used.

NH;

-Synthetic fertiliser

Different types of synthetic fertilisers are beumgged, resulting in different emissions of NH
Their share, based on data from 1994, and they étiission factors are shown in Table
6.13.

Table 6.13 Emission factors for NN for different fertilisers and their share of ttwtal use of
fertiliser

Fertiliser Emission factor ( per Used (per
cent of applied N) | cent)

Urea 15 0.3
Ammonium sulphate and 5 0.02
Ammonium nitrate

Calcium nitrate 0 9.7
Calcium ammonium nitrate 1 10.7
NPK 1 77.6
Other 1 1.6

Source: ECETOC (1994) and Norsk Hydro.

-Animal manure applied to soil and pasture

Emission factors for spreading of stored manurg wath spreading method, water contents,
type and time of treatment of soil, time of yeaspfeading, cultivation, and region. The basic
factors used are shown in Table 6.14.
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Table 6.14 Emissions factors for MN for various methods of spreading of manure.
Per cent of total N

Western and northern  Southern and eastern
Norway Norway
Spring SummerAutumn| Spring | SummerAutumn
Meadow
Surface spreading 0.5 0.6 0.4 0.5 0.6 0.4
Injection 0.1 0.1 0.05 0.1 0.1 0.0b
Water mixing 0.3 0.3 0.2 0.3 0.3 0.2
Dry manure 0.04 0.1 0.1 0.04 0.1 0.1
Open fields
Method Time Type of
before  |down-
down-  |mouldin
moulding |g
Surface spreadin@-4 hrs | plow 0.2 0.2 0.15 0.3
Surface spreading 4 hrs | plow 0.5 0.35 0.4 0.4
Surface spreadin@-4 hrs | harrow 0.4 0.35 0.3% 0.36
Surface spreading 4 hrs | harrow 0.5 0.45 0.4% 0.45
Water mixing 0-4 hrs | plow 0.1 0.1 0.1 0.15
Water mixing +4 hrs | plow 0.2% 0.2 0.2 0.25
Water mixing 0-4 hrs | harrow 0.2 0.2 0.2 0.2
Water mixing +4 hrs | harrow 0.3 0.25 0.25 0.25
Dry manure 0.04 0.1 0.04 0.1

Source: Morken and Nesheim (2004):

The factors in table 6.14 are combined with the activity data in the survey (Gundersen and Rognstad
2001) and a time series on mixture of water in manure (latest updated in 2006 based on data from
Sample survey of agriculture and forestry 2007), and emission factors for NH; emissions from

spreading of manure distributed to meadow and cultivated fields, time of season and region are
calculated (see table 6.15).. These factors are in turn connected to activéthadhat are updated
in the years since 1990, i.e. number of animal(arhof manure), time of spreading and
type of cultivation of the areas where the mansrepread.

Table 6.15 Average Nfemission factors for cultivated fields and meadaiter time of spreading
and region. Per cent, Year 2006

South- Hedmark/| Rogaland| Western | Trgndelag| Northern

Eastern Oppland Norway Norway

Norway

Field Meadow Field Meadow Field Meadow Field Meadow Field Meadow Field Meadow
Spring 329 444|353 443|232 482| 40 402|284 469 | 51 476
Autumn 285 333|289 332|213 344|100 289|309 344|110 332

Source: Statistics Norway, NHnodel estimations.
The emission factors used for the calculation efft emissions from grazing animals are

shown in Table 6.16. These are the same as thsiemigctors used in Germany (Dammgen
et al. 2002) and Denmark (Hutchings et al. 2001).
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Table 6.16 Ammonia emission factors from droppfng® grazing animals on pasture. Per cent

N-loss/N applied
Cattle 7.5
Sheep and goats 4.1
Reindeer 4.1
Other animals 7.5

Source: Dammgen et al. (2002), Hutchings et aD120

6.4.5. Uncertainties

6.4.5.1. Activity data
There are several types of activity data enteitregcialculation scheme:

Sales of nitrogen fertiliseiThe data are based on sales figures during ongTba

Norwegian Food Safety Authority). The uncertaimtythe sales figures is withitb per cent
(Rypdal and Zhang 2000). Another possible errdihas sale does not equal consumption in a
particular year due to storage. The distributiotwieen the uses of the various types of
nitrogen fertiliser is fixed to an investigation1894, and the error connected to this approach
will probably increase over the years.

Ammonia losses from fertilizer containing ammoniare related to soil pH. This could
probably also lead to uncertainness, but Norwegials are very dominated by soils with low
pH, which leads to small losses of this type.

Amount of nitrogen in manurdhe figures are generated for each animal typenbiyiplying
the number of animals with a nitrogen excretioridaclhe nitrogen excretion factors are
uncertain. However, due to research on nitrogekalga problems in parts of Norway, the
certainty has been improved over time (the rangemsidered to be withial5 per cent (SFT
1999a)). Thauncertainty is connected to differences in excrétdmktween farms in different
parts of the country, that the farms included m$hme survey may not have been
representative, genenaleasurement uncertainty and the fact that foddeéfeeding practices
have changed since the factors were determined.

The uncertainty connected to the estimate of theusatnof manure is higher than for the
amount of synthetic fertiliser used.

Fate of manureThere is significant uncertainty connected toahecation of manure
between what is used as fertiliser and droppinggastures.

Deposition of other agricultural emissionBhe data are based on nationalg\rhission
figures. These are withii30 per cent

Leakage of nitrogenThe upper limit for the leakage is the appliedagen. The uncertainty
is roughly about70 per cent.(SFT 1999a)
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6.4.5.2. Emission factors

N,O
Uncertainty estimates used for theONemission factors are given in Annex II.

NH;

The uncertainty in the estimate of emissions oglbBIM use of fertiliser is assessed to be
about+20 per cent (Rypdal and Zhang 2001). This uncestaiould be lower if better data on
fertiliser composition were obtained. The uncettais higher for animal manure30 per

cent (Rypdal and Zhang 2001). This is due to uag#res in several parameters including
fraction of manure left on pastures, amount of rnenconditions of storage, conditions of
spreading and climate conditions. (Rypdal and ZH0Mjl). Other factors that could lead to
uncertainness are variation in storage periodsatain in house types and climate, variation
in manure properties.

6.4.6. Completeness

All sources described in the IPCC reporting guitkdi are included in the estimates.
However, the emission factors might not be reftertiational conditions

6.4.7. Source specific QA/QC and verification

In a Nordic project in 2002, the estimates for esioiss of direct and indirectJ® from
agricultural soils in the national emission invergs have been compared with the results
using the IPCC default methodology and the IPC@ulefactors. The results for the Nordic
countries are presented in a report (Petersen &s202002). The report concludes that there
are significant differences between the Nordic ¢oes in the application of the IPCC
methodology. It states that there is a clear neechprove this IPCC methodology and to
make it more locally adapted, but based on comnuittejnes. The emission factors for
nitrous oxide from both direct and indirect sourc@®uld be differentiated more than what is
currently the case. There is a need to re-evathaterinciples of the current IPCC
methodology for some of the emissions from manuaeagement.

In 2002, the calculation methodologies for the @gtural soil emission sources have been
surveyed and one source has been added (indastdairban waste). Some work is being
done to find more updated activity data.

Statistics Norway has, in cooperation with the Negwan University of Life Sciences (UMB),
made improvements in the calculation model for amiamemissions from the agricultural
sector. Data sources used for the recalculatiotiseimevised NkImodel are coefficients from
the Norwegian University of Life Sciences, and sumveys from Statistics Norway; a
manure survey (Gundersen and Rognstad 2001) arséhthele survey of agriculture and
forestry (2001).

Statistics Norway’s detailed manure survey givesamxtended activity data which are better
related to emission source categories, for manamagement and spreading. New loss
factors for different manure management categanesalso used in the revised NiModel.
These factors are closer connected to specifizinet

193



National Inventory Report 2009 - Norway

In 2006, the methodology used for estimatingNrom crop residues has been changed to
the method Tier 1b (IPCC 2001). The new methodasendetailed and is supposed to better
reflect the real emissions than the earlier uséidma method.

6.4.8. Recalculations
No recalculations have been carried out since @@8-2eport.

6.4.9. Planned improvements
No new improvements are planned before NIR 2010

6.5. Emissions from agricultural residue burning (agricutural wastes)- 4F
- CH4, N,O

Burning of agricultural residues gives emissiona tdrge range of standard combustion
products, ranging from GHGs to heavy metals and$?OP

6.5.1. Methodological issues

CHs, NoO and NQ

The emissions from the burning of crop residuedareg calculated according to the
guidelines in the IPCC reference manual (IPCC 1997b

The amount of carbon released is calculated acugtdi equatior.6. In the IPCC manual a
default value of 0.9 for the fraction oxidised igem, and water content of 15 per cent for
wheat and barley, which are the main cereals tivasgtraw in Norway. To find the C-
fraction in Norwegian straw, the default valuesegifor wheat and barley in the IPCC
manual are being used, and scaled according tpetheent distribution between the two
cereals in Norway in 1999 due to Food and AgrigeltOrganization of the United Nations
(FAO 2002).

(6.6) CR=CRB Fdnt Fo* Fc

CR: Amount of carbon released (tonnes C/yr)
CRB: Amount of crop residue burned (tonnes/yr)
Fdm: Dry matter fraction

Fo: Fraction oxidised

Fc: Carbon fraction

To calculate the emissions of GHhe amount of carbon released is multiplied \aith
emission ratio(equitatiof.7). The emission ratio gives the mass of the aanainical
substance emitted (in C-units) related to the no&sise total carbon emissions by residual
burning. To get total amount of emissions of thelalcemission component, a molecular
weight conversion factor must also be multiplied
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(6.7) E =CR*ER*MW*(N/C)

E: Emissions (tonnes/yr)

CR: Carbon released (tonnes C/yr)
ER: Emission ratio

MW: Molecular weight conversion factor

N/C: Nitrogen/Carbon-ratio
i Emission component

For NbO and NQ@Q, the emission ratio gives the ratio of emissiohN £ relative to the N-
content of the crop residuals. This factor alsotbase multiplied with the ratio between
nitrogen and carbon.

For the emission ratios, the IPCC default valuesused. As N/C ratio a value of 0.012 is
used, which is the IPCC default value for wheat.

Table 6.17 Factors used for agricultural residueriing in Norway

Factor Value Source

Fdm 0.85 IPCC (1997b)

Fo 0.9 IPCC (1997b)

Fc 0.4643 IPCC (1997b), FAO (2002)
CH, N.O NGOk

ER 0.005 0.007 0.121 IPCC (1997hb)

MW 16/12 44/28 46/14 IPCC (1997b9

N/C - 0.012 0.012 IPCC (1997hb)

6.5.2. Activity data

The annual amount of crop residue burned on thasfie calculated based on data from
Statistics Norway and the Norwegian Crop Researsttute. (Figure 6.2, chapter 6.4.2.4).

6.5.3. Emission factors

Table 6.18 Emission factors for agricultural resediburning. g emitted/tonnes crop residue burned

Components Emission
factors

Greenhouse|

gases

CH, 2 400

N,O 46.9

Precursors

NOx 1700

6.5.4. Uncertainties
Uncertainty estimates are given in Annex Il.
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6.5.5. Completeness

As mentioned, the estimations may not be entiretplete, since the statistics are not of
particularly high quality or completeness.

6.5.6. Source specific QA/QC and verification

In 2002, the emissions of GHN.O, NOx and dioxin from agricultural residual burning were
included in the Norwegian inventory, and in 200% émissions of As, Cr and Cu were
added. The time series were included but it shbaldoted that the figures for the earlier
years have a higher uncertainty than the more te@sams

6.5.7. Recalculations
No recalculations since the 2008 report.

6.5.8. Planned improvements
No further improvements are planned before NIR 2010

6.6. Other agricultural emission sources — 4G — NH

Straw treated with Nkito be utilised as fodder is a source forg\thissions in Norway.
Agricultural activities are also a source of pracemissions of particles. There are also
stationary emissions of particles as a result aftmastion of different energy commodities in
motorized equipment used in the agriculture. Thasessions are included in Chapter 3
Energy.

6.6.1. NH3emissions from treatment of straw

6.6.1.1. Methodological issues

Emissions of NH from treatment of straw depend only on the amafiNH3; used. The total
amount of NH used for treatment of straw in Norway is multigleith the share of the NH
that is not integrated in the straw.

6.6.1.2. Activity data

The amount of Nklused per year is obtained from Norsk Hydro and\tbevegian
Agricultural Supply Cooperative. The area of cudted fields is given from a sample survey
of agriculture and forestry made by Statistics Nepyv2003.

6.6.1.3. Emission factor

It is estimated that 65 per cent of the Ndpplied is not integrated with the straw, and is
therefore emitted after the treatment (Morken 2008Bhe same estimation is being used in
Denmark.
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6.6.1.4. Uncertainty

Uncertainty in the estimate of emissions from amiadreatment of straw is rather lows
per cent) (Rypdal and Zhang 2001).

6.6.1.5. Completeness
Major missing emission components are not likely.

6.6.1.6. Source specific QA/QC and verification

There is no source specific QA/QC procedure fag Haictor. See Chapter for the description
of the general QA/QC procedure.
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7. Land-Use, Land-Use Change and Forestry (LULUCF)

This chapter provides estimates of emissions amdvals from land-use, land-use change
and forestry (LULUCF) and documentation of the ierpéntation of guidelines given in
“Good Practice Guidance for Land use, Land-use Gaamd Forestry” (IPCC, 2003). The
information is mainly based on the report “Emissiamd removals of greenhouse gases from
land, use, land use change and forestry in NoryfdigdOS, 2005).

The NIJOS 2005 report discussed carbon stock clsaangeteach category of emissions and
removals of CQand other greenhouse gases the methodologicaleshaderlying
assumptions, availability of data and recommendatfor use of data. The NIJOS 2005
report included a chapter entitled “Recommendafworiuture reporting framework” and a
chapter that discussed how data collected for teygpunder UNFCCC could be used for
Kyoto Protocol reporting. These chapters are novesd in “Framework for reporting under
Article 3.3 and 3.4 of the Kyoto Protocol” (Anor)@6b), “Estimates of emissions and
removals resulting from activities under Articl&Znd 3.4 of the Kyoto Protocol” (Anon,
2006a) and “Electing Cropland Management as arcl&rf.4 Activity under the Kyoto
Protocol. Considerations for Norway” (Rypdal et2006) and in the “National Greenhouse
gas inventory system in Norway” (see Annex VI).

The whole time-series have been recalculated duevision of the methods used to calculate
total biomass of forest trees, land use changaupddting of activity data. The method used
to recalculate changes of carbon stock in deadhacgaatter and for soil is the same as
reported in 2007, but the activity data has beeatatgd. CRF-tables for LULUCF are updated
compared to earlier submitted reports and enclosdte NIR-submission. The work was
carried out by the Norwegian Forest and Landscagkitute and Statistics Norway.

Norway has chosen commitment-period accountindherattivities under Article 3.3 and for
the activity “forest management” under Article 8fthe Kyoto Protocol, see Annex VIII.

7.1. Overview of sector

7.1.1. Activity data

In light of the importance of the forest sector &mel lack of sources of statistical information
that can be used to monitor all land-use transstimm an annual basis, data from the National
Forest Inventory (NFI) have been used as the masbitant source of information to
establish total area of forest, cropland, wetlasdflements and other land and land-use
transitions between these. The data from NFI haes lzomplemented with other statistical
data, in particular for agriculture areas colledtgdStatistics Norway.

7.1.2. Emissions and removals

The average annual net sequestration from the LUEB&Etor was about 16 870 Gg £0
equivalents for the period 1990-2007 (Figure 7The average annual net sequestration was
11 358 from 1990 to 1998, and about 22 382 Gg-E&duivalents per year from 1999 to 2007.
In 2007 the net sequestration was calculated &335Gg CQ-equivalents, which would
offset 47 per cent of the total greenhouse gasseoms in Norway that year (55 055 Gg £0
equivalents.). In 2007 the land-use category fdeest remaining forest land was the major
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contributor to the total amount of sequestratioth\2i7 693 Gg C@ Land converted to forest
land contributed 330 Gg GQAll other land-use categories showed net emissiwhgh

totalled 2 128 Gg C® Of these, the most important category was gradshath total
emissions of 1 875 Gg GQFigure 7.2). Farmed organic soils (mostly for grasoduction)
contribute with CQ emissions of 1 870 Gg GOThe uncertainties are, however, large (more
than a factor of 2). The estimate has been kepmtaohbecause annual data are missing, but
large annual changes are not likely given that ity new organic soils are farmed at
present. C@emissions from agricultural mineral soils are drdak to small new areas
cleared for agriculture. Erosion control (in pautar mandatory spring-till) has contributed to
a small sequestration.

The emission of Cldand NO are given in Figure 7.3. The large emissionsidf D 2006
were due to a large number of wildfires that year.

Forest land covers around one fourth of the mathknea of Norway and is the most
important land use category considered managedr@ig4). The C sequestered in living
biomass was estimated at 5 975 Gg C in 2007 (Fig®e The sequestration in forest soils
was found to be 899 Gg C and the carbon stock ehemdead organic matter was 679 Gg C.
The carbon stock has increased for living biomassuigh out the time series (Figure 7.5).
The increase in living biomass can be explainedrbgctive forest management policy, but

also to some extent by natural factors. There igrarual variation for dead organic matter
which is to a large extent influenced of the anrwaalation in forest harvest (Figure 7.7).
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Figure 7.1 Removals in the LULUCF sector from 189Q007. Gg CO2-equivalents.
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Land use
The calculated land use categories for Norway fi@®0 until 2007 are shown in Figure 7.4.
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Figure 7.4. Area (k ha) distribution on the IPCQithuse, land-use change and forestry categorie3Q-£9D07

A key finding from these data is that change irdtaise from 1990 to 2007 is quite small; the
forest area is slightly increasing and the croplareh is decreasing.

Carbon stock

Figure 7.5 shows the calculated carbon stock cteaagdorest land from 1990 through 2007.
The calculations of carbon stock changes in lioignass are based on data obtained from
the National Forest Inventory (NFI). The NFI utdiza 5-year cycle based on a re-sampling
method with permanent plots. Each year 1/5 of thes@re inventoried with the sample plots
randomly distributed across the country in orderettuce the periodic variation between
years. The same plots are inventoried again afyeabs. The current system with permanent
plots was put in place between 1986 and 1993, alhddperational for the cycle covering the
years 1994 through 1998. This change of methodnhlécations for how the calculations
are performed, and in particular for how the défgrsampling methods are bridged.

There are no annual biomass data available in Biddy the years between 1990 and 1998.
The annual estimates in Figure 7.5 of carbon stocthe years from 1991 to 1997, inclusive,
are based on the values for 1990 and 1998 usiaegrlinterpolation between these years.
Because of the linear interpolation the calculatedual changes in carbon stock are all
constant in this period, see Figure 7.6.

The reported values for 1990 are based on dat@anelthetween 1986 and 1993. The
reported values for 1998 are based on data obtaimeag the 5-year cycle from 1994
through 1998. Values for subsequent years are lmas#te corresponding 5-year cycle. All
calculations are based on data obtained from time st of permanent plots. This procedure
reduces the variation due to changes in the samptepermits consistent and verifiable
estimation of changes over time. By electing torefor the last year in the cycle any land
use changes are reported when they are regiseerddhe reported values for a particular
year will not change as additional years are add@ibib. is different from submission earlier
than 2008 were mid year in a cycle was used asergfe year.
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The calculated changes in carbon depend upon $éaetars such as growing conditions,
harvest levels, and land use changes. In partigulbvariations in annual harvest directly
influence the variations in changes in carbon st@id dead organic matter (Figure 7.7). The
steady increase in biomass (carbon stock) is thdtref an active forest management policy
the last 50 years. The annual harvest levels achnower than the annual increments thus
causing an accumulation of wood and other tree compts biomass.
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Figure 7.5. Carbon stock in forest living biomas890-2007.
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Figure 7.6. Annual changes in carbon stock in foriesd to forest, dead organic matter and soi@9@-2007.
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Figure 7.7. Forest harvest (brown), annual incremn@@reen) and volume - 1990-2007 (Statistics Ngrvand
Norwegian Forest and Landscape Institute) The b years are extrapolated for annual increment .

