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Samenvatting (Dutch)

National Inventory Report (NIR)

Dit rapport over de Nederlandse inventarisatie van broeikasgasemissies is opgesteld om te voldoen aan
de nationale rapportageverplichtingen in 2003 van het Klimaatverdrag van de Verenigde Naties
(UNFCCC) en van het Bewakingsmechanisme Broeikasgassen van de Europese Unie. Dit rapport
bevat trendanalyses voor de emissies van broeikasgassen in de periode 1990-2001; een eerste analyse
van zgn. sleutelbronnen en de onzekerheid in hun emissies volgens de ‘Tier 1’-methodiek van het
IPCC-rapport over Good Practice Guidance; documentatie van gebruikte berekeningsmethoden,
databronnen en toegepaste emissiefactoren; en een overzicht van het kwaliteitssysteem en de validatie
van de emissiecijfers voor de Nederlandse Emissieregistratie. Een aparte annex bij dit rapport omvat
elektronische data over emissies, activiteitendata en afgeleide emissiefactoren in het zgn. Common
Reporting Format (CRF), waar door het VN-Klimaat-secretariaat om wordt verzocht. In de appendices
bij dit rapport zijn de CRF-trendtabellen en de IPCC-tabellen ‘7A’ opgenomen voor 1990-2001 (alle
cijfers voor 2001 zijn voorlopig), alsmede tabellen over herberekeningen en compleetheid van
emissiebronnen. De NIR gaat niet specifiek in op de invloed van het gevoerde overheidsbeleid met
betrekking tot emissies van broeikasgassen; meer informatie hierover is te vinden in de
Milieubalans 2002.

Emissietrends broeikasgassen

De totale netto CO,-eq.-emissies waren in 2001 4% hoger dan in 1990 (1995 voor de F-gassen HFK’s,

PFK’s en SFy). In periode 1990-2001 zijn de emissies van CO, met 13% toegenomen, terwijl de CH,

en N,O-emissies met resp. 25 en 3% afnamen. Van de zogenaamde F-gassen, waarvoor 1995 het

referentiejaar is, nam de totale emissie met 60% af. De HFK- en PFK-emissies namen met resp. 75%

en 20% af in 2001 ten opzichte van 1995, terwijl de emissies van SF¢ met 7% toenamen. Hieronder

wordt per IPCC-categorie de verklaring voor de trend 1990-2001 gegeven:

e De emissies van energiegebruik en -productie (categorie 1) is met ca. 13% toegenomen ten op-
zichte van 1990, met name door de toename van CO,-emissies van de centrales en de transport-
sector (resp. 26 en 22% toename). De verdubbeling van de elektriciteitimport in 1999 van 10 naar
20% voor het huishoudelijke elektriciteitsverbruik veroorzaakte een tijdelijke afname van de CO»-
emissies in deze sector en het landelijk totaal. De stijging van de CO,-emissies die in de periode
voor 1999 te zien was zet zich in 2000 en 2001 weer door.

o De industriéle procesemissies (d.w.z. niet-verbrandingsemissies) (categorie 2) zijn 30% gedaald
ten opzichte van 1990, met name door de sterke afname van de HFK-emissies en een afname van
de N,O-emissies van de salpeterzuurproductie.

e Emissies van oplosmiddelen en andere producten (categorie 3) dragen maar weinig bij tot het
nationale totaal, de emissietrend vertoont een daling door een afname van de emissie van N,O van
spuitbussen.

o De landbouwemissies (categorie 4) zijn sinds 1990 met 10% afgenomen. Dit komt door de sterke
afname van het aantal dieren (20%), waardoor CHy-emissies afkomstig van fermentatie en mest
met 16% zijn gedaald.

e De COs-vastlegging in bossen (categorie 5) bedraagt circa 1% van het landelijke totaal. De jaarlijk-
se fluctuaties (-1,2 tot —1,9 Mton) worden veroorzaakt door wijzigingen in de dataset die gebruikt
wordt voor het berekenen van deze categorie.

e De emissies van de afvalsector (categorie 6) zijn sinds 1990 circa 30% afgenomen, met name door
een afname van CH;-emissies van stortplaatsen. De aan fossiele brandstoffen gerelateerde emissie
van afvalverbrandingsinstallaties zijn opgenomen in categorie 1A1.

e De sector ‘overig’ (categorie 7) bestaat grotendeels uit de emissie van N>O door vervuild opper-
vlaktewater; deze bijdrage is constant gehouden over de jaren.

e Internationale transportemissies van lucht- en scheepvaart worden ook gerapporteerd, volgens de
IPCC-richtlijn, maar als een aparte categorie die niet tot het nationale totaal gerekend wordt. Ne-
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derland rapporteert alleen de CO,-emissies, deze zijn sinds 1990 met 45% of 18 Mton toegenomen

door een toename van de emissies van scheepvaartbunkers (+12 Mton) en vliegverkeer (+5 Mton).
De grootste wijzigingen in totale broeikasgasemissies (CO,-eq.) in 2001 ten opzichte van 2000 worden
veroorzaakt door de toename van 6 Mton CO, (3 Mton door de relatief koudere winter van 2001) en
de afhame van meer dan 1 Mton HFK-emissies.

Wijzigingen ten opzichte van de rapportage van 2002

Dit jaar is gekozen voor een andere indeling van het rapport, alvast vooruitlopend op de richtlijnen

hiervoor van het IPCC die volgend jaar ingaan. Hiermee willen we de nog zwakkere onderdelen in de

rapportage zichtbaar maken, zodat daar bij de volgende rapportage meer aandacht aan kan worden
geschonken.

De emissiecijfers in deze rapportage komen grotendeels overeen met de emissiecijfers gepubliceerd
in de Emissiemonitor 2002 en de Milieubalans 2002 voor 1990, 1995 en 1999-2001, met uitzondering
van een aanpassing van de CO,-emissies door een correctie in de verdeling fossiele/organische
koolstof bij de afvalverbrandingsinstallaties (IPCC categorie 1A1). Verder waren CO,-emissies van
openhaarden en van een gedeelte van het verbruik van biogas ten onrechte gelabeld als fossiele
emissiebronnen. De belangrijkste wijzigingen ten opzichte van de vorige rapportage zijn het gevolg
van methodiekverandering, verbetering in allocatie en herstel van fouten:

o Methodiekwijzigingen: herberekening van N,O-emissies van salpeterzuurproductie voor de jaren
1991-1994 en 1996-1998, in lijn met de methode voor de andere jaren; herberekening van de
emissies van CHy en N,O van RWZI’s; herziening van de HFK- en SF¢-emissies voor de jaren
1994-2001;

o Allocatie van bronnen: aanpassingen in de afvalsector door meer duidelijkheid over de
subsectoren; verbeterde brandstofuitsplitsing in de database; consistentie in de allocatie van
industriéle procesemissies;

e Foutencorrectie: aanpassing van verkeerde toewijzing van niet-fossiele brandstoffen in de
categorieén 1A4, 1Al en 6D; dubbeltelling bij rookgasontzwaveling (categorie 2G); N,O-emissie
van landbouwgronden; CO,-verbrandingsemissies in categorie 1A2f voor de jaren 1990, 1995,
1999 en 2000); CO,-emissies van de energiesector (1A1) voor 1999; gegevens over non-
energetisch gebruik als chemische grondstof (zgn. ‘feedstocks’) (1Ad) voor 1994 en 1999-2001.

Als gevolg van deze herberekeningen zijn in het basisjaar de totale CO,-equivalente emissies met

0,3 Tg CO,-eq. of 0,2% afgenomen. In totaal zijn de emissies in het basisjaar van CO, en SF¢ resp.

0,4 en 0,1 Mton CO,-equivalent lager geworden; de HFK-emissies zijn in 1995 (het basisjaar voor de

F-gassen) toegenomen met 0,04 Mton CO;-eq.

Onzekerheden

De onzekerheid in de totale jaarlijkse emissies wordt geschat op £5%; de onzekerheid in de trend over
de periode 1990/95-2001 wordt op +3%-punten geschat bij een toename van 4%, gebaseerd op de zgn.
‘Tier 1’ methodiek van de IPCC voor trendonzekerheden (met 95% betrouwbaarheidsinterval). Voor
de afzonderlijke stoffen wordt de onzekerheid in de jaarlijkse emissies als volgt geschat: voor CO,
+3%, CH,; £25%, N,O £50%; HFK’s, PFK’s en SF4: £50%. De trendonzekerheid wordt voor CO,,
CHy, N,O en voor alle F-gassen als groep geschat op resp. +3%, £7%, £11% and +10%-punten.

Daarbij moet worden opgemerkt dat de onzekerheid in de emissiecijfers voor 2001 en in de emis-
sietrend waarschijnlijk groter is dan hierboven genoemd is, als gevolg van een tijdelijk verslechtering
van de kwaliteit van de emissiecijfers voor de laatste jaren ten opzichte van de data voor eerdere jaren.
Dit wordt veroorzaakt door (a) een andere rapportagewijze door individuele bedrijven (thans recht-
streeks via de milieujaarverslagen) en (b) vertraging in de beschikbaarheid van (voorlopige) statistie-
ken voor het voorgaande kalenderjaar, met name voor energiegebruik.
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Respons naar aanleiding van reviews

De Nederlandse emissieregistratie voor broeikasgassen heeft de volgende reviews gehad door het VN-
Klimaat-secretariaat: een ‘desk review’ en een ‘centralised review’ van de NIR 2000 en een ‘Synthesis
and Assessment report’ over de NIR 2001 en NIR 2002. De belangrijkste opmerkingen betroffen: in-
consistentie in tijdreeksen; missende toelichtingen bij CRF-tabellen; incompleetheid van de datasets;
literatuurverwijzingen; en vergelijking van activiteiten-data met internationale statistiecken. In deze
rapportage en/of CRF-tabellen zijn de toelichtingen aangevuld. Activiteiten- en emissiedata zijn aan-
gevuld waar ze nog ontbraken en de zgn. Implied Emission Factors voor CO, van verbrandings-
emissies zijn sterk verbeterd door alle data met inconsistente brandstof/emissie-combinaties te ver-
plaatsen naar de categorie ‘overige brandstoffen’.

Verbeteringen in de toekomst

Om te voldoen aan de richtlijnen van het IPCC met betrekking tot de emissieregistratie van broeikas-
gassen is in 2000 een programma gestart om de bestaande monitoringprocedures aan te passen aan de
internationale eisen. Dit programma valt onder verantwoordelijkheid van het Ministerie van VROM en
wordt gecodrdineerd door Novem. Er is een interdepartementale werkgroep geformeerd — de Werk-
groep Emissiemonitoring Broeikasgassen, WEB — die belast is met advisering over de verschillende
uit te voeren acties. De acties in de afgelopen jaren waren onder andere een Tier-2 onzekerheidsanaly-
se, evaluatie van de emissiefactoren voor brandstoffen, een Tier-2 feedstock-analyse, identificatie van
ontbrekende bronnen van niet-CO,-broeikasgassen en onderzoek naar de vastlegging van CO,. De re-
sultaten hiervan zullen in volgende rapportages verwerkt worden. Nog lopende acties zijn het ontwik-
kelen van nieuwe protocollen (het beschrijven van de methodes voor het vaststellen van de emissies)
en diverse Quality Assurance en Quality Control (QA/QC)-activiteiten.
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Executive Summary

ES.1. Background information on greenhouse gas inventories
and climate change

This report documents the 2003 Netherlands’ annual submission of its greenhouse gas emission in-
ventory in accordance with the guidelines provided by the United Nations Framework Convention on
Climate Change (UNFCCC) and the European Union’s Greenhouse Gas Monitoring Mechanism.
These guidelines, which also refer to Revised 1997 IPCC Guidelines and IPCC Good Practice Guid-
ance reports, provide a format for the definition of source categories and for calculation, documenta-
tion and reporting of emissions. The guidelines aim at facilitating verification, technical assessment
and expert review of the inventory information by independent Expert Review Teams by the
UNFCCC. Therefore, the inventories should be transparent, consistent, comparable, complete and
accurate as elaborated in the UNFCCC Guidelines for reporting and be prepared using good practice
as described in the IPCC Good Practice Guidance.

This National Inventory Report (NIR) 2003 therefore provides explanations of the trends in
greenhouse gas emissions for the 1990-2001 period and summary descriptions of methods and data
sources of (a) Tier 1 assessments of the uncertainty in annual emissions and in emission trends; (b) a
preliminary assessment of key sources following the Tier 1 and Tier 2 approaches of the /PCC Good
Practice Guidance; and (c) Quality Assurance and Quality Control activities. This report gives no spe-
cific information on the effectiveness of government policies for reducing greenhouse gas emissions;
this information can be found in RIVM’s Environmental Balance 2002. Please note that emissions for
2001 presented in this NIR have been compiled using preliminary statistics and are therefore calcu-
lated differently than the emissions of other years (see Annexes 2.1 and 3).

So-called Common Reporting Format (CRF) spreadsheet files, containing data on emissions, ac-
tivity data and implied emission factors, accompany this report. The complete set of CRF files as well
as the NIR in pdf format can be found at website www.greenhousegases.nl, which provides links to
the RIVM’s website (www.rivm.nl), where these files reside.

Climate Convention and Kyoto Protocol

The Kyoto Protocol shares the Convention’s objective, principles and institutions, but significantly
strengthens the Convention by committing Annex I Parties to individual, legally-binding targets to
limit or reduce their greenhouse gas emissions. The EU-15 has a target of -8% in the 1990-2008/2012
period. The EU has redistributed its targets among the 15 Member States. The (burden-sharing) target
of Netherlands is -6%. Please note that the definition of what should be reported under the source/sink
category ‘Land-use change and forestry’ (LUCF) to the United Nations Framework Convention on
Climate Change is considerably different from the definition of emissions/sinks to be included in the
national total under the Kyoto Protocol.

Reporting requirements: UNFCCC and IPCC

Annex | Parties to the UNFCCC must submit annually an inventory of their greenhouse gas emissions,
including data for their base year (1990, except for some Economies-In-Transition) and data up to the
last but one year prior to submission. Inventories due 15 April 2003, for example, should contain
emission data up to the year 2001. The UNFCCC Guidelines prescribe the source categories, calcula-
tion methodologies, and the contents and the format for the inventory report. For the definition of the
source categories and calculation methodologies, the UNFCCC Guidelines generally refer to the IPCC
Guidelines for Greenhouse Gas Inventories and the IPCC Good Practice Guidance reports. The IPCC
often uses the concept of a ‘Tiered Approach’, by which a stepwise approach is meant: Tier I is sim-
plest, requires least data and effort; 7ier 2 is more advanced and/or data intensive; Tier 3 is still more
advanced; etc.
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Generally, more detailed/advanced emission calculation methods are recommended — data and
capacity permitting — and more detailed/advanced uncertainty assessments or more advanced key
source assessments. To aid priority setting, the Good Practice Guidance recommends using higher tier
methods in particular for so-called key sources. Uncertainty estimates can serve to refine both the key
source identification and prioritise inventory improvement activities. The Netherlands generally ap-
plies country-specific, higher tier methods for calculation greenhouse gas emissions (see Section 1.5).

Key sources

For preliminary identification of so-called ‘key sources’ according to the /PCC Good Practice ap-
proach we allocated the national emissions according to the IPCC’s potential key source list wherever
possible. The Netherlands has a high share of feedstock use of fuels, which is a non-combustion cate-
gory of CO,, therefore, this source category has been added to the list. The [IPCC Tier 1 method con-
sists of ranking this list of source category-gas combinations, for the contribution to both the national
total annual emissions and the national total trend. The results of these listings are presented in Annex
I:the largest sources of which the total adds up to 95% of the national total are 18 sources for annual
level assessment and 20 sources for the trend assessment out of a total of 56 sources. Both lists can be
combined to get an overview of sources, which meet any of these two criteria. The IPCC Tier 2
method for identification of key sources requires the incorporation of the uncertainty to each of these
sources before ordering the list of shares. This refined result is a list of about 29 source categories out
of a total of 56 that could be identified as ‘key sources’ (see Table 1.4).

For these sources in principle a higher Tier emission calculation method should be used. For key
sources a brief comparison is made of the Netherlands’ methodologies with the IPCC Tiers in the
methodological sections of the sectoral Chapters 2 to 9 (also see Table 1.4). From this analysis it
seems clear that for CH, from national gas distribution and CH, from enteric fermentation of cattle, for
instance, the methods used will probably need to be improved in future. However, a comprehensive
analysis still has to be made.

Description of the institutional arrangement for inventory preparation

The preparation of the greenhouse gas emission data in the Netherlands is based on the national Pol-
lutant Emission Register (PER). This general process has existed for many years and is organised as a
project with an annual cycle. To meet the UNFCCC and IPCC requirements additional actions are
(still) necessary. Around the year 2000 a programme was started to adapt the monitoring of green-
house gases in the Netherlands and transform this into a National System, as stated in Article 5 of the
Kyoto Protocol. The Climate Change and Industry Division of the Ministry of VROM
(VROM/DGM/KVI) is responsible for organising the reporting process. Figure ES.1 presents this pro-
cess, the relation with the PER and the responsibilities. The Co-ordination Committee for Target Sec-
tor Monitoring (CCDM) under auspices of the VROM Inspectorate is responsible for the data collec-
tion in the PER process, resulting in an intermediate database, hosted by TNO.

The NIR report, also containing a selection of CRF tables, has been primarily drafted by RIVM,
with contributions by CBS, TNO and Novem. This year, for the first time, organisations and individu-
als could make comments to the draft NIR. This process was organised by Novem and RIVM, using
the site www.greenhousegases.nl. Data collected in the National Inventory Report are based on the
PER.

A Greenhouse Gas Inventory Improvement Programme was started in 2000. This programme is
guided by the Working Group Emission Monitoring of Greenhouse Gases (WEB), which directs future
actions aimed at improving the monitoring of greenhouse gas emissions, relevant to reporting to the
UNFCCC in all aspects. In Section 1.6.2 we summarise the main actions presented in more detail in
Section 10.4. Some actions already resulted in improved data; others are related to future improve-
ments. One of the actions is aimed at improving the process of data collection and calculations by the
use of protocols, which should be included in the PER system from 2003 onwards.
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Figure ES.1. NIR and CRF preparation process, relation with the Pollutant Emission Register (PER) and re-
sponsibilities

Organisation of the report

This year, we have changed the structure of the report into the format that will become compulsory as
of next year. This was done to identify in advance the elements of the report that need extra attention
in the next submission. However, due to time constraints in the preparation of the report, the reader
will notice marked differences in the level of detail in the descriptive sections of Chapters 3 to 9,
which describe the emissions per source sector and provide explanations of observed trends in sectoral
emissions. The report starts with an introductory Chapter 1, containing background information on the
Netherlands’ process of inventory preparation and reporting; key sources and their uncertainties; a de-
scription of methods, data sources and emission factors, and a description of the quality assurance
system, along with verification activities applied to the data. Chapter 2 provides a summary of trends
for aggregated greenhouse gas emissions by gas and by main source. The final Chapter 10 present in-
formation on recalculations, improvements and response to issues raised in external reviews. In addi-
tion, the report contains 9 Annexes that provide more detailed information on key sources, methodolo-
gies, other relevant reports and detailed emission tables selected from the CRF files.
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ES.2. Summary of national emission and removal related
trends

In Table ES.I the trends in national total (net) CO,-equivalent emissions are summarised for 1990-
2001. Total CO,-equivalent emissions of the six greenhouse gases together increased by about 4% in
2001 relative to the base year of 1990 (1995 for fluorinated gases). In Table ES.2 the same trends per
gas have been summarised but now with CO, emissions corrected for outside temperature in order to
exclude the climatic influence that partially masks the anthropogenic trend in the CO, emissions. Us-
ing temperature-corrected CO, emissions in 1990 and 2001, the structural anthropogenic trend of total
greenhouse gas emissions in the past 11 years is estimated to be a 2%-point lower than the actual trend
of 4% increase. CO, emissions increased by about 13% from 1990 to 2001, mainly due to the increase
in the emissions in the energy (26%) and transport sectors (22%). The doubling of imported electricity
in 1999 from 10% to 20% of the domestic electricity consumption only temporarily decreased CO,
emissions from the energy sector and total national CO, emissions. In 2000 and 2001 the annual in-
crease of the pre-1999 years has resumed. CO, emissions peaked in 1996 due to a very cold winter.

Table ES. 1. Total greenhouse gas emissions in COy-eq. and indexed 1990-2001(no temperature correction)

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 "

Nat. Emissions (Tg CO»-eq)

CO, with LUCF 157.8 166.0 1642 166.1 1668 1712 1789 1675 1724 1695 1724 1784
CO; excluding LUCF 159.3 1675 1657 1679 1688 1724 1803 171.7 173.8 170.7 173.8 179.9
CH, 271 275 263 257 253 246 246 231 224 218 206 204
N,O 165 168 17.9 18.7 18.3 18.2 18.0 17.9 17.6 17.4 16.7 16.1
HFCs 44 35 4.4 5.0 6.5 6.0 7.7 83 9.4 49 39 1.6
PFCs 24 24 2.1 2.1 1.9 1.9 2.0 22 1.7 1.4 1.5 1.5
SFs 0.2 0.1 0.1 0.1 0.1 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Total [group of six] [211.1 ¥ ?] 2100 217.8 2167 219.6 2209 2233 2329 2234 2252 2164 2168 219.7
Index (1990=100)

Index CO, ? 100 1052 1041 1054 1060 1082 1132 107.8 109.1 1072 109.1 1129
Index CH,4 100 1013 97.0 94.9 93.1 90.5 90.8 85.1 82.4 80.3 76.1 753
Index N,O 100 101.6 1085 1128 1107 1098 1085 107.5 106.6 105.0 100.7 97.1
Total [group of three] 100 1044 1035 1046 1046 1060 1098 1047 1053 1034 1040 106.6
Index HFCs 100 779 1003 112.8 1464 1358 1732 1874 2112 1105 87.4 35.7
Index PFCs 100  100.2 86.3 87.1 77.7 76.8 84.0 88.6 71.0 59.4 62.8 59.9
Index SF¢ (potential) 100 53.7 56.9 58.8 792 1473 1524 166.6 157.6 1418 1437 1584
Index [group of six] 100 103.7 1032 1046 1052 1063 1109 1064 107.2 103.1 1032 104.6
Index (1995 =100)

Index HFCs 73.6 57.4 73.9 83.0 107.8 100 1275 138.0 1555 81.4 64.4 26.3
Index PFCs 130.3 1305 1124 1135 1013 100 1094 1154 92.5 77.4 81.8 78.0
Index SF¢ (potential) 67.9 36.5 38.6 39.9 53.7 100 1035 113.1 107.0 96.3 97.6 107.5
Index [group of new gases| 86.4 73.4 81.5 88.6 1045 100.0 122.6 1320 1395 81.0 69.5 40.9
Index (1990; new gases 1995) ¥

Index [group of 6 composite] * 99.5 1032 102.6 1040 1046 1058 1103 1058 106.7 1025 102.7 104.1
International Bunker CO,* 39.8 413 424 443 429 443 454 485 495 51.2 53.5 57.5

Index bunkers CO, (1990 = 100) 100.0 103.8 106.6 111.4 1078 1114 1143 1220 1246 1288 1345 1447

Y Data for 2001 are preliminary. In particular in this submission this -1’ dataset is of a relatively low quality (see Section
1.2).

D National emissions, excluding LUCF (category 5A).
%) Base year = 100.

¥ Emissions from international marine and aviation bunkers are not included in the national totals.
%) Base year emissions (1990 for CO,, CH, and N,O and 1995 for the F-gases, shaded/bold-italic figures): 211.1 Tg CO,-eq.
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Table ES.2. Total greenhouse gas emissions with temperature correction, in COz-eq. and indexed, 1990-2001
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Emissions (Tg CO,-eq)

CO, with LUCF (T-corrected) 164.1 166.4 168.6 1672 170.6 173.8 174.6 1698 1759 1745 177.7 180.8
CO; excluding LUCF (T-corrected) 165.5 1679 170.1 169.0 1725 1750 176.0 1741 1773 1757 179.1 1822
Total [group of six] ” 2162 2182 221.0 220.7 224.6 2259 2286 2257 228.7 221.5 222.1 2220

Index (1990 = 100)
Index CO; excluding LUCF (T-corrected) ~ 100.0 101.5 102.8 102.1 1042 105.7 1064 1052 107.1 1062 1082 110.1

Total [group of three] 1) 100.0 1014 1025 102.0 1033 104.1 1045 102.8 103.9 102.7 103.5 104.6
Index ('90; F-gases '95)

Index [group of six composite] ¥ 99.5 1004 101.7 101.5 103.3 1039 1052 1039 1052 1019 1022 102.2
Y Excluding LUCF.

CH, emissions decreased by 25% in 2001 compared to the 1990 level, mainly due to the decrease
in the waste sector (-30%), the agricultural sector (-20%) and fugitive emissions from oil and gas (-
25%). N,O emissions decreased by about 3% in 2001 compared to 1990, mainly due to the decrease in
the emissions from industrial processes (-13%), which compensated increases of emissions from agri-
culture of about 5% and from fossil fuel combustion of 45% (mainly from transport).

Of the fluorinated greenhouse gases, for which 1995 is the reference year, emissions of HFCs and
PFCs decreased in 2001 by about 75% and 20%, respectively, while SF4s emissions increased by 7%.
Total emissions of all F-gases decreased by about 60% compared to the 1995 level. In 2001 the largest
changes showed an increase of 6 Mton of CO, — of which 3 Mton was due to the colder winter com-
pared to 2000 — and decrease of over 1 Mton in HFC emissions. Along with the increased import of
electricity since 1999, this is the primary reason why total greenhouse gas emissions have stabilised
since 1997.

ES.3. Overview of source and sink category emission estimates
and trends

Table ES.3 provides an overview of the CO,-eq. emission trends per IPCC source category. It clearly
shows the energy sector (category 1) to be by far the largest contributor to national total greenhouse
gas emissions with a share that increased from 75% in 1990 to about 81% in 2001. In contrast, emis-
sions of the other main categories decreased, the largest being those of industrial processes (from 8 to
5% share), waste (from 6 to 4% share) and agriculture (from 8 to 7% in 2001). The sectors showing
the largest growth in CO,-eq. emissions since 1990 are the energy sector and the transport sector,
showing increases of 26% and 22%, respectively. Clear exceptions are the waste sector and agricul-
ture, which showed a decrease in CO,-eq. emissions of about 30% and 10%, respectively. Emissions
from the residential and service sectors increased by 5%, but weather effects substantially influence
these: when the temperature correction was included, these emissions decreased by about 3%.

Energy Sector (CREF sector 1)

The emissions from the energy sector (category 1) are dominated by CO, from fossil fuel combustion,
with fugitive emissions from gas and oil (methane and CO,) contributing a few per cent and CH, and
N,O from fuel combustion adding one per cent. Responsible for the increasing trend in this sector are
the energy industries and the transport sector, of which CO, emissions increased by 26 and 22% since
1990. In contrast, the energy-related CO, emissions from manufacturing industries appear to have de-
creased a few per cent in 2000 and 2001 and the actual CO, emissions from the other sector (residen-
tial, services and agriculture) increased by about 5%. The relatively strong increases in emissions from
the energy sector and the transport sector result in increases of their CO, share in the national CO»-eq.
total by 5% and 2%-points, respectively, to 29% and 16% in the 2001. The 29% increase of the energy
sector emissions is partly mitigated by about 10%-points due to the strong increase in net import of
electricity since 1999, which is equivalent to about 4 Mton of CO, coming from domestic fossil-fuel
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generated electricity. We note that fugitive methane emissions from oil and natural gas decreased by
25% since 1990.

Table ES.3. Summary of emission trend per source category and per gas (in Tg COr-eq.)

Source category 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
1A. Energy: fuel combustion 1578 166.8 1654 167.8 1685 170.8 1784 166.3 171.9 1683 172.2 1783
COy: 1. Energy industries 513 522 541 538 560 565 583 572 602 567 612 648
COy: 2. Manufacturing industries 419 427 425 399 41.0 426 43.0 389 424 423 397 402
COy: 3. Transport 291 292 304 309 312 322 326 331 338 348 352 356
COy: 4. Other sectors 342 404 373 401 385 379 427 359 340 331 345 36.1
COy: 5. Other 0.0 .1 -04 1.7 0.6 0.0 0.1 0.0 0.0 0.0 0.0 0.0
CH,4 0.7 0.7 0.8 0.7 0.7 0.8 0.8 0.6 0.6 0.7 0.7 0.7
N,O 0.6 0.6 0.7 0.7 0.7 0.8 0.7 0.7 0.8 0.8 0.8 0.8
1B2. Energy: fugitives from oil & gas 4.1 44 3.8 3.7 3.9 44 5.0 4.3 4.6 4.5 4.3 4.5
CO, 0.3 0.5 0.4 0.4 0.2 0.8 1.0 1.0 1.6 1.5 1.6 1.7
CH, 3.8 4.0 34 33 35 3.6 4.0 33 3.1 3.0 2.8 2.8
N0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2. Industrial processes " 163 152 157 168 179 171 189 191 198 150 139 11.0
CO, 1.6 1.5 13 12 14 14 14 14 1.3 1.3 12 1.1
CH,4 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0
N0 7.6 7.7 7.7 83 79 7.5 7.5 7.5 7.5 72 7.1 6.6
HFCs 44 3.5 44 5.0 6.4 6.0 7.6 7.7 9.0 4.7 3.7 1.5
PFCs 24 24 2.1 2.1 19 19 2.0 22 1.7 14 1.5 1.5
SF¢ 0.2 0.1 0.1 0.1 0.1 0.3 0.3 0.3 0.3 0.3 0.3 0.3
3. Solvent and other product use 0.2 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1
CO, 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CH,4 IE(7) IE(7) IE(7) IE(7) IE(7) IE(7) IE(7) IE(7) IE(7) IE(7) IE(7) IE(7)
N,O 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1
4, Agriculture 175 179 187 186 182 183 179 174 17.0 167 158 15.8
CH,: Enteric fermentation 84 8.6 8.4 82 8.0 79 7.7 74 72 7.0 6.7 6.8
CH,: Manure management 22 22 22 22 2.1 2.1 2.1 2.0 2.0 1.9 1.9 1.9
N,O: Manure management 02 02 0.2 0.2 0.2 0.2 0.2 0.2 0.2 02 02 0.2
N,O: Agricultural soils 6.7 6.8 7.8 7.9 7.8 8.1 8.0 7.8 7.6 7.6 7.0 7.0
5A. Changes in forest/biomass stocks -14 -15 -15 -18 -19 -12 -14 -12 -14 -12 -14 -14
CO, -4 -15 -15 -18 -19 -12 -14 -12 -14 -12 -14 -14
6. Waste 129 119 115 1.3 109 112 114 1.2 10.0 10.2 9.0 8.7
CO, 0.9 0.0 0.0 0.0 0.0 0.9 1.1 1.2 0.5 1.0 0.4 0.4
CH,4 119 118 114 11.1 107 101 10.2 9.7 9.4 9.0 8.5 82
N0 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.2 0.2 0.2 0.2 0.2
7. Other 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
CHy,: Solvents and other product use 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
N,O: Polluted surface water 12 12 12 12 12 12 12 12 12 12 1.2 1.2

NATIONAL TOTAL EMISSIONS ? 210.0 217.8 216.6 219.5 220.8 2233 232.7 2195 224.7 216.2 216.6 219.6

Memo item, not included in national total:

International bunkers 39.8 413 424 443 429 443 454 485 495 512 535 575
CO, Marine 353 363 365 378 361 36,6 372 395 398 41.1 434 477
CO, Aviation 4.5 5.0 59 6.5 6.7 7.7 82 9.0 9.7 10.1 10.1 9.9

Y Emissions from the use of the F-gases HFCs, PFCs and SF; are according to the IPCC reporting guidelines all reported
under source category 2 ‘Industrial processes’.

2 The national total does not include the CO, sink reported under category 5A. This CO, sink is not complete and refers to
the definition under the UN Framework Convention on Climate Change (UNFCCC), which is different from the amount to
be calculated under the Kyoto Protocol (see Section 1.1.2).

Industrial processes (CRF sector 2)

The greenhouse gas emissions from industrial processes (category 2) have decreased by over 30%
since 1990. As can be seen in Table ES.3, N,O emissions, mainly from nitric acid manufacture, is the
main contributor to this source category. However, the strong decreasing trend in HFC emissions (of
2/3 reduction since 1990 and 3/4 reduction since 1995), notably of HFC-23 from HCFC-22 manufac-
ture, is primarily responsible for the decreasing trend in this source category. The F-gas emissions had
a share of almost 50% in total source category emissions in 1995; their share is now about 30%, of
which HFCs and PFCs form by far the largest part. PFC emissions in the Netherlands stem mainly
from aluminium production. CO, emissions from industrial processes contribute 10% to the group to-
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tal and stem only for 1/3 of 1/4 from cement clinker production. A large fraction of cement production
in the Netherlands uses imported cement clinker. Emissions of SF¢ contribute about 3% to the group
total.

Solvents and other product use (CRF sector 3)

The emissions from ‘Solvent and other product use’ (category 3) should be discussed in conjunction
with (very small) methane emissions reported under category 7, since the IPCC tables do not allow for
methane emissions under category 3. This category contributes very little to the national total: only
0.1%, primarily stem from N,O from dispersive uses. We note the CO, emissions related to the use of
products from non-energy use of fuels (e.g. lubricants, waxes, etc.) are not reported in this category
but are included in the fuel combustion emissions reported under the manufacturing industry (1A2).

Agriculture (CRF sector 4)

The emissions of the agricultural sector have decreased by 10% since 1990, mainly through a decrease
in CH, emissions from enteric fermentation (4.A) of 20% by reduced livestock numbers. In its wake,
CH, from manure management (4.B) has also decreased similarly over time. At present, enteric fer-
mentation contributes about 45% to this category’s emissions as does N,O emissions from agricultural
soils (4.D); N,O from manure management only contributes 1% to the group total. N,O from agricul-
tural soils increased until 1995 due to changing practices in animal manure spreading on the fields (in-
corporation into the soil with the aim of reducing ammonia emissions). The decrease since 1998 is
mainly due to a reduction of the use of synthetic fertilisers. At present, due to historic reasons, the
Netherlands reports no CO, emissions from agricultural soils. Indirect N;O emissions from leaching
and run-off of nitrogen from agricultural soils are reported under IPCC category 7, because the Neth-
erlands’ method provides only aggregated figures that include industrial sources as well.

Changes in biomass stocks (LUCF) (CREF sector 5)

Of the Land Use Change and Forestry (LUCF) sector, the Netherlands presently only reports the net
changes of CO, due to changes in forests and other biomass stocks (IPCC category 5A). These result
in a sink of about 1% on the national net total emissions. The variation over time is between -1.2 and
-1.9 Mton CO,.

Waste (CRF sector 6)

The emissions from the waste sector have decreased by about 30% since 1990, mainly through de-
creasing CH, emissions — predominantly from landfills — which is the dominating gas (CO, and N,O
emissions contributing the remaining 6%). The fossil-fuel related emissions from waste incineration
are included in the fuel combustion emissions from the energy sector (1A1), since most large-scale
incinerators also produce electricity or heat for energetic purposes. The CO, emissions from this sec-
tor, presently contributing 4% to the waste category total, have also changed over time (decreased by
0.5 Mton in 1990-2001), but the interannual variation suggests that these figures may not be very reli-
able.

Other (CRF sector 7)

The Netherlands uses IPCC category 7 to reports its — very minor — CH, emissions from solvents and
other product use, because the present reporting framework does not allow for CH, emissions under
IPCC category 3. Total indirect N,O emissions from leaching and run-off of nitrogen from agricultural
soils and industrial sources are reported here, because the Netherlands’ method provides only aggre-
gated figures that include industrial sources. The indirect N,O emissions are labelled as ‘ Polluted sur-
face water’ and are constant over time.
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International transport

Emissions from international transport are not part of the national total but are reported separately. At
present, the Netherlands only reports CO, emissions, not the — relatively minor — emissions of CH,
and N,O from these sources. Total CO, emissions from this source category have increased by 45% or
18 Mton since 1990, to which, in particular, marine bunker emissions contributed (+35% or 12 Mton)
due to the marine bunkers large share in this category, but percentage-wise the emissions from inter-
national aviation increased much more (+120% or about 5 Mton). Total international transport emis-
sions have increased as fraction of the national total greenhouse gas emissions from 19% in 1990 to
26% in 2001.

ES.4. Other information

Differences with the domestic national emission inventory

The Climate Convention uses a specific definition of the emissions that should be included in the na-
tional total. The UNFCCC and the Kyoto Protocol do not include CO, emissions from combustion of
biomass fuels (such as fuelwood, wood, wood waste, agricultural waste and biogas) in the totals from
fuel combustion, since these are by default assumed to be produced in a sustainable way. To the extent
that biofuels are not produced sustainably, i.e. according to the UNFCCC Guidelines, this should be
taken into account when reporting on Land Use Change and Forestry (LUCF), not under CO, from
fuel combustion. Furthermore, the IPCC source categories make a clear distinction between fuel com-
bustion and non-combustion emissions from an economic sector (see Section 1.1.6), where the Neth-
erlands’ emissions of so-called Target Sectors are mostly analysed by their total emissions.

Another specific issue is the distinction that the IPCC makes between CO, from non-
energy/feedstock use of fuels, CO, emissions from other non-combustion processes and CO, from fos-
sil fuel combustion. The requirement of separating CO, emissions from a Target Sector into these spe-
cific subcategories poses limitations to the Netherlands. In the Netherlands these different sources of
CO; cannot be decomposed in cases where individual companies report their emissions at a too aggre-
gated level. Another difference is found in the definition of national versus international transport.
Whereas the national method uses vehicle statistics to estimate road transport emissions, the UNFCCC
requires the use of fuel delivery data as the basis for calculating the emissions from this source cate-
gory. As illustrated in Chapter 3, this results for the Netherlands in annual differences between 5 and
10%.

Differences with other national publications

The emission data presented in this report are identical to those officially published for 1990, 1995 and
1999-2001 in the Emission Monitor 2002 published by the VROM Inspectorate and used in RIVM’s
Environmental Balance 2002. An exception is a revision of CO, from waste incineration for the years
1990 and 1995-2001, which led to a decrease in CO, emissions of about a half Mton (see Section
10.1.3 for details).

General uncertainty evaluation

Based on a simple Tier 1 calculation of annual uncertainties, the actual annual uncertainty of total an-
nual emissions per compound and of the total is currently estimated by RIVM at:

CO, +3% HFCs +50%
CHy +25% PFCs +50%
N,O £50% SF +50%
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The resulting uncertainty in national total annual CO,-eq. emissions is estimated to be about 5%. If we
rank the sources according to their contribution to the uncertainty in total national emissions the top-
10 of sources contributing most to total annual uncertainty in 2001 is:

IPCC Source category Uncertainty (as % of total national
emissions in 2001)
Direct N,O emissions from agricultural soils 1.5
N,O emissions from nitric acid production 1.5
Indirect N,O emissions from nitrogen used in agriculture 1.4
CH, emissions from solid waste disposal sites 1.2
N,O emissions from polluted surface water 1.1
CO, emissions from stationary combustion: energy industries 1.1
CO, emissions from feedstock oil 1.0
CH, emissions from enteric fermentation in cattle livestock 0.6
CO; emissions from mobile combustion: other 0.6
CO, emissions from stationary combustion : other sectors 0.5

The result is a trend uncertainty in the total CO,-eq. emissions for 1990-2001 (1995 for F-gases) of
+3% points. This means that the increase in total CO,-eq. emissions between 1990 and 2001, which is
calculated to be 4%, will be between +1 and +7%. Per individual gas, the trend uncertainty in total
emissions of CO,, CHy, N,O and the total group of F-gases has been calculated at +3%, +7%, +11%
and £10% points, respectively. More details on the level and trend uncertainty assessment can be
found in Annex 1 on key sources. The top-10 of sources contributing most to trend uncertainty in the
national total is:

IPCC Source category Uncertainty (as % into trend in total
national emissions)
CO, emissions from stationary combustion: energy industries 1.3
CH, emissions from solid waste disposal sites 1.0
CO, emissions from mobile combustion: other (rail, pipeline) 0.8
CO, emissions from stationary combustion: other sectors 0.7
HFC-23 emissions from HCFC-22 manufacture 0.7
CO, emissions from inland shipping 0.7
CO, emissions from feedstock oil 0.6
CO, emissions from stationary combustion: manufacturing industries 0.5
Indirect N,O emissions from nitrogen used in agriculture 0.5
N,O emissions from nitric acid production 0.5

If we compare this list with the 10 largest contributors to annual uncertainty, we can conclude that ex-
cept for CO, from inland shipping, CO, from stationary combustion from manufacturing industries
and construction, N,O from polluted surface water, CH, from enteric fermentation of cattle and HFC
from HCFC-22 manufacture, all others (7) are included in both lists.