7.1.3. Key categories

Table 7.1 shows the results of the key categoriyaisgperformed as described in IPCC
(2003). There have been several changes due th#mges in methodology. All changes are
among categories derived from the forest inventaliil Forest land converted to settlements
is a new key category because the biomass losforateese conversions was changed from
75 per cent to 100 per cent, leading to higher sions. 5A2 and converted to forest lans
now only a key category according to the Tier lysia and 5BICropland remaining
cropland, limingis a new Tier 1 key. 5DWetland remaining wetlanid no longer a key
category. Previously, the net biomass gain wasutated as the total increase in forest
biomass due to the reclassification of the arddmus, all biomass on the areas at the time of
reclassification was recorded as a gain. In thisee method, only the biomass change in the
inventory year is recorded. The key categoriedirgldo soils remain unchanged.

Uncertainties were not determined by a rigid ang)ysee Section 7.11. There are some
differences between the two tiers. Tier 1 levellgsia does not identify forest drained organic
soil, cropland histosols and forest converted &tlements. The reason is that these
categories have large uncertainties. For the tegradlysis there are small differences between
the two tiers with respect to the LULUCF categordemntified, and the trend analysis does
not identify any additional LULUCF categories to#e identified in the level analysis.
Including LULUCF also influences other key categeridentified. However, according to
IPCC (2003) the LULUCF key categories are additiaaahose identified analyzing the
inventory excluding LULUCF. In both analyses, fdresmaining forest (all three pools) are
among the top key categories.
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Table 7.1. Summary of identified LULUCF key catézgor

Trend
Level Level assessmen
assessment assessmen Tier 2 Method
Source category Gas | Tier 21990] Tier 2 2007| 1990-2007| (Tier) 2007

Tier 2 key categories (large contribution to th&atanventory uncertainty)
Forest Land remaining
Forest Land, Forest
inventory area, Living
5A1 Biomass CQ 9.15 16.76 26.19 Tier 3
Grassland remaining

5C1 | Grassland, Histosols, Soil
Forest Land remaining
Forest Land, Forest
inventory area, Dead

5A1 Biomass CO, 6.22 6.35 5.61 Tier 3
Forest Land remaining
Forest Land, Forest
inventory area, Soils,
5A1 Mineral CO 4.66 4.39 3.32 Tier 3
Forest Land remaining
Forest Land, Forest
inventory area, Soils,

"

GO 13.29 11.12 6.09 Tier 2*

5A1 Organic CG, 2.34 2.07 1.35 Tier 1
Cropland remaining
5B1 Cropland, Histosols, Soilg GO 1.48 1.24 0.68 Tier 2

Forest Land converted to
Settlements, Living

5E2 biomass CQ 1.40 0.30 1.47 Tier 3
Tier 1 key categories (large contribution to theatemissions)
Land converted to Forest

5A2 Land, Living biomass CO2 0.27 0.42 0.59 Tier 3
Cropland remaining
5B1 Cropland, Liming CO2 0.48 0.13 0.45 Tier 1

7.2. Source category description

7.2.1. Land use categories, CRF 5A, 5B, 5C, 5D, 5E and 5F

In light of the importance of the forest sectoradfitom the National Forest Inventory are used
to establish total area of forest, cropland, welkarsettlements and other land and land-use
transitions between these. The land use categanmgeis accordance given in IPCC Good
practice Guidance (IPCC, 2003).

Forest landis defined according to the Global Forest ResauAssessment (FRA) 2004

(FAO, 2004). Forest land land with tree crown cover of more than 10 per camd area of
more than 0.5 haThe trees should be able to reach a minimum heigh m at maturityn

situ. No minimum width for Forest land is consideredhia Norwegian inventory causing a
small discrepancy according to the definition inAAB004. Young natural stands and all
plantations established for forestry purposes, elsag forest land which are temporarily
unstocked as a result of human intervention areidiecl under Forest land. All Forest land is
considered managed which includes also recreateasaprotected areas and nature reserves.
All forests in Norway are used either for wood hesting, hunting, picking berries, hiking

etc.
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Croplandis defined for lands where tlseils are regularly cultivated, and where annual or
perennial crops are growm.his category includes temporarily grazed lands tbgularly are
being cultivated. Cropland also includes areasrfeadows and pastures close to the farm.

Grasslandis identified asareas utilized for grazing on an annual basis, Which are not
mechanically harvestedlore than 50 per cent of the area should be eavetth grasses.
The soil is not cultivated, and may partly be cedewith trees, bushes, stumps, rocks etc.
Land with tree cover may be classified as grassiagicizing is considered more important
than forestry. Meadows and pasture within the farea are included under cropland, which
is consistent with the agricultural statistics. gdassland is considered managed, because
grassland left unmanaged will over time be convketteforest or vegetated “other land”.

Wetlandsare assumed unmanaged and are defined as miresessdregularly covered or
saturated by water for at least some time of tlee.y& wetland area of about 338 ha is used
for peat extraction and assumed managed. Landfaseeservoirs (dams) used to
hydroelectric power productions are also considenadaged wetlands, but is not reported
since it is not mandatory (IPCC, 2003).

Settlementsnclude all types of built-up land; houses, gagjesillages, towns, cities, parks,
golf courses, sport recreation areas, power lindgmforests, and cabins areas, industrial
areas, gravel pits, mines. All settlements are idensd managed.

Other landsis defined as impediments (waste land), areashetk rocks, shallow soil or
particularly unfavourable climatic conditions andlldna heath which is potential forest land
but currently unused land without tree cover int@esNorway. Also the group “other
wooded land” (land with sparse tree cover) on nahsoil is assigned to Other lands. The
areas above the coniferous limit and the northestroounty of Finnmark which is not yet
included in the database, is assigned to Othertlmedsures that the total area identified
equals the total area of the country.

Management status of the reported land use catsgare summarised in Table 7.2, and the
National Land cover and Land use categories sutd/byahe National Forest Inventory, their
correspondence to the UNFCCC/KP Land use categargggen in table 7.3.

Table 7.2. Management status of different landoasegories. An area is only classified as belontgeohe land
use category. The predominant national land covef land use decides to which category.

Land use category Abbreviation Management status

Forest land F Managed

Cropland C Managed

Grassland, G Managed

Settlements W Unmanaged or Managed (small area)
Other land o Unmanaged
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Table 7.3. National Land cover and Land use catiegotheir correspondence to the UNFCCC/KP Land use
categories.

Land use

Forestry City . . Protected .
Land cover (no other use or urban area Califin aem Recreation l_vl!htary Area, Roads_lRalIroad Fawar [ Other
restrictions) Sfenlemen}s of @) area training field Nature Aimport @) ®
different kinds ©) @) Reserve )

~

=
N
Gl

Productive forest land (1)

Non-produciive forest land (12) [ EIESSEHEents NSaticmens oo

Other wooded land,

Crown cower 5-10% (13) Other - Other Other Other Other

Crown cover 5-10% (13)

Calluna heath (2) Other

Bare rocks, shallowsoil 22) [ Gther  Other  Other  Other  Other _ Oter  Other
Mire without tree cover (22)  [NNNNNGHARGIIN - Wetland | Wetland  Wetand
Lakes and rivers (not sea) (30) _ ; _7
not regularly cultivated (40)

Arable land, regulary cultivated Cropland Cropland Cropland

(41)

Other areas, gravel pits,

mines, gardens, halting places,
skiing slopes (50), forest roads
etc.

* (1) Productive forest land is defined as foreshwitown cover that exceeds 10 percent and thas laost
potential yield of stem-wood, inclusive bark, exdieg one cubic meter inclusive bark per hectareysrad.

. (12) Non-productive forest land is defined as foreith crown cover that exceeds 10 percent and
that hosts a potential yield of stem-wood less s cubic meter, inclusive bark, per hectare aad.y
. (13) Other wooded land is defined as land with sparee cower with crown cover lager then 5

percent but less then 10 percent and hosts traebldkie the potential to reach a height of 5 metenith a
combined cover of shrubs, bushes and trees abopertent. It is classified as other wood land & $oil is
classified as mineral soil and wooded mire if thgamic soil is more than 40 cm.

7.2.2. Consistency in reporting Land use categories

7.2.2.1. Land use categories inventoried by National forastentory

National forest inventory (NFI) is a sample plotentory with the aim of providing data
about natural resources and environment for fdaest in Norway. The NFl is the only
system that can present area changes and cureandiatribution based on a georeferenced
sample of field plots (NIJOS 2005). The Norwegiamdst and Landscape Institute is
responsible for the NFI. Inventory work was staited919 with regular inventory cycles.
The ¢" inventory cycle started in 2005 and will be contgdiein 2009. Until 2004 the
inventory comprised all types of land below theitemous forest limit, but a more
comprehensive description was made only for fdeast. Until 2004 the mountain birch
areas above the coniferous limit and Finnmark Cpuats not included in the NFI. During
the 9" inventory cycle the mountain birch areas and giFinnmark County will be assessed
in the same way as the rest of the country. The @ that the land use and biomass for the
mountainous area and the rest of Finnmark are cetegbin 2013.

The sampling design is based on a systematic fjgeareferenced sample plots with 3 x 3
km spacing. Approximately 17 000 permanent samiglts have been established in total.
The NFI utilizes a 5-year cycle based on a re-samgphethod with permanent plots. The re-
measuring is carried out in such a way that 2Qcpat of the plots are surveyed every year
with the sample plots randomly distributed acré®sdountry in order to reduce the periodic
variation between years. The same plots are inviedtagain after 5 years. The current
system with permanent plots was put in place betvi®86 and 1993, and was fully
operational for the cycle covering the years 198dugh 1998. This change of method has
implications for how the calculations are performaad in particular for how the different
sampling methods are bridged.
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NFI provides national as well as regional statsst€forest resources and environment, and
gives in addition the possibilities to assess lasel and detect changes both in land-use and
forest situation. To obtain reliable data for indival counties, data from permanent plots are
supplemented with data from temporary plots, whwihnot be described in further detail
here. The data collection makes it possible tomamvolume and biomass for different tree
species and size classes as well as the numbeeesfand annual increment.

The classifications for land area of Norway areegiin Table 7.4. The figures are based on
data from NFI and Statistics Norway which providled figures for the total land area for
Norway. Areas above the coniferous forest limit &mthmark County are classified as
“Other land”. The category “Other land” ensured the total land area identified equals the
total area of the country.

Table 7.4. Land-use classification in 1990, 1998 8002, representing respectively tHe 8" and the 8 NFI

Land-use in 1990 Land-use in 1996 Land-use in 2002
Classes | The 6" NFI The 7' NFI The 8" NFI

Area (ha) % Area (ha) % Area (ha) %
Forest 8 897.49 27.5 8 824.46 27.3 9 364.39 28.9
Cropland 1079.76 3.3 1 054.52 3.3 1017.01 3.1
Grassland 154.98 0.5 154.98 0.5 172.94 0.5
Wetlands 2188.51 6.8 2219.17 6.9 2 087.36 6.4
Settlements| 636.48 2.0 649.10 2.0 676.74 2.1
Other 19 422.98 60.0 19 477.97 60.2 19 061.78 58.9
Sum 32 380.20 100.0 32 380.20 100.0 32 380.20 0100.

* The figures in this table are calculated for eankientory cycle with the mid year as the refereyear.

A key finding from these data is that the changknd-use from 1990 to 2002 is quite small;
the forest area is increasing and the agriculttea & decreasing.

The six land-use categories are consistent witmétienal definitions applied in™(1994-
1998) and 8 NFI (2000-2004). However, in thd'&NFI (1983-1993) the crown cover
percentage was not recorded, and also the caté@oagsland” had not been defined in the
land-use classification. Due to the missing asseasrof the crown cover parameter and the
area of “Grassland”, the values from tHeNFI were used as estimates of crown cover and
grassland in the"sNFI. Areas classified as grassland in tHérfentory were assumed
grassland also in thé"&\FI. Consequently, no land-use transfers from $Siand” were
assumedin this way all land-use transfers are includethis report.

Time-series

In this report data from the inventories carrietl foom 1986 through 2007 are used.

The reported values for 1990 are based on dat@anelthetween 1986 and 1993. The
reported values for 1998 are based on data obtalimenlg the 5-year cycle from 1994
through 1998. Values for subsequent years are las#te corresponding 5-year cycle. All
calculations are based on data obtained from time s®t of permanent plots. This procedure
reduces the variation due to changes in the samptepermits consistent and verifiable
estimation of changes over time. By electing torefor the last year in the cycle any land
use changes are reported when they are registarddhe reported values for a particular
year will not change as additional years are added.

There are no annual data available in the NFIHenjears between 1990 and 1998. The
annual estimates of carbon stock, land use andused¢hange for the years from 1991 to

207



National Inventory Report 2009 - Norway

1997, inclusive, are based on the values for 19@01898 using linear interpolation between
these years. Because of the linear interpolatiercéticulated annual changes in carbon stock
are all constant in this period, see Figure 7.6@gation 7.1.2)

Conversions between cropland and forest land:

The (direct) conversions between these categorgesmall. Such a conversion is expected,
however, due to abandonment of marginal agriculamd. An explanation may be that the
transition goes via other land or grassland. Tlaesa changes are considered human induced.

Conversions between cropland and grassland:
Some conversion from cropland to grassland has thetcted. The area changes are
considered human induced.

Conversions between cropland and settlements:

There is some conversion from cropland to settlémdrhese changes are considered to be
real, given that the total cropland area has beeredsing and urban area increasing also
according to administrative records. The changesyaman induced.

Conversions between cropland and wetland:
The conversions between these categories are igliffhe changes are human induced.

Conversions between cropland and other land:
The conversions between these categories are idglihe changes are human induced.

Conversions between forest land and grassland:

The inventory data indicates some transition frone$t land to grassland throughout the
time-series. There are some conversions from guagdb forest land observed in the latest
inventories. Such a transition is not unlikely, dese there has been a reduction in animal
grazing in many rural districts. Conversions betwggrssland and forest are considered as
human induced.

Conversions between forest land and settlements:

There has been conversion from forest land toeseéthts between the forest inventories.
These changes are in line with independent admatiiat records and are human induced.
They are interpreted in this inventory as defortesta

Conversions between forest land and wetland:

There have been recorded conversions from foredttmwetland and from wetland to forest
land. These differences can be explained by changée classification of tree covered mires
areas. The limit for classifying as mire is < 10 pent crown cover. These actual changes are
considered not human induced.

Conversions between forest land and other land:

There has been a conversion from other land tsfdaed. These conversions are most likely
in areas close to the timberline. Changes fromrdéra to forest land are real and are partly
human induced (changes in grazing). Some changealsa be due to a warmer climate. The
explanations for increases in forest around théénme has been discussed by Hofgaard
(1997a;b), who claims that most of the expansiotihefmountain birch forests in Scandinavia

8 Making the annual changes non-constant in thegatation period would require a non-linear intdgtion between 1990
and 1998
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after the mid-20 Century, is due to change of lasel as a result of diminished grazing
pressure.

Conversions between grassland and settlements:

A few cases of change from settlements to grassiamd been observed. This change is not
significant and does not have any major practioakequences for the estimates of emissions
and removals.

Conversions between grassland and wetland:
There have been a few conversions between wetlahdrassland. Parts of this can be due to
new areas used for grazing. The changes are sntatiegligible.

Conversions between grassland and other land:
There is some conversion from other land to grassl@he changes are small and negligible.

Conversions between settlements and wetland:

Conversions between settlements and wetland ark. Sihase apparent conversions do not
have any major consequences for the calculatioesidsions and removals, as the result
would be rather negligible.

Conversions between settlements and other land:

There has been some conversion from other lanett@sments. This can be explained for
example by road constructions. We assume thaesetkituations the other lands is
vegetated. The changes are human induced.

Conversions between wetland and other land:
There is no recorded conversion from other langédand.

7.2.2.2. Land use changes prior to 1990

According to the Good Practice Guidance (IPCC, 2008as been recommended that, when
a piece of land changes use, then it is followetth@ ‘changed status’ for 20 years, with each
year 1/20 of the CO2 and non- CO2 effects repoifext.3 modelling approaches may utilize
different assumptions, but still with a conversaategory of 20 years. That means, land-use
changes that have taken place after 1970 mayatk an impact on soil organic matter in
1990. There was no forest inventory intended tesstand-use changes in 1970, and the
forest inventory at that time was not coveringwile country. To be able to make a rough
indication of the overall trend in forest area, #ineas of “productive forest” according to
national classification has been presented in TalleThe data are taken from the Census of
Agriculture and Forestry 1967, 1979 and 1989. Bseaw data from permanent sample plots
exists before 1986 and relatively small changedleas detected in total forest land, we have
chosen not to take into account changes that mesy decurred prior to 1990. This implies
that stock changes in lands converted to forestiaderestimated, but the biomass changes
are included in the reporting category for “forlestd remaining forest land”.
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Table 7.5 Estimates of productive forest land 12689 (ha)

Region

1967 1979 1989
1 4166 102 4 085 3004 288 900
2 689 422 770500 894700
3 1021125 975600a 1255200
4 522110 744000 b 514 300
Total | 6398 759 6 659 8006 953 100

4 Trgndelag only
®Includes all of Nordland

Single year changes are reported in the CRF-2008.20 years approach will be included
after 2010 due to the completeness of NFI cycle 9.

7.2.2.3. Uncertainties

About 17 000 permanent plots are available fromNRé These plots will be revisited during
each 5 year period. Estimates for the specifiooqgeare made based on data obtained as 5
year averages. With the number of plots, the pi@tisf the estimates (in relative terms) will
be high for the common land-use classes. AlthobhghN\IFI is carried out as a systematic
sampling of plots, the formulas for simple randamgpling can be used to provide
approximate values for the precision of the ar¢ianases.

The standard error of an area estimate with simgsidom sampling is:

n
Where A_ is the area of a specific land-use category mistea class, A is the total area of

Norway (32,380,200 ha), p is the proportion of ldred-use class, and n is the number of
sample plots. In Table 7.6, some examples of stdrefaors are given for various cases,
differentiated on proportion of the land-use catggmd the number of sample plots used.

Table 7.6 Examples of standard errors of area esttys, using a certain number (n) of sample plothén
calculations.

Standard error
Proportion  Corresponding N=2000 n=10000 n=17000
of area (p) area (ha) (%) (ha) (%) (ha) (%)
0.001 32380 14 474 45 10 234 32 7 849 24
0.01 323 802 45 563 14 32218 10 24710 8
0.1 3238020 137 378 4 97 141 3 74 503 2
0.5 16 190 100 228 963 1 161 901 1 124 172 1

Table 7.6 shows that the relative errors of theoumoon categories are rather high. On the
other hand, once a certain category becomes nmegadnt, the relative precision of its
assessment will be higher. Thus, by using the peemiaplots of NFI as a basis for the area
estimation, the uncommon classes will be assesghdow accuracy. The system is sensible
to the number of permanent plots. For sparse cagsgihe current number of plots may be
considered being close to a minimum. The uncerésnh emission and removal figures are
substantially higher for all other land-use classmspared to forest. This is due to scarce of
data available and all the assumptions needed tioihe.
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7.2.3. Census of Agriculture and auxiliary data

The data from the National Forest Inventory havenbeomplemented with other statistical
data, in particular for agriculture areas. The$eotata are less suited to derive exact land-
use transitions.