Completeness

At present, the Netherlands greenhouse gas emission inventory includes all sources identified by the
Revised IPCC Guidelines (IPCC, 1997) except for the following:

e Indirect N,O emissions from atmospheric deposition (category 4D) are not estimated/reported due
to historic reasons;

e CO, emissions from agricultural soils (category 4D) are not estimated/reported due to historic
reasons;

e In addition, it has been observed that CH, and N,O from horse manure (category 4B) is missing;
this is because no manure production estimates from horses have been made to date and no emis-
sion factors for this source category have been defined;

e CH, emissions from soils deceased in the last 40 years due to drainage and lowering of water ta-
bles; these emissions have been included in the natural total; thus there are no net (i.e. positive)
anthropogenic emissions, on the contrary, total methane from soils acts in fact a methane sink;
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e CHy, N;O and other non-CO, emissions from international bunkers (international transport) have
not yet been estimated/ reported;

e Emissions/sinks for LUCF subcategories 54 to SE, except for the CO, sink in category SA2. New
datasets are being compiled but are still under discussion, so no data for these subcategories have
been included in this submission.

The incorporation of these sources into the national greenhouse gas inventory is part of the inventory
improvement programme. For some of these sources, for example indirect emissions of N,O, bringing
the methodology in compliance to IPCC Good Practice Guidance may result in adjustments of several
Tg (i.e. Mton) of CO»-eq.

Recalculations and improvements

The consequences of recalculations on the different greenhouse gas emissions compared to the previ-
ous NIR are presented in the 7able ES.4. Because most changes are only minor and, since recalcula-
tions were mostly only performed to 1990 and 1995, emission figures have, in general, remained un-
changed for the years 1991-1994 compared to the previous submission.

Table ES.4. Differences between NIR 2002 and NIR 2003 for 1990-2000 due to recalculations

Gas Source 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

CO, [Tg] NIR 2002 158.2 166.0 1642 166.1 1668 171.4 1783 167.8 173.7 170.8 172.1

Incl. LUCF NIR 2003 157.8 166.0 1642 166.1 166.8 171.2 1789 167.5 1724 169.5 1724
Difference  -0.2% 0.0% 0.0% 0.0% 00% -0.1% 03% -02% -0.7% -0.8%  0.2%

CO,[Tg]  NIR2002 159.6 167.5 165.7 1679 168.8 172.7 179.7 169.0 175.1 172.1 173.5
Exc. LUCF  NIR2003 159.3 167.5 1657 167.9 168.8 1724 1803 168.7 173.8 170.7 173.8
Difference  -0.2% 0.0% 0.0% 0.0% 0.0% -0.1% 03% -0.2% -0.7% -0.8% 0.2%
CH,[Gg]  NIR2002 1293 1309 1257 1226 1203 1170 1173 1101 1065 1038 983
NIR2003 1292 1309 1253 1226 1203 1170 1174 1100 1065 1037 983
Difference  0.0% 0.0% -0.3% 0.0% 0.0% 0.0% 02% -02% 0.0% 0.0% 0.0%
N,O[Gg] NIR2002 533 619 634 635 652 586 653 681 575 560 548
NIR2003 534 542 579 602 59.1 586 579 574 569 560 53.7
Difference  0.1% -124% -8.7% -52% -94% 0.0% -11.4% -15.7% -1.1% 0.0% -1.9%
PFCs[Mg] NIR2002 353 354 304 307 273 269 295 312 246 203 214
NIR2003 353 354 304 307 273 269 295 312 246 203 214
Difference  0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 0.0% 0.0%
HFCs[Mg] NIR2002 379 412 388 433 604 653 931 1424 1489 1133 1071
NIR2003 379 295 406 474 680 700 1113 1496 1585 1196 1053
Difference  0.0% -28.4% 4.6% 9.4% 12.7% 7.2% 19.5% 5.0% 6.4% 5.6% -1.7%
SFe[Mg]  NIR2002 78 42 45 46 62 151 153 161 154 141 137
NIR2003 78 42 45 46 62 115 119 13.0 123 111 112
Difference  0.0% 0.0% 0.0% 0.0% 0.0% -23.7% -21.9% -19.2% -20.2% -21.2% -17.8%
Total NIR 2002 2089 220.0 217.0 2189 220.7 222.4 232.8 222.8 2252 216.6 2155
[Tg COreq.] NIR2003 208.6 2163 2152 217.8 2189 222.1 231.5 219.1 223.8 2152 2154
Incl. LUCF  Difference  -0.2% -1.7% -0.9% -0.5% -0.8% -0.1% -0.55% -1.64% -0.62% -0.6% 0.0%

Total. NIR 2002 2103 221.5 2185 220.7 222.6 223.6 2342 224.0 226.5 217.8 216.9
[Tg COr-eq] NIR2003 210.0 217.8 216.7 219.6 2209 223.3 2329 2203 2252 2164 2168
Excl. LUCF  Difference  -0.2% -1.7% -0.9% -0.5% -0.8% -0.1% -0.6% -1.6% -0.6% -0.6% 0.0%

Note: base year values are indicated in bold.

For recalculation a distinction is made between:

e Methodological changes: new data based on revised or new estimation methods; improved emis-
sion factors are also included under methodological changes;

e Allocation: changes in allocation of emissions to the different sectors (only affect the totals per
sector);

e Error corrections: repair of incorrect data transfer from the PER to the CRF.
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In 2002, methodological changes were made for the years 1990, 1995, 1999, 2000 and (new) 2001.
This means that for 1991-1994 and 1996-1998 no recalculations were made, except in the cases ex-
plicitly mentioned below. The following methodological changes were made:

e recalculation of N,O emissions from nitric acid production (1991-1994; 1996-1998) based on the
method for 1990, 1995 and 1999-2001;

e recalculation of CH, and N,O emissions from wastewater handling (1990-2001);

e revision of HFC emissions for the years 1994-2001 based on improved analysis of data;

e revision of SF¢ emissions for the years 1994-2001 based on improved analysis of data.

In this submission the source allocation was improved in the following cases:

e Waste: The Dutch PER uses ambiguous source descriptions for the waste sector and these have
changed over time. In the NIR 2003 an allocation was made based on the source descriptions for
2000.

o Other fuels in fuel combustion: In the NIR 2002 the combustion emissions with no or incomplete
activity data were allocated to the category ‘Other fuels’. In the previous NIR not all LPG was al-
located under liquid fuels. In this submission the consistency of the fuel split was improved.

o Industrial processes: The emissions from industrial processes for 1996 and 1997 were for NIR
2003 provided with the newest source codes (as used for the years 1990, 1995, 1998-2001). There-
fore the allocation of the emissions to sector 2 for these years is now in fully consistent with the
other years.

The most obvious error corrections were:

e Removal of double counting for CO; in category 2G ‘Industrial processes’ (desulphurisation of
flue gas) (1990);

e CO, emissions from Fuel combustion in (1A2f) (1990, 1995,1998 and 1999 to 2000);

e (CO; emissions in Energy industries (1A1) (1999);

e Corrected data in the CRF Feedstock Table 1Ad for 1994, and 1999 to 2001, related to different
definitions of non-energetic use of coal and cokes in the iron and steel sector;

e All data sets for 1990, 1995 to 2001 were checked for possible incorrect attribution of CO, from
combustion of biomass fuels to emissions included in the national total;

e N,O from agricultural soils (1990 and 2000).

Recalculation of base year

The total CO,-eq. emissions in the base year 1990 decreased by 0.3 Tg CO;-eq or 0.2% compared to
last submission. This decrease can be explained by the following most relevant changes (all in CO,
equivalent):

e For CO;: -0.6 Tg in the category Energy (1A) mainly due to error correction in 1A4 and realloca-
tion to Waste (6); +0.4 Tg in Waste (6D) on the basis of improved allocation of fuel related emis-
sions; and -0.1 Tg in Industrial processes (2G) due to removal of double counting;

e For other gases the changes are very small: -0.004 Tg for CH, in Energy (1A) and Waste (6) and
+0.03 Tg for N,O in Agricultural Soils (4D) due to error corrections;

The changes for F-gases in 1995 (the base year for the F-gas emissions) due to recalculations are very

minor (rounded 0.0 Tg CO,-eq.): +0.04 Tg for HFCs and -0.086 Tg for SF, emissions. Improved data

and changes in source allocation can explain the remainder of the differences in emissions.

Recalculation of year 2000

The data for 2000 are now ‘final’; in the previous submission they were partly based on preliminary
statistics. The increase in the total CO,-eq. emissions for 2000 was 0.1 Tg CO-eq or 0.04 % compared
to NIR 2002. For the finalisation of the 2000 figures a different estimation method is used than the last
year, when the emissions 2000 had to be estimated partly by extrapolation of incomplete data, which
obviously leads to changes in emission data. The main changes are (all in CO, equivalent):
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e For CO;: +0.5 Tg in Energy (1A) due to the use of final energy statistics; -0.1 Tg in Industry (2)
due to reallocation to Energy (1A); and -0.1 Tg in Waste (6) due to reallocation to Energy (1A);

e For CHy: +0.02 Tg in Energy (1) mainly due finalisation of 1B2; -0.03 Tg in Industry (2); +0.06
Tg in Agriculture (4A Enteric fermentation) based on final agricultural statistics; -0.04 Tg in
Waste (6), mainly based on final figures for Wastewater handling (6B) and Waste disposal (6A);

e For N,O: - 0.3 Tg mainly due the finalisation of the Agricultural soil emissions (4D);

e For HFCs and SF¢: -0.04 Tg and -0.06 Tg, respectively, due to recalculations

Implications for emission trends, including time-series consistency

The trend in emissions for the years 1990 to 2001 is shown in Table ES.5. From this table it can be
concluded that due to recalculations the trend in the total national emissions increased by 0.1% com-
pared to the NIR 2002. The largest relative changes in emission trends are observed for N,O, HFCs
and SFq.

Table ES.5. Differences between NIR 2002 and NIR 2003 for the emission trends 1990-2000

Compound [unit] Trend (absolute change) Trend (%)

NIR 2002  NIR 2003 Difference NIR 2002  NIR 2003  Difference
CO, [Gg] V 13,897 14,570 673 8.7% 9.1% 0.4%
CH, [Gg] -310 -309 1 -24.0% -23.9% 0.0%
N,O [Gg] 1.5 0.4 -1.1 2.8% 0.7% -2.1%
HFCs [Mg] 692 674 -18 182.7% 177.9% -4.8%
PFCs [Mg] -139 -139 0 -39.3% -39.3% 0.0%
SF¢ [Mg] 5.9 34 -2.4 74.9% 43.7% -31.2%
COs-eq. [Gg] V 6,568 6,812 244 3.1% 3.2% 0.1%

Y Excluding LUCF.

Emission trends for indirect greenhouse gases and SO,

Trends in total emissions of CO, NO,, NMVOC and SO, are presented in Table ES.6. The CO and
NMVOC emissions were reduced in 2001 by about 40-45% compared to 1990, for SO, even 55%, and
for NO, the 2001 emissions are about 30% lower than the 1990 level. NO, emissions were recalcu-
lated on basis of new information on emission factors for small combustion plants (<20 MW) for the
years, 1990, 1995, 2000 and 2001 (not yet recalculated for 1999), resulting in about 10 Gg less emis-
sions in 2000. The uncertainty in the activity data is small compared to the accuracy of the emission
factors. Therefore, the uncertainty in the overall total of sources included in the inventory is estimated
to be in the order of 25% for CO, 10% for NO, and SO,, and about 25% for NMVOC.

Table ES.6 Trend in emissions of ozone and aerosol precursors 1990-2001 (in Gg)

Compound 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Total NOy 563.0 537.9 5259 505.1 482.4 482.7 4703 441.0 427.0 428.1 411.6 409.8
Total CO 1120.5 1022.5 966.3 948.6 905.1 854.8 866.6 785.7 740.5 704.2 6812 661.6
Total NMVOC 4924 460.6 436.2 403.2 387.7 363.3 3063 271.1 301.6 291.1 2783 271.2
Total SO, 2024 163.5 157.2 1504 136.5 141.5 133.7 1159 108.0 1033 91.6 89.0
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Response to the issues raised in UNFCCC reviews

The Netherlands greenhouse gas inventories are subject to the following reviews by the UNFCCC
Secretariat: (a) Desk Review and Centralised Review of the NIR 2000 and (b) Country section of
Synthesis & Assessment report on the NIR 2001 and the NIR 2002. In general the findings of the dif-
ferent UNFCCC reviews are well observed and described. The Netherlands response to the general
remarks is as recorded below. The Netherlands responded and made improvements in this NIR on the
following aspects: inconsistency in time series, missing notation keys and other documentation in CRF
tables, incompleteness of CRF and NIR, additional info in NIR, and comparison of activity data with
international statistics. Partly in response to the reviews and partly as a result of the national improve-
ment programme changes were made in the CRF tables (see Section 10.4.6 for details):

e Replacing 0 by notation keys such as ‘Not Estimated’ etc., where appropriate, and adding to the
completeness table and other documentation boxes the source allocation used in cases of sources
‘Included Elsewhere’;

e Many activity data gaps have been filled;

e Correction of typing/unit errors as observed;

e So-called implied emission factors for CO, from fuel combustion have been improved substan-
tially.

Planned improvements

The UNFCCC Guidelines for reporting the emissions and the Guidelines for National Systems for an-

nual emission monitoring under the Kyoto Protocol have added additional requirements to the present

Pollutant Emission Register (PER) of the Netherlands. In 2000 a programme was started to adapt the

monitoring procedures of greenhouse gases in the Netherlands to meet these requirements. Similar

requirements were imposed by the European Union, which is also a Party to the Convention and the

Protocol, which require that the EU Member States’ National Systems to be operational by 1 January

2005.

The national system improvement programme is being implemented under the responsibility of the
Netherlands Ministry of Spatial Planning, Housing and the Environment (VROM), who delegated the
practical co-ordination to Novem. Ultimately, all improvements and arrangements will become an in-
tegral part of the larger system of annual emission monitoring (PER). In recent years a series of
source-specific activities to improve the greenhouse gas inventory have been concluded. Some exam-
ples are a re-evaluation of CO, emission factors for fuels, a Tier 2 feedstock analysis, identification of
non-CO; sources that are not yet included in the inventory, and a sinks assessment. Other more general
activities aim at improving the national system:

o Development of protocols and process descriptions: as part of the National System, in these proto-
cols all relevant methodologies, procedures, tasks, responsibilities and such will be described in a
transparent way.

e FElaboration and implementation of a QA/QC system as part of the National System: in 2001 a
three phase project was started to develop (or rather adapt) the QA/QC system for the Netherlands
GHG monitoring and NIR/CRF process.

o Improvement proposals resulting from compiling the NIR/CRF 2003 submission: during the com-
pilation and checks of the data for the CREF files it was concluded that the data for the waste sector
were not satisfactory. Actions should be taken to standardise source descriptions, and new estima-
tions of the related emissions may be necessary.

Furthermore, it was concluded that the CO, emissions from waste incineration and CO, emissions for

1997 and 1999 from combustion in the chemical industry and lor 1997 in the food industry are not

well fitting in the expected trend. This not yet fully explained emission trend for 1997 also contributes

to the large difference of 4% between the Reference Approach and the National Approach for CO; in
that year. These issues will be brought to the attention of the Co-ordinating Committee on Target

Group Monitoring (CCDM).
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1. INTRODUCTION

1.1 Background information on greenhouse gas inventories

and climate change

This report documents the 2003 Netherlands’ annual submission of its greenhouse gas emission inven-
tory in accordance with the guidelines provided by the United Nations Framework Convention on Cli-
mate Change (UNFCCC) and the European Union’s Greenhouse Gas Monitoring Mechanism. These
guidelines, which also refer to Revised 1997 IPCC Guidelines and IPCC Good Practice Guidance re-
ports (IPCC, 1997, 2000), provide a format for the definition of source categories and for calculation,
documentation and reporting of emissions. The guidelines aim at facilitating verification, technical as-
sessment and expert review of the inventory information by independent Expert Review Teams by the
UNFCCC. Therefore, the inventories should be transparent, consistent, comparable, complete and ac-
curate as elaborated in the UNFCCC Guidelines for reporting (UNFCCC, 1999) and be prepared using
good practice as described in [IPCC (2000).

This report therefore provides explanations of the trends in greenhouse gas emissions for the 1990-
2001 period and summary descriptions of methods and data sources of (a) Tier 1 assessments of the un-
certainty in annual emissions and in emission trends; (b) a preliminary assessment of key sources fol-
lowing the Tier 1 and Tier 2 approaches of the IPCC Good Practice Guidance (IPCC, 2000); and (c)
Quality Assurance and Quality Control activities.

Please note that the emissions presented in this dataset for 2001 have been compiled using prelimi-
nary statistics and are calculated differently than the emissions in other years (see Annexes 2.1 and 3). In
particular, estimates for fuel combustion are, just as done previously, based on energy statistics for the
first three quarters of 2001 only, since data for the fourth quarter were not available on time.
However, for public power generation, refineries and steel production, further adjustments were made
on the basis of annual environmental reports from individual companies (Koch et al., 2002).

For detailed assessments to what extent changes in emissions, as explained in this report, are due to
implementation of policy measures, we refer to the annual Environmental Balance published by RIVM
(RIVM, 2002, in Dutch), the Third Netherlands’ National Communication on Climate Change Policies
(VROM, 2001) and a special assessment by Jeeninga et al. (2002), available in Dutch only.

Twelve so-called Common Reporting Format (CRF) spreadsheet files, containing data on emis-
sions, activity data and implied emission factors, accompany this report as electronic annexes. These
files, with file names ‘Netherlands - submission 2003 v 2.0 - NNNN.xls’ with NNNN = 1990 .. 2001,
have been compressed into three zip files: crf-nld-2003-v2-90-93.zip; crf-nld-2003-v2-94-97.zip; crf-
nld-2003-v2-98-01.zip. The complete set of CRF files as well as the NIR in pdf format can be found at
website www.greenhousegases.nl, which provides links to the RIVM’s website (www.rivm.nl), where
these files reside.

1.1.1 Greenhouse gases and climate change: Global Warming Potential
The six main greenhouse gases whose emissions should be reported under the Climate Convention are:

Carbon dioxide (CO,);

Methane (CHy);

Nitrous oxide, also called ‘laughing gas’ (N,O);
Hydrofluorocarbons (HFCs);

Perfluorocarbons (PFCs);

Sulphur hexafluoride (SF).

Actually, HFCs and PFCs comprise two groups of gases, but the greenhouse gases above are often in
short called the ‘six greenhouse gases’. Although each of these greenhouse gases individually has a
heating effect on the atmosphere, one kg consisting of different gases will make a different contribution
to this phenomenon. SFs, HFCs and PFCs, also referred to as ‘F-gases’, are the most heat-absorbent
gases, CH, traps over 21 times more heat per molecule than CO,, and N,O absorbs 310 times more heat
per molecule than CO,.
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Since each greenhouse gas differs in its ability to absorb heat in the atmosphere, there is a need for
a common emission unit for environmental policies that are meant to control greenhouse gas emissions.
This is the Global Warming Potential or GWP, expressing the emissions of a gas in CO,-equivalent
emissions. The exact definition of this concept is subject to discussion; it can, for instance, be expressed
as the total warming effect during a certain period of time, e.g. 20, 100 or 500 years, and may or may
not include indirect effects. The Parties (i.e. mostly countries) to the UNFCCC and the Kyoto Protocol
have adopted the GWP values with a 100-year time horizon as reported by the IPCC in its Second As-
sessment Report (UNFCCC, 1999). In Annex 8, the relevant GWP values used in this report have been
summarised.

In addition to these so-called direct greenhouse gases there are other gases that also contribute to
heating the atmosphere. Some of these, such as CFCs and HCFCs, are already subject to reduction in
other protocols, which will be phased out according to the Montreal Protocol and its subsequent
amendments. Other species act indirectly as greenhouse gas or as cooling agents in the atmosphere, such
as CO, NO, and NMVOC. These are precursors of tropospheric ozone, a greenhouse gas, and of SO,,
which leads to aerosol formation with a cooling effect. These compounds are also often the subject of
regional protocols that control the emissions over time (e.g. the UNECE Protocols of the Convention of
Long-Range Transboundary Air Pollution, CLRTAP). Therefore it was decided to limit the detailed re-
porting for the Climate Convention and the Kyoto Protocol to the six direct greenhouse gases mentioned
above and only request summary information on the national emissions of CO, NO;, NMVOC and SO,.

1.1.2 Climate Convention and Kyoto Protocol

In 1992 the United Nations Framework Convention on Climate Change (UNFCCC) was adopted at
the United Nations Headquarters in New York and was open for signature at the Earth Summit in Rio de
Janeiro from June 1992. The Convention entered into force in March 1994. The Convention sets an u/-
timate objective of stabilising atmospheric concentrations of greenhouse gases at levels that would pre-
vent ‘dangerous’ human interference with the climate system. Such levels, which the Convention does
not quantify, should be achieved within a time frame sufficient to allow ecosystems to adapt naturally to
climate change, to ensure that food production is not threatened and to enable economic development to
proceed in a sustainable manner. To achieve this objective, all Parties to the Convention — those coun-
tries that have ratified, accepted, approved, or acceded to, the treaty — are subject to an important set of
general commitments, which place a fundamental obligation on both industrialised and developing
countries to respond to climate change.

The Convention divides countries into two main groups: those that are listed in its Annex I, known
as Annex I Parties, and those that are not, known as non-Annex I Parties. Some Annex I Parties are also
listed in the Convention’s Annex I, and are known as Annex II Parties. The Convention currently lists
41 Annex I Parties. These are the industrialised countries that have historically contributed the most to
climate change. They include both the relatively wealthy industrialised countries that were members of
the Organisation for Economic Co-operation and Development (OECD) in 1992, plus countries with
Economies-In-Transition (the EITs), including the Russian Federation, the Baltic States, and several
Central and Eastern European States.

The Kyoto Protocol to the UNFCCC was adopted at the third session of the Conference of the Par-
ties (COP) to the UNFCCC in Kyoto, Japan in December 1997. By March 1999 the Protocol had re-
ceived 84 signatures. Those Parties that have not yet signed the Kyoto Protocol may accede to it at any
time. The Protocol is subject to ratification, acceptance, approval or accession by Parties to the Conven-
tion. It shall enter into force on the 90™ day after the date on which not less than 55 Parties to the Con-
vention, incorporating Annex | Parties, which accounted in total for at least 55 % of the total carbon
dioxide emissions for 1990 from that group, have deposited their instruments of ratification, acceptance,
approval or accession.

The Kyoto Protocol shares the Convention’s objective, principles and institutions, but significantly
strengthens the Convention by committing Annex I Parties to individual, legally-binding targets to limit
or reduce their greenhouse gas emissions. Only Parties to the Convention that have also become Parties
to the Protocol, however (that is, by ratifying, accepting, approving, or acceding to it), will be bound by
the Protocol’s commitments, once it comes into force. The individual targets for Annex I Parties are
listed in the Kyoto Protocol’s Annex B. These add up to a total cut of at least 5% from 1990 levels in
the so-called commitment period 2008-2012. The maximum amount of emissions (measured as the
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equivalent in carbon dioxide) that a Party may emit over the commitment period in order to comply with
its emission target is known as a Party’s assigned amount. Most countries, including the EU-15, have a
target of -8% in the 1990-2008/2012 period. The EU has redistributed its targets among the 15 Member
States. The (burden-sharing) target of Netherlands is -6%. Other targets are: USA -7% (has indicated its
intention not to ratify the Kyoto Protocol); Canada, Hungary, Japan, Poland -6%; Croatia -5%; New
Zealand, Russian Federation, Ukraine 0%; Norway +1%; Australia +8%; and Iceland +10%. The targets
cover emissions of the six main greenhouse gases mentioned above (from: UNFCCC, 2003).
The key differences between the Kyoto Protocol and the Climate Convention can be summarised as
follows:
e an assigned amount for 2008-2002 vs. non-quantitative emission requirements;
e another way of accounting for CO, sinks in the land use, land-use change and forestry (LULUCF)
sector (including CO, in the agricultural sector);
e options to include emission reductions abroad in the assigned amounts through the so-called Kyoto
Mechanisms of emissions trading (referred to as ET, JI and CDM);
e requirements for institutional and procedural arrangements for inventory compilation (so-called Na-
tional System Guidelines).
Please note that the definition of what should be reported under the source/sink category ‘Land-use
change and forestry’ (LUCF) to the United Nations Framework Convention on Climate Change — as
in this report — is considerably different from the definition of emissions/sinks to be included in the na-
tional total under the Kyoto Protocol.

According to the Kyoto Protocol Parties may offset their emissions by increasing the amount of
greenhouse gases removed from the atmosphere by so-called carbon ‘sinks’ in the LULUCF sector.
However, only certain activities in this sector are eligible: afforestation, reforestation and deforestation
(defined as eligible by the Kyoto Protocol) and forest management, cropland management, grazing land
management and revegetation (added to the list of eligible activities by the Marrakesh Accords). Green-
house gases removed from the atmosphere through eligible sink activities generate credits known as
removal units. Any greenhouse gas emissions from eligible activities, in turn, must be offset by greater
emission cuts or removals elsewhere.

1.1.3 Reporting requirements: UNFCCC and IPCC

Annex [ Parties to the UNFCCC must submit annually an inventory of their greenhouse gas emissions,
including data for their base year (1990, except for some EITs) and data up to the last but one year prior
to submission. Inventories due 15 April 2003, for example, should contain emission data up to the year
2001. National communications are subject to an individual in-depth review by teams of experts, in-
cluding in-country visits. Since 2000, annual inventories have also been subject to a fechnical review.

In addition, Annex I Parties must regularly submit reports, known as National Communications,
detailing their climate change policies and measures. Most Annex | Parties have now submitted three
national communications. The third national communications were due on 30 November 2001.

UNFCCC

The UNFCCC Guidelines prescribe the source categories, calculation methodologies, and the contents
and the format for the inventory report. For the definition of the source categories and calculation
methodologies, the UNFCCC Guidelines generally refer to the IPCC Guidelines for Greenhouse Gas
Inventories and the IPCC Good Practice Guidance reports. These reports are also available on the web
(see Annex 8). The UNFCCC reporting requirements for Annex I countries are formed by the submis-
sion of an NIR that documents, explains and justifies the reported emission inventory dataset, and a set
of so-called Common Reporting Format (CRF) files, which contain fairly detailed emissions, activity
data, so-called implied or aggregated emission factors and additional information. Countries may choose
to print their National Inventory Report (NIR) or publish it in its entirety, electronically only, by placing
it on a designated public website.

IPCC

The IPCC often uses the concept of a ‘Tiered Approach’, in other words, a stepwise approach:
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e Tier I is simplest and requires the least data and effort;
e Tier 2 is more advanced and/or data-intensive;
e Tier 3 is still more advanced etc.

Generally, more detailed/advanced emission calculation methods are recommended, data or capacity
permitting and more detailed/advanced uncertainty assessments or more advanced key source assess-
ments. The rationale behind this generic approach of methods, uncertainty assessments and key source
assessment is to give recommendations to countries which have more detailed datasets and more capac-
ity to calculation emissions, as well as to countries with less data and manpower available. However, it
also serves as a means for balancing efforts in industrialised countries, by not going into details where
irrelevant, thereby saving capacity for other more important but relatively weak parts of the inventory.

To aid priority setting, the Good Practice Guidance recommends using higher Tier methods in
particular for so-called key sources. Uncertainty estimates can serve to refine both the key source identi-
fication and prioritise inventory improvement activities. This report also provides guidance in inventory
compilation, reporting, documenting, quality assurance and quality control (QA/QC) comparable with
the formal ISO 9001-2000 quality assurance system.

The Netherlands generally applies country-specific, higher Tier methods for calculation greenhouse
gas emissions (see Section 1.5).

1.1.4 Role of the European Union

Since the European Union (EU) is also a Party to the UNFCCC and the Kyoto Protocol and has to sub-
mit similar datasets and reports for the collective 15 EU Member States as national Parties have, the EU
imposes some additional guidelines to EU Member States through the EU Greenhouse Gas Monitoring
Mechanism to guarantee that the EU meets its reporting commitments:

e submission of the same national dataset (CRF files and NIR) that will be submitted to the Climate
Secretariat to the EU, but a few months earlier than the UNFCCC deadline of 15 April to provide
preparation time for the EU inventory and the EU NIR;

e reporting of international transport emissions with a distinction of intra- and extra-EU transport;

e requirements for a National System at Member State level to be in place by 1995.

In addition, the EU has developed an internal Burden Sharing system to reallocate the assigned amounts
to its Member States in such a way that the EU target of -8% for 2008-2012 will be met. Also, the EU
has decided on a emission trade system within EU countries.

Within the EU burden-sharing agreement, the Netherlands has a 6% decrease target. Although CO,
emissions for domestic policy purposes are often corrected for temperature to filter out the effect of ac-
cidental mild or cold winters, the calculation of the assigned amount of the Kyoto Protocol only consid-
ers the actual emissions in the base year and the commitment period. The Kyoto Protocol also requires
Annex I countries to have a so-called National System in place for the annual compilation and reporting
of the emissions. National System Guidelines have been defined in which institutional and procedural
arrangements are described. In addition, the EU has developed its own guidelines for the Member States
to ensure that the National System at EU level complies with the requirements of the Kyoto Protocol.

1.1.5 Differences with the domestic national emission inventory

The Climate Convention uses a specific definition of the emissions that should be included in the na-
tional total. In general, this differs from domestic national inventories by the way transport emissions
are handled and by limiting CO, emissions to non-organic anthropogenic sources, i.e. excluding CO,
from biomass combustion from the national total.

The UNFCCC and the Kyoto Protocol do not include CO, emissions from combustion of biomass
fuels (such as fuelwood, wood, wood waste, agricultural waste and biogas) in the totals from fuel com-
bustion, since these are by default assumed to be produced in a sustainable way. However, to the extent
that they are not produced sustainably, i.e. according to the UNFCCC Guidelines, this should be taken
into account when reporting on Land Use Change and Forestry (LUCF), not under CO, from fuel com-
bustion.

Furthermore, the IPCC source categories make a clear distinction between fuel combustion and
non-combustion emissions from an economic sector (see Section 1.1.6), where the Netherlands’ emis-

1-4



RIVM Report 773201007 Netherlands NIR 2003 INTRODUCTION

sions of so-called ‘Target Sectors’ are mostly analysed by their total emissions. Another specific issue is
the distinction that the [IPCC makes between CO, from non-energy use/feedstock use of fuels and CO,
emissions from other non-combustion processes. This requirement poses limitations to the extent that
the Netherlands in its reporting can decompose these different sources in cases where individual compa-
nies report their emissions at a too aggregated level. The country-specific allocation of emissions from
non-energy use of fuels (such as chemical feedstocks), co-generation, coke ovens, transport and military
activities are explained in detail in Sections 3.1 and 3.2.

Another difference is found in the definition of national versus international transport. Whereas the
national method uses vehicle statistics to estimate road transport emissions, the UNFCCC requires the
use of fuel delivery data as the basis for calculating the emissions from this source category. As illus-
trated in Chapter 3, this results for the Netherlands in annual differences between 5 and 10%.

Differences with other national publications

The emission data presented in this report are identical to those officially published for 1990, 1995 and
1999-2001 in the Emission Monitor 2002 published by the VROM Inspectorate (Koch et al., 2002) and
in RIVM’s Environmental Balance 2002 (RIVM, 2002a). An exception is a revision of CO, from waste
incineration (reported under source category 1A1 ‘Energy sector’) for the years 1990 and 1995-2001.
The last mentioned action led to a decrease in CO, emissions compared to those reported by Koch et al.
(2002) of about a half Mton (see Section 10.1.3 for details).

This is due to a revision of the fractions of fossil and organic carbon used to extract the fossil part
from the datasets provided by the individual companies. Furthermore, an error correction was made in
labelling CO, from residential fuelwood and biogas combustion (reported under source category 1A4)
as a fossil source instead of as CO, from biomass. In addition, the allocation of fossil CO, emissions has
been improved, causing a small shift from 1A1 to 6D, compared to the corresponding table in the Emis-
sion Monitor 2002.

1.1.6 Correspondence between Netherlands’ Target Sectors and IPCC

source categories
UNFCCC guidelines for reporting greenhouse gas emissions (UNFCCC, 1997) require the use of source
categories as defined in the Revised 1996 IPCC Guidelines for national Greenhouse gas Inventories
(IPCC, 1997). The IPCC guidelines make a subdivision into 7 main source categories, separating com-
bustion (or fuel-related) and non-combustion (or ‘process’) emissions:

1. Energy

2. Industrial processes

3. Solvents and other product use

4. Agriculture

5. Land-Use Change and Forestry (LUCF)
6. Waste

7. Miscellaneous

The first category comprises both fossil fuel and biofuel use, and is subdivided into /4 Fuel combustion
and /B Fugitive emissions from fuels. For users in the Netherlands, where emission sources are usually
subdivided into so-called Target Sectors, Table 1.1 presents the correspondence between the Nether-
lands’ Target Sector emissions to the nomenclature of UNFCCC/IPCC source categories used in this
report.

Due to data processing limitations some subcategories have been defined somewhat differently
than the source category definition in the Revised IPCC Guidelines (IPCC, 1997). The source allocation
for 1991-1994 may also be different than for other years due to subsequent revisions of national source
codes and of the correspondence table with I[PCC sectors, which have not yet been implemented for
these years. This may show up as discontinuities at subcategory levels for years 1990/1991 and
1995/1996, in particular in source categories 1A1 and 1A2 (combustion), 2 (industrial non-combustion
processes) and 6D (other waste).
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Table 1.1. Correspondence between the Netherlands’ Target Sector emissions to IPCC source categories

Target Sector Code IPCC: Combustion emissions Code IPCC: Process emissions

Agriculture 1A4c Fuel combustion; Other sectors; c. 4 Agriculture V

Industry 1A2  Fuel combustion; Manufacturing in- 2 Industrial processes
dustries and construction *

Refineries © 1A1b Fuel combustion; Energy industries; I1B2  Fugitive emissions from oil and
sub b (Petroleum refining) natural gas

Energy sector

- power generation 1Ala Fuel combustion; Energy industries;a 1B Fugitive emissions *
(electricity and heat production)

- fossil fuel production/ - I1B2  Fugitive emissions from oil and

transmission natural gas

Waste handling

- landfills - 6A  Waste; Solid waste disposal

- waste incineration 1Ala Fuel combustion; Energy industries; a

(‘AVID) (electricity and heat production) ¥

- WWTP (‘RWZI’) 1A4a Other sectors; Other 6B Waste; Wastewater handling

- Other 6D  Waste; Other 6D  Waste; Other

Transport and Traffic 1A3  Fuel combustion; Transport -

Consumers 1A4b Fuel combustion; Other sectors; b 3 Solvents and other product use 3
(residential)

Trade, Services, Gov- 1A4a Fuel combustion; Other sectors; a 3 Solvents and other product use 3

ernment (‘HDO”) (commercial/institutional)

Construction 1A2  Fuel combustion; Manufacturing in- 2 Industrial processes
dustries and construction

Drinking-water treatment 1A4a Fuel combustion; Other sectors; a 7 Miscellaneous (CHy)

(commercial/institutional)

Y'N,O from polluted surface water: 7 Miscellaneous

2 CO, from non-energy use of fuels e.g. chemical feedstock reported under 142 Fuel combustion

%) CO, from flue gas desulphurisation: 2 Industrial processes; sub G

1t has been assumed that all waste incineration facilities also produce electricity or heat used for energy purposes; therefore
these are reported under category 1Ala

%) CH, and NMVOC: 7 Miscellaneous (since IPCC tables of source category 3 allow reporting these gases).
HFCs, PFCs and SFq: 2 Industrial Processes.

% For domestic reporting in recent years the Target Sector ‘Refineries’ has been included in the Target Sector ‘Industry’.

1.1.7 CREF files: printed version of summary tables and completeness
Annexes 5 and 7 of this report present a printed version (summary) of the following CRF files:

Completeness Table 9 for 1990 (in Annex 5);

[PCC Summary Tables 7A for 1990-2000 (CRF Summaries 1);

Recalculation Tables and Explanation Table 8.a and 8.b for 1990 and 1995-2000;
Trend Tables 10 for each gas individually and for all gases and source in CO,-eq.;
Trend Tables 10 for precursor gases and SO,.

Section 10.4 provides details on the extent that the CRF data files for 1990-2001 have been completed.
For this NIR report, a special effort was made to:

o fill activity data gaps 1991-1994 for categories not hampered by non-ER-I data (categories 1A4,
total nitrogen in animal waste management systems in 4B);

e add additional information (e.g. fraction of domestic and international transport in 1A3, length of
pipelines in 1B2, waste composition in 6A, methane recovery data in 6B);

e improve the implied emission factors in 1Al and 1A2 subcategories by removing inconsistent fuel
consumption/emissions data from ER-I sources from specific fuel types to ‘unspecified fuels’

e re-evaluate the CO, emissions from biomass, in particular, from the ER-I datasets, to improve the
dataset.

In general, completeness of the CRF tables is hampered by the present level of detail of ER-I data
storage, in particular for IPCC categories 1A1, 1A2 and 2 (see Table 10.5). These are the sectors that are
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largely reported by individual firms of which the level of detail, completeness and quality vary
considerably (see Section 1.6 on Quality Assurance).

For PFCs and SF¢ not all potential emissions (= total consumption data) are reported at present due
to the limited number of companies for which currently consumption figures are available and used for
estimating actual emissions (so-called Confidential Business Information). Some of these entries are
therefore labelled ‘C’, but note that as a result of the CRF structure, most of the summed figures for
potential emissions show ‘0.0” or ‘!VALUE’. However, the actual emissions have been reported from
all known sources.

1.1.8 Territorial aspects; import/exports

The territory of the Netherlands from which emissions are reported is the legal territory; this includes a
12-mile zone from the coastline and inland water bodies. It excludes Aruba and the Netherlands Antil-
les, which are self-governing dependencies of the Royal Kingdom of the Netherlands. Emissions from
offshore oil and gas production at the Netherlands' part of the continental shelf are included. Emissions
from all electricity generation in the Netherlands are accounted for, including the fraction of the domes-
tically produced electricity that is exported. Until 1999, the Netherlands imported about 10% of its
electricity; in 1999, however, the net import increased by 55% due to the liberalisation of the European
electricity markets.

1.1.9 Presentation of figures: rounding off and summation

Please note that the same number of decimal digits is used within all tables (or per compound column).
Therefore, the number of (decimal) digits shown does not correspond with the number of significant
digits of the numbers presented. Please note too that the numbers in the tables may not exactly add up to
the (sub)totals because of independent rounding off. We refer to Section 1.7 for information about the
uncertainty in sectoral and national total emissions.

1.1.10 Organisation of the report

This year we have changed the structure of the report into the format that will become compulsory as of
next year (UNFCCC, 2002). This was done to identify in advance the elements of the report that need
extra attention in the next submission. However, due to time constraints in the preparation of the report,
the reader will notice marked differences in the level of detail in the descriptive sections of Chapters
3to9.

Following the new format in this chapter, we will further present the institutional arrangements for
the inventory compilation process, a brief description of methodologies, data sources used, identified
key sources, the QA/QC plan and a general evaluation of the uncertainty and the completeness of the
inventory. Chapter 2 will discuss the trends in total emissions at an aggregated level in CO,-equivalents,
by gas and by source. Subsequently, Chapters 3 to 9 discuss the emission sources/sinks per main [IPCC
sector, with a description of sources/sinks, methodological issues and uncertainty, and time-series con-
sistency (explanation of emission trends). Anticipating the new reporting requirements, we have, in
principle, now included all additional information tables from the present CRF files in the report itself in
these chapters. The main report concludes with Chapter 10 on recalculations performed since the last
NIR submission and planned improvements.