Censuses of agriculture have been held at inteofapproximately 10 years from 1907 to
1969. Combined censuses of agriculture and foregtng held in 1979 and 1989. A separate
Census of Agriculture was carried out in 1999. Taesus in 1999 included all units with at
least 0.5 hectares of agricultural area in usecanaprised 70 700 respondents.

Sample surveys of agriculture and forestry

In the periods between complete censuses, agnal#tatistics are collected by annual
sample surveys. The samples consist of about 11 58®O0 units, which are drawn from
the Farm register administered by the Norwegiandddfural Authority. The samples are
drawn on the basis of agricultural area in use@oductive forest area. The structural
variation between different counties is also taikén consideration, and the relative size of
the samples differs both by county and by sizeotdihg.

The sample surveys of agriculture and forestry pl@¥igures for number of holdings and the
size of agricultural area in use. Data concernoigpseparation are collected regularly,
likewise information about labour force and workimge on holdings.

Yield of agricultural crops
The statistics on yield of potatoes and coarsedodde also based on sample surveys. The
sample includes about 3 200 units registered vgtitaltural activity in the Farm register.

Statistics based on administrative registers

Since 1984 the annual statistics concernitiigzation of agricultural area and number of
livestockare based on information given by holders applyarggovernmental grants. For
previous years these figures were based on sampleys in agriculture.

Figures concerning sales @dncentrated feed, area subsidized for changdlagé,
agricultural area transferred to non-agriculturabe and producer pricesn certain
agricultural products are given by Norwegian Agltictal Authority.

Statistics orconsumption of fertilizerare based on data from the National Agricultural
Inspection Service.

Area figures in Statistics Norway’s agriculturadtsstics are more up to date than any other
source, but do not have spatial coverage becauselsf in georeferencing (although most
data are available at the municipality level). Timgans that the overall data for agricultural
areas are of high quality, but they cannot be tsekktermine transitions between different
land categories.

Statistics orarea burned in forest fireare available from the Directorate for Civil Piciten
and Emergency.

Area data foorganic soils, peat extraction and othene based on research projects at
Bioforsk.
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7.3. Forestland 5.A

7.3.1. Forest land remaining forest land — 5A1 (Key Categy)

Forest is the most important land-use category vegipect to biomass sequestration in
Norway. According to the Tier 2 key category analySection 7.1.3) this category is found
to be a key category with respect to sequestratiéiming biomass, dead biomass, soils
(mineral and drained organic) because of unceptamnievel and trend. The details of the
biomass calculations will be described in Sectidh171. The same data will also be used to
estimate losses of C when forest is convertedierdand use classes or removals when
forest is increasing.

7.3.1.1. Methodological issues

Change in carbon stock in living biomass

The IPCCs (2003) stock change method is used. Htlkead implemented corresponds to
Tier 3; a combination of national forest inventdata and models to estimate changes in
biomass.

The reported carbon refers to the biomass of\afiditrees with a height of at least 1.3 m.
Thus, small trees, shrubs and other vegetatiofn, asihierbs are not included in the figures.
The biomass of trees with a stem diameter largar 8 mm measured 1.3 m above the
ground is individually monitored. It is possiblert@atch the biomass to land use of each tree.
Both above ground and below ground biomass aretehoAbove ground biomass is defined
as living biomass above stump height (1 per cetit@tree height). The Swedish single tree
allometric regression functions developed by Mamkll1987, 1988) are applied to data from
the NFI for predicting the various tree biomass ponents; stem, stem bark, living branches,
dead branches, needles (not leaves) of Norway siRicea abiey Scots pineRinus

sylvestri and birch Betula pendula and Betula pubecenkEhese species (including other
coniferous about 1 per cent) constitute about 9Zest of the standing volume (Larsson et
al. 2007). Other, broad-leaved species constitutst of the remaining 8 per cent and the
birch functions are applied to all broad-leavedcgge Below ground biomass is defined as
living biomass below stump height down to a roainaieter of 2 mm and are estimated by
Petersson and Stahl’s (2006) single tree allomeggeession functions for the same tree
species as for above ground living biomass. Thadibiomass is estimated consistently
based on the same monitoring design, by usingaime gunctions for the same tree species
from the base year 1990 and onward.

The biomass for all trees larger than 50 mm dianadtbreast height was calculated from
their diameter and height measurements. Treesandibmeter less then 50 mm will be
included in the calculations after 2010, when &dytle of measurements are expected to be
completed. It is planned to report biomass, larelarsl land use change for the entire country
in 2014.

The calculated carbon stock in forest land fromQL&02007 is shown in Figure 7.5 and the
calculation of the time-series is explained in ®ec?.2.2.1.

Change in carbon stock in dead organic matter

The dynamic soil model YASSO as described in deddily Liski et al. 2005 and applied to
Norwegian conditions by de Wit et al. (2006), asedito calculated changes in carbon stock
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in dead organic matter (Figure 7.8). Calculatiohsh@nge in carbon stock (pools of biomass,
dead organic matter) are done according to a Tieetod.

Change in carbon stock of dead organic matter adligdr from standing biomass, un-
recovered fellings (trees that were felled butneotoved from the forest), harvested residues
and natural mortality, stumps and roots from haeatees have been calculated from the
growing stock, and annual harvest volume. The velamd increment estimates and amount
of dead wood are taken from NFI and removals asstdrarvest are from Statistics Norway.
Dry matter biomass of different litter compartméotiage, fine roots, branches, coarse roots,
stems and stumps) are calculated using biomassigipeafactors described for Norway in
FAO/ECE (1985) and in Lethonen et al. (2004). Turections for biomass expansion factors
are age dependent. Therefore, 100 year as meareagsed for harvested wood and 70 years
for grooving stock volume.

Forest harvest (Figure 7.7 in Section 7.1.2) infies the amount of harvest waste and
therefore also the estimate of “dead organic matter

hitter soil

Extractable
components

Faliage
Fine roots

Branches Fine woody Holocellulase

Coarge roots litter

Stems Coarse woody
Stubs litter

Lignin-like
| components

Figure 7.8. Carbon pools and fluxes in soil moda$36. Values for the parameters are presented lobeT4in
de Wit et al. 2006.

Change in carbon stock in soils

The dynamic soil model YASSO as described in datidiy Liski et al. (2005) and de Wit et
al. (2006), is also used to calculate changesrimocestock in soil (Figure 7.8). The
calculations are hence done according to a Tieethod. The model describes accumulation
of soil organic matter and dead wood in uplanddbseils and is designed to process data
derived from forest inventories (Liski et al. 2005he YASSO model does not distinguish
between mineral and organic soil. The model reguestimates of litter production (dead
organic matter) and basic climate data. The modeltWwo litter compartments that relate to
physical fractions of litter and five soil compomethat differentiate microbial decomposition
and humification processes. The litter and soil partments can be viewed as “dead wood”
and “soil organic matter”. With the current paraenstation (Liski et al., 2005) the model
gives an estimate of the soil organic matter dowviné depth of 1 m in the mineral soil. The
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model requires regular input of different biomassponents over years, and it is assumed
that equilibrium of input and output is reacheagdafiome time and that the model is relevant
for Norwegian conditions. The input values are dbsd underchange in carbon stocks in
dead organic matteDue to lack of soil carbon assessments the liniées for carbon
content in soil was calculated assuming a steag Setween soil organic matter and litter
input at the first year of simulation. This wasctdated by running YASSO under the initial
conditions — climate and “litterfall’- since 196@til the conditions in the soil compartments
boxes were stable. The required factors as chégooaposition, litter decomposition rates,
transfer rates and fraction rates are taken froM/dest al. (2006).

Drained organic soilsused for forest will lead to a substantial los€pand abandoning this
measure will after some time lead to a slow accatian of soil C. Due to the general
increase in forest we assume no such abandonmemtaréa of drained organic soil has been
drastically reduced since the 1960s (Figure 7.8js i due to economic conditions and an
increased focus on preserving mires. There is tiomad data on the CQoss from drainage,
and hence the method used corresponds to IPCC)Z@#3L. The loss is expected to be less
than for agriculture soils drained because of trgrtbution from forest waste. Due to lack of
national emission factor the IPCC default factordmined organic soils in managed forest
(boreal), 0.16 Mg C/halyear, is used. Accordingttdistics from Statistics Norway the area
of drained organic soils (total accumulated) was.24ha in 2007. The estimated emissions
are about 144 Gg CO
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Figure 7.9. Drainage for forest. 1950-2007 (SourSeatistics Norway)

7.3.1.2. Recalculations

Compared to the submission of 2007 the whole tierees have been recalculated due to
revision of the methods used to calculate totaiiaiss of forest trees and land use change and
updating of activity data.

The net removals for forest land remaining forastllwas 27 693 Gg G 2007.
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Emissions of CHand NO from the category were 0.01 Gg and 0.04 Gg, civaty (see
Section 7.1.2)

In the centralized review of the 2005 NIR submissihe ERT suggested to separate
emissions from removals (increases and decreastsaks) in CRF table 5.A. This has been
implemented for the report starting this year.

7.3.2. Land converted to forest land— 5A2 (Key Category)

The possible conversion under this category aréallmving: cropland converted to forest
land, grassland converted to forest land, wetlaodserted to forest lands, settlements
converted to forest lands and other land convedéddrest land. Land converted to forest
land is found to be a key category only in the Tidey category analysis. This is due to
uncertainty in level and trend of the emission€02.

7.3.2.1. Methodological issues

Change in carbon stock in living biomass

When a stand of trees reaches the predeterminachoimsize and crown cover, the stand is
measured and the living biomass is calculated doogto a Tier 3 method. The estimated
annual change in living biomass is reported.

Change in carbon stock in dead organic matter

Change in carbon stock in dead organic matter dbervest residues and stumps and roots
from harvested trees and natural mortality have loe¢culated. An average value for forest
will automatically be assigned to the area wherveaed into “forest”.

Change in carbon stocks in soils

The methodologies used correspond to IPCC (20@3)ITwhere emissions and removals are
estimates considering the carbon stock before #iad@nversion and the duration of the
transition. However, national data are used tcettient available.

Cropland converted to forest land

This conversion rarely goes directly most oftegaiés via “other land”. The conversion is
expected to lead to uptake of carbon, because tasrbeen a likely carbon loss on
agriculture land due to management and becausst foiké accumulate carbon. Studies
provided by Bioforsk on soil organic matter does gige any smaller values than cropland
for a given soil type (the value also includes pastnd meadows). This may be due to
uncertainties in the data, but it can also be expthby the fact that C losses are low in
Norway due to a cold climate and because the nawbba rich soil is used for agriculture.
We propose to not estimate any instant changeiliog@nic carbon, but to account for the C
uptake by using the C accumulation data providedodiest soils.

Grassland converted to forest land

In the latest inventory cycle some transition betwgrassland and forest land have occurred.
In this situation the carbon in soil is expecteihttrease. However, it is not possible to
conclude that the soil organic carbon in forest@oiaverage is higher than in grassland soils
(NIJOS, 2005). The reason for this may be the lat® of loss from grassland soils due to a
cold climate. As the accumulation of carbon in &reoil is well documented (IPCC, 2003),
we propose to apply the same factors for soil actation as for forest remaining forest and
assume no direct change in soil organic mattertoltiee conversion.
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Wetlands converted to forest land

There are conversions of wetland to forest land.a8&ime this is a gradually process where
wooded mires over time reaches the Forest defimiths of today there is no available
method to calculate carbon stock change in soiltduleis slow process. Forestry in Norway
has dramatically decreased its drainage of wetlanekss for tree planting over the last
decades (Statistics Norway, 2005). The area dram&€90 was 3.5 kha and only 0.2 kha in
2007.

Settlements converted to forest land

Conversions from settlements to forest are unlikelgmall. For simplicity it is assumed that
there is no change in carbon stock in soils (himiionalised because any such conversion is
expected to be in an area which is already donunayeforest, for example abandoned small
farms).

Other land converted to forest land

This conversion will be on vegetated “other lanaddressed as “other wooded wetland” in
Section 7.8). When this land is converted to forieést proposed to apply the carbon
accumulation rates defined for forest remaining@$trassuming no change in soil organic
carbon at the year of transition.

7.3.2.2. Recalculations

The whole time-series have been recalculated duevision of the methods used to calculate
total biomass of forest trees and land use chandeipdating of activity data.

In 2007 the land-use category land converted testdand contributed to the total amount of
removals with 330 Gg COWetland converted to forest land was the largestributor with
218 Gg CQ.

7.4. Cropland 5B

7.4.1. Cropland remaining cropland — 5B1 (Key Category)

About 3 per cent of the total area of Norway isduas cropland. This category is found to be
key category with respect to sequestration in ghiltosols) (Tier 2) because of uncertainty
in level and trend, and with respect to liming (Tig.

Most of the area for agriculture is used for anranaps which imply that the carbon is not
stored over a very long time in aboveground biomAssexception is horticulture. Carbon
stocks in soils can be significant (IPCC, 2003nd.aonversion to cropland from forest,
grassland or wetland usually results in a netdéasbon from biomass and soil to the
atmosphere (IPCC, 2003). The soil carbon is, howelso affected by management
practices (for example ploughing and fertilizati¢§)ngh and Lal, 2004). In addition,
Norwegian soils are limed to stabilize the pH. Llngncontributes to improving the biomass
production and the potential for carbon sequesinati
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7.4.1.1. Methodological issues

Change in carbon stock in living biomass

The annual changes in carbon stocks of croplandireng cropland can be estimated as the
sum of changes in living biomass and soil. The weilmplemented corresponds to Tier 1 of
IPCC (2003).

Changes in living biomass have only been considienegerennial woody crops. For annual
crops, the increase of biomass in crops will etpsd from harvest and mortality the same
year, and there is no net accumulation or losseri?eal crops are used in horticulture.
Statistics Norway collects data on the area of tfrees (apple, pears, plum, cherry and sweet
cherry). In general the area has been decreasing $990. There are no national data on
their volume and carbon content. IPCC (2003) sugtefsult parameters for aboveground
biomass carbon stock at harvest, biomass accumlatte and biomass loss for temperate
regions (it does not distinguish between vegetaipns).

Changes in biomass in existing areas of fruit trees

The IPCC default value for biomass accumulatioa im2.1 Mg C/halyear (IPCC, 2003).

This gives an annual uptake corresponding to o8l%d CQ per year. The average age at
harvest is somewhat lower than the IPCC defauliraption (20-25 years). The average
height is around 2 m and one tree occupies abootHtcording to the Norwegian

University of Life Sciences. The “harvest” can thenestimated at around 6.3 Gg C/ha.
Because the existing areas are at balance, we ggdp@ssume that there is no net uptake or
loss from these areas.

Conversion from perennial crops to other land catégs:

Because the area of fruit trees has decrease@,\thkébe a net loss of CQo the atmosphere
which will be reported under the respective landvarsions. There is no statistics indicating
directly to what type of land it has been converted likely that on the west coast the
conversion is to grassland, in the eastern pariseo€ountry the conversion may also be for
grain production. In accordance with IPCC Tier 1agsume that all carbon is lost at the year
of harvest of the tree. The IPCC default valuecmbon stock at harvest (temperate region) is
63 Mg C/ha. The resulting emissions are very srsal, Table 7.7. It is reported under
cropland converted to grassland (CRF 5.C.2.2.)
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Table 7.7 CQemissions due to reductions in fruit trees foriaglture production

Annual Annual CO,

Area uptake C-loss emissions

(ha) (Mg) (Mg) (Gg)
1989 3267
1990 3267 6861.3| 0.0 0.0
1991 3208 6 736.4 | 3748.5 13.7
1992 3148 6611.4 | 3748.5 13.7
1993 3089 6 486.5 | 3748.5 13.7
1994 3029 6 361.5| 3748.5 13.7
1995 2970 6 236.6 | 3 748.5 13.7
1996 2910 6111.6 | 3748.5 13.7
1997 2851 5986.7 | 3748.5 13.7
1998 2851 5986.7 | 0.0 0.0
1999 2791 5861.7 | 3748.5 13.7
2000 2718 5708.4 | 4599.0 16.9
2001 2611 5483.3 | 6 753.6 24.8
2002 2593 54455| 11340 |4.2
2003 2 385 5009.3 | 13085.1 | 48.0
2004 2 359 49529 | 1694.7 6.2
2005 2 305 4839.5 | 3402.0 12,5
2006 2227 4676.9 | 48775 17.9
2007 2 264 47544 | 0 0

*Data for 1990 -1998 have been interpolated

Change in carbon stock in dead organic matter
This pool is considered insignificant (both the lpaad changes in it) and no estimates are
provided.

Change in carbon stocks in soils

A country specific methodology has been employedtfese calculations. We use a Tier 2
method and national data, taking into account h@magement practices affect the soill
organic carbon which is in accordance with the IRET3).

The IPCC default method takes into account a ret&r&OC and changes in management
practices (tillage and input). IPCC (2003) has pemal default factors for correcting changes
caused by management practices and input of orgaaiiter over a 20 year period. Singh and
Lal (2004) have considered the effect of ploughang other management on SOC content in
soils. They conclude that the sequestration ragetdweduced tillage or increased N-
application is higher in Norway compared to othaurdries, possibly due to lower
temperatures and consequently lower rates of deasitigm.

Erosion

Carbon in Norwegian cropland soils has been stuolye8ingh and Lal (2001;2004). Singh
and Lal (2001) have estimated C lossalogelerated erosionf agriculture and pasture land.
Erosion leads to less productivity and consequédesly biomass returned to soil, and it
removes C from the site to somewhere else. On tiweysoil erosion leads to C emissions.
In Norway, soil erosion is mainly a problem in doetastern regions of the country. Based on
assumptions on ploughing practices and erosios feden these, Singh and Lal (2001) have
estimated a net erosion rate of 2.2 Mg/ha/yeargmuadtumn ploughing. The rate in other
areas is 0.44 Mg/hal/years. They assumed 70 peaa&nnn plowing and 30 per cent spring
stubble, arriving at an average of 1.67 Mg/ha/yeaf.999. The grass and pasture erosion
rate is 67 kg/ha/year.
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In line with Singh and Lal (2001) the following exjion has been used to estimate the
erosion:

SOC loss = Area * soil loss * sediment deliveryiggtSOC * Enrichment ratio

e Sediment delivery ratio is assumed to be 10 pet. cen

e Enrichment ratio is assumed to be 1.35

e The mean carbon content of soils varies betwedoneg27.3-58.7 g/kg, a value of 40 per cent hanbe
used in the calculations.

(all these assumptions were taken from Singh ah@081))

Finally, it is assumed that 20 per cent of theaDsported by erosion is released to the
atmosphere.

Other factors such &esidue management, Crop rotations, Cover cropdiliger and

organic manuremay contribute to acceleration or retardationros®n (Singh and Lal,

2001). According to the discussion in NIJOS (200&se factors are not accounted for in this
report.

Tillage practices

Tillage practices have been changing over thelldgtears aiming at reducing N-leakages and
runoff. Farmers are informed and rewarded for redythe tillage rates in vulnerable areas,

in particular autumn tillage (Bye, 2002 and 20G&®e Figure 7.10. The fraction of area under
autumn tillage was 82 per cent in 1989/2000, whnels reduced to 43 per cent in 2001/2002
(based on annual surveys).
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Figure 7.10. Tillage practices 1990-2007 (Statstiorway)

Moving to autumn ploughing to tining has a very ishmeffect to minimum till. We assume
that changes in tillage practices only have affégm@in and oil crops (no change for potatoes
and vegetables for example). Annual changes in ganant are taken from Statistics
Norway (Bye, 2002 and 2005). The classes herewduem till, shallow till, spring till (only)
and no till. We have classified spring ploughindyaas “minimum till”. Erosion emissions
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will only be on new (< 25 years) agriculture lahdwever, the effect of sequestration due to
reduced tillage will be on all land where chang#dge is practiced, but the effect of this
conversion will be negligible after around 25 yedise IPCC (2003) suggests a time-period
of 20 years, but national agriculture experts abersa 25 years horizon as more appropriate
for Norway.

The basic erosion factor for agriculture land urtdaditional till (autumn ploughing) is 2.2
Mg/ha/year (Singh and Lal, 2001). This gives thHfing calculation:

C loss by erosion (kg C/halyear) = Erosion rate*@htent*Delivery ratio*Enrichment ratio

Erosion rate = 2.2 Mg/hal/year

C content = 40 g/kg

Delivery ratio = 10 per cent
Enrichment ratio = 1.35.

C loss by erosion = 12 kg C/halyear

We propose to use the factd2kg C/hal/yearpnly for newly cultivated agriculture areas
over the last 25 years, because after that pem@erosion loss will be negligible. Emissions
and removals due to crop rotation have been ignduedo lack of data (NIJOS, 2005).

To estimate the erosion emissions statistics of agriculture land from Statistics Norway
have been used. All of this land is assumed usegdréon production (grain area has been
rather stable, while other crop production has rednced). Further it is assumed that half of
the new land is under autumn ploughing. In facinall amount is also used for grass
production (may subtract “surface cultivated” arm@und 5 per cent). To estimate the uptake
due to reduced tillage we consider all area unddilinreduced till or tine. Because tine was
common previously and the difference between tierainimum till is small, we subtract

the 1979 tine area. After 25 years no more gasvoihorganic carbon should be assumed. The
results are shown in Table 7.8.
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Table 7.8 Erosion emissions due to ploughing andkepdue to reduced ploughing in Norway*
Area under tine, no till or

25 year old | Erosion | minimum till, subtracted 1979 | Carbon

agriculture | emissions| tine area and part of the new | uptake

area (kha) | (Gg) agriculture area (kha) (Gg)
1990 151.6 1.50 0 0
1991 145.8 1.36 8.410 4.2
1992 139.7 1.21 19.766 9.9
1993 133.2 1.08 31.553 15.8
1994 128.7 0.96 42.924 215
1995 124.3 0.85 39.168 19.6
1996 118.8 0.81 41.505 20.8
1997 113.1 0.77 44.012 22.0
1998 106.5 0.72 46.947 235
1999 99.1 0.66 50.252 25.1
2000 92.1 0.61 82.754 41.4
2001 85.4 0.48 88.316 44.2
2002 78.1 0.42 65.484 32.7
2003 70.2 0.43 73.197 36.6
2004 71.4 0.44 76.757 38.4
2005 65.1 0.40 69.901 35.0
2006 58.4 0.35 75.477 37.7
2007 51.3 0.32 78.265 39.1

*The effect of cover crops have not been includethée table to avoid double counting as this mesasur
combined will changes in tillage practices. Theegraumbers indicate an update of activity datdtat year.

For vegetables and potatoes we can assume theesasien rate as traditional till (12
kg/hal/year). The reason is that when harvested mrettaken from the soil, a subsequent
carbon loss will occur. The area of vegetablesasiiad 15 118 ha. However, because the area
of potatoes has been decreasing in the ninetieasaiame that all area of vegetable and
potatoes has been agriculture area for more thae&s, and we assume no erosion loss of
carbon.

Grassland
For grassland Singh and Lal (2001) propose a leasgion rate of 0.067 Mg/ha/year applied
to areas which are less than 25 years old. Theviollg equation was used:

C loss by erosion (kg/hal/year) =Erosion rate* C tamt*Delivery ratio*Enrichment ratio.

e Erosion rate = 0.067 Mg/ha/year
e Ccontent =40 g/kg

e Delivery ratio = 10 per cent

e Enrichment ratio = 1.35

This gives an estimate of C loss by erosion equ@l36 kg/ha/year.

New area for pastures and meadows

New area for pastures and meadows are accordi@tatistics Norway at present around 4
166 ha annually. Assuming the same rate the lageadts (was in fact higher previously) we
get annual emissions that are very small (less@h@ag C). Some if this area may also be

drained organic soils (see below).

Cropland on organic soils (histosols)
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There is also a CQoss due to cropland arganic soils(histosols). Conversion of wetlands
to cropland is at present less common than preljioAscording to IPCC (2003) the
accumulated area of organic soils should be midtplith an emission factor. The default
value for cold temperate region is 1.0 Mg C/ha/yBasforsk has calculated the area of
farmed organic soil based on the frequency of aogswil among 500 000 soil samples.

Mixed organic-mineral soils (20-40 per cent organatter) 42 000 ha
Peat soils (>40 per cent organic matter) 21100
Sum organic soils 63 000 ha

However, they expect organic soils to be undersepreed in their sampling. The real area of
farmed organic soils is therefore assessed to tveeka 70 000 and 100 000 ha. The lower
limit of area 70 000 ha is based on soil samplumyeys according to fertiliser management
planning. The upper limit of area 100 000 ha isblasn expert judgments. According to an
ongoing revision these values are conservativeplteto provide new values and an
updated version of method used in the next NIR.

In this submission we have assumed 85 000 ha inaioellations. This number is smaller
than previous estimates reported by Norway fonesgting NO emissions. It is based on
measurements of organic matter in soil and contratlie previous estimate it takes into
account that the C in soil is gradually decreasetiadter some decades the soil is no longer
classified as organic. According to Bioforsk (Ai@eonlund, pers. Comm.) the soil database
indicates the following distribution between crgpés:

Grass: 86 per cent
Cereals: 9 per cent
Other crops (potatoes, vegetables, green foddegr sent

As soils samples are likely to be underrepresentegrass compared to cereals and more
intensive productions, about 90 per cent of then&at organic soils are used for grass. In this
project we propose to assume that 10 per ceneodrfpanic soil area is used for agriculture,
the rest for grassland. For a discussion of emisfsictors, see “grassland remaining
grassland” in Section 7.5.1.

This gives an annual emission of 208 Gg,@Om agriculture farmed organic soils
(histosols).

7.4.1.2. Liming of agricultural soils — 5B1 (51V) (Key catemy)

Liming of agricultural soils is found to be a kegtegory only in the Tier 1 key category
analysis. This is due to uncertainty in level amghdl of the emissions of CO2.

Due mostly to low buffer capacity of soils, Norwagisoils may be limed using limestone
(calcium carbonate - CaGPD This results in process emissions of,C@hich traditionally
have been included in the agriculture emissiomegts. The estimate is based on the lime
consumption as reported by “The Norwegian Agriaatinspection Service” (for lakes
“Directorate for Nature Management”). The emisd@ctor is 0.44 tonne C{per tonne
calcium carbonate applied (SFT 1990). This emisotor is based on the stoichiometry of
the lime applied and is consistent with IPCC (2008 method is a Tier 1 with a country
specific emission factor.
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The total emissions from this source amounted t6 68) CQ in 2007 (Figure 7.11), which
represent 0.12 per cent of Norway total GHG emissidlational total emissions have been
reported yearly from 1990 and onwards, and areatoedl under the category.B.1.
Cropland remaining cropland - 5(IV) G@missions from agricultural lime application-
Limestone CaC® in the CRF-tables.

7.4.1.3. Liming of lakes — 5G (51V)

For several years many lakes in the southern paN®erway has been limed to reduce the
damages from acidification. The total emissionsfithis source amounted to 16.5 GgQ©
2007 (Figure 7.11), which represent 0.03 per céhaoway total GHG emissions. The
amount of calcium carbonate used for liming of s collected from Directorate for
Nature Management. The emission factor used &t@dne CQ per tonne calcium
carbonate applied (SFT, 1990). The emissions garted under5G. Other - Liming of
lakes - 5(IV) CQ@emissions from agricultural lime application - Llestone CaCe.
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Figure 7.11. Emission of G@aused by liming of agricultural soils and lak&880-2007.
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Table 7.9 Amount of lime applied to agriculturabarand lakes, and corresponding £&nissions. 1990-2007

Agriculture Lakes

Amount Amount

of lime CcoO, of lime CcoO,

applied | emissions| applied emissions

(Mg) (Gg) (Mg) (Gg)
1990 492 407 | 217 23 000 10
1991 421163 | 185 27 000 12
1992 342638 | 151 27 000 12
1993 406 129 | 179 27 000 12
1994 352415 | 155 34 869 15
1995 388365 | 171 42 738 19
1996 344 389 | 152 55 752 25
1997 338898 | 149 61 856 27
1998 304041 | 134 52 802 23
1999 294 150 | 129 59 193 26
2000 245884 | 108 60 076 26
2001 257696 | 113 54118 24
2002 263499 | 116 42 089 19
2003 237631 | 105 41 833 18
2004 212546 | 94 36 003 16
2005 207325 | 91 38 684 17
2006 192030 | 84 42 258 19
2007 155859 | 69 37592 17

The ERT noted for the 2005 submission that Norwsgsithe same emission factor as that
applied to cropland, as all lime is assumed to €ait. The ERT recommended that Norway
should provide additional information in the NIRdwpport the use of the agriculture
emission factor for the application of lime to waftdorway response was that it did not see
why lime in water should emit less @@an lime in soil. These annual emissions are very
minor. Until more information is available, Norwagil wait to pursue this matter.

7.4.1.4. Recalculations

The whole time-series have been recalculated duevision of the methods used to calculate
land use change and updating of activity data.

The emissions from cropland remaining cropland vidré Gg CQ in 2007. The emissions
from this category in 2007 represented about O2Xcent of the total emissions from the
LULUCF sector.

7.4.2. Land converted to cropland — 5B2

Administrative data show that since 1990, the ahomiaversion to agriculture land has been
reduced from about 2 000 ha to 1 200 ha annuatitiéiics Norway). There is a discrepancy
between the administrative data and the land ugegehcoming from the NFI. The NFI uses
a system of permanent plots each representing spmaitely 900 hectares. The land
converted to cropland is estimated from only a pdets that changes land use class each
year. The statistical error from year to year rgéa Most of the area is used for grass
production, but part of the area (about 10 per)dsrannually used for cropland in crop
rotation systems. The original land-use is not kmowut it can be forest and to a limited
extent wetlands.
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7.4.2.1. Methodological issues

Land conversion to cropland from forest, grasslkanaetlands usually results in a net loss
carbon from biomass and soils to the atmosphef@G]R2003).

Change in carbon stock in living biomass

When forest land is converted to cropland the losg# be calculated and all living biomass
are lost the year of conversion. For all other laadversions we assume no changes in
carbon stocks in living biomass.

Change in carbon stock in dead organic matter
When forest land is converted to cropland we assalhtead organic matter will be cleared.
This emission is not estimated due to lack of data.

Change in carbon stocks in soils

Forest land converted to cropland

According to IPCC (2003) soil organic carbon intimalted soils is generally less than in
forest and other land use, so a conversion reisuétsiet carbon loss (emissions). After some
decades there will be equilibrium. The time ancelef the equilibrium depend on soil,
climate and management conditions. However, beddassegian data indicate no major
difference in soil organic carbon between forest agriculture we assume no loss other than
the losses which are depending on the managemdm afyriculture land after conversion
(grassland, grain (tillage) or other use of thel)an

Norwegian Forest and Landscape institute has etstihe mean carbon content in
productive forest to 11.6 kg CfiThe corresponding mean value for all cultivatéderal
soils (both grass and cropland) has been calcut&d.1 kg C/rhby Bioforsk. The results
indicate no difference in carbon content betweeadivand cultivated soils. The average
value for agriculture land may, however, mask sdifferences between grassland and
cropland.

Bioforsk has collected data on organic matter aurné3 920 farms in Norway, see Table
7.10.

Table 7.10 Organic matter and C in farm soil. Wti¢p (source: Bioforsk)

% grass area Number of farms Soil OM (%) Organic C(%)
0 2 009 4.2 2.3
0-80 1442 5.0 2.7
80-100 469 5.4 2.9

These data shows that the carbon content in geisdoater in cropland compared to
grassland (26 per cent). These differences argistent with the proposed differences in
erosion factors between cropland and meadows/gastlihe statistics do not allow for a
more detailed analysis of differences and effearop rotations

Conversions from all other land use

Conversion from grassland to cropland is recordezhiy a few years. However, it is
expected that the conversion rathdrasn cropland to grassland, due to the abandonment of
farms and because the areas of meadows and pdsaweebeen increasing during the
nineties at the cost of grain and potatoes.
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Because the basic agriculture erosion factor isdbas the one for grassland, we assume no
immediate loss when land other than wetlands isexaed to agricultural land. Losses are
accounted for according to the changes in managefses cropland remaining cropland).
Conversions between wetland to cropland are négigihe conversion of peat land
(wetlands) to agriculture land was addressed ahowdgr cropland remaining cropland. The
emissions are not immediate, but occur over time.

7.4.2.2. Recalculations

The whole time-series have been recalculated dumvision of the methods used to calculate
total biomass of forests and land use change adating of activity data.

Emissions from forest land converted to croplaredracorded for the whole time-series in
this submission. In 2007, a small area was congldrten forest land to cropland, but no
losses of biomass were recorded.

7.5. Grassland 5C

According to the area definitions, grassland at&tuides pasture. Grasslands are used for
harvest and pasture. Parts of the pasture lanid #iie mountains. Pasture practices have been
changing over the last decades, gradually leadiradtéred vegetation (including expansion

of forests and other wooded land).

7.5.1. Grassland remaining grassland — 5C1 (Key Category)

As for cropland, we consider changes in soil cardaording to the Tier 2 key category
analysis this category is identified as key catggath respect to changes in carbon stocks in
soils (histosols) because of uncertainty in level tend. Changes in management have,
however, influenced the vegetation on pasturesd@idy, some of this area will fall under
the forest definition.

7.5.1.1. Methodological issues

Change in carbon stock in living biomass

No changes in living biomass are assumed for gradgiemaining grassland because the
mass of above ground biomass is small and is ieaay state in accordance with IPCC
(2003) Tier 1. Changes in management have, howmikrenced the vegetation on pastures.
Gradually, some of this area will fall under theefst definition.

Change in carbon stock in dead organic matter
No chance in dead organic matter is assumed feicdiegory because the mass of
aboveground biomass is small and is in a steadly staccordance with IPCC (2003).

Change in carbon stocks in soils

As for cropland, we consider changes in carborkstotsoil. Large amounts of carbon are
stored in roots and soils. There have not beemaagr changes in management of grasslands
(apart from pasture) in Norway. Consequently, Wadld justify ignoring carbon losses or
uptake from mineral soils on existing grasslanéaF®r grassland which is harvested
(meadow) we have used the erosion factor of SimghLal (2001) of 0.78 kg C/hal/year. This
factor should, however, only be applied to grasslahich is younger than 25 years, see
discussion under “cropland remaining cropland” @ci®n 7.4.1.

226



National Inventory Report 2009 - Norway

There will be a loss of carbon from grasslandeanic soils As discussed for cropland, it
is assumed that 90 per cent of organic soil usedddculture production is used for grass
production (organic soils are not suited for exaefpl producing grain). The IPCC default
emission factor is 0.25 Mg C/hal/year for cold temaperegions. However, according to
Norwegian measurements emission can be larger bethe age of the organic soils is lower
than in Southern Europe. The average subsidendedeasestimated by Bioforsk at 2
cm/yeaf which is equivalent to 20 Mg C/HaSome of this reduction is due to compaction
and can be attributed to a sink in the height efdbil layet'. The soil loss also includes
leaching of organic components in the drainage wat@sed on measurements the emission
losses of C@from farmed organic soils in Sweden and Finlangehaeen reported to be
between 200 and 1 000 g &O/mf/year (Final report from the EU Project GreenhdBss
Emissions for Farmed Organic Soils (GEFOS). Thisesponds to 2-10 Mg/hal/year. The
assumptions on C-losses are also justified becagbange in C/N ratio over time is
observed. We propose using a loss factor of 10 Khg/@ear for high organic matter soil. For
mixed organic soils the factor will be lower, wepose using 5 Mg C/ha/year (expert
judgement).

Of the total area of 85 000 ha, 90 per cent wesarasd used for grass. Of these 76 500 ha,
we assume one third is highly organic, the restiied. This gives an annual emission rate of
510 Gg Clyear or 1 870 Gg GQJsing the IPCC emission factor, we obtain an siois
estimate of 21 Gg Clyear (78 Gg g0

Given the importance of this estimate comparedherasources and the large difference from
the IPCC default value, it is recommended to furthgrove the emission factor
(measurements, modelling, literature). Other Noodigntries have similar agriculture
practices. We will propose to reconsider the Nonare@mission factors in light of results
conducted in Sweden and Finland.

Furthermore, the area is kept constant in the ttlons. This is justified because new
cultivation of organic soils is limited at preseoimpared to the existing (existing areas is
about 80 000 ha, new agriculture area is 1000 haally, but not all of this is organic soils).
However, over time organic soils will be convertednineral. Little is known about
abandoned organic soils with respect to,@Qftake (and emissions of non-€GHG).
Because the drained soil is considered margimvellibe abandoned before other soil types.
This uptake has been ignored in the calculatiomstduiack of activity data, but may
potentially be important and should be considenetthé future.

Grassland is not limed (any possible liming is &g under cropland).

7.5.1.2. Recalculations

The emissions are considered constant from 1920Q@ since there have not been any major
changes in management of grasslands in Norwayglthia period. The emissions from
grassland remaining grassland is estimated to8#1Gg of CQ, which represents 3.4 per
cent of the total emissions of greenhouse gasisiway. Emissions of CHand NO from

the category are negligible.

® Meadow. The decrease in layer is larger on fiekbgland. However, organic soils are rarely useth®purpose.
10 Assuming a soil density of 0.2 kg/l, and 50 pertce.
1 Assuming a soil density of 0.2 kg/l, and 50 pertce.
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7.5.2. Land converted to grassland — 5C2
According to IPCC (2003) the implications of corntreg other land to grassland is uncertain.

7.5.2.1. Methodological issues

Change in carbon stock in living biomass

Losses in biomass are only calculated for conversfdorest land to grassland. It is assumed
that all living biomass is lost the year of convens For other land-use change we assume no
net change in carbon of living biomass. This isifiesl because the IPCC (2003) defaults for
aboveground biomass are quite similar for grasséanticropland. (5 Mg carbon/ha for
cropland, 8.5 Mg dry matter/ha for grassland (blozeae) equal to 4.2 Mg C/ha given a
carbon content of 0.5).

Change in carbon stock in dead organic matter

We assume that all dead organic matter will berekbavhen forest land is converted to
grassland. It is not estimated due to lack of daba.all other conversions we assume no net
change in carbon of dead organic matter.

Change in carbon stocks in soils

The soil organic carbon in grassland discussedrurdeland is probably more representative
for grassland and meadows close to the farm. Themgmnic carbon in grazing land and
unmanaged grassland is not known. However, mutheofrassland will be in mountain
areas where the soil organic carbon can be low.

Conversion of forest land to grassland
There are some transitions from forest land toghaasl, but we assume no change in soil
organic carbon if recorded.

Conversion of cropland to grassland

We propose to assume that there is no changelinrganic carbon when cropland is
transferred to grassland, because the changematkasid exact data are lacking.