Finally, the annexes to the report include the following compulsory topics: information on key
sources, detailed description of methodologies, and comparison between the so-called IPCC Reference
Approach for CO, (estimating emissions from fuel use by using apparent consumption by fuel type as
activity data and correction for carbon storage in feedstock products). Furthermore, we here include the
(national) Sectoral Approach, completeness and any other information to be considered as part of the
NIR. For ease of referencing we have also inserted annexes with copies of key CRF tables: IPCC sum-
mary tables ‘7A’ for specific years, recalculation tables and trend tables. Other annexes provide units,
other factors, internet links to reporting guidelines and a list of abbreviations.
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1.2 Description of the institutional arrangement for inventory
preparation

The preparation of the greenhouse gas emission data in the Netherlands is based on the national Pollut-
ant Emission Register (PER). This general process has existed for many years and is organised as a
project with an annual cycle. To meet the UNFCCC and IPCC requirements additional actions are (still)
necessary. Around the year 2000 a programme was started to adapt the monitoring of greenhouse gases
in the Netherlands and transform this into a National System, as stated in Article 5 of the Kyoto Proto-
col. In the following section we will present information for both (interrelated) processes in separate
sections. One will deal with the PER and one with the NIR and the CREF files.

1.2.1 The Pollutant Emission Register (PER)

The Netherlands has had a Pollutant Emission Register (PER) for many years, in Dutch also referred to

as Emission Registration (ER), where data on emissions to air, water and soil are collected. This inven-

tory has been established in co-operation:

e Inspectorate of Housing, Spatial Planning and the Environment of the Netherlands Ministry of Spa-
tial Planning, Housing and the Environment (VROM Inspectorate, VI)!

e Statistics Netherlands (CBS)

e National Institute of Public Health and Environment (RIVM)

e  Ministry of Agriculture, Nature Conservation and Fishery (LNV) through representation by the Na-
tional Reference Centre for Agriculture (EC-LNV, formerly IKC-L)

e  Ministry of Transport, Public Works and Water Management (V&W) through representation by the
National Institute of Water Management and Waste Treatment (RWS/RIZA), and

e Netherlands Organisation for Applied Scientific Research (TNO)

The PER (see Figure 1.1) comprises the registration, analysis, localisation and presentation of emission
data of both industrial and non-industrial sources in the Netherlands. Emission data is gathered from the
source categories industry, public utilities, traffic, households, agriculture and natural sources. So-called
Task Forces collect the data required and perform the emission calculations Agreement on definitions,
methods and emission factors, is discussed and reported by experts in these Task Forces. The Co-
ordination Committee for Monitoring of Target Sectors (CCDM) approves these reports.

The emissions of the large industrial point sources are registered individually, on the basis of de-
tailed information of each individual plant. The emissions of the Small and Medium-sized Enterprises
(SME) as well as non-industrial diffuse sources, are calculated collectively with statistical activity data
and emission factors. The data collection process for emissions of large industrial point sources has
been changed substantially since 1995 (see Box.1.1 and Figure 1.2).

O . N

Individually registered /\ [

large point sources ~ v |

(ER-I) Ta Reports

Forces Interme- E.g. Emission

- = P 4 dlgte da- p| Monitor for the
p N “/ tabase Netherlands

Other sources /

=

Figure 1.1. Main elements in the Pollutant Emission Register (PER)

! From January 2002, the Ministry introduced a single integral inspectorate for Housing, Spatial Planning and the
Environment in which the former ‘Inspectorate HIMH’ has been integrated.

1-8



RIVM Report 773201007 Netherlands NIR 2003 INTRODUCTION

before 1995 1999 2000 2001
1995
\4 A4 A4
MJV reporting companies 0 0 57 140 204
Additonal BEES A 200 200 — p 80 70 60
Additional ER-I selection 500 350 55 65 75
Regional PER 0 0 0 41 42
Total included in the 700 550 192 316 381
ER-I database
A part of the companies with BEES Number of companies left after quality
reporting requirements are included check in FOI database and included indi-
in the MJV reporting firms vidually in the PER

Figure 1.2. Changes in time in data sources used for the individually registered point sources in the PER
(for abbreviations see Box 1.1)

Box 1.1. Major changes in data collection and submission of emissions and activity data by large companies

The method for the collection of emissions from large industrial point sources has been changed since 1995 (see
Figure 1.2). Before 1995, the ‘ER-I’ data collection for air emissions of about 700 large companies was initiated
by the Ministry of VROM, with TNO assisting (on request), the companies in estimating their annual emissions.
The activity data and emissions of these large industrial point sources were collected, checked and processed by
TNO. These 700 point sources included about 200 large combustion plants which submitted information on fuel
consumption and NO, and SO, emissions under the ‘BEES A’ regulation. In 1995 the number of point sources was
reduced to 550.

Since 1996, this data collection has been gradually replaced by data reported by industry in their annual envi-
ronmental reports (MJVs). The Pollutant Emission Register (PER) has used these reports since 1996 for more and
more companies. For the 1998 PER, 265 companies reported their emissions in the format of the annual environ-
mental reports. These were processed by TNO and included in the ER-I database.

Annual environmental reports were collected for the 1999 emissions and those for subsequent years. After ap-
proval by the provinces, these were processed and included in a database by the Facilitating Organisation for In-
dustry (FOI). For the 1999 PER onwards, a group of 220 companies were obliged to report their emissions in the
format of the annual environmental reports (MJVs). Another 45 companies reported their emissions in a voluntary
MIJV. Subsequently, this administrative FOI database was checked for consistency and transformed by TNO to be
included in the PER. Due to poor quality, only 57 of the companies were processed by TNO and included in the
ER-I database for the year 1999. The emissions of the remaining companies were not registered individually but
were used as part of the supplementary estimate, resulting in a smaller detailed dataset for individually registered
companies. The PER dataset was extended as previously with reported information on fuel consumption and emis-
sions from all companies required to do so under the ‘BEES A4’ regulation (large combustion plants). In addition,
TNO collected data from 55 industries according to the ‘old’ method. In line with the year 1998, the voluntarily
submitted MJVs were also included in the ER-I. In total, the individual data set holds emissions for 192 compa-
nies.

The PER 2000 dataset includes the individual registered emissions based on the MJVs reported by 140 compa-
nies. Emission data from a regional PER (from the province Noord-Brabant) are also included. Together with the
data collected for the 70 BEES A companies and additional 65 industries for which TNO collected data using the
'old' method, the individual data set holds emissions for 316 companies.

The PER 2001 includes an increased number of the individually registered emissions based on the MJVs: 204.
Additional emission data from the regional PER (42), BEES A (60) and additional selected companies (60) are
also included again in the database. So the individual data set holds emissions for 381 companies. This data set
was used to compile the CRF data for 2000 (final data) and was also used to make the preliminary estimate for the
CREF data for 2001.
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This resulted in a reduced number of individual sources in the PER database: about 700 in 1990 and 550
in 1995. For the year 1999 the ER-I database contains the smallest number of companies: 192. Since
then this numbers has increased to 316 in 2000 and 381 in 2001. As explained in Box 1.1, in the transi-
tion period of companies to another reporting system and another reporting format, the quality of the
emission data relevant for the NIR/CRF has also temporarily deteriorated. In section 1.6 we summarise
actions that started to improve data quality again.

1.2.2 The National Inventory Report and CREF files

The Minister of Housing, Spatial Planning and the Environmental is responsible for the annual reporting
to the UNFCCC Secretariat as well as to the European Commission. The Climate Change and Industry
Division of the Ministry of VROM (VROM/DGM/KV]) is responsible for organising the reporting pro-
cess. Figure 1.3 presents this process, the relation with the PER and the responsibilities. The Co-
ordination Committee for Target Sector Monitoring (CCDM) under auspices of the VROM Inspectorate
is responsible for the data collection in the PER process, resulting in an intermediate database, hosted by
TNO.

On behalf of the Climate Change and Industry Division, Novem is involved in the extraction of the
data from the PER, the collection of additional data and the presentation of data in the CRF. The NIR
report, also containing a selection of CRF tables, is primarily drafted by RIVM, with contributions by
CBS, TNO and Novem. This year, for the first time, organisations and individuals could make com-
ments to the draft NIR. This process was organised by Novem and RIVM, using the site
www.greenhousegases.nl, developed to improve the transparency of the National System (see Section
1.6.2).

More than 150 selected persons within the Netherlands were informed by mail and per e-mail that
the draft NIR was available for public review. In addition, about 100 experts from UNFCCC, IPCC and
EU working groups received an e-mail that they could comment to the draft. More than 20 persons pro-
vided comments; some in detail, some on special subjects and some provided more general comments.
Although comments were received on almost all chapters, the majority was related to energy. Only a
few comments were received from people living outside the Netherlands.

Novem RIVM RIVM Ministry
(Cvgtsh TZIO’ (with Novem, (with Novem, VROM/
RIVM. TNO and CBS TNO and CBS) DGM/KVI

U B

- NIR report
> NIR and

e CREF files
Interme-
diate data-
base
Additional
v data and re- Comments on
calculations draft
VROM In- VROM DGM/ KVI Ministry
spectorate VROM
@--ooreerinre s o O @ @ e ®

Figure 1.3. NIR and CRF preparation process, relation with Pollutant Emission Register (PER) and responsibili-
ties
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1.3  Brief description of the process of inventory preparation

Data collected in the National Inventory Report are based on the PER. In this annual Emission Inven-
tory System, in year ¢ final emissions have been calculated for year #-2 and preliminary estimates were
made for emissions of the last year but one (¢-7). In the case of methodological changes, emissions are
also recalculated for #-3 as well as for 1990 and 1995. This means that in 2002 emissions were
(re)calculated for 1990, 1995, 1999, 2000, and 2001.

The data from the PER have to be ‘translated’ to the Common Report Format (CRF). Additional in-
formation and calculations are also necessary to fill the CRF files. Several institutes are involved in this
process. Especially experts participating in the Task Force ENINA provide additional information to do
recalculations or to improve the data consistency in the CRF files.

A Greenhouse Gas Inventory Improvement Programme was started in 2000. This programme is
guided by the Working Group Emission Monitoring of Greenhouse Gases (WEB), which directs future
actions aimed at improving the monitoring of greenhouse gas emissions, relevant to reporting to the
UNFCC in all aspects. In Section 1.6.2 we summarise the main actions presented in more detail in
Section 10.4. Some actions already resulted in improved data; others are related to future improvements.
One of the actions is aimed at improving the process of data collection and calculations by the use of
protocols, which should be included in the PER system from 2003 onwards.

In the reviews of the National Inventory Report, including CRF files, suggestions were made to im-
prove the quality. Section 10.4 describes the Netherlands’ response to the issues raised in those reviews.

1.4  Brief general description of methodologies and data
sources used

The general methodology for calculating emissions to air and water in the Netherlands’
Pollutant Emission Register (PER) — or Emission Registration (‘ER’ in Dutch) — is described in
Van der Most et al. (1998) [in Dutch]. The methodology for calculating emissions of greenhouse gases
is described in more detail in Spakman et al. (1997) [in Dutch], of which an electronic update has been
published in Dutch in 2003 and in English (Spakman et al., (2003). For methane and nitrous oxide these
methods were based on background documents [in English] prepared by Van Amstel ef al. (1993) and
Kroeze (1994). Other documents in English providing descriptions of emission calculation methodology
are the proceedings of workshops on greenhouse gas emissions and sinks in the Netherlands held in
1999 (Van Amstel et al., 2000a,b) [in English]. These and other key reports documenting the
methodologies and data sources used in the Netherlands are listed in Annex 6 and are electronically
available in pdf format on the website, www.greenhousegases.nl.

Please note that the methodology used for the ‘#-1° inventory for the last-but-one-year is often
somewhat different from the methodological descriptions in these reports. For the latest year the meth-
odology is often partly based on extrapolation, since not all annual statistics and year-specific emission
factors may be available in time (see Annexes 2 and 3).

Several specific features of the Netherlands country-specific methodology are summarised below,
while Table 1.2 shows the CRF Summary 3 table for the methods and emission factors used. Major
methodological changes compared to the previous report show:

e Recalculation of N,O emissions from nitric acid production (1991-1994; 1996-1998) based on the

method for 1990, 1995 and 1999-2001 (years that were recalculated prior to the previous

submission);

Recalculation of CH, and N,O emissions from wastewater handling (1990-2001);

Revision of HFC emissions for the years 1994-2001 based on improved analysis of data;

Revision of SF¢ emissions for the years 1994-2001 based on improved analysis of data.

Recalculation of the NO, emissions from inland navigation based on improved emission factors

(total time series);

e Recalculation of NO, emissions from ‘small combustion sources’ (less than 20 MW) for the years
1990, 1995, 2000 and 2001 based on new emission factors.
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Table 1.2. CRF Summary table 3 with methods and emission factors applied

GREENHOUSE GAS SOURCE AND SINK co2 CH4 N20
CATEGORIES Method |Emission| Method applied (1) | Emission factor | Method applied (1) | Emission factor
applied (1) | facior (2) 2) 2)
1. Energy
& Fuel Cormbustion

1. Energy Industries CaT2 FS, 03 CEIT2 P, C3 CSIT1 F:, D

2. Manfactunng Industries and Construction CaT2 FS, 03 CEIT2 P, C3 CSIT1 F:, D

3. Transport CSTHBox) Cs CSIT3(road) T1{non-1) C5 (road CSIT3{road);T 1{rest) | CS{road)/Direst)

4. Other Sectors CET2 Cs CRIT2 3 CSIT1 D

5. Other CET2 Cs Cs C3 HE

B. Fugitive Emisgions frorm Fuels

1. Solid Fuels IE IE IE

2. Ol and MNatural Gas CST3#97.T1 Cs C3IT1 C3 CSIT1 [05]
2. Indusirial Processes

& . Nlineral Products CSTclinker) | PS5, 05 Cs F5,C3 HO
B. Chemical Industry CIIE FS, 03 Cs F5,C3 CSIT2 PS
C. Wletal Production CIIIE FS, 23 HE HO
D, Other Production N
E. Production of Halocathons and SFé
F. Consuraption of Halocathons and SF6
G. Other S FS, C3 S Fs, C3 HO
3. Solent and Other Product Use CS CS CS CS
4, Agriculiure
L. Enteric Fermentation cattle 90: T2, rest: T1 | cattle: O5, rest: D
B. Mame Management CaIT2 5 (=D,corrected) Cs Cs
C. Fiee Cultration HO
D. Agpicultural Soils HE IE 3 CIITIL(DED [0
E. Prescribed Burning of Savannas HO HO
F. Field Burning of &gricultural Residues HO HO
G. Other MO HO HO
5. Land-Use Change and Forestry
& . Changes in Forest and Other Woody
Biorass Stocks T1 Cs
B. Forest and Crrassland Corversion HE HE HE
C. Abandonment of Ilanaged Lands HE
D COZ Emissions and Bemovals fror Soil HE
E. Other N HO HO
6. Waste
& . Sobd Waste Disposal on Land HE I, C5T2 C3
B. Wastewater Handling CEIT2 C3 CET2 [
C. Waste Incineration MO (IE) HO(IE) HO(IE)
D Other [ Cs Cs 3 [0 [0
7. Other (please specify)

Sokentefpolluted surface water M C5 C3 CETlh 8]
GREENHOUSE GAS SOURCE AND SINK HFCs PFCs SFo
CATEGORIES Methed |Emission| Method applied (1) | Emission facior | Method applied (1) | Emission facior

applied (1) | factor (2) ) 2)
2. Indusirial Processes

& Ivlineral Products

B. Cherical Industry C3T2 PS HO HO

C. Wletal Production CST2&T5h FS HO

D, Other Production

E. Production of Halocathons and SFé CaT2 PS HO HO

F. Consuraption of Halocathons and SFé M, CST2 C8 T2&T3h D T2&T3h PEICSD
G. Other N HO HO

Explanation of notation keys used:

e  to specify the method applied:

D (IPCC default); RA (Reference Approach)

T1 (IPCC Tier 1)

T1a, T1b, T1lc (IPCC Tier 1a, Tier 1b and Tier 1c, respectively)

T2 (IPCC Tier 2)
T3 (IPCC Tier 3)

C (CORINAIR); CS (Country Specific); M (Model)

e  to specify the emission factor used:

D (IPCC default)

C (CORINAIR)

CS (Country Specific)
PS (Plant Specific)

M (Model).

e  other keys: NO = Not Occurring; NE = Not Estimated; IE = Included Elsewhere.
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1.4.1 Carbon dioxide emissions

Carbon dioxide emissions arise mainly from the combustion of fuel and are calculated on the basis of
detailed energy statistics and carbon content of the energy carriers. However, about 75% of emissions
from public electricity production, refineries, large industries and waste incineration are directly
reported by individual companies. This part of the PER is called ‘ER-I’. For these sectors, the remainder
of the emissions is calculated on the basis of calculated remaining fuel consumption (difference in
national energy statistics for the sector and energy consumption reported by these large companies) and
standard emission factors.

For the calculation of the carbon storage in the IPCC Reference Approach for CO,, carbon storage
fractions in products like plastics and bitumen were taken from an analysis of petrochemical products,
half products and feedstock use (of energy carriers) by Gielen (1996). This reference calculation is also
used to calculate the remainder of feedstock emissions, where total CO, from feedstocks reported by the
chemical industry is less than the reference value calculated with the Tier 1 method in the
CO; Reference Approach. In addition, fossil-based CO, emissions from waste incineration (e.g. plas-
tics) are calculated from the total amount of waste incinerated, split into 8 waste types, each with a spe-
cific carbon content and fraction of fossil C in total C, based on an analysis by De Jager and Blok
(1993). In recent years this amounted to about 2 Mton. The fuel use related to statistical differences is
included as a source of CO, for 1991-1994, since it was assumed that the associated fuel use is real and
not accounted for in individual end-use sectors. More information on the methodology for estimating
CO; emissions from fossil fuel combustion is provided in Annex 2.1.

Finally, a temperature correction of fuel use for space heating is applied for (domestic) environ-
mental policy purposes, but only to CO, emissions from natural gas consumption. The restriction to
natural gas is made because this is by far the dominant fuel type for space heating. A description of this
method is provided in 4nnex 2.2 and the result of the calculation is presented in Section 3.1.1.

1.4.2 CO, from sinks

At present, the Netherlands only estimates CO, removals for LUCF category 5A. For the period 1990-
2000 period the data on carbon stock and carbon changes were based on:

e forest area (in ha) ;
e average annual growth by category (in m’/ha per year);
e harvest by category (in m’/ha per year).

No correction is made for the amount of fuelwood harvested, since this amount is implicitly included in
these three variables. For forest stock the FAO definition is used, but for the wood volume a threshold
level of 5 cm diameter is used for UNFCCC reporting. All conversion factors have been checked for
replacing IPCC default values by country-specific values. It was decided to use IPCC default values for
all variables, except for the conversion ratio from volume (in m®) to dry matter (tonne dm), for which
the Netherlands uses more detailed figures: 0.5 and 0.6 t dm/m’ for coniferous and broadleaf forest, re-
spectively. See Annex 3.2 for a detailed description.

1.4.3 Methane

Methane from fuel combustion is estimated using the energy statistics and emission factors from the
annual Emission Monitor, with figures provided by the Pollutant Emission Register (PER). Road traffic
emissions of CH, are calculated and reported according to the Revised IPCC Guidelines (i.e. initially
based on vehicle-km, then calibrated to fuel supply statistics). For more details, we refer to the descrip-
tion provided for CO,. Fugitive methane emissions from oil and gas are estimated for onshore and off-
shore sites separately.