Assuming that the grassland is nominally manageidiae same level of fertilization, also the
IPCC (2003) default method indicates no change.Wnepland is converted to grassland
the soil organic matter may change due to chamgesgmnagement, for example ploughing
and N-fertilization. The result is expected to beeduptake. According to Statistics Norway
the managed grassland area have increased innbigesi Bioforsk confirms that farms with
animals (and grass production) have a slightly éigioil organic carbon than those without
(NIJOS, 2005). There are no data for grasslanddmuteome fields, but they likely have a
lower soil organic carbon. IPCC default Tier 1 neetlaccounts for differences in soil organic
carbon in the land use conversion according to @gsim management. Assuming that the
grassland is nominally managed and the same |éveftdization, also the IPCC (2003)
default method indicates no change.

Conversion of wetland to grassland
See discussion on drained organic soils under sgaad remaining grassland” in Section
7.5.1.
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Conversion of other land to grassland
We assume no emissions or removals due to changed carbon when other land-use is
converted to grassland.

7.5.2.2. Recalculations

The whole time-series have been recalculated duevision of the methods used to calculate
total biomass of forest trees and land use chandeipdating of activity data.
Emissions from this category were estimated at @f3g0; in 2007.

7.6. Wetlands 5D

Most of the wetlands in Norway are unmanaged mbegs and fens, as well as lakes and
rivers. Managed wetlands include peat extractiwhraservoirs (dams).

7.6.1. Wetlands remaining wetlands - 5D1

Wetlands remaining wetlands is only covered in agpe3a.3 in the Good Practice Guidance
(IPCC, 2003). That means that reporting is not rsorg. Consequently, changes in carbon
stocks in unmanaged wetlands and reservoirs haveeen considered in this report.

7.6.1.1. Methodological issues

Reservoirs

At present there exists no readily available watdand use change statistics related to dams
or reservoirs. Reservoirs should be considerelariuture due to the many hydroelectric
power stations in Norway.

Peat extraction

Changes in carbon stocks for peat extraction dnmai®d with a Tier 1 method based on
Swedish emission factors. According to Bioforskatpextraction in Norway is between 220
000 and 300 000 Hyear (we assume no change in extraction). Theetion is around 5-10
cm/year. This corresponds to13/m®. The total area harvested is consequently aroG8d 3
ha.

The IPCC default method considers only changeiircadbon during peat extraction.
Changes in biomass and changes in soil carbonodotlér processes associated with
extraction (drainage, stockpiling, etc) are assutodmk zero at Tier 1. Extraction is assumed
to enhance oxidation, leading to a continuing desean soil carbon. Although some of the
extraction areas may belong to the temperate zem@ropose using the default emission
factor for nutrient poor bogs in the boreal zoiiée IPCC emission factor is 0.2 Mg C/ha/

yr).

We propose using emission factors for Sweden (Upgrgnet al. (2001)). Prior to drainage
and extraction the peat land acts as a small casinér(62-96 g/ffyear). During extraction
emissions will be around 10 Mg Ga/year (2.7 Mg C/hal/year), somewhat lower after
drainage and before extraction. Because the atfeedfarvested area is not known, we apply
the same emission factor for every year.

This gives an annual estimate of 0.9 Gg C or 3.42Gg
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Wooded mire

Wooded mire according to Norway'’s national defonitiwill be classified as forest, if the
requirements of the international forest definitame met. The rest of wooded mire would be
considered “other wooded wetland”, and could foreubgroup under “wetlands”. The living
biomass is, however, negligible compared to forasd, the usefulness of forming such a
category would be questionable.

Liming
Lakes are limed in Norway to stabilize the pH. Tinethodology is explained in Section
7.4.1.3 (see Table 7.9 and Figure 7.11). The gooreting emissions of GQvary annually.

Other wetlands
Other wetlands are considered unmanaged, and rssiems and removals are estimated that
is in line with IPCC 2003.

7.6.1.2. Recalculations

The total emission from wetland remaining wetlaras\8.4 Gg C@in 2007. This is the
emission of peat extraction.

7.6.2. Land converted to wetlands - 5D2

No data are available on land converted to managdidnds. In practice, this is only relevant
for reservoirs. Land taken into use for peat exiwacvould normally be unmanaged
wetlands.

As discussed in Section 7.2.2. recorded conversmn®tland are considered as artifacts and
are not used in the calculations. To the extentrth&sitions are real; it is assumed that
changes in SOC are small because the native vegeistassumed close to wetlands.

Furthermore, conversion of forest land to wetlaisdsxpected to be a slow process, because
this involves re-growth of ditches and a steadyaase in water level. Additionally, a
conversion to the land use category ‘wetlands’ iregLa reduction in tree cover, otherwise
the land would still be considered forest. Cleadhgined forest must have been abandoned
for some time in order to return to the land ugegary of wetlands.

We assume no loss or uptake of carbon when othdrdae is converted to wetland because
we assume the features of these areas will apptbask of wetlands. Furthermore, some of
the reported changes are considered as reclasisifica

7.7. Settlements 5E

7.7.1. Settlements remaining settlements — 5E1

Reporting of emissions and removals from this aatggs not mandatory. There are,
furthermore, no data available in Norway to estartae tree biomass. Changes in carbon
stocks for settlements remaining settlements hauwserjuently not been estimated.

7.7.2. Land converted to settlements — 5E2 (Key category)

IPCC (2003) suggests a method in which only fopesnass is considered. Thus, it is
assumed that there are no carbon stock changeslargknlasses other than forest are
converted to settlements. IPCC further suggesésTasr 1 method that all biomass is lost in
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the year of conversion. In principle there willalse losses when other wooded land is
converted to settlements, but these have not b&ténaged due to lack of data. However,
settlements on other wooded land can be expected ém a small scale (for example
mountain cabins and associated infrastructure)o/ting to the Tier 2 key category analysis
forest land converted to settlements is found ta key category with respect to losses of
living biomass because the biomass loss rate &setlsonversions was changed from 75 per
cent to 100 per cent, leading to higher emissions.

There has been a rather large conversion fromtftaed to settlements between the forest
inventories. These changes are likely real andndeepreted in this project as deforestation.

Change in carbon stock in living biomass
By using a Tier 3 method, we find that all the bas® is lost the year of conversion when
forest land is converted to settlements.

Change in carbon stock in dead organic matter
We assume that all dead organic matter is clearéuis conversion. It is not estimated due to
lack of data.

Change in carbon stocks in soils

Forest land converted to settlements:

When forests are converted to settlements it isoregble to assume that soils will be
disturbed in order to make the surface suitabldtoiding purposes, for instance by levelling
the surface and by removing the top soil. As most i@ the top soil, it seems reasonable to
assume that most soil C will be lost in a shoretimf there is any default value for soils under
settlements, it can be assumed that the defa@$tfeoil value decreases to the default
settlement value in 1 yr. We propose assuminggbiiements have the same soil organic
carbon as grassland, and use the same methodadgy@opland remaining cropland and
the erosion factor for grassland by Singh and 280(). We assume that the losses occur
over 25 years, so the 25 years accumulated vatuddhbe used.

In this inventory no change in soil carbon has beesssumed, due to uncertainty about the
methodology.

Cropland converted to settlements:

There is some conversion from cropland to settlémdrhese changes are considered to be
real, given that the total cropland area has beeredsing and urban area increasing also
according to administrative records. We have asdumechange in soil organic carbon.

Grassland converted to settlements:

A case of change from to grassland to settlemerg$ben observed. This change is not
significant (assessed in one plot only). This cosm does, however, not have any major
practical consequences for the estimates of emissind removals. We have assumed no
change in soil organic carbon.

Wetlands converted to settlements:

Conversions between wetlands and settlements ak Jihese apparent conversions may
have been caused by subjective differences inifitagsn of lands. However, they do not
have any major consequences for the calculatioesnggsions and removals, as the result
would be rather negligible.
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Other land converted to settlements:

There has been some conversion from other lanéttie@ments. This can be explained for
example by road constructions. We assume thaesetkituations the other land is vegetated.
We have assumed no change in soil organic carbon.

7.7.2.1. Recalculations

The whole time-series have been recalculated duevision of the methods used to calculate
total biomass of forest trees and land use chandeipdating of activity data. Emission from
forest land converted to settlement was estimatdd 6 Gg CQ@in 2007.

7.8. Other lands 5F

7.8.1. Other land remaining other land — 5F1

7.8.1.1. Methodological issues

Change in carbon stock in living biomass

We assumed no change in carbon stock in living BesnThis is in accordance with IPCC
(2003) because this land is considered unmanageddiway this assumption may
underestimate carbon uptake because vegetatinaresaising in many areas due to reduced
grazing and that the forested areas above theerong limit and of Finnmark County is
excluded in the present report.

Change in carbon stock in dead organic matter
We assumed no change in carbon stock dead orgatiersince the land is considered
unmanaged.

Change in carbon stocks in soils
We assumed no change in carbon stock in soils $ireckand is considered unmanaged.

7.8.1.2. Recalculations
No emission/removals recorded.

7.8.2. Land converted to other land — 5F2

In the case of conversion from forest land, theitebe a loss in biomass. In case the “other
land” belongs to a category with some tree coverlaas been assessed by the National Forest
Inventory, the biomass can be estimated by repeasadurements.

7.8.2.1. Methodological issues

Change in carbon stock in living biomass

There will be a loss of biomass which can be cated if the conversion is from forest or if
there is some tree cover on the land which has Gssgssed by the NFI. If not, the biomass
must be set at 0. In this report changes in lidiggnass is not reported since other wooded
land is regarded unmanaged.

Change in carbon stock in dead organic matter
The same assumption as for living biomass would laésvalid for dead organic matter.
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Change in carbon stocks in soils

We assume no change in soil carbon when land ected to other land. This is because no
data exists and as discussed before, soil organbon for grassland and forest in Norway is
quite similar. “Other wooded land” will often be imarginal areas where the soil organic
carbon is lower than in agriculture land. Howetle, same will be true for forest or grassland
in these areas.

7.8.2.2. Recalculations

The whole time-series have been recalculated duevtsion of the methods used to calculate
total biomass of forest trees and land use chandeipdating of activity data. There have
been conversion of land to other land, mainly folasd have been converted, which have
caused an emission of G@rough out the time-series. For 2007 the emissiomot reported
since other land is regarded unmanaged.

7.9. Other 5G

7.9.1. Liming of agricultural soils and lakes

Emissions of C@from liming of agricultural soils and lakes areluded in this category.
The descriptions of the methodologies are contaimé&kction 7.5.1.

7.9.2. Harvested wood products

Norway has in previous years followed the IPCCswdifapproach when including emissions
and removals from harvested wood products (HWR) lemce regarded harvested wood as
emissions when removed from the forest. For the2ZQ@0® Norway has decided to report on
net removals from HWP following the stock changprapch. The reported net removals is
however not included in the LULUCF category “5G-@&th but reported separately in Annex
VIII to this report.

7.10. Emissions of non-CQ gases

Changes in forest and other land use change Wlilieince emissions of other greenhouse
gases than COEmissions of methane (GHare caused by fires. Changes in land-use may
also change natural emissions, but according ttR68€ methodology these changes are not
included in the accounting framework. Emissiongitous oxide (MO) are in addition to

fires caused by soil organic matter mineralizatitrogen input and cultivation of organic
soils. Indirect emissions are not considered is $ieictor, but under agriculture. According to
IPCC (2003) liming of forest and forest managenmeay change bO emissions, but the
effect is uncertain. Norwegian forest is, howewert, subject to liming. The emissions of non-
CO, gases are small (non-key) and default parametersn@thods have been applied in most
circumstances. Norwegian experts, and to some e&tgadish, have been contacted in
search for improved information.

Emissions and removals in the Appendices of IPAID32 have only partly been included.
Methodologies have been presented in NIJOS (2@d3ufther methodology development,
but the corresponding emissions can be reporteatibnal information is available. For the
non-CQ GHG reservoirs can be a source in Norway, butteesponding emissions have
not been estimated.
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7.10.1. Forests

N,O is produced in soils as a by-product of nitrifica and denitrification. Emissions
increase due to input of N through fertilizatiordatrainage of wet forest soil (IPCC, 2003).
Forest management may also alter the natural metsiak in undisturbed forest soils (IPCC,
2003), but data does currently not allow a quaraifon of this effect. According to IPCC
(2003) fertilizer input is particularly importararfthis process, but fertilization of forest is of
little importance in Norway.

N-O from fertilization
Because national emission factors for fertilizatdorest soil are unavailable the estimate is
based on Tier 1 and default emission factors.

N2O-directertizer = (Fstatistics Nowayt Fon)*EF1 * 44/28

Where
Fstatistics Norway= the amount of synthetic fertilizer applied todst soil adjusted for
volatilization as NH and NQ. Gg N.

Fon = the amount of organic fertilizer applied to fetreoil adjusted for volatilization as NH
and NQ. Gg N.

EF, = Emission factor for emissions from N input, kgONN/kg N input.

There are national statistics on the area witlhilitegt applied. This area is very small, only 7
km? in 2004 and 26 kfmin 1990 (Statistics Norway, Forestry Statistidd)e statistics do not
specify whether this is synthetic or organic feréit. Furthermore, it does not say anything
about the amount applied. Statistics Norway haglggunpublished data on application on
synthetic fertilizer for the period 1995-2005. Tdeerage ratio between the amount applied
and the area fertilized was used to estimate trmuatrapplied for 1990-1994. It is assumed
that organic fertilizer is not applied to forestNiorway. To the extent that it is applied, the
associated emissions will be reported under agui(this assumption is according to IPCC
2003). The amount of fertilizer applied is giventa@isl weight. The nitrogen content is
depending on the type used. According to Statidmsvay, 95 per cent NPK-fertilizer is
used on wetlands. On dry land about half is NPKtaedest N-fertilizer. The N-content of
these were taken from YARAv(vw.hydroagri.com

The default emission factor is 1.25 per cent ofliadpN. There are no national data to
improve this. 1 per cent of the N-applied is vaatl as NH (the ammonia model of Statistics
Norway).
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Table 7.11 Estimated emissions 1990-2007 fromifexrtion of forest

Estimate of input of Estimate of net Estimated

N, Mg amount of N emissions

Wetland | Dryland applied, Mg N,O, Mg
1990 51 177 225 4.4
1991 77 271 344 6.8
1992 119 210 326 6.4
1993 77 150 225 4.4
1994 77 140 216 4.2
1995 90 138 226 4.4
1996 45 179 222 4.4
1997 21 200 219 4.3
1998 31 216 244 4.8
1999 44 183 225 4.4
2000 23 124 145 2.8
2001 20 100 119 2.3
2002 8 155 162 3.2
2003 1 71 72 1.4
2004 3 71 73 1.4
2005 32 61 92 1.8
2006 4 38 42 0.8
2007 1 68 68 1,3
Assumptions
Nitrogen Nitrogen Emission
content 15% 22.5% | volatilization | 1 % factor 1.25%

Source: Fertilizer consumption Statistics Norwayydatilization Statistics Norway, N-content YARAa@
emission factors IPCC

The resulting emissions are about 2-4 M@Nber year, which is very small compared to the
emissions from agriculture. The emission factdrighly uncertain. According to IPCC
(2003), the range in emission factor can be fro2® @er cent to 6 per cent. The amount of
fertilizer applied to forest should be subtractexhf the input to the calculation of emissions
from agriculture, because that figure is basedertatal fertilizer sale.

N.O from drainage of forest soil

Drainage of organic soils generates emissions,0f iN addition to C@ Drainage will also
reduce methane emissions and even generate dR@K,(2003). However, data are
unavailable to estimate this effect (IPCC, 2003) trere are no national data to estimate this.
Given that the area drained in Norway currentlypvs, no estimate is given for methane. This
methodology is given in an appendix in IPCC (2008 further methodology development).
Because no national data are available, the estimatethodology for BD is based on IPCC
(2003). It is assumed that all drainage is rel&earganic soils.

N>O emissions = Area of drained forest soil * emiadiactor

The emission factor is taken from IPCC (2003)s lagssumed that all soil is nutrient poor, the
corresponding emission factor is 0.1 kgCNN/ha/year (0.6 for nutrient rich). The range of
emission factor is from 0.02 to 0.3 which is anicgation of the large uncertainty of the
estimate. The activity data is the area of draioeelst soil provided by Statistic Norway. This
is reported in CRF undérA.1 Forest land remaining forest land - 5(11) NG®, emissions
from drainage of soils and wetlands - Organic sdNrea og NO Emissions.

Table 7.12 shows area drained an@®Nmissions from drainage of forest soil from 1890
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2007. Almost 250 000 ha have been drained accuetllttis assumed that there is no
rewetting of drained forest soils.

Table 7.12. Area drained and® emissions from drainage of forest soil, 1990-2007

Year Area drained Emissions
(accumulated | N,O
1000 ha) (Gg)
1990 231.8 0.04
1991 234.8 0.04
1992 237.1 0.04
1993 238.8 0.04
1994 240.0 0.04
1995 240.8 0.04
1996 241.6 0.04
1997 242.1 0.04
1998 242.8 0.04
1999 243.4 0.04
2000 243.8 0.04
2001 244.2 0.04
2002 244.6 0.04
2003 244.7 0.04
2004 244.9 0.04
2005 245.1 0.04
2006 245.3 0.04
2007 245.5 0.04

N2O and CH, from forest fires

No prescribed burning of forest takes place in Ngrand all forest fires are due to accidents
in dry periods (wildfiresy. According to IPCC (2003) the emissions of g@m fires should
be estimated, because the regrowth and subseresiration are taken into account when
it takes place. However, both the loss and upt&kap will be covered by the growing stock
change based GQ@alculations. The estimate provided in Table 7sliér comparison only

and to be able to estimate other pollutants, afichai be used in the C(alculations.

Data on area burned in forest fires are availaiola fthe Directorate for Civil Protection and
Emergency Planning for 1993-2006 (Table 7.13).1880-1992 only data on the number of
fires were available and these data were useditoase the area burned based on the ratio for
subsequent years. This method may be very inaechestause the size of fires is very
variable. Because the number of fires was high@®B0D-1992 than later, it is possible that

the estimate for the base year is too high.

In accordance with the principles of this reporissions in all forest is reported. The area
burned varies considerably from year to year dugataral factors (for example variations in
precipitation). Assuming that the carbon contertbiomass is 50 per cent, half of the biomass
burned will end up as GOThere are no exact data on the amount of biolmaised per area.
Normally, only the needles/leaves, parts of the insiand smaller branches are burned. We
have assumed that there are Ztbiomass per ha and that the mass of trees buoretittite

2 There may be some trials of burning as part affomanagement, but this is only performed in setalle and is ignored
here.
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25 per cent of this (this is consistent with IPQOQR). It is also likely that there is about ¥ m
dead-wood per ha that will be affected by the diwe to its dryness. It is difficult to assess
how much of the humus is burned, and this is mgeddent on forest type. There is about 7
500 kg humus per ha, we assume that 10 per cehisdg burned. This factor is, however,
very dependent on the vegetation type. Most ofdhest fires in Norway take place in pine
forest with a very shallow humus layer.

Table 7.13 Forest fires in Norway 1990-2007

Activity Number of | Unproductive Productive forest | Total area
data fires forest (ha) (ha) burnt (ha)
1990 578 679.6* 256.4* 935.9*
1991 972 1142.8* 431.2* 1574.0*
1992 892 1 048.8* 395.7* 1 444.4*
1993 253 135.5 88.3 223.8*
1994 471 123.6 108.1 231.7
1995 181 77.6 355 113.1
1996 246 169.7 343.8 513.5
1997 533 605.8 260.6 866.4
1998 99 164.7 110.3 275
1999 148 734.0 12.7 86.1
2000 99 142.6 29.3 171.9
2001 117 84.3 5.2 89.5
2002 213 124.7 95.8 220.5
2003 198 905.6 36.8 942.4
2004 119 84.6 32.3 116.9
2005 122 252.7 92.6 345.3
2006 205 3222.1. 660.7 3882.7
2007 65 22.2 106.1 128.3

(Source: Directorate for Civil Protection and Emergy Planning)
*Area estimated by NIJOS (2005).
** The green number indicate updated activity data
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Table 7.14. C@emissions from forest fires, 1990-2007. Gg

Activity | Living Dead wood | Humus Total*

data biomass | CO, Gg CO, Gg CO, Gg
1990 17.2 0.9 1.3 19.3
1991 28.9 14 2.2 325
1992 26.5 1.3 2.0 29.8
1993 4.1 0.2 0.3 4.6
1994 4.2 0.2 0.3 4.7
1995 2.1 1.0 0.2 2.3
1996 9.4 0.5 0.7 10.6
1997 15.9 0.8 1.2 17.9
1998 5.0 0.3 0.4 5.7
1999 1.6 0.1 0.1 1.8
2000 3.2 0.2 0.2 3.6
2001 1.6 0.1 0.1 1.8
2002 4.0 0.2 0.3 4.5
2003 17.3 0.9 1.3 19.5
2004 2.1 0.1 0.2 2.4
2005 6.3 0.3 0.5 7.1
2006 71.2 3.6 5.3 80.1

2007 2.4 0.1 0.2 2.7

* These estimates are not included in the CRF

There are no national data on emission factoradarCQ gases from forest fires. Estimates
of non-CQ gases emissions are therefore based on the Gedlaea described in IPCC
(2003). The following equation are used

CH4 emissions = C * Emission ratio * 16/12
N>O emissions = C * N/C ratio * Emission ratio * 48/2

Where C is the carbon released. IPCC (2003) sugigedefault N/C ratio of 0.01. The
methane emission ratio is 0.012 and for nitrousl®@xi.007.

Table 7.15 gives estimates of ¢&hd NO emissions from forest fires in the period 1990-
2007.
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Table 7.15. Estimates of Gldnd NO emissions from forest fire. 1990-2007. Gg

CH, N,O
Gg Gg
1990 0.084 0.00058
1991 0.142 0.00097
1992 0.130 0.00089
1993 0.020 0.00014
1994 0.021 0.00014
1995 0.010 0.00007
1996 0.046 0.00031
1997 0.078 0.00054
1998 0.025 0.00017
1999 0.008 0.00005
2000 0.015 0.00016
2001 0.008 0.00006
2002 0.020 0.00014
2003 0.085 0.00058
2004 0.011 0.00007
2005 0.031 0.00020
2006 0.349 0.00240
2007 0.012 0.00010

* n.e = not estimated

Conversion to forest land from cropland, grassland settlements does, according to IPCC
(2003), not alter the emissions of non-CGfPeenhouse gases. Exceptions are in cases of
fertilization and drainage as addressed above.

7.10.2. Cropland

Emissions from on-site and off-site burning of agliural waste are reported under the
agriculture sector and are not addressed here siEmssfrom application of fertilizer and
cultivation of organic soils are also reported uritie agriculture sector. Conversion of forest,
grassland and other land to cropland is expectatttease MO emissions. This is due to a
mineralization of soil organic matter.

IPCC (2003) has proposed the following methodology:

N>O-N = Area converted to cropland last 25 years rdieased by mineralization * Emission
factor

The best available data of new agricultural arbadast 25 years are taken from Census of
Agricultural 1999 and Sample survey of agricultanel forestry 2002 (Statistics Norway

2003, 2002b). The time series are discontinuedratedpolation are done between the
following series 1970-1992, 1994-1998 and 1999-20Gita are not available for later years.
This area, however, also includes organic soile fllo data sets are inconsistent because the
1970-1992 dataset is also covering area with gowent support for drainage, while the
1994-1998 data covers the total area.

The N released by mineralization is estimated ftbenC released in mineral soils during

conversion to cropland divided by the C:N raticofl organic matter (default is 15).
According to Bioforsk the average C:N ratio in Nagis 13.4. The C-loss was based on the

239



National Inventory Report 2009 - Norway

erosion loss estimated under “cropland remainiogland” (Section 7.4.1). The default
emission factor from IPCC 2003 is 1.25 per cent.

Table 7.16 gives the accumulated area converterbfdand and relatedJ® emissions from
1990 to 2007. As we can see, the area convertedhemce the emissions of both C an®N
have decreased during the period.

Table 7.16. Accumulated area converted to croplamd related MO emissions. 1990-2007. Gg

Accumulated

area

converted to

cropland Emissions | Emissions

(kha) C Gg N,O Gg
1990 151.6 1.50 0.002202
1991 145.8 1.36 0.001987
1992 139.7 1.21 0.00178
1993 133.2 1.08 0.001579
1994 128.7 0.96 0.001412
1995 124.3 0.85 0.001252
1996 118.8 0.81 0.00119
1997 113.1 0.77 0.001125
1998 106.5 0.72 0.001052
1999 990.1 0.66 0.000972
2000 92.1 0.61 0.000898
2001 85.4 0.48 0.000701
2002 78.1 0.42 0.000615
2003 70.2 0.43 0.000637
2004 71.4 0.44 0.000648
2005 65.1 0.40 0.000591
2006 58.4 0.35 0.000518
2007 51.3 0.32 0.000476

(Source: Statistics Norway)

7.10.3. Grassland

The effect of emissions from mineralization is vangcertain and is not accounted for. Fires
in grasslands are ignored; the frequency of suel fs low in Norway. Fertilization of
grassland may also alter the methane sink, bue trer currently no data available to account
for this.

7.10.4. Wetlands

Norway has many reservoirs due to hydroelectricgggwoduction. Flooding may generate
emissions of Ciland NO. An emission methodology is given in an ApperafixPCC

(2003) for further methodology development. Thaeran ongoing national project (SINTEF
and STATKRAFT) to estimate emissions from reserolihere will, however, not be any
results from this project during the next year, amate measurements are needed to increase
the representatively. J emissions from organic soils managed for peatetion can be
estimated based on Uppenberg et al. (2001). Emi$aators after drainage and before
extraction range from 0.02-0.1 ¢finThe first years after extraction has started g@ars) the
range is 0.2-1 g/fnlater on reduced to 0.01-0.05 §/rBecause the age of the land is not
known we propose using a factor of 0.05 gfar all years.
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The area was estimated in Section 7.2.2. This gigemn estimate of 0.2 Gg®.

According to the same study peat extraction red@ésemissions (2-40 g/frbefore
drainage and 0.2-4 after). In line with IPCC 200i8 teduction is not accounted for in the
calculations.

7.11. Uncertainties

The NIJOS 2005 report identified several large wiaggties in the estimates. The
uncertainties are particularly large for emissiohaon-CQ gases and C4rom soil (except
forest soil). For these categories of emissionsrantbvals also often the activity data are
uncertain. Changes in soil organic carbon aredtiffito monitor due to up scaling problems,
lack of time-series and lack of management dataeNeless, we are able to conclude that
emissions of non-C{gases are small. Also lack of knowledge of théohysof a piece of

land causes problems. More measurements and med usodels could contribute to
reductions in these uncertainties. Uncertaintiesaéso large for other wooded land (tree
covered land that does not meet the forest dedmjitand for Finnmark County which until
recently has not been included in the National §treventory. These changes are expected
to be small. Also reservoirs should be further stigated due to the importance of dams in
Norway (hydroelectric power stations). Estimatestii@se have not been included in the
study. Data are, however, quite certain for stdeknges in forest remaining forest which
constitute the largest removal of the inventory.

Annex Il presents the uncertainty analysis of tlevwégian GHG emission inventory
undertaken for the previous NIR submission. Duéounavailability of LULUCF data at the
time of the analysis, emission data for 2003 waslu¥he uncertainty estimates for many
LULUCF categories are not of the same quality asést of the inventory. More information
about the uncertainty estimates for LULUCF is giuethe NIJOS 2005 report. By including
the LULUCF sector the results from the analysissshdotal uncertainty of 14 per cent of the
mean both in 1990 and in 2004, against 7 per céhbut LULUCF. The doubling of
uncertainty is caused mainly by forest biomassgradsland histosols.

The largest uncertainties are related g®Nrom fertilizer use and land disturbances, where
the uncertainty will be larger than 100 per censofhe estimate of CGrom farmed organic
soils is very uncertain, using the data from SwealwhFinland as an indicator the uncertainty
is more than 100 per cent. Also €fdom agriculture soils are quite uncertain, by entiran

100 per cent. Cofrom liming is in the other hand well determinesdthe application is
monitored and the emission factor is based onlstmitetry.

7.12. Source-specific QA/QC and verification

The Norwegian Forest and Landscape Institute uaklesta control assessment each year to
check data quality and ensure consistent methogatotihe survey. Furthermore, it
completes the QA/QC report as an integrated péttef National system report.

Statistics Norway examines the various statistieah for consistency over time.

The Norwegian Forest and Landscape Institute echarge of archiving all data from the
calculations of emissions and removals from LULUGHitistics Norway is in charge of
ensuring consistency between LULUCF and non-LULW@&fegories and ensures there is no
double-counting of emissions or removals betweesgh
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7.13. Recalculations

The whole time-series have been recalculated duevisions of the methods used to
calculate total biomass of forest trees and lamdchisnge and updating of activity data.
The method for calculating change in living biomasdand converted to "Forest" differs
from last year's submission. Now estimates for déiméyannual change in living biomass are
reported for these areas. The method used to teaachanges of carbon stock in dead
organic matter and for solil is the same as repont@®08.

All calculations in this submission are based ota @étained from the same set of permanent
plots through out the whole time-series. This pdoce reduces the variation due to changes
in the sample, and permits consistent and verdiaistimation of changes over time.

In earlier submission we used the mid-year of thé é¢ycles as reporting year, causing a
change in results the last two years as additipeals were added to the time-series. By
electing to report for the last year in the cyalg &and use changes are reported when they
are registered, and the reported values for acpdati year will not change as additional years
are added (assuming the same methods used ove}.year

Since there are no annual data available in thefdfRhe years between 1990 and 1998, the
annual estimates of carbon stock for the years ft6é1 to 1997, inclusive, are based on the
values for 1990 and 1998 using linear interpolabetween these years (se figure 7.5).
Because of the linear interpolation the calculatedual changes in carbon stock are all
constant in this period (se figure 7.6). The usmoting average based on the 5-year cycle,
starting in 1998, results in the relative largergies of C@-equivalents between 1998 and
1999 for the current submission (see table 7.17thé 2007 submission this occurred
between 1997 and 1998 that was due to using theg/@aidas the reporting year.

Table 7.17. Recalculations in 2009 submission commeal to the 2007 and 2008 submission. Gg CO2
removals (the emission of CH4 and N20 are not inctied in 2007).

Current
Submission | Submission | Submission |% change | % change

Year |2007 2008 2009 2007-2008 | 2008-2009
1990 | -14 734 -13704 -12 304 -7.0 -10.2
1991 | -14 191 -12 919 -11 506 -5.9 -10.9
1992 | -14 451 - 12507 -11 094 -9.0 -11.3
1993 | -14 060 -12772 -11 358 -13.5 -11.1
1994 | -14 723 -12 260 -10 847 -9.2 -11.5
1995 | -13 935 -13101 -11 684 -16.7 -10.8
1996 | -14 367 -12 454 -11 034 -13.3 -11.4
1997 | -13 980 -12 770 -11 353 -8.7 -11.1
1998 | -19 864 -12673 -11 180 -32.2 -11,8
1999 | -20 079 -16 277 -13 806 -18.9 -15.2
2000 | -25 326 -23 495 -17 092 -7.6 -27.3
2001 | -27 375 - 25982 -18 954 -5.1 -27.0
2002 | -27 901 - 30 956 -23 720 9.9 -23.4
2003 | -25 220 -31 720 -25 709 25.8 -19.0
2004 | -25 517 -31 079 -25 899 21.8 -16.7
2005 | -27 232 - 34 482 -27 934 26.6 -19.0
2006 - 27 850 -22 558 -19.0
2007 -25 895
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7.14. Planned improvements

To confirm the extent of the area of forest anceothooded land at higher altitudes, NFI
started in 2005 to establish a limited number of plBts above the coniferous forest limit. A
complete forest inventory is conducted on thesesplbis not yet decided whether a complete
3x3 grid of plots will be installed in the futurey, if the sampling intensity will remain at a
lower level in this region.

In Finnmark County, the NFI started in 2005 to aactch full forest inventory on plots in the
3x3 km grid in coniferous forest. NFI planes to adess dense plot grid for forest land and
other wooded land that are mainly stocked withtbifiche land use of mountainous areas are
also planned to be assessed according to the Nfathal' he plan is that the inventories of
these areas will end in 2013, and planned to Haded in the 2014 report.

The NFI started in 2007 to use national aerial pyiphs (ortophotos) to supplement the
field survey to update and check land cover stesisind land cover change statistics by
assessing plots from the 3x3 km grid that was ss¢ssed as Forest in earlier inventories.
More than 2000 plots will be checked each year,thode with a tree cover will be visited in
the field. This method is used for wooded land &bibwe coniferous forest limit, in
mountainous areas and for Finnmark County. Thesstat from the NFI and the aerial
photographs will give statistics for all land usasses for the whole country. Current
ortophotoes are made available through a web-tss®tte www.norgeibilder.nd. In
addition to the land use classification from tHeNg1 (1986-1993) old and new aerial
photographs will be use to establish land use cf @éot in the base year 1990.

In 2005 the NFI started to assess trees with aatiamhess then 50 mm. These trees will be
included in the calculations after 2010, when &dytle of measurements are expected to be
completed.

In order to meet the reporting requirements of LWWRJthe Norwegian NFI system is
expanding its coverage beyond areas conventiooafigidered to be productive forest area.
The development of new and improved methods faoatbld back-casting of biomass and
land-use class is currently taking place. The ameso adjust the land-use classification to be
better aligned with the LULUCF classification, @dishing a reliable 1990-status, and
improved estimates for the annual change in liarmgmass from 1990 up to today.

Land use changes to forest land are reported glesiear changes in the CRF-2009. The 20
years approach are planned to be included afted d0& to the completeness of NFI cycle 9.

It is planned to report biomass, land use and lesgdchange for the entire country in 2014.

During 2009 it is planned to evaluate the methaiifor assessing emissions and removals
for cropland and grassland.
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8. Waste

8.1. Overview

This sector includes emissions from landfills (6g@stewater handling (6B) and small scale
waste incineration (6C). Waste incineration fromné with energy utilization is accounted
for under 1A (Energy combustion). Waste incineraiitccluded here are emissions of other
greenhouse gases than {m methane flared at landfills and combustiomagpital waste
in hospital incinerators and cremations.

The emissions of greenhouse gases from the waste seere relatively stable during the
early 1990s, with emission level between 1.7-1.Bonitonnes CQ@-equivalents (Section
2.3). From 1998 emissions declined and in 2007 €oms were almost 27 per cent lower
than in 1990. In spite of increasing amounts ofte/éise emissions of CHrom landfills has
decreased. This is due to a number of measuresitwe the amount of organic waste
deposited and to increase the collection and cotidsusf methane from landfills. The most
important measures are requirement to collect metfram landfills, the introduction of a
tax on final treatment of waste from 1999 and anjimition of depositing easy degradable
organic waste gradually introduced from year 2000.

Solid waste disposal on land (i.e. in landfillsjhe main category within the waste sector,
accounting for about 89 per cent of the sectottal temissions. Wastewater handling and
waste incineration account for approximately 11 ksg than 0.01 per cent respectively.
Since emissions from incineration with energy m#tion are reported under energy
combustion, the emissions reported here under virmdteeration are almost non-existing.
The waste sector accounted for 2.4 per cent afotiadé GHG emissions in Norway in 2007.

8.2. Managed Waste Disposal on Land — CH 6A1 (Key Category)

8.2.1. Description

CH,4 and non-fossil C@are emitted during biological decomposition of tga3 his
transformation of organic matter takes place iresgvsteps. During the first weeks or
months, decomposition is aerobic, and the mainmeosition product is COWhen there is
no more oxygen left, the decomposition becomesrabag and methane emissions start to
increase. After a year or so, ¢CEimissions reach a peak, after that the emissidhdegrease
over some decades (SFT (1999b) and Barlaz (2004)).

The emissions of methane have decreased slightte 4997 due to reduction of the amount
of degradable waste disposed at disposal sites.r&tuction in emissions is the result of
several measures which were introduced in the veestior particularly in the 19904/ith

some few exceptions, it is prohibited to dispossyeBegradable organic waste, sewage sludge
included, at landfills in Norway. In 1999 a tax wasoduced on waste delivered to final
disposal sites. In 2006 this tax was 416 NOK pené&waste disposed at landfill sites with
double side and bottom lining (rising to 434 NOK fmne in 2008 and 447 in 2009), and

542 NOK per tonne waste disposed at landfills withaouble lining (rising to 566 NOK per
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tonne in 2008 and 583 in 2009). In addition, lalk&lfieceiving biodegradable waste (waste
containing degradable organic carbon (DOC)) araired to collect and treat landfill gas. In
2007 a total of 57 landfills had installed a laiidfas extraction system, and approximately
22 ktonnes of methane was recovered. In additi@atnounts of waste recycled have
increased significantly since 1990. The total amafinvaste generated has increased with
about 45 per cent from 1995 to 2007, but due tortbkase in material recycling and energy
utilization in the period there has not been alsimncrease in degradable waste to landfills.

In 2005 Statistics Norway took over the respongibibr the methane calculating model.
Then considerable deviations were discovered bet\Bégtistics Norway's improved waste
statistics, and the waste statistics from 1998€82un the model. In addition, an error in the
calculation of manufacturing waste deposited airidestrial disposal sites was discovered.
This could be of great importance to the calculaethane emissions. It was on this
background Statistics Norway in November 2005 stha quality check of the waste
calculations in the methane model (Skullerud 20B§)a mistake, the industrial sludge was
not adjusted for wood content; this has now beerected for all years. In addition, it was
also by a mistake corrected for a DOC content 0f @fftonnes, instead of 400 kg/ tonne of
waste. Further improvements of Statistics Norwayeste statistics have been made, due to
an improved allocation of landfilled industrial waso material (SSB 2006 and 2008). The
main change from the previous year builds on a suawey on waste from service industries,
combined with sorting analyses on mixed househalstevand literature studies of industrial
and household mixed waste composition. Future ingrents must be expected as well,
which may affect the calculated methane emissidosvever, future changes in historical
waste amounts are believed to be of minor impodgaocthe calculated methane emissions.

Statistics Norway's quality check of the methareutations also comprises an updating of
the decomposition time for wood, paper and easyadizdple waste, and new data series for
extraction of methane from Norwegian landfills.

Emissions of Chlifrom solid waste disposal are key category inllenel trend due to
uncertainty in AD and EF.

8.2.2. Methodological issues

In 1999, the Norwegian Pollution Control Author{§FT) developed a model for calculating
methane emissions from landfills (SFT 1999b). Tlueleh was based on the IPCC theoretical
first order kinetics methodologies (IPCC 1997b) #melmethod was consistent with the
IPCC Good Practice Guidance. The effect of weathaditions had also been taken into
account.

However, both the former Norwegian and the IPCC719@del contain a mathematical error.
As the rate of reaction decreases over the yearbrage rate of reaction over the year has
to be found. This is done through integration aeiher the former Norwegian model, nor the
IPCC 1997 model, contained such integration. Tlseltavas that with a half-life time of 10
years the emissions were underestimated by 3.5qveér The models were also complicated
and difficult to understand, and gave a poor viete the calculations. Therefore a new model
taking account of these issues was developed id.20@thane emissions are in the new
model calculated from the amount deposited eveny,y@nd the amounts added at the end
(SFT 2005).
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This new model starts with the calculation of theoant of dissimilating DDOg (mass of
dissimilatable organic carbon = the part of DOCyfd€elable organic carbon) that will
dissimilate (degrade) under anaerobic conditiongjained in the amount of material being
landfilled. This is done in exactly the same wayrathe former Norwegian model.