Methane from agriculture is estimated on the basis of emission factors developed in the methane
background document by Van Amstel et al. (1993), and agricultural statistics for animal numbers and
manure production from Statistics Netherlands (CBS). For dairy and non-dairy cattle the emission fac-
tors for enteric fermentation are based on an IPCC Tier 2 analysis made for Netherlands’ cattle in 1990.
These emission factors are used, for subsequent years, however, specific factors are applied to 4 and 3
subcategories within dairy and non-dairy cattle, respectively. The calculation of animal manure produc-
tion and waste management systems is described in Van der Hoek (2002).
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Methane emissions from landfills are calculated using a first-order decomposition model (first-
order decay function) with annual input of the total amounts deposited and characteristics of the land-
filled waste and the amount of landfill gas extracted. The integration time for the emission calculation
is, for all years, the period from 1945 to the year for which the calculation is made. A small source in
the waste sector is wastewater treatment, with very small emissions due the high fraction recovered.

A very small source identified in the Netherlands is degassing of drinking water, reported in Sector
9. The reduced methane emissions from agricultural soils are regarded as ‘natural’ (non-anthropogenic)
and are estimated on the basis of the methane background document (Van Amstel et al., 1993). Since
the IPCC methodology only considers CO, sinks, these reduced CH4 emissions have been included in
the ‘natural emissions’ total, although they act as a methane sink. Therefore they are not reported as
anthropogenic emissions under IPCC category 7. Other ‘natural emissions’ are methane emissions from
wetlands and water.

1.4.4 Nitrous oxide

N,O emissions from fuel combustion is estimated using the energy statistics and emission factors from
the annual Emission Monitor, with figures provided by the Emission Registration system (PER). Road
traffic emissions of N,O are calculated and reported according to the Revised IPCC Guidelines (i.e. ini-
tially based on vehicle-km, then calibrated to fuel supply statistics); for more details we refer to the de-
scription provided for CO,. For more details on the emission factors from road transport we refer to
Section 3.4.

N,O emissions from the production of chemicals include N,O from nitric acid, caprolactam pro-
duction and solvents, as reported by the manufacturing industry and included in the Netherlands’ Emis-
sion Registration system (PER) (Spakman et al., 2003). It also includes N,O emissions from product use
comprise N,O used as anaesthesia and as propelling agent in aerosol cans.

The nitrous oxide emissions from agriculture are based on the methods described in the nitrous
oxide background document by Kroeze (1994). The calculation of animal manure production and waste
management systems is described in Van der Hoek (2002). Indirect N,O emissions from atmospheric
deposition have not yet been estimated. Other indirect N,O emissions are either included under ‘Back-
ground agricultural soils’ (4D) or as ‘Polluted surface water’ (7). These ‘background’ emissions in-
clude N,O emissions from cultivation of histosols and emissions from manure and fertiliser applications
in the past. This is to reflect that agricultural soil emissions will not stop when agricultural activities are
stopped. Emissions from crop residues left in the field are also included.

The latter category 7 ‘Polluted surface water’ is a fixed value that comprises leaching and run-off
from all anthropogenic activities, including human sewage. Since this figure includes more than only
agriculture-related emissions, we do not report these under 4.D but as a separate category ‘7. N,O
emissions from human sewage are reported partly under ‘Wastewater handling’ (6B) and partly under
category 7 as ‘Polluted surface water’. For more details on the exact definition of these indirect N,O
source terms we refer to Spakman et al. (2003) or to Kroeze (1994).

1.4.5 HFCs, PFCs and SF;

By-product HFC and PFC emissions from HCFC-22 production and primary aluminium production,
respectively, are based on measured data reported by halocarbon and aluminium producing companies.
In addition, the halocarbon producers report handling emissions of HFCs.

Emissions from HFC and PFC consumption are calculated using Tier 2 and country-specific
methodologies, as summarised in Section 4.6. Emissions of SF, are based on estimates of SF, consump-
tion for the existing stock of Gas Insulated Switchgear (GIS) equipment, addition of new GIS equip-
ment and manufacturing of GIS equipment for semiconductor manufacture and for the production of
SFs containing soundproof double-glazed windows. The latter source has been included for 1995 on-
wards. In Spakman et al. (2003) the methodologies are described in more detail.

1.4.6 Data sources
The following primary data sources supply the annual activity data used in the emission calculations:
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e fossil fuel data: (a) annual inventory reports by individual firms (including biofuel data); (b) na-
tional energy statistics from CBS (National Energy Statistics; Energy Monitor); (¢) agricultural gas
consumption (LEI);

e residential biofuel data: (a) annual survey of residential woodstove and fireplace penetration by the
Association for Comfortable Living (in Dutch: Vereniging Comfortabel Wonen); (b) a survey in
1996 on wood consumption by residential woodstove and fireplace owners by the Stove and Stack
Association (in Dutch: Vereniging van Haard en Rookkanaal, VHR).

e transport statistics: monthly statistics for traffic and transportation from CBS;

e industrial production statistics: (a) annual inventory reports by individual firms; (b) national statis-
tics from CBS;

e consumption of HFCs: annual reports by the KPMG accountant firm (only HFC data are used due to
inconsistency for PFCs and SF with emissions reported otherwise);

e consumption/emissions of PFCs and SFg: reported by individual firms;

e anaesthetic gas: data provided by Hoekloos, the major supplier of the gas;

e N,O containing spray cans: Dutch association of aerosol producers (in Dutch: Nederlandse Aerosol
Vereniging, NAV);

e animal numbers: agricultural database from CBS/LEI-DLO, with data from the agricultural annual
census ;

e manure production and handling: national statistics from CBS/LEI-DLO;

o fertiliser statistics: agricultural statistics from LEI-DLO;

e forest and wood statistics: (a) forest area 1980 and 2000: CBS (1985) and Dirksen et al. (2001), re-
spectively, supplemented with agricultural statistics on orchards and nurseries from LEI/CBS
(2000); CBS (1985, 1989), Daamen (1998) and Edelenbosch (1996) for the years in between; (b)
stem volume, annual growth and fellings: Schoonderwoerd (2000), Stolp (1995) and Daamen
(1998);

e waste production and handling: Working Group on Waste Registration (WAR), CBS, RIVM;

e methane recovery from landfills: VVAV (until 1998); RIVM estimates from 1999.

Many recent statistics are available on the internet at the statistical website ‘Statline’ of CBS
(www.cbs.nl) and at the Environmental Data website of CBS/RIVM (www.rivim.nl). However, please
note that domestically sometimes different units and definitions are used than used in this report. In par-
ticular for CO, data are provided with or without temperature correction, with or without organic CO,
included, with or without LUCF sinks.

1.5 Brief description of key source categories

For preliminary identification of so-called ‘key sources’ according to the /PCC Good Practice approach
(IPCC, 2000), we allocated the national emissions according to the IPCC’s potential key source list
wherever possible. The Netherlands has a high share of feedstock use of fuels, which is a non-
combustion category of CO,, therefore, this source category has been added to the list. A number of
others could not be clearly identified in the present dataset. Compared with the previous submission it
was now possible to identify the possible key source CO, emissions from iron and steel production. The
IPCC Tier 1 method consists of ranking this list of source category-gas combinations, for the contribu-
tion to both the national total annual emissions and the national total trend.

The results of these listings are presented in Annex I: the largest sources of which the total adds up
to 95% of the national total are 18 sources for annual level assessment and 20 sources for the trend as-
sessment out of a total of 56 sources. Both lists can be combined to get an overview of sources, which
meet any of these two criteria. The IPCC Tier 2 method for identification of key sources requires the
incorporation of the uncertainty to each of these sources before ordering the list of shares. This has been
done using the uncertainty estimates discussed above. The results of the Tier 1 and Tier 2 levels and
trend assessment are summarised in 7able 1.3. As could be expected, the Tier 2 level and trend assess-
ment increase the importance of small sources that are relatively very uncertain. Some of these sources
are below the 95% cut-off line in the Tier 1 assessment are shifted above this line in the Tier 2 assess-
ment.
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Table 1.3. Preliminary key source identification using the IPCC Tier 1 and 2 approach

TPCC  Gas Source category (key source = bold) Key (L/T/Tier) Tier1  Tier2 Method/Tier Emission factor
ENERGY SECTOR
1A1 CO2 Emissions from stationary combustion : Energy Industries Key (L,T) L,T LT CS, T2 PS, CS
1A2 CO2 Emissions from stationary combustion : Manufacturing Industries and Constr. Key (L,T) LT LT CS, T2 PS, CS
1A2 CO2 Emissions from iron and steel industry Key (L1,T1) LT CS, T2 PS, CS
1A2 CO2 Feedstock gas Key (L,T1) LT L CS, T1 PS, CS
1A2 CO2 Feedstock oil Key (L,T1) LT L CS,T1 PS, CS
1A2 CO2 Feedstock coal Non-key CS, T1 PS, CS
1A3 CO2 Mobile combustion: road vehicles Key (L,T) LT LT CS, T2 (Box 2) CS
1A3 CO2 Mobile combustion: water-borne navigation Key (L2) L CS, T2 CS
1A3 CO2 Mobile comustion: aircraft Key (T1) T CS, T2 CS
1A3 CO2 Mobile combustion: other Key (L) L L CS, T2 CS
1A3 CH4 Mobile combustion: road vehicles Non-key CS, T3 (road) CS
1A3 CH4 Mobile combustion: other Non-key CS, T1 CS
1A3 N20O Mobile combustion: road vehicles Key (L2) L CS, T3 (road) CS
1A3 N20 Mobile combustion: other Non-key CS, T1 D
1A4  CO2 Emissions from stationary combustion : Other Sectors Key (L1,T2) L T CS, T2 PS, CS
1A CH4 Emissions from stationary combustion: non-CO2 Key (L2) L CS, T2 PS, CS
1A N20 Emissions from stationary combustion: non-CO2 Non-key CS, T1 PS,D
1B1 CH4 Coal mining Not Occuring NO
1B1 all  Coke production Included in 1A2 1E
1B2  CO2 Misc. CO2 (2/3 in category 1B2) Key (L,T) LT LT CS,T3;>97: T1  CS
1B2  CH4 Fugitive emissions from oil and gas: gas production Key (L,T1) LT L CS, T1 CS
1B2  CH4 Fugitive emissions from oil and gas: gas distribution Key (L,T1) LT L CS, T1 CS
1B2 CH4  Fugitive emissions from oil and gas operations: other Non-key CS, T2 CS
INDUSTRIAL PROCESSES
2A CO2 Emissions from cement production Non-key Ccs PS,CS
2 CO2  Other industrial: CO2 Non-key CS PS, CS
2A CO2 Emissions from lime consumption Included in 2G 1E
2B CO2 Chemical industry: feedstock use / NEU Tncluded in 1A2 1E
2C CO2  Metal production: steel production Included in 1A2 1E
2 CH4  Other industrial: CH4 Non-key CS PS, CS
2B N20O Emissions from nitric acid production Key (L,T1) LT L CS, T2 PS
2G N20  Other industrial: N20 Included in 2B 1E
2C F-gas PFC emissions from aluminium production Key (L,T1) LT L CS, T2&T3b PS
2E F-gas HFC-23 emissions from HCFC-22 manufacture Key (T) T T CS, T2 PS
2E  F-gas HFC by-product emissions from HFC manufacture Non-key CS, T2 PS
2F F-gas Emissions from substitutes for ODS substitutes: HFC Key (T1,L2) T L M, CS, T2 CS
2F F-gas PFC emissions from PFC use Non-key T2&T3b D
2F F-gas SF6 emissions from SF6 use Key (L2) L T2&T3b PS,CS,D
SOLVENTS AND OTHER PRODUCT USE
3 CO2 Misc. CO2 (minor part in category 3) Non-key CS CS
3 CH4  Solvents and other product use Included in 7 1E
3 N20 Misc. N20 Key (T2) L T CS, - [
AGRICULTURAL SECTOR
4A CH4 CH4 emissions from enteric fermentation: cattle Key (L,T1) LT L 90:T2; T1 CS
4A CH4 CH4 emissions from enteric fermentation: swine Non-key T1 D
4A CH4 (CH4 emissions from enteric fermentation: sheep Non-key TI D
4A CH4 CH4 emissions from enteric fermentation: other Non-key Ti D
4B CH4 Emissions from manure management : cattle Key (L2) L CS, T2 CS (=D, corrected)
4B CH4 Emissions from manure management : swine Key (T1,L2) T L CS, T2 CS (=D, corrected)
4B CH4 Emissions from manure management : poultry Non-key CS, T2 CS (=D, corrected)
4B CH4 Emissions from manure management : other Non-key CS, T2 CS (=D, corrected)
4B N20 Emissions from manure management Non-key CS, T2 CS
4C CH4  Rice cultivation Not Occuring NO
4D N20O Direct N2O emissions from agricultural soils Key (L) L L CS, Tib CS
4D N20O Indirect N20O emissions from nitrogen used in agriculture Key (L) L L CS, T1b CS
4E all  Prescribed burning of savannas Not Occuring NO
4F  n-CO2 Emissions from agricultural residue burning Not Occuring NO
LUCF
SA all  LUCF Partly estimated PE T1 CS
WASTE SECTOR
6A CH4 CH4 emissi from solid waste disposal sites Key (L,T) L, T L, T M, CS, T2 CS
6B CH4 Emissions from wastewater handling Key (T1) T CS, T2 CS
6B N20 Emissions from wastewater handling Non-key CS, T2 CS
6C all  Emissions from waste incineration Included in T1A1 1E
6D CO2  Misc. CO2 (1/3 in category 6D) Non-key CS CS
OTHER
7 CH4 Misc. CH4 Non-key CS, - CS
7 N20O Polluted surface water Key (L) L L CS, T1b CS
Notion keys:
L, T= Level, Trend CS = country-specific PART = Partial
T1=1IPCC Tier 1 PS = Point source IE = Included Elsewhere

T2 =1PCC Tier 2 D =1PCC Source Category Default ~ NO = Not Occurring
Legend for notation keys used for method and emission factors: see bottom part of the table and the footnotes of Tablel.2.
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1.5.1 Key source identification and methodological choice

The result is a list of about 29 source categories out of a total of 56 that could be identified as ‘key
sources’ according to the definition of the /PCC Good Practice Guidance report. Depending on what
criteria is used to determine them (level, trend, or both; or qualitative criteria such as expected high
growth or decrease rates) more or less source categories are selected. In any case, a few conclusions can
already be drawn in connection with the methodology and emission factor type label added to Table 1.3.
For many of the country-specific methods the associated IPCC Tier still has to be determined, but it
seems clear that for CH, from national gas distribution and CH, from enteric fermentation of cattle for
instance, the methods used will probably need to be improved in future. However, a comprehensive
analysis still has to be made.

1.5.2 Limitations

We recall that Tier 2 key source assessments are subject to the limitations of the Tier 1 uncertainty esti-
mates, as discussed in Section 1.7. Nevertheless, it provides clear indications of the increasing impor-
tance of some smaller but very uncertain sources, in particular:

e CH, from manure management of cattle and swine;
e Indirect N,O emissions from nitrogen used in agriculture.

1.6 Information on the QA/QC plan

The preparation of the greenhouse gas emission data in the CRF files is highly related to the national
Pollutant Emission Register (PER), see Section 1.2. To meet the UNFCCC and EU requirements addi-
tional actions are (still) necessary. In the following section we will present information for both (inter-
related) processes in separate sections. One deals with the PER and the other with the NIR and the CRF
files.

1.6.1 The Pollutant Emission Register (PER)

Quality Assurance for the Netherlands’ PER

The Pollutant Emission Register (PER) process has been in existence for many years and deals with
over 100 different pollutants from point sources, area sources and diffuse sources, with emissions to air,
water and soil. It also includes waste handling data. This emission inventory process is organised as a
project with an annual cycle. Required changes and priorities for improvement are discussed prior to the
next year of data collection. Each year the Inspectorate of the Ministry of VROM commissions TNO to
draft a detailed plan for the compilation of the emission inventory for the forthcoming year (e.g.
WEM/CCDM, 2002). This project plan includes responsibilities of the parties involved, members of the
Task Forces, the division of tasks, the selection of substances and years, the list of source categories and
the time schedule. Each Task Force has task to define or update a protocol for the monitoring process of
their specific Target Sector. This protocol covers the data collection, validation, data storage, data man-
agement and data dissemination, and is documented in a report and a meta-information sheet. At the end
of the project, the PER Project Group (WEM) reports the necessary improvements identified for next
year’s emission inventory update.

In 1997 the quality assurance system ISO 9001 was introduced to ascertain the quality of the
monitoring process related to the PER. All procedural activities by the Inspectorate, TNO and RIVM are
subject to this quality control, as well as the maintenance of the PER database by RIVM. However, the
activities of actual data collection and emission calculation by the Task Forces are not yet part of the
formal ISO quality assurance programme.

Quality of Annual Environmental Reports (MJVs)

As presented in Figure 1.2 and Box 1.1 the Annual Environmental Reports (in Dutch: ‘MJVs’) contain
the data for the large companies that form input for the PER. The 1999 MJVs were analysed to establish
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the quality of the data, as it was the first time that the large companies had, by virtue of statutory obli-
gation, prepared this report themselves. Analysis on these MJVs and a trend analysis on emission data
for 1998 and 1999 for 171 companies led to doubts about the quality. For example CO, emissions for
these 171 companies showed reductions of 33% from 1998 to 1999. Additional in-depth research on 57
MJVs was conducted. Some differences between 1998 and 1999 data could be traced back to changes in
production of energy use, technical improvements, production disturbance and improved measurements.
Also mistakes in units and calculations etc. were shown. Overall the improved data for these companies
resulted in a new figure for CO, emissions; not a 33% reduction, but 7% (Heslinga, 2001a).

An investigation was also made of the quality of MJVs submitted on 2000 emissions (Heslinga,
2001b). The energy input, specified by fuel type, should be reported in the MJV. It was concluded that
only 40% of this detailed information could only be used. Moreover, this information is essential for
activity data as well as for the calculation of greenhouse gas emissions. In the MJVs a total of 71 Tg
CO, emissions is reported. In the quality research it was concluded that the energy input could not be
verified for 112 companies responsible for 34 Tg CO,, in particular, for some large companies that kept
their energy details confidential. This is also the situation for NO,: 36 Gg out of a total of 65 Gg could
not be verified. These comments on the 1999 and 2000 data do not necessarily mean that these data are
wrong, but that reported emissions could not be cross-checked with underlying fuel consumption data at
company level.

The Inspectorate of the Ministry of VROM started improvement actions. In 2001 the different re-
porting formats for the MJV were condensed to one format, which will be used for the MJV 2002. In
this format the companies will have to report on several processes. This classification of the processes
makes the differences between fuel combustion and non-combustion emissions more transparent. The
Ministry of VROM will annually report the progress in this improvement plan (VROM, 2002).

Documentation of methodologies used in the PER

The methodology for calculating emissions to air and water in the Netherlands' Pollutant Emission

Register has in the course of time been described in a number of reports, as documented below:

e general methodologies and data in Van der Most ef al. (1999) [in Dutch];

e the methodology for calculating greenhouse gas emissions in more detail in Spakman et al. (2003),
an update of the 1997 report [available in Dutch and English];

e specific changes in methods of datasets in the annual reports on emissions and waste, e.g. Koch et
al. (2002) [in Dutch]. These reports also summarise the quality of national total emissions of several
compounds by a qualitative classification based on expert judgement in terms of shares of quality
classes A to E in conformity with EMEP/CORINAIR and EPA methods. A summary of these re-
ports is also published in English, e.g. Koch et al. (2002);

e a set of source category reports documenting or summarising the methodology used by the Task
Forces is posted at a new website (so-called meta-data files) [in Dutch, English translation in prepa-
ration] (TNO, 2003).

Finally, since 1994 changes in methodologies, deviating source definitions and changes in source allo-

cations in greenhouse gas emissions, have been reported in the annual National Inventory Reports on

greenhouse gas emissions in the Netherlands, prepared and co-ordinated by RIVM for submission to the

UNFCCC and the EU Greenhouse Gas Monitoring Mechanism.

At the end of 2002 the main data and documentation was to be included in a new website
http://dm.milieumonitor.net. This site is in the Dutch language, but also contains the English reports that
the CCDM publishes. Also the documentation in the meta-data files (in Dutch) is now generally avail-
able on at that site. Please note that all emission data provided on this website are presented according to
the national method (including emissions from biomass and natural emissions, and those without
LUCF); emissions according to the UNFCCC/IPCC definitions can be found at the website
www.greenhousegases.nl.