As this is a first order reaction, the amount afdarct formed will always be proportional to
the amount of reactant. This means that it is of@racern to the process when the DLYOC
came into the landfill. As far as we know the amoffDDOG;, in the landfill at the start of
the year, all years can be considered to be thiedc@iculating year. This simplifies

calculations. With reaction start set to be on aaya the year after landfilling, the “motor”
of the new calculating model has been made outasfe two very simple equations:

(8.1) DDOGudiss= (DDOCa(y) + DDOCq) * (1- e”-K)

(8.2) DDOGha= (DDOCma(y) + DDOCyg) * e™-k.
Equation (8.1) calculates DDOCmass dissimilatinP@Cmqis9, from the not dissimilated
DDOC mass accumulated from last year (DR@), plus DDOC mass landfilled last year
(DDOCg). Equation (8.2) calculates the DDOCmass accumdlas not dissimilated
(DDOGCy), for next year’s calculations from the same basigquation (8.1).

After that the amount of dissimilated DD@@as been found, GHhbroduced and CHemitted
is found by using the same set of procedures astdriaas in the former model.

The full set of equations is found below. If thacton is set to start in the year of landfilling,
separate calculations have to be made for thatayehtwo extra calculating equations will
have to be added. They are included in the equabetow.
To calculate DDOgq from the amount of material

(8.3) DDOGng=W * MCF * DOC * DOG

To calculate DDOG accumulated in the SWDS

(8.4) DDOG, = DDOCpg* eM-k*((13-M)/12)
(8.5) DDOGna= DDOCagy) * €Mk + DDOGy

To calculate DDO& dissimilated

(8.6) DDOGg =DDOCng* (1-e-k*((13-M)/12))
(8.7)  DDOGuiss = DDOCragy)* (1-€/-K) + DDOGug

To calculate methane produced from DDOC dissindlate
(88) Cl_h prod = DDOCmdiss* F * 16/12
To calculate methane emitted

(8.9) CH: emitted in year T =X CHa prod (T)) - R(T)) * (1-OX)
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Where:

W : amount landfilled

MCF : Methane Correction Factor

M : Month number for reaction start. (Januarydaryafter landfilling, M=13)
DOC : Degradable Organic Carbon

DOG : Fraction of DOC dissimilating, anaerobic coradis

DDOC : Dissimilatable Organic Carbon, anaerobicditbons

DDOCqyq : DDOC mass landfilled

DDOCqy, : DDOC mass left not dissimilated from DDOCm lahédl, year of landfilling
DDOCha : DDOC mass left not dissimilated at end of year

DDOCGCnagy : DDOC mass accumulated from last year

DDOGCndi : DDOC mass dissimilated from DDOCm landfilledayef landfilling
DDOChgiss : DDOC mass dissimilated in calculation year

CHas prod : CH,4 produced

F : Fraction of CH by volume in generated landfill gas

16/12 : Conversion factor from C to ¢H

R(T) : Recovered CHn year of calculation

OX : Oxidation factor (fraction).

8.2.3. Activity data

The amount of different waste materials is compifednnual surveys carried out by
Statistics Norway. These data are used as inputhet model used to calculate methane
emissions. For the new model, historic data haes becalculated from the former waste
category basis, to a material waste basis. The h®8ased on types of materials, for
instance food waste, paper, wood and textileswAblte sources, including business, industry,
and construction and demolition sector, are inaludehe waste statistics.

Municipal landfills

Historical data for years before 1973 on municgmid waste deposited are based upon:

9. New statistics on municipal waste, divided into $ehold waste and industrial waste
(1974 to 1997)

10. Estimates based on population

11. Assumption that less people were connected to puaste management during the
forties and fifties.

Since 1974 the amount of municipal waste is baped guestionnaires and linear
interpolation. Surveys were held in 1974, 1980,5L88d every year from 1992 to 1995. The
amount of waste going to landfills is allocatedrtaterial based on sorting analyses. For the
period 1995-2007 the amounts of waste is taken tr@waste accounts, with three
exceptions:
* Wood content in sludge deposited at industriassgeadded to the amount of
deposited wood from the waste accounts.
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« Textiles are supposed to consist of 50 per cestipl€&SFT 2005b). The plastic
fraction of deposited textiles is therefore suligeddrom the amount of deposited

textiles and added to deposited plastic.

* The material category “Other” is supposed to caonid per cent of biodegradable
waste, which is added to the amount of paper.

Industrial disposal sites

Historical data for industrial waste for years lvef@970 are made by extrapolation using the
same trend as for municipal waste. After 1970¢diigre studies and information from the

industrial waste study from the years 1993, 1996999 have been used. Linear

interpolation is used for the years where datarassing.

Data from each landfill site with methane recovemyts are compiled by the County
Governors and reported to the Norwegian Pollutiont@®| Authority. These data are
imported into the national model for calculatingth@ame from landfills.

Data from each landfill site with methane recovemyts are compiled by the County

Governors and reported to SFT. These data are tagporto the national model for

calculating methane from landfills.

8.2.4 Emission factor

The emission factors used in the Norwegian modehanixture of country-specific factors
and IPCC defaults values. Table 8.1 shows somaeofdriables used in the calculations of
methane emissions from solid waste disposals.

Table 8.1 Variables used in the calculations oftraee from landfills.

Type of waste

Variables Food waste Paper Wood Textiles
ty2 (half life time) 3,7 years 11,6 years 23,1years 1,6)ears
DOC 0.150 Mg/Mg  0.400 Mg/Mg 0.400 Mg/Mg  0.400 Mg/M
DOC; (Part of DOC dissimilating) 0.5 0.5 0.5 0.5
Ox. Methane oxidized in top laye 0.1 0.1 0.1 0.1
F. Part of methane in generated 0.5 0.5 0.5 0.5

landfill gas

Source: SFT (2005a) and Skullerud( 2006)

8.2.5 Uncertainties

Uncertainty estimates for greenhouse gases aremsgsand discussed in Annex |l.

The importance of the uncertainties in calculatiohsiethane from landfills will decrease
with decreased source contribution and improvedd@Efault parameter values, but most
likely it will still remain among the main uncentgies in the Norwegian GHG inventory.

8.2.6 Source specific QA/QC and verification

Internal checks of time series for all emissionrees are made every year when an emission
calculation for a new year is done.

Internal checks of time series of waste data, nmetlacovered at landfill sites and calculated
methane emissions from the model are carried alitarrections are made if any kinds of
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errors are found. If there is a change in the ti@ethane recovered from a landfill site, the
site is contacted to identify a plausible explamatiCorrections are made if there is no
plausible explanation of the change.

8.2.7 Recalculations

Revised activity dat&igures on disposed waste in Statistics Norway'stevatatistics, in
particular the distribution between different watsees, used to calculate GEmissions,

have been altered for the whole time period 199W62There is a continuous process to
improve the waste statistics. The most recent éigirave caused a major reduction in
national CH emissions. The annual reduction grew successthetyigh the period, from 1.0
ktonnes CHin 1990 to 7.3 ktonnes in 2006. The annual peeggnteduction in emissions
from landfills increased from 1.2 per cent in 1980.1.3 per cent in 2006. The impact of the
change on total national Glmissions rose from 0.3 per cent in 1990 to 3.5cpet in 2006.

8.2.8 Planned improvements
There is for the moment no planned activity thdt miprove the data quality for NIR 2010.

8.3 Unmanaged Waste Disposal Sites — 6A2

In Norway landfilling of solid waste has been reggatl and controlled for some decades, and
unmanaged landfills are from before 1970. Furtheemive methane emissions for all years
have been calculated from the total amounts offided materials. Therefore Norway does
not separately report emissions from unauthorizedanaged SWDSs.

8.4 Wastewater handling - 6B

8.4.4 Description

Emissions of Chland NO from Wastewater handling has been relative stinlieg the
1990 to 2006, with a small increase for £ZHhe emission trend for this period is described i
Section 2.3.

According to the Tier 2 key category assessmer2®96, emissions of D from wastewater
handling are key category in level.

8.4.5 Methodological issue

CH,

Emissions of methane from domestic and commeraatevwater have been calculated.
Emissions from water consumption in food processidgstries (breweries, dairies and
slaughterhouses) are included for all years si®&® s recommended by the review team in
2007. Emissions of methane from industries withrtben waste water treatment plants are
small, because the plants are mainly aerobic omithane gas is being recovered.,@dm
domestic sludge is calculated together with thetevaster emissions.

Emissions of methane from domestic waste watecailated according to the IPCC
default methodology:
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(8.10) E, =N, OD OB, OMCF

E: Emissions of methane

N: Population in Norway

D: Organic load in biochemical oxygen demand (kgCBT®00
persons/year)

Bo: Maximum methane-producing capacity (kg kg DC)

MCF: Methane conversion factor

i- Year

Emissions of methane from water consumption in éact processing industries are
calculated using the same equation as for domestier, except that for COD is estimated
based on water consumption multiplied with mg COfzdktewater.

(8.11) E=W,* COD; * Bo* MCF

E: Emissions of methane

W: Water consumption/economic turnover (million NDK

COD: Organic load in chemical oxygen demand (kg Q@D wastewater)
Bo: Maximum methane-producing capacity (kg kg DC)

MCF: Methane conversion factor

i Industry

N,O

For this source emissions of nitrous oxide from dstic and commercial wastewater have
been calculated. Until this year onlgy®lemissions from the part of the population that is
connected to large waste water treatment plant3 e} have been estimated. As
recommended by the review team Norway now estim#t@&emissions from human sewage,
which is not treated in sewage treatment plants.

Emissions of MO from det part of the population not connectethtge waste water plants (>
50 pe) are estimated by Tier 1 method. Emissioa€alculated using the Equation:

(812) MO(S): Protein X FragprX NReopLeX ERs

N2Os): N2O emissions from human sewage (keONN/ yr)
Protein: annual per capita protein intake (kg/petg)
NRpeopLe:  Number of people not connected to treatmenttplan
EFs: emissions factor (default 0.01 (0.002-0.12) kgONRA/Kg

sewage- N produced)
Frager: Fraction of nitrogen in protein (default = 0.1 M/kg
protein)

The N.O from sewage sludge applied on fields is includieder Chapter 6, Agriculture. For
the part of the population connected to large tneat plants MO, emissions are calculated
from nitrification/denitrification that occurs i¢ pipelines and the,J® emissions that occur
as a by-product in biological nitrogen-removal péaihe estimates are based on the amount
of nitrate supplied to the pipelines. This is assdno be a more precise method than the
recommended IPCC method that is based on the apauahpita protein intake. For the part
of the population that is not connected to treatnpéants, the BO emissions are estimated as
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recommended by the IPCC review team using the IR@od that is based on the annual
per capita protein intake.

8.4.6 Activity data

CH,

Data for the number of residents in Norway are igifrem Statistics Norway's population
statistics. The IPCC default value of 18 250 kg BOIDO persons/year is used for D, the
degradable organic component in the waste, forealts.

Industrial wastewater from breweries, dairies dadghterhouses are released into domestic
sewer systems. Emissions of methane from industiigstheir own wastewater treatment
plants are small, because the plants are mainbpaeor the methane gas is being recovered.

As recommended by the review team Norway has ettremissions of CHrom food
processing industry. The estimations are basedatervgonsumption, in NACE 15 for the
year 2004 (Stave, 2006) and information from Natlokccounts on Gross values from
industry (NACE 15) in constant 2000 prices for pegiod 1990 to 2006.

Data for the economic turnover in million NOK faxah industry are given from Statistics
Norway'’s National Accounts on Gross values fronustdy (NACE 15).

N,O

Data for the number of people in Norway not coneedb waste water treatment are obtained
from the waste water statistics at Statistics Ngrwde know the number of inhabitants
connected to large treatment plants (>50 pe) fertars after 1990, and the number of
inhabitants connected to small treatment plant® @& for the years 2002 to 2004. We have
also received the percentage connected for 199@hw¥ere 75 per cent. For the years
between 1990 and 2002 the percentage connecteiipolated.

Number of people not connected = Number of inhakstd Number of inhabitants connected
to small treatment plants / number of inhabitaotsnected to large treatment plants.

A yearly estimate for the amount of nitrate supplie the pipelines is obtained from the
waste water statistics at Statistics Norway. THiggees are used for estimating®
emissions from the part of the population connetbadaste water treatment plants.

Data for the amount of nitrogen that is removethabiological step in the actual wastewater
plants is obtained from the waste water statisticStatistics Norway. An oversight of which
plants that removes nitrogen is given by The Norae@ollution Control Authority (SFT).

8.4.7 Emission factor

CH,

The IPCC emission factor forp®f 0.6 kg CH/kg DC is used. The methane conversion factor
(MCF) is, according to good practice, given byfitaetion of BOD that will ultimately

degrade anaerobically. Country-specific MCF factoesestimated by Statistics Norway for
the years 2000-2005, based on the part of the pppnlconnected to tanks with anaerobic
conditions. The factors are from Statistics Nornfgste water statistics), and corresponds to
the fraction of the waste water plants that areg@ized as "Sealed tank™ and partly the
category "Separate toilet system".
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The MCF factor is about 0.01 (1 per cent) for tearg after 2000. We assume that in 1990,
2 per cent of the population were connected torabéetreatment systems for waste water
and that the share gradually has decreased ugl. Zmom our best knowledge we therefore
assume that the MCF-factor of 0.02 is reflecting ¢bndition in 1990 and that the factor for
1990 is consistent with the calculated factors2f@®0-2005.

Emissions from water consumption in food processidgstries are calculated using the
average MCF—factor (0.01) for wastewater. The IR@@ssion factor for Bof 0.6 kg

CHy/kg DC is used. The COD factors for the differerdups are taken from IPPC 2006 and
some are average factors made by Statistics NoBased on the water consumption and
Gross values from industry in 2004 we know the watesumption per economic turnover.
The same factor is used for all years for the ciffié products, see table 8.2. The table also
show the default COD factors for the different prog. COD factors for manufacture of
animal feeds and dry general food products aravieeage of all the others.

Table 8.2 The developed water consumption coeff@nd chemical oxygen demand itmillion
NOK and mg/I

m%/mill NOK COD mgl/l

Manufacture of meat products and cooking oil 125 2.9
Manufacture of fish products 476 2.5
Manufacture of fruit, vegetables and grain mill products 499 5.2
Manufacture of dairy products 314 15
Manufacture of animal feeds 154 2.72
Manufacture of dry general food products 170 2.72
Manufacture of beverages 317 15

Source: IPPC and Statstics Norway

N,O

For the part of the population that is connectetldatment plants theJ® emissions are
calculated by multiplying the total amount of nid@upplied to the pipelines by the IPCC
default emission factor of 0.01 kg@®-N/kg sewage-N produced. The conversion factor of
N,O-N to N,O is 1.57.

For the part of the population that is not conngttetreatment plants the emissions factors
are as follow: The IPCC emission factors fo 6F0.01kg NO/kg sewage-N produced is
used, and the fraction of nitrogen in protein, kpacis 0,16 kg N/kg protein. Protein is
annual per capita protein intake (kg/person/yefargport from the Directorate for Health and
Social Affairs estimates the amount of daily pgitaaprotein intake for Norway for 1997
(Johansson and Solvoll, 1999). There has not beee dny other survey like this, where the
daily per capita protein intake for Norway has bestimated. In 1997 the daily per capita
protein intake for Norway was 86 gram, which gi@&s39 kilo per year. For the years 1990,
1995, 2000, 2003 and 2004 the Directorate for Hemld Social Affairs has made
estimations of the potential protein intake for gogulation. (Sosial og helsedirektoratet,
2006)

This is estimated based on the equation:
(8.13) Potential protein intake = production + impe export
These estimation dos not reflect that actual compsiom is lower because not everything is

eaten, since parts of the food ends up as wastge.Johianson at the Directorate for Health
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and Social Affairs recommends that Norway use th83kilo per person for 1997 and that
Norway uses the trend in potential protein intakeewmaking the time series. Statistics
Norway has estimated the intermediate years bypalation. This is shown in the table 8.3.

Table 8.3 Potential protein intake, and estimatestqin intake, in g/person/day, kg/person/year, for
the years 1990-2005

Year Potential protein kg/pers/ Index Estimated protein

intake g/per/day year 1997 =100 intake kg/per/year
1990 94 34.3 100.2 315
1991 93.8 34.2 100.0 31.4
1992 93.6 34.2 99.8 31.3
1993 93.4 34.1 99.6 31.3
1994 93.2 34.0 99.4 31.2
1995 93 33.9 99.1 31.1
1996 93.4 34.1 99.6 31.3
1997 93.8 34.24 100 31.39
1998 94.2 34.4 100.4 315
1999 94.6 34.5 100.9 31.7
2000 95 34.7 101.3 31.8
2001 96 35.0 102.3 321
2002 97 35.4 103.4 325
2003 98 35.8 104.5 32.8
2004 101 36.9 107.7 33.8
2005 99 36.1 105.5 33.1

Sorce: Statistics Norway and the Directorate foaltheand Social Affairs (numbers in bold in colu@in

N>O emissions occur as a by-product in biologicabgén-removal plants. It is assumed that
2 per cent of the nitrogen removed from plants feilim N,O. This country-specific emission
factor is given in SFT (1992), and the assumptinased on measurements in plants and
comparisons with factors used in Sweden. The amafuXtremoved at the plant is multiplied
with 0.02 and then multiplied with the factor ob1.for conversion of N-removed tg®-N.

8.4.8 Uncertainties
Uncertainty estimates for greenhouse gases arergegsand discussed in Annex Il.

The uncertainty in AD is estimated to +1 per cemt@H, and £25 per cent for JO.
Uncertainty in EF for has been estimated to +70cpet both for Cihland NO.

8.4.9 Source spesific QA/QC and verification

There is no source specific QA/QC procedure fas Heictor. See Section 1.6 for the
description of the general QA/QC procedure.

8.4.10 Recalculations

6 B1 Industrial waste water handling

Revised emission factofhe methane conversion factor (MCF) used to cateuCH
emissions from industrial waste water handling lteen revised for 2004-2006, taking into
account the use of sealed tanks for black water.

Revised activity dataCH, emissions from production of food articles in 20@&e been
adjusted somewhat, due to updated value figures indbe calculations.
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8.4.11 Planned improvements
There is for the moment no planned activity thdt iiprove the data quality for NIR 2010.

8.5 Waste incineration — CQ — 6C

8.5.4 Description

Emissions from waste incineration in district hegtplants are reported under energy (IPCC
1Ala), as the energy is utilised, and thereforeresd in Chapter 3. In 2006, there were 16
waste incineration plants where household wastecigerated. In addition, some incineration
plants burn waste other than household waste, ynambden waste, paper, pasteboard and
cardboard. These emissions are reported and dedariiter energy (IPCC 1A2d). Waste,
other than household waste, is also used as esetgge in some manufacturing industries.
In this chapter, the focus will be on waste repbrtelPCC sector 6C. This includes
emissions from flaring, except flaring from enesgctors, and emissions from cremation and
hospital waste. The emission trend from 1990 td626@escribed in Section 2.3.

8.5.5 Methodological issues

Emissions from flaring of landfill gas by landfilése estimated. However, G@missions

from flaring of landfills are not included in thevientory, as these are considered as being of
biogenic origin. The emissions are estimated bytiplying the amount of gas flared with the
emission factors shown in Table 8.2. Emissions ffilaming of natural gas by production of
methanol were earlier estimated and reported us@eilhese emissions are now reported
under 2B5, see notes under recalculations. The anodgas used in flaring is multiplied by
appropriate emission factors, found in Table 8.2.

Emissions from cremation are estimated by emidsiotors multiplied with activity data.
Earlier this was true for hospital waste as wall, foom 2007 hospital waste has been
incinerated in municipal plants and emissions eported under energy.

8.5.6 Activity data

Landfill gas

The total amount of landfill gas extracted eachr ygaeported by landfills to the Norwegian
Pollution Control Authority. Statistics Norway sudntts the amount utilized for district
heating and thermal power, which is given by thergy statistics in Statistics Norway. To
find the amount flared of the remaining landfillsga fraction given from a survey of waste
statistics from Statistics Norway is used. This/eyris made every third year, but is planned
to be annual in the coming years. £#issions from flaring of landfills are not inckdlin

the inventory, as these are considered as beibgpgénic origin.

Natural gas
The amount of natural gas flared by the produatibmethanol is now reported under 2B5,
see recalculations.

Hospital waste

The amount of hospital waste was reported to Sizdiblorway for the years 1998 and 1999.
For the period 1990-1997 the average for 1998 &3@ has been used. After 1999 there has
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been no collection of hospital waste data. Duéédack of better information, the waste
amount for 1999 has been used to calculate thesemgsfor subsequent years. The hospital
incinerators have gradually been closed down, mainé to new limits of emission. From
2007 and onwards there has been no hospital irtorserrunning. Today hospital waste is
incinerated in incinerators for municipal waste amissions are included under 1Ala).

Cremation

The number of cremated bodies is taken from théhdstatistics at Statistics Norway
(Statistical Yearbook). Further it is assumed #taper cent is dry substance. The weight of a
coffin is set to 25 kilogram.

8.5.7 Emission factors
Table 8.4 Emission factors for flare, cremation dnudpital waste incineration

Component Flare Landfill gas Cremation Hospitalteas
kg/tonnes Tonnes/body Tonnes/tonnes

CO, 0 0 0.3

CH, 0.37 0.00001176 0.00023

N,O 0.0015 0.0000147 0.000035

8.5.8 Uncertainties

Activity data
Uncertainty estimates for greenhouse gases aremisgsand discussed in Annex |l.

No new data on the amount of hospital waste has tgmrted since 1999. The amount of
hospital waste the subsequent years may vary finendata reported in 1998 and 1999.
Uncertainty has been estimated to £30 per centeS2007 there have been no hospital
incinerators.

Emission factors

Uncertainty estimates for greenhouse gases aremisgsand discussed in Annex |l.

If the composition of the hospital waste is differé the waste the emission factors are based
on, the calculated emissions will be incorrect. ®astion engineering and processes also
influence the emissions. Uncertainty is estimateti30 per cent. See Annex Il.

8.5.9 Source specific QA/QC and verification

There is no source specific QA/QC procedure fas faictor. See Section 1.6 for the
description of the general QA/QC procedure.

8.5.10 Recalculations

6 C1 Biogenic waste incineration
Revised activity data. Figures on methane flareceeen reduced somewhat for 2002-20086,
which has resulted in marginally lower emission€éf, and NO for these years.

8.5.11 Planned improvements
There is for the moment no planned activity thdt miprove the data quality for NIR 2010.
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9. Recalculations

9.1 Overall description of recalculations

The Norwegian greenhouse gas emission inventorynh2G09 been recalculated for the
entire time series 1990-2006 for all componentssandces, to account for new knowledge
on activity data and emission factors and to cof@cdiscovered errors in the calculations.
There is also a continous process for improving@ndecting the inventory and the
documentation of the methodologies employed, basaguestions and comments received in
connection with the annual reviews. The figurethia inventory are therefore, as far as
possible, consistent through the whole time series.

The driving force for making improvements in theigsion inventory is to meet the reporting
requirements in the UNFCCC Reporting Guidelineg\anual Inventories as adopted by the
COP by its Decision 18/CP. In addition, it is imaoit for decision makers and others to have
accurate emission estimates as basis for makingides of what measures to introduce to
reduce emissions.

There is only one major recalculation of greenhayeses in the 2009 submission:

1. CH,emissions from waste disposal have been reducegbdavhole time period
1990-2006, due to a revision of figures on disposaste in Statistics Norway’'s waste
statistics. In particular, data on the distributimtween different waste types has been
improved. There is a continuous process to imptbgevaste statistics, and there
have been several previous recalculations for eomsgrom waste disposal due to
revised waste statistics.. The most recent fighes® caused a major reduction in
national CH emissions. The annual reduction grew successiliebyigh the period,
from 1.0 ktonnes Cidin 1990 to 7.3 ktonnes in 2006. The annual peeagnt
reduction in emissions from landfills increasedrt.2 per cent in 1990 to 11.3 per
cent in 2006. The impact of the change on totabnat CH, emissions rose from 0.3
per cent in 1990 to 3.5 per cent in 2006.

9.2 Specific description of the recalculations

9.2.1 Energy

The recalculations performed in the energy seaiacern primarily the year 2006. This is
mainly due to changes in the energy statistics.fijuees used in the 2008 submission were
based on preliminary figures on energy use. Novetiergy statistics include final energy
consumption figures from the statistics on energgy in the manufacturing industries. Also
some other final energy figures on energy use baea included. Changes in the emission
figures due to such changes in the energy statigtiit not be commented on specifically
under each IPCC code.
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1A 1a Public electricity and heat production
* Revised data. Changes in figures for energy u20@3-2006, due to the inclusion of
a plant for which data previously were lacking, é@aused a minor increase in the
emissions.

1A 1b Petroleum refining
» Reallocation. Emissions erroneously registerecbhd Bave been moved to liquid.

1A 1c Manufacture of solid fuels and other energlustries
» Correction of error. C@emissions from one plant have been reduced 2006;2le
to the correction of a previous double countingadidition, there is a marginal
reduction in CH emissions 2005-2006, due to the correction okaipus error in
registered emissions from one plant.

1A 2a Iron and steel
* Revised data: C£emissions reported from one plant, which previpugtre
registered as combustion emissions, have now l@etetween process and
combustion for the whole period 1990-2006, thusstaga reduction in combustion
emissions. At the same time, the total figuredlierplant have been reduced for
1991-2005. For another plant, the figures have laggsted somewhat downwards
for 1998-2001 and 2005.

1A 2 b Non-ferrous metals
* Revised activity data. Figures on LPG use at oastgiave been reduced for 2003
and increased for 2004-2005, causing corresporatiagges in emissions of GO
CH, and NO.

1A 3 a Civil aviation
* Revised activity data. Changes in the distribubetween LTO air traffic under and
above 100 metres, has caused alterations fqredtissions, in accordance with
differences in emission factors.

1A 3 b i-iii Road transport
* Revised activity data. Revised figures on vehidlerketres and fuel consumption for
the period 2003-2006, have caused changes in emssgom road traffic.

1A 3 e Other transportation; off-road vehicles atder machinery
* Revised activity data. The figure on auto dieselus equipment has been
somewhat increased, and thus causing higher emsssio

1A 4 a Commercial/institutional
* Revised activity data. Figures on methane flarec: Heeen reduced somewhat for
2002-2006, thus causing marginally higher emissadrGH, and NO for these years
from utilised methane.

1B 2a iv Refining and storage

¢ Revised data. Minor reduction in indirect €énissions from one plant 2005-2006
because of lower NMVOC emissions, due to revisednteng from this plant.
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1B 2a v Distribution of oil products
* Revised data. Minor changes in indirect &issions, due to new calculations of
NMVOC from petrol distribution, based on updatefbrmation on time for
installation of vapour recovery units. Revised feggifor 1991-1992 and 1994-2006.
The figures have been reduced for 1992 and 199Thaneiased for other years.

1B 2b5 Natural gas, other leakage
* Revised data. Somewhat higher indirect,@®issions in 2006, because of revised
emission figure for NMVOC from one plant.

1B 2c2.2 Venting and flaring; flaring gas
* Revised data. Changes in figures for energy u20d4-2006, due to the inclusion of
a plant for which data previously were lacking, é@aused a minor increase in the
emissions.

9.2.2 Industrial processes

2A 3 Limestone and dolomite use
» Additional activity. Minor emissions of CQrom a brick producing plant, previously
not estimated, have been included for the whol®ger990-2006.

2A 7 Other mineral production
» Additional activity.Minor emissions of C®from a fibreglass producing plant,
previously not estimated, have been included fenthole period 1990-2006.

2B 2 Nitric acid production
* Revised data. Reported figure opONemissions from one plant in 2006 has been
altered.

2B 5 Other, plastic
* Revised data. Minor change in indirect £€nissions from one plant in 2006, due to
altered figure for reported NMVOC emissions.

2 C 1 Iron and steel production
* Revised data: As stated under 1A2a,,@issions from one plant, which previously
were registered as combustion emissions, have eew $plit between process and
combustion for the whole period 1990-2006, thustagian increase in process
emissions.

2 C 2 Ferroalloys production
» Correction of error. C@emissions from some plants have been adjustditlylig
downwards for 2006, as the previous figures alstuded combustion emissions. As
combustion emissions also were calculated sepgratéhe 2008 submission, a
double counting has accordingly been corrected.

2 C 5 Other metal production

* Revised data: Reported Gfigures 2005-2006 from one anode producing planeh
been somewhat reduced.
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2 F Consumption of halocarbons andsSF
* Revised activity data. Revisions of activity data 2005 and 2006 for several gases
contributed to minor changes (< 1 per cent) imested emissions. Activity data on
imports of PFC-218 and HFC-134 for earlier yearsewaso revised, but had
insignificant effect on the estimated emissionsfitdFCs and PFCs.

3 A-D Solvents
* Revised method and data. For the whole period 28@®, indirect C@emissions
from solvents have risen by 10-25 ktonnes, dubedrhplementation of a new
estimation method for NMVOC emissions from solvehts led to increased
NMVOC emissions.

9.2.3 Agriculture

4 A Enteric fermentation
* Revised activity data. Minor increase in £éiissions in 2006, due to revised figure
for number of reindeer.

4 B Manure management
* Revised activity data. Minor changes in £#nissions in 2006, due to revised figure
for number of reindeer. Changes isgNemissions 2004-2006, due to revised data in
the model that calculates Nigmissions.

4 D Direct soil emission

* Revised activity data. Minor changes iBNemissions 2006 due to revised figure for
number of reindeer, use of sludge in agriculture ase of fertilizer. In addition, a
revision in the model that estimates emissionsiaéf (fhew figure for intermixture of
water in manure) leads to a minor adjustment. .

* 4 D.1.4. Revised activity data. Minor changes poN:missions 1996-2006, due to
revised crop figures.

e« 4 D.1.2. Revised factor. New loss factor 2004-2fad&preading in the model that
calculates NH emissions.

* 4 D.2.1 Revised data. New data 2004-2006 in theeinbat calculates NH

emissions.
« 4 D.3.2 Revised data. New data 2004-2006 in theafitbat calculates NH
emissions.
9.2.4 Waste

6 A Solid waste disposal on land
* Revised activity data. Figures on disposed wasgatistics Norway’s waste

statistics, in particular the distribution betwebfierent waste types, used to calculate
CH, emissions, have been altered for the whole timeg@d990-2006. There is a
continuous process to improve the waste statiskite.most recent figures have
caused a major reduction in national {#hissions. The annual reduction grew
successively through the period, from 1.0 ktonnklg i@ 1990 to 7.3 ktonnes in 2006.
The annual percentage reduction in emissions feordfills increased from 1.2 per
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cent in 1990 to 11.3 per cent in 2006. The impé&th® change on total national ¢H
emissions rose from 0.3 per cent in 1990 to 3.5cpat in 2006.

6 B1 Industrial waste water handling
* Revised emission factor. The methane conversiaorfé®ICF) used to calculate GH
emissions from industrial waste water handling lteen revised for 2004-2006, taking
into account the use of sealed tanks for black wate
* Revised activity data. CHemissions from production of food articles in 20@&e
been adjusted somewhat, due to updated value $igised in the calculations.

6 C1 Biogenic waste incineration
* Revised activity data. Figures on methane flarae Heeen reduced somewhat for
2002-2006, which has resulted in marginally lowarssions of CkHand NO for
these years.

7 Land-Use, Land-Use Change and Forestry sector

The whole time-series have been recalculated duevisions of the methods used to
calculate the total biomass of forest trees and l&® change, and updating of activity data.
The method for calculating change in living biomaedand converted to “Forest” differs
from last year’s submission. Now estimates for dhlyannual change in living biomass are
reported for these areas. The method used to teaahanges of carbon stock in dead
organic matter and for solil is the same as repont@®08.

Table 9.1 Recalculations in 2009 submission congptrehe 2007 and 2008 submission. Gg,CO
equivalents (the emissions of £thd NO are not included in 2007)

Current

2007 2008 submission % change| % change
Year submission submissior] 2009 2007-2008 2008-2009
1990 -14 734 -13704| -12 304 -7.( -10.2
1991 -14 191 -12919| -11506 -5.9 -10.9
1992 -14 451 -12507| -11094 -9.( -11.3
1993 -14 060 -12772| -11 358 -13.5 -11.1
1994 -14 723 -12 260| -10 847 -9.7 -11.5
1995 -13 935 -13101| -11684 -16.7 -10.8
1996 -14 367 -12 454 -11 034 -13.3 -11.4
1997 -13 980 -12 770 -11 353 - 8.1 -11.1
1998 -19 864 -12673| -11180 - 32.1 -11.8
1999 -20 079 -16 277| -13 806 - 18.4 -15.2
2000 -25 326 -23 495| -17 092 -7.6 -27.3
2001 -27 375 -25982| -18 954 -5.] -27.0
2002 -27 901 -30956| -23720 9.9 -23.4
2003 -25 220 -31720| -25709 25.§ -19.0
2004 -25 517 -31 079 -25899 21.4 -16.7
2005 -27 232 -34 482| -27 934 26.6 -19.0
2006 -27 850 | -22 558 -19.0
2007 -25 895
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9.3 Implications of the recalculations

9.3.1 Implications for emission levels

Table 9.2 shows the effects of recalculations enetimission figures for the greenhouse gases
1990 — 2006. Table 9.3 shows the effect on recaticuis on the emission figures for HFCs,
PFCs and S1990 - 2006.

Table 9.2 Recalculations in the 2009 submissionpewed to the 2008 submission. £QGH, and
N,O. ktonnes C@equivalents

(6{0)) CH, N,O
2008 2009  Difference 2008 2009 Difference  500g 2009  Difference
submission submission (%) submission submission (%) submission submission (%)

1990 347745 34791.6 0.0 4635.1 4614.6 -0.4 4718.5 4718.5 0.0
1991 33370.8 33378.7 0.0 4692.5 4662.1 -0.6 4573.2 4573.2 0.0
1992 34187.4 34180.4 0.0 4766.2 4724.1 -0.9 4012.7 4012.7 0.0
1993 35902.4 35906.5 0.0 4849.5 4794.2 1.1 4241.8 4241.8 0.0
1994 37857.1 37881.0 0.1 4937.3 4867.1 -1.4 4338.5 4338.5 0.0
1995 37785.0 37812.7 0.1 4934.3 4847.7 -1.8 4404.1 4404.1 0.0
1996 40876.9 40898.4 0.1 4972.4 4868.1 2.1 4454.7 4454.7 0.0
1997 40990.1 40996.8 0.0 5009.3 4888.9 2.4 4462.1 4462.1 0.0
1998 41109.9 41116.9 0.0 4897.4 4764.5 2.7 4541.6 4541.6 0.0
1999 41970.6 41980.5 0.0 4764.2 4621.4 -3.0 4752.8 4752.8 0.0
2000 41576.8 41590.9 0.0 4907.9 4759.0 -3.0 4517.7 4517.7 0.0
2001 42940.2 42968.0 0.1 4922.5 4772.1 -3.1 4429.2 4429.2 0.0
2002 42002.9 42038.1 0.1 4752.1 4603.4 -3.1 4618.5 4618.5 0.0
2003 43317.9 43356.9 0.1 4777.0 4628.2 -3.1 4467.0 4466.8 0.0
2004 43845.8 43902.7 0.1 4741.4 4594.7 -3.1 4624.7 4624.7 0.0
2005 42861.3 42907.0 0.1 4582.0 44335 -3.2 4734.6 4737.5 0.1
2006 43258.6 43336.6 0.2 4407.7 4259.3 -3.4 4372.5 4398.2 0.6
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Table 9.3. Recalculations in the 2009 submissiongared to the 2008 submission. HFCs, PFCs and
Sk. ktonnes C@equivalents

HFECs PFCs Sk
2008 2009  Difference 2008 2009 Difference  >n0g 2009  Difference
submission submission (%) submission submission  (%0) submission submission (%)

1990 0.02 0.02 0.00 3370.40  3370.40 0.00 2199.78 2199.78 0.00
1991 0.11 0.11 0.00 2992.92 2992.92 0.00 2079.15 2079.15 0.00
1992 0.34 0.34 0.00 2286.92 2286.92 0.00 705.03 705.03 0.00
1993 2.42 2.42 0.00 2297.72 2297.72 0.00 737.71 737.71 0.00
1994 9.20 9.20 0.00 2032.47 2032.47 0.00 877.98 877.98 0.00
1995 25.82 25.82 0.00 2007.74 2007.74 0.00 607.79 607.79 0.00
1996 52.24 52.24 0.00 1829.08 1829.08 0.00 574.10 574.10 0.00
1997 86.52 86.52 0.00 163294 1632.94 0.00 579.86 579.86 0.00
1998 129.82 129.82 0.00 1485.53 1485.53 0.00 726.74 726.74 0.00
1999 180.56 180.56 0.00 1388.46 1388.46 0.00 873.96 873.96 0.00
2000 238.36 238.36 0.00 1317.90 1317.90 0.00 934.42 934.42 0.00
2001 303.71 303.71 0.00 1328.63 1328.63 0.00 791.20 791.20 0.00
2002 362.68 362.68 0.00 1437.60 1437.60 0.00 238.30 238.30 0.00
2003 402.84 402.84 0.00 909.10 909.10 0.00 234.86 234.86 0.00
2004 439.42 439.42 0.00 879.94 879.94 0.00 275.68 275.68 0.00
2005 481.68 482.16 0.10 828.65 828.65 0.00 312.03 312.03 0.00
2006 518.44 521.29 0.55 742.50 742.50 0.00 212.09 212.09 0.00

9.3.2 Implications for emission trends
Table 9.4 shows the impact of the performed redaticuns on the emission trends 1990-
2006.

Table 9.4 Trends in emissions 1990-2006. 2009 ssioni compared with 2008 submission. GHG.
Per cent change 1990-2006

Total PFCs Sk HFCs
GHG [le} CHa N;O

2009 submission 7.60 24.56 -7.70 -6.79 -77.97 -90.36 2844176

2008 submission 7.67 24.40 -4.91 -7.33 -77.97 -90.36 2 828 646

The most important change in emissions in this ssion, compared with the one from
2008, is reduced figures on emissions of,@dm waste disposal. As the total annual
methane emission reduction increased through thedo€l.2 per cent in 1990, compared to
11.3 per cent in 2006), the total percentage eomnissduction from 1990 to 2006 has grown
considerably, by 2.79 per cent. The growth in eimisrend for CH has to some degree been
counteracted by reduced® emissions. Due to increased figures on use setia

motorized equipment, D emissions in 2006 have risen compared with tbeipus
submission, thus causing a lower emission redudtam 1990, compared with the previous
submission. For C&xthe emission growth from 1990 to 2006 is somewaingtier, whereas
there are only minor changes in the emission tfen#iFCs, and no changes for PFCs and
SKs. The gap between 1990 and 2006 for all the sigrgreuse gases together has been
reduced by 38 000 tonnes g€quivalents since the previous calculation.
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