The Quality Control (QC) activities of the PER

The Quality Control (QC) activities of the Dutch Emission Inventory can be divided in the following
phases:


http://dm.milieumonitor.net/
http://www.greenhousegases.nl/
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QC by Task Forces before data delivery to TNO (including QC on ER-I data);
QC by TNO;

QC by Task Forces before the trend verification workshop;

QC by Task Force and RIVM Target Sector co-ordinators at the workshop above;
QC on the IPCC summary tables included in the annual Emission Monitor report.

The data deliveries and feedback to the Task Forces is performed in accordance with the procedure
‘Data handling and presentation’ from the quality assurance system of the Netherlands Pollutant Emis-
sion Register. The Task Forces filled a standard-format database delivered by TNO with emission data
for 1999, 2000 and 2001 and for the years 1995 and 1990. After a check on the emission file by the
Task Force before submission, TNO performed QC activities such as checks on completeness, consis-
tency and formats. The (corrected) data were processed to a comprehensive draft data file. The Task
Forces can access the relevant emissions in the draft data file, which can be consulted on the internet by
the Task Forces in order to check the TNO data handling. Observed errors and information about how
the quality controls are performed by the Task Forces are reported to TNO. All corrections made in the
draft data file are documented and accessible on the internet for the Task Forces.

In July 2002 a workshop was held on trend analysis of the emissions to air. The Task Forces were
provided in advance with the emission data in the new draft data file for each source category (including
the relevant time series). In this way the Task Forces could check for level errors and consistency in the
algorithm/method used for calculations throughout the time series. The Task Forces performed checks
for, amongst others, CO,, CH,; and N,O emissions from all sectors for the years 1990, 1995, 1999, 2000
and 2001. The totals for the sectors were compared with last year's dataset. Where significant
differences were found, the Task Forces looked at the emission data in more detail. The results of these
checks were discussed at the workshop.

TNO also made time series of emissions per substance for the individual Target Sectors. The Task
Force members, the chairman of the Task Force and the RIVM co-ordinator of the Target Sector
examined these time series. Since the annually published national emissions report (Koch et al., 2002)
contains the IPCC Summary Tables 7A for the last three years, the emissions for these years have
subsequently been aggregated in the format of IPCC Summary Table 7A. A distinct difference with the
national sectoral reporting is that for international reporting according to the IPCC format, the sectoral
emission sources of most so-called Target Sectors are split into fuel combustion and non-combustion
emissions. Therefore, the emissions data were also checked at the IPCC reporting format level for out-
liers in two ways: (a) the levels for 1999 and 2000 were compared with the table published the previous
year; (b) annual trends for 1999/2000 and 2000/2001 have been calculated as percentages.

Box 1.2. Results of the trend verification workshop

Twenty actions were formulated and discussed at the workshop. Those relevant for greenhouse gases are listed
below.

Task Force on Energy, Industry and Waste Handling (ENINA):
- TNO action: correction of emissions of F-gases.
- CBS action: check CO, emissions per sector because of unexpected trends (2000, 2001).

Task Force on Residential, Commercial and Construction sectors:
- TNO, RIVM action: check N,O from anaesthesia.

Task Force on Traffic and Transport:
- No action.

Task Force on Agriculture:
- TNO action: no problems observed on greenhouse gases.

All Task Forces:
- Action: methodological changes must be documented in meta-information documents and sent to TNO.

Remarkable trend changes observed were noted and discussed at the workshop, resulting in an
action list (see Box 1.2). Items on this list have to be processed within two weeks or become a footnote
this year (2003) and will be dealt with in 2004. Where the Task Force members could explain a large
change in the trend, it was removed from the list. Inexplicable trend changes were studied in more detail
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at emission source level after the workshop. Points of special interest concerning combustion emissions
were discussed with the chairman of the Task Forces. In some cases the differences could be explained
or the emission figures were corrected and sent to the chairmen of the Task Forces. The proposed
changes have been sent to the chairmen of the Task Forces and then approved in writing. The new emis-
sion database was then sent to TNO, which processed the second data delivery into a new comprehen-
sive data file. The chairmen approved the new data file, after which the emission data were released by
TNO to the participating agencies. Finally, the Task Forces made a list of recommended improvements
for next year's (2004) inventory compilation.

1.6.2 The National Inventory Report and CREF files

Building a National System

Greenhouse gas emission data in the Netherlands are prepared as part of the Pollutant Emission Register
(PER) (see Section 1.2.1). The UNFCCC, the EU and the Kyoto Protocol added additional requirements
to the PER. For example, some additional greenhouse gas sources had to be included and the monitoring
had to be brought in line with the UNFCCC, IPCC and EU Monitoring Mechanism requirements. To
achieve this around the year 2000 a programme was started to adapt the monitoring of greenhouse gases
in the Netherlands and transform this to a National System as in Article 5 of the Kyoto Protocol.

The Quality Assurance (QA) process and Quality Control (QC) activities are incorporated into the
development of a National System. We will summarise the overall inventory improvement programme
and three selected issues: the monitoring improvement programme, protocols and process descriptions,
and a development project for a QA/QC system. In Section 10.4 we will present these elements in more
detail. We elaborate the following Quality Control elements in separate sections:

e the impact of the quality of the annual environmental reports on the quality of the data in the CRF
files;

e the relationship between the verification process in the PER and for the CRF data at IPCC source
category level;

e the documentation of the process to complete the data in the CRF files.

The responses to the issues raised in UNFCCC reviews on the NIR are described in Section 10.4.

Quality Assurance as part of building a National System

The UNFCCC and Kyoto Protocol added additional requirements to the regular emission inventory
system (PER). To achieve this in 2000 a programme was started to adapt the monitoring of greenhouse
gases in the Netherlands and transforming this to a National System as in Article 5 of the Kyoto Proto-
col. The programme is being implemented under responsibility of the Netherlands Ministry of Spatial
Planning, Housing and the Environment (VROM), who delegated the practical co-ordination to Novem.
An interdepartmental committee, the Working Group Emission Monitoring of Greenhouse Gases
(WEB) was created to direct the actions. Many institutes are involved in these activities. The pro-
gramme is set up as a temporary special assignment. All improvements and arrangements will eventu-
ally become an integral part of the wider system of regular emission monitoring (PER).

This programme consists of three main elements: a monitoring improvement programme, devel-
opment of monitoring protocols and process descriptions, and a QA/QC system as part of the National
System. The monitoring improvement programme deals with methods, activity data and emission fac-
tors that are assessed and, where needed, adapted. To this end, a series of studies and activities are being
carried out to improve — where necessary — data quality, methodologies, documentation and data com-
pilation procedures. The elaboration and implementation by protocols and process descriptions involves
assessing and, where needed, redefining processes, methods, procedures, tasks, roles and responsibilities
with regard to inventories of greenhouse gases. These different aspects are being laid down in transpar-
ent descriptions and procedures in so-called ‘protocols’ per gas and sector, and in process descriptions
for other relevant tasks in the National System.

In 2001, a three-phase project was started to adapt the QA/QC system for use in the Netherlands
greenhouse gas monitoring and NIR/CRF process. The first phase (finished early 2002) included an as-
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sessment of the present situation as compared to the UNFCCC/IPCCC requirements. The second phase
(to be finalised in 2003) involves the elaboration and description of relevant processes and procedures,
including adaptation of the present situation. This work is interrelated with the elaboration of the proto-
cols and is co-ordinated by Novem with involvement from the Ministry of VROM and the PER. The
third phase comprises the formal and legal arrangements, needed for the structural embedding of the
QA/QC procedures. This will be done in 2003/2004, together with the legal embedding of the protocols
in the PER.

Quality of Annual Environmental Reports (MJVs) and CRF files

For the years 1990 and 1995-2000, CRF files now also include sectoral background data (i.e. emissions
per fuel type) for ‘Fuel combustion’ (1A). This includes ‘Energy Industries’ (1A1) and ‘Manufacturing
Industries’ (1A2). However, these data are only presented for the three specific fuel types if individual
companies (in the MJV) had reported CO, and related fossil fuel consumption per fuel type with a
proper match. If this specification was not reported or did not properly match, fuel consumption and
CO, emissions were allocated in the CRF Sectoral Background Tables under ‘Other fuels’. This fraction
of national total CO, emissions increases from about 11% of fossil-fuel related emissions in 1990 to
15% in 1995-1999, and to 34% in 2000; i.e. this percentage of national CO, emissions could not be al-
located to a specific fuel type in either energy sector or manufacturing industry sector. Therefore, due to
limited data quality and completeness of point source data, up to 34% of the national CO, emissions
from fossil fuel consumption has been included under ‘Other fuels’, for which no correct and meaning-
ful so-called ‘Implied Emission Factors’ could be provided in the CRF. The following three groups of
economic sectors account for almost all of the unspecified emissions in 2000, each contributing about
one-third:

e refineries and iron and steel production, of which a/l CO, emissions in 1999 could not - or could not
properly - be associated with reported fossil fuel consumption;

e public electricity production and

e the chemical industry.

Please refer to the relevant sections in Chapters 3 and 4 for more details.

QA and verification of the CRF data at IPCC source category level

A distinct difference with the national annual emissions report (Van Harmelen et al., 2002) is that for
international reporting according to the IPCC format, the sectoral emission sources of most so-called
Target Sectors are split into fuel combustion and non-combustion emissions. Therefore, the data were
checked at the reporting format level for outliers in two ways: (a) the levels for 1998 and 1999 were
compared with the table published previously; (b) annual trends for 99/98 and 2000/1999 were calcu-
lated as percentages.

The NIR co-ordinator summarised relatively large differences and contacted the relevant sectoral ex-
perts of RIVM in the Task Forces to check the correctness of the source allocation and the plausibility
of the difference for all flagged items. This resulted in a confirmation or correction (of the IPCC source
allocation, for example) and in explanations in terms of either a deliberate recalculation or a probable
cause in case of large annual change). This has been done for the greenhouse gases CO,, CH, and N,O,
as well as for the four precursor gases.

Finally, in preparing the CRF data set, similar trend and level checks of outliers were carried out at a
more detailed level of the sub-sources of all sectoral background tables:

annual changes in emissions of the six greenhouse gases;

annual changes in activity data;

annual changes in implied emission factors for CO,, CH, and N,O;

level values of implied emission factors, in particular, of CO, from combustion.

The agency responsible for the data entry checks all flagged items for correctness of the figures and the
plausibility of the difference. Again, remaining flagged items are communicated with the relevant
RIVM sectoral expert in the Task Forces to explain the marked items. The explanations of both checks
are used to document the differences with the previous release of the CRF in the recalculation tables and

1-21



INTRODUCTION Netherlands NIR 2003 RIVM Report 773201007

to explain unusual trends in the NIR. These activities have been documented since 2001 (see, for exam-
ple, Coenen and Olivier, 2003).

Documentation of completing CRF files

The PER database does not contain all information necessary to fill the CRF files. In general, additional
data are needed for the following four groups:

o [PCC Reference Approach for CO, from fuel combustion, derived from the national energy statis-
tics; complemented with data on the carbon content of crude oil, natural gas liquids and other refin-
ery inputs;

e recalculations (and additional data) for the years, 1991-1994, which were not considered in the in-
ventory update project in 2002;

o full recalculations for the years, 1996-1998, which were not considered in the inventory update
project in 2002; the source allocation for these years is also made consistent with the period, 1995-
2000;

e documentation on recalculations as described in the UNFCCC guidelines and the IPCC Good Prac-
tice report, respectively;

— additional activity data for the agricultural sector, the waste sector and fuel combustion;
— data related to Land Use Change and Forestry (LUCF: sinks).

Changes in the data reported in the previous NIR have to be reported in the CRF Recalculation Tables

9a/b (see Annex 7.2). All activities and data sources to complete the 2003 CRF files have been docu-

mented in Coenen and Olivier (2003).

1.7  General uncertainty evaluation

The IPCC Tier 1 methodology for estimating uncertainty in annual emissions and trends has recently
been applied to the more detailed IPCC list of possible key sources listed in IPCC (2000). This was
done to get a more detailed first-order estimate of the uncertainty in the annual emissions as well as in
the trend. Secondly, these uncertainties could be used for a first Tier 2 analysis to identify ‘key sources’
as defined in the /PCC Good Practice Guidance report (IPCC, 2000). However, since key source identi-
fication can be done using many more criteria, important for meeting the National System requirements,
the information presented in this section should only be considered as a first step in this process.

1.7.1 Data used

To estimate total uncertainty in both annual emissions and in emission trends, we applied the IPCC Tier
1 uncertainty approach at the level of the IPCC list of possible key sources (see Section 1.5). The emis-
sions data for 1990 and 2001 were taken from the preliminary submission to the EU and allocated to the
[PCC source category list, i.e. where these emissions could be separated for these source categories.
However, the IPCC list was slightly adjusted. In view of the importance for the Netherlands of CO,
from feedstocks and the relatively high uncertainty in these emissions, we separated CO, from non-
energy use and CO, from fuel combustion.

The following information sources were used for estimating the uncertainty in activity data and
emission factors (Olivier and Brandes, 2003):
e estimates used for reporting uncertainty in greenhouse gases emissions in the Netherlands discussed

at a national workshop in 1999 (Van Amstel et al., 2000a);
e default uncertainty estimates provided in the I/PCC Good Practice Guidance report (IPCC, 2000);
e RIVM factsheets on calculation methodology and data uncertainty (RIVM, 1999);
e any other recent information on the data quality (Boonekamp et al., 2001).
These were supplemented with expert judgement of RIVM emission experts. Next, the uncertainty in
the emissions in 1990 and 2001 was estimated according to the IPCC Tier 1 methodology. This was
done for both the annual emissions and the emission trend for the Netherlands. All uncertainty figures
are to be interpreted as corresponding with a confidence interval of 2 standard deviations (26) or 95%.
In cases where asymmetric uncertainty ranges were assumed, the largest percentage was used in the cal-
culation.
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Table 1.4. Tier 1 level uncertainty assessment of source categories of the IPCC potential key source list (without

adjustment for correlations between sources) (1990 level; 1995 for F-gases) (in Tg COx-eq.)

CO;,-¢eq.

IPCC Source category 90/95 CO,-eq. 2001|AD unc EF unc  EM unc
1A Emissions from stationary combustion : Energy Industries 51,305 64,776 3% 2% 4%
1A Emissions from stationary combustion : Other Sectors 34,179 36,126 3% 1% 3%
1A Emissions from stationary combustion : Manufacturing Indus 27,711 25,027 3% 1% 3%
1A Mobile combustion: road vehicles 25,374 31,984 2% 2% 3%
1A Emissions from iron and steel industry 6,255 6,196 3% 3% 4%
1A Feedstock gas 4,805 4,664 5% 10% 11%)
1A Feedstock oil 2,549 3,902 20% 50% 54%
1A Mobile combustion: other 2,378 2458 50% 2% 50%
1A Mobile combustion: water-borne navigation 877 969 100% 2% 100%
1A Feedstock coal 569 408 5% 10% 11%
1A Mobile combustion: aircraft 492 197] 50% 2% 50%
2 Other industrial: CO2 1,181 1,124]  20% 5% 21%
2 Emissions from cement production 400 437 5% 10% 11%

7 Misc. CO2 1,189 1,579 20% 50% 54%|
Total CO2 159,263 179,847 2%

> 3%
1A Emissions from stationary combustion: non-CO2 557 638 3%  50% 50%
1A Mobile combustion: road vehicles 158 81 5% 60% 60%
1A Mobile combustion: other 8 7 50%  100% 112%
1B Fugitive emissions from oil and gas operations: gas productio 2,097 1,454 1%  25% 25%
1B Fugitive emissions from oil and gas operations: gas distributi¢ 1,524 1,287 5% 50% 50%)
1B Fugitive emissions from oil and gas operations: other 133 791 20% 50% 54%
2 Other industrial: CH4 69 30 10% 50% 51%
4A  CH4 emissions from enteric fermentation in domestic livestoc 7,678 6,054 5% 20% 21%
4A  CH4 emissions from enteric fermentation in domestic livestoc 438 412 5% 50% 50%
4A  CH4 emissions from enteric fermentation in domestic livestoc 286 218 5% 30% 30%)|
4A  CH4 emissions from enteric fermentation in domestic livestoc 37 83 5% 30% 30%)|
4B Emissions from manure management : swine 1,033 848 10%  100% 100%
4B Emissions from manure management : cattle 905 803 10%  100% 100%
4B Emissions from manure management : poultry 216 182 10%  100% 100%
4B Emissions from manure management : other 19 23 10%  100% 100%
6A  CH4 emissions from solid waste disposal sites 11,802 8,181 15% 30% 34%
6B Emissions from wastewater handling 138 16] 20% 25% 32%
7  Misc. CH4 43 39 20% 25% 32%
Total CH4 27,140 20,434 17%)|

> 25%
1A Mobile combustion: road vehicles 341 583 5% 50% 50%
1A Emissions from stationary combustion: non-CO2 208 223 2% 50% 50%
1A Mobile combustion: other 31 29] 50% 100% 112%)
2B Emissions from nitric acid production 7,029 6,564 10% 50% 51%
4B Emissions from manure management 205 189 10%  100% 100%
4D  Direct N20O emissions from agricultural soils 5,214 5,518 10% 60% 61%)
4D TIndirect N20O emissions from nitrogen used in agriculture 1,460 1,460 50%  200% 206%
6B Emissions from wastewater handling 126 194] 20% 50% 54%
7  Polluted surface water 1,178 1,178 50% 200% 206%
7  Misc. N20 753 129] 50% 50% 71%
Total N2O 16,544 16,067 34%

->50%
2X  HFC-23 emissions from HCFC-22 manufacture 5,759 450 15% 25% 29%
2X  Emissions from substitutes for ozone depleting substances (O 248 943 10% 50% 51%
2X  HFC by-product emissions from HFC manufacture 12 192 10% 50% 51%
2X  PFC emissions from aluminium production 1,799 1,320 5% 20% 21%
2X  PFC emissions from PFC use 68 136 5% 25% 25%)
2X  SF6 emissions from SF6 use 275 296] 100% 25% 103%
Total F-gases 8,160 3,337 21%

->50% for HFCs ,PFCs and SF6

Total Netherlands (CO2-eq.) 211107 219685 4%

> 5%
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1.7.2 Results

The results of the uncertainty calculation according to the /PCC Tier 1 uncertainty approach are sum-
marised in Table 1.4. The Tier 1 calculation of annual uncertainty in CO,-eq. emissions results in 2%,
17%, 34% and 22% for CO,, CH,4, N,O and F-gases, respectively, and in an overall uncertainty of 4%.
However, these figures do not include the correlation between source categories (e.g. energy amounts
for feedstocks and fuel combustion, cattle numbers for enteric fermentation and animal manure produc-
tion) or a correction for not-reported sources. Therefore, the actual uncertainty of total annual emissions
per compound and of the total will be somewhat higher; it is currently estimated by RIVM at:

CO, +3% HFCs +50%
CH, +25% PFCs +50%
N;O +50% SFe +50%

The resulting uncertainty in national total annual CO,-eq. emissions is estimated to be about 5%.

If we rank the sources according to their contribution to the uncertainty in total national emissions
(using the column ‘Combined Uncertainty as % of total national emissions in 2001’ in 7able 1.7) the
top 10 sources contributing the most to total annual uncertainty in 2001 are:

[PCC  IPCC Source category Uncertainty (as % of total na-
tional emissions in 2001)
4D Direct N,O emissions from agricultural soils 1.5
2X N,O emissions from nitric acid production 1.5
4D Indirect N,O emissions from nitrogen used in agriculture 1.4
6A CH, emissions from solid waste disposal sites 1.2
7X N,O emissions from polluted surface water 1.1
1A CO, emissions from stationary combustion: energy industries 1.1
1A CO, emissions from feedstock oil 1.0
4A CH, emissions from enteric fermentation in cattle livestock 0.6
1A CO, emissions from mobile combustion: other 0.6
1A CO, emissions from stationary combustion: other sectors 0.5

Table Al.4 of Annex 1 summarises the estimate of the trend uncertainty 1990-2001 calculated ac-
cording to the IPCC Tier 1 approach in the IPCC Good Practice Guidance (IPCC, 2000). The result is a
trend uncertainty in the total CO,-eq. emissions for 1990-2001 (1995 for F-gases) of £3% points. This
means that the increase in total CO,-eq. emissions between 1990 and 2001, which is calculated to be
4%, will be between +1 and +7%. Per individual gas, the trend uncertainty in total emissions of CO,,
CHy, N,O and the total group of F-gases has been calculated at +3%, 7%, £11% and +10% points, re-
spectively. More details on the level and trend uncertainty assessment can be found in Annex I on key
sources. The top-10 of sources contributing most to trend uncertainty in the national total is:

IPCC IPCC Source category Uncertainty (as % into trend in
total national emissions)
1A CO, emissions from stationary combustion: energy industries 1.3
6A CH, emissions from solid waste disposal sites 1.0
1A CO, emissions from mobile combustion: other (rail, pipeline) 0.8
1A CO, emissions from stationary combustion: other sectors 0.7
2X HFC-23 emissions from HCFC-22 manufacture 0.7
1A CO, emissions from inland shipping 0.7
1A CO, emissions from feedstock oil 0.6
1A CO, emissions from stationary combustion: manufacturing industries 0.5
4D Indirect N,O emissions from nitrogen used in agriculture 0.5
2X N,O Emissions from nitric acid production 0.5

If we compare this list with the 10 largest contributors to annual uncertainty, we can conclude that ex-
cept for CO, from inland shipping, CO, from stationary combustion from manufacturing industries and
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construction, N,O from polluted surface water, CH, from enteric fermentation of cattle and HFC from
HCFC-22 manufacture, all others (7) are included both lists.

Because of the problems identified with annual environmental reports (see Box 1.1) an extra un-
certainty in national CO, emissions was estimated for 2000 at 2% (Heslinga, 2001b). This will also be
the case with 2001 emissions. In addition, delays in compiling (preliminary) statistics for the last but
one calendar year, notably for energy consumption, have caused extra uncertainty for some sectors due
to the use of estimated data for the 4™ quarter of 2001. For the same reason the other greenhouse gas
emissions are also more uncertain in 2001, but this extra uncertainty has not been quantified.

1.7.3 Limitations

The uncertainty estimates presented in 7able 1.4 and Table A1.4 have been calculated according to the
Tier 1 uncertainty estimate of IPCC. In this method uncertainty ranges are summed for all sectors or
gases using the standard calculation for error propagation: total error is the root of the sum of squares of
the error in the underlying sources. Strictly speaking, this is only valid if the uncertainties meet the fol-
lowing conditions: a) standard-normal division (‘Gaussian’), b) 2 smaller than 60%, c) sector to sector
and substance to substance are independent (non-correlated). Indeed for a number of sources it is clear
that activity data or emission factors are correlated, which increases the overall uncertainty of the sum to
an unknown extent. For some sources it is also already known that the probability distribution is not
normal; in particular, when uncertainties are very high (in the order of 100%) it is clear that the distri-
bution will be skewed towards zero.

Even more important is that, although the uncertainty estimates have been based on the docu-
mented uncertainties mentioned above, uncertainty estimates are unavoidably and in the end based on
expert judgement of representativeness for the circumstances of the particular source category in the
Netherlands. Sometimes, however, only limited reference to actual Netherlands data was possible to
support these estimates. Focusing on the order of magnitude of the individual uncertainty estimates, we
believe that this dataset provides a reasonable first assessment of the uncertainty of key source catego-
ries in the Netherlands.

Furthermore, in using the uncertainty estimates presented in Table 1.4 and Table A1.4 we have ne-
glected the uncertainty introduced by the emissions from the sources of the ER-I (individually reporting
firms), of which the uncertainty is actually unknown. These sources in the Emission Registration ac-
count for about half of the total CO, emissions in the Netherlands (see Figure A2.1). However, as de-
scribed in Annex 2.1, total CO, emissions per industrial subsector do not deviate from the reference cal-
culation by more than 5% (in practice, the group total may show much less deviation). For 2000 and
2001, as sited above, an extra uncertainty in national CO, emissions was estimated at 2%. This is in ad-
dition to the extra uncertainty introduced in the last year’s emission estimates, due to the use of prelimi-
nary or incomplete statistics as basis for the inventory.

In the assessments made above only random errors have been estimated, assuming that the calcula-
tion methodology used does not include systematic errors. It is well known that in practice this may well
be the case. Therefore, more independent verification of the emission level and emission trends, e.g. by
comparisons with atmospheric concentration measurements, is encouraged by the /PCC Good Practice
Guidance. In the Netherlands these approaches have been studied for several years, funded by the Na-
tional Research Programme on Global Air Pollution and Climate Change (NOP-MLK) or by the Neth-
erlands’ Reduction Programme on Other Greenhouse Gases (ROB). Results of these studies can be
found in, for example, Berdowski et al. (2001), Roemer and Tarasova (2002) and Roemer et al. (2003).

1.8 General assessment of the completeness

At present, the Netherlands greenhouse gas emission inventory includes all sources identified by the
Revised IPCC Guidelines (IPCC, 1997) except for the following:

e Indirect N,O emissions from atmospheric deposition (category 4D) are not estimated/reported due
to historical reasons;

e (O, emissions from agricultural soils (category 4D) are not estimated/reported due to historical
reasons;
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e In addition, it has been observed that CH, and N,O from horse manure (category 4B) is missing;
this is because no manure production estimates from horses have been made to date and no emission
factors for this source category have been defined;

e CH, emissions from soils deceased in the last 40 years due to drainage and lowering of water tables;
these emissions have been included in the natural total; thus there are no net (i.e. positive) anthro-
pogenic emissions, on the contrary, total methane from soils acts in fact a methane sink.

e CHy, N,O and other non-CO, emissions from international bunkers (international transport) have
not yet been estimated/ reported.

e Emissions/sinks for LUCF subcategories 5A to SE, except for the CO, sink in category 5A2. New
datasets are being compiled but are still under discussion, so no data for these subcategories have
been included in this submission.

The incorporation of these sources into the national greenhouse gas inventory is part of the inventory
improvement programme. For some of these sources, for example indirect emissions of N,O, bringing
the methodology in compliance to I/PCC Good Practice Guidance may result in adjustments of several
Tg (i.e. Mton) of CO,-eq. More information on the completeness is provided in Annex 5.
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2.  TRENDS IN GREENHOUSE GAS EMISSIONS

2.1 Emission trends for aggregated greenhouse gas emissions

The trend in total CO,-eq. emissions of greenhouse gases and comparison of the contribution of the
various gases has been calculated using the IPCC Global Warming Potentials (GWP) according to the
Second Assessment Report (UNFCCC, 1999) for a time horizon of 100 years.

In Table 2.1 the trends in national total CO,-equivalent emissions are summarised for 1990-2001.
The trends have also been visualised in Figures 2.1 and 2.2, showing the relative contribution of each
gas to annual total emissions. Detailed trends in CO,-equivalents by gas and by source category are
provided in Annex 7.3. Total CO-equivalent emissions of the six greenhouse gases together increased
by about 4% in 2001 relative to the base year of 1990 (1995 for fluorinated gases). Without policy
measures the emissions in 2000 would have been about 10% higher (RIVM, 2001a).

1990 (95 for F-gasses) 2001

PFCs
HFCs % PFCs
HFCs 1%

SFs
0%

CHa
9%

co,
75% CO»

82%

Figure 2.1. Shares of greenhouse gases in total emissions in 1990 (left) and 2001 (right)

CO:-eq. trends and shares in 1990

CO2 with T-corr
SF6 (potential)
PFCs
HFCs

N20

CH4

co2

-20%  -10% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

W Difference 2001-1990/95
@ Share in 1990 (95)

Figure 2.2. Shares and trends in greenhouse gas emissions per gas 1990-2001 (1995-2001 F-gases) and CO,
also with temperature correction
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To exclude the climatic influence that partially masks the anthropogenic trend in the CO, emis-
sions, the same trends per gas have also been analysed with CO, emissions corrected for outside tem-
perature’. Using temperature-corrected CO, emissions in 1990 and 2001, the structural anthropogenic
trend of total greenhouse gas emissions in the past 11 years is estimated to be a
2%-point lower than the actual trend of 4% increase (Table 2.2).

CO, emissions increased by about 13% from 1990 to 2001, mainly due to the increase in the
emissions in the energy (26%) and transport sectors (22%). In Figures 2.3 and 2.4 one can observe
that the doubling of imported electricity in 1999 from 10% to 20% of the domestic electricity con-
sumption only temporarily decreased CO, emissions from the energy sector and total national CO,
emissions. In 2000 and 2001 the annual increase of the pre-1999 years has resumed. CO, emissions
peaked in 1996 due to a very cold winter, as can be observed in Figure 2.4, showing a substantial peak
in emissions in 1996 from ‘Other sectors’, particularly vulnerable to weather conditions.

Table 2.1. Total greenhouse gas emissions in CO,-eq. and indexed 1990-2001 (no temperature correction)
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 "

Nat. Emissions (Tg CO,-eq)

CO, with LUCF 157.8 1660 1642 166.1 1668 1712 1789 1675 1724 1695 1724 1784
CO; excluding LUCF 159.3 1675 1657 1679 168.8 1724 1803 171.7 173.8 170.7 173.8 179.9
CH, 271 275 26.3 257 253 246 246 231 224 21.8 206 204
N,O 16.5 16.8 17.9 18.7 18.3 18.2 18.0 17.9 17.6 17.4 16.7 16.1
HFCs 44 35 4.4 5.0 6.5 6.0 7.7 83 9.4 49 39 1.6
PFCs 24 24 2.1 2.1 19 1.9 2.0 22 1.7 1.4 1.5 1.5
SF¢ 0.2 0.1 0.1 0.1 0.1 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Total [group of six] [211.1 2] 210.0 2178 216.7 219.6 2209 2233 2329 2234 2252 2164 216.8 219.7
Index (1990=100)

Index CO, ? 100 1052 1041 1054 1060 1082 1132 107.8 109.1 1072 109.1 1129
Index CH,4 100 1013 97.0 949 931 90.5  90.8 85.1 82.4 80.3 76.1 75.3
Index N,O 100 101.6 1085 112.8 110.7 1098 1085 107.5 106.6 105.0 100.7 97.1
Total [group of three] 100 1044 1035 1046 1046 1060 1098 1047 1053 1034 1040 106.6
Index HFCs 100 779 1003 1128 1464 1358 1732 1874 2112 1105 87.4 35.7
Index PFCs 100 100.2 86.3 87.1 71.7 76.8 84.0 88.6 71.0 594 628 59.9
Index SF; (potential) 100 53.7 56.9 588 792 1473 1524 166.6 157.6 141.8 143.7 1584
Index [group of six] ? 100 103.7 103.2 1046 1052 1063 1109 1064 107.2 103.1 1032 104.6
Index (1995 =100)

Index HFCs 73.6 57.4 73.9 83.0 107.8 100 1275 138.0 1555 81.4 644 263
Index PFCs 1303 1305 1124 1135 1013 100 1094 1154 92.5 77.4 81.8 78.0
Index SF (potential) 679 365 38.6 399 53.7 100 1035 113.1 107.0 963 976 107.5
Index [group of new gases] 864 734 815 88.6 1045 1000 1226 1320 1395 810 695 40.9

Index ('90; new gases '95) ¥
Index [group of 6 composite] ” 99.5 1032 1026 1040 1046 1058 1103 1058 106.7 1025 102.7 104.1

International Bunker CO,* 398 413 424 443 429 443 454 485 495 512 535 57.5
Index bunkers CO, (1990 = 100) 100.0 103.8 106.6 111.4 1078 1114 1143 1220 1246 1288 1345 1447

Y Data for 2001 are preliminary. In particular, this -1’ dataset is of a relatively low quality in this submission (see Section
1.2).

Y National emissions excluding LUCF (category 5A).

%) Base year = 100.

¥ Emissions from international marine and aviation bunkers are not included in the national totals.

%) Base year emissions (1990 for CO,, CH, and N,O and 1995 for the F-gases, shaded/bold-italic figures): 211.1Tg CO,-eq.

% In Table 2.2 the same trends per gas have been summarised but now with CO, emissions corrected for outside
temperature in order to exclude the climatic influence that partially masks the trend in these emissions. This
analysis leads to the conclusion that of the 4% increase in total actual greenhouse gas emissions since 1990
about a 2% point are caused be weather effects in the base year and the present year.
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Table 2.2. Total greenhouse gases emissions with temperature correction, in CO»-eq. and indexed 1990-2001
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Emissions (Tg CO,-eq)

CO, with LUCF (T-corrected) 164.1 166.4 168.6 1672 170.6 173.8 174.6 1698 1759 1745 177.7 180.8
CO; excluding LUCF (T-corrected) 1655 1679 170.1 169.0 1725 175.0 176.0 1741 1773 1757 179.1 1822
Total [group of six] ” 2162 2182 221.0 220.7 224.6 2259 2286 2257 228.7 221.5 222.1 2220

Index (1990 = 100)
Index CO; excluding LUCF (T-corrected) ~ 100.0 101.5 102.8 102.1 1042 105.7 106.4 1052 107.1 1062 1082 110.1

Total [group of three| 1) 100.0 101.4 1025 102.0 103.3 104.1 1045 1028 103.9 102.7 103.5 104.6

Index ('90; F-gases '95)

Index [group of six composite] ” 99.5 1004 101.7 101.5 103.3 1039 1052 1039 1052 1019 1022 102.2
Y Excluding LUCF.
Total greenhouse gas emissions in CO2-eq kton (no T-corr.)
1990 - 2001
250
O SF6 (potential)
/\_—_ O PFCs
200 O HFCs
0O N20
@ CH4
150 mCO2

100

50

0
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Figure 2.3. Trend in greenhouse gas emissions per gas 1990-2001 (no temperature correction)

Total greenhouse gas emissions in CO,-eq per IPCC sector 1990-2001

250
O 7. Other (specified)
m 6. Waste
200 m 5. Land use change and forestry

O 4. Agriculture
m 3. Solvent and other product use

@ 2. Industrial processes (ISIC)

m 1B Fugitive fuel emissions

CO2-eq.

100 0 4 Small combustion

O 3 Transport
| 2 Industry

50 @ 1 Energy transformation

0
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Figure 2.4. Trend in COjz-eq. emissions per sector 1990-2001 (no temperature correction)
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CH, emissions decreased by 25% in 2001 compared to the 1990 level, mainly due the decrease in
the waste sector (-30%), the agricultural sector (-20%) and fugitive emissions from oil and gas
(-25%). N,O emissions decreased by about 3% in 2001 compared to 1990, mainly due to the decrease
in the emissions from industrial processes (-13%), which compensated increases of emissions from
agriculture of about 5% and from fossil fuel combustion of 45% (mainly from transport).

Of the fluorinated greenhouse gases, for which 1995 is the reference year, emissions of HFCs and
PFCs decreased in 2001 by about 75% and 20%, respectively, while SFs emissions increased by 7%.
Total emissions of all F-gases decreased by about 60% compared to the 1995 level. In 2001 the largest
changes showed an increase of 6 Mton of CO, — of which 3 Mton was due to the colder winter com-
pared to 2000 — and decrease of over 1 Mton in HFC emissions. Along with the increased import of
electricity since 1999, this is the primary reason why total greenhouse gas emissions have stabilised
since 1997 (see Figures 2.3 and 2.4).

The uncertainty in the frend of CO,-equivalent emissions of the six greenhouse gases together is
about + 3%-point in the 4% increase, based on the IPCC Tier I trend uncertainty assessment (see
Section 1.7). Per individual gas, the trend uncertainty in total emissions of CO,, CH4, N>O and the
total group of F-gases, as calculated with the Tier I IPCC Good Practice method described in Section
1.7, is estimated £3%, £7%, +11% and +10% points, respectively (Figure 2.5). However, it should be
kept in mind that the 2001 emissions, although preliminary by definition, include additional uncer-
tainty as explained in Section 1.7. The uncertainty in annual emissions of N,O and CH, is estimated at
+50% and £25%, respectively. For CO, the estimate of uncertainty in annual emissions is £3%, for
HFCs, PFCs and SF¢ £50% (see Section 1.7).

Trend in 1990-2001 emissions and IPCC Tier 1 trend uncertainty

30%

10% - L
13%

0% | -25% -3%

-30%

- -59%

-50% - '|'
-70% J‘

Cc02 CO2-T-corrected CH4 N20 F-gases

Figure 2.5. Trends in greenhouse gas emissions per gas 1990-2001 (1995-2001 for F-gases) and their uncer-
tainty according to the IPCC Tier 1 trend uncertainty analysis, and, shows CO;, with temperature
correction)

2.2  Emission trends by gas

In Table 2.3 and Figure 2.6 the actual trend in actual CO, emissions is presented per source category.
In 2001, total actual national CO, emissions increased since 1990 by 13%’. The largest increase in
emissions (6.5 Tg) occurred in the transport sector. The decrease in the electricity production sector
(1AT1a) in 1999 is due to the marked increase of imported electricity since 1999, which almost doubled
compared with 1998, and to a relatively large shift from coal to oil and natural gas in 1999. The small
decrease in fossil-fuel related emissions of 4% in industry (1A2) appears to be caused by a decrease of
feedstock emissions.

* This translates to an increase of 10% with both years temperature-corrected and an increase of 12% with only
2001 emissions temperature-corrected (i.e. compared to the base year level).
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With a temperature correction, the 1990-2001 increase of CO, emissions is 3%-points less than
without this correction. The influence of the weather on annual emissions, for example as suggested
by the bump in 1996 in Figure 2.4, can indeed be traced back by annual variation in residential, com-
mercial and agricultural emissions, as presented in Figure 2.5. Both the cold winter in 1996 and the
mild winter in 1990 caused the emissions from the ‘small combustion sector’ to clearly deviate from
the trend’. For more details refer to Section 3.2.4.

Table 2.3. CO, emissions and sinks per IPCC sector 1990-2001 (no temperature correction) (Tg)

IPCC Sector 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
TOTAL NET NAT. EMISSIONS Incl. LUCF 157.8 166.0 1642 166.1 166.8 1712 1789 1705 1724 1695 1724 1784
TOTAL NET NAT. EMISSIONS Excl. LUCF 1593 167.5 165.7 1679 1688 1724 1803 171.7 173.8 170.7 173.8 1799
1. All Energy (combustion and fugitive) 156.8 1659 1644 166.7 167.3 170.1 177.9 169.0 172.0 168.3 172.3 1784
A Fuel combustion total 156.5 165.5 164.0 1664 167.1 1692 1769 168.0 170.5 166.8 170.7 176.7
la Electricity and heat production 403 416 433 432 448 445 458 451 479 446 490 519
Ibc Other transformation 11.0 10.6 109 10.6 112 120 126 121 123 121 122 129
2 Industry 419 427 425 399 41.0 426 43.0 419 424 423 39.7 402
3 Transport 291 292 304 309 312 322 326 331 338 348 352 356
4a  Commercial/Institutional 59 103 94 106 10.1 8.6 9.1 7.6 7.7 6.7 79 8.8
4b Residential 19.8 216 195 206 196 212 248 208 188 193 196 204
4c  Agriculture/Forestry/Fishing 8.4 8.5 8.5 8.8 8.8 8.1 89 75 75 7.1 7.1 7.0
5 Other 0.0 1.1 -04 1.7 06 00 0.1 00 00 00 00 00
B Fugitive fuel emissions 0.3 0.5 0.4 0.4 0.2 0.8 1.0 1.0 1.6 1.5 1.6 1.7
2 Crude oil and natural gas 0.3 0.5 0.4 0.4 0.2 0.8 1.0 1.0 1.6 15 1.6 1.7
2. Industrial processes (ISIC) 1.6 1.5 1.3 1.2 14 14 14 14 1.3 1.3 1.2 1.1
3. Solvent and other product use 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5. Land-use change and forestry -14 -15 -15 -18 -19 -12 -14 -12 -14 -12 -14 -14
6. Waste 09 00 00 00 00 09 1.1 1.2 05 1.0 04 04
7.0ther 00 00 00 00 00 00 00 00 00 00 0.0 00

Memo item, not included in national total:
International bunkers 398 413 424 443 429 443 454 485 495 512 535 575
CO, Marine 353 363 365 378 36.1 36.6 372 395 398 41.1 434 477
CO, Aviation 4.5 5.0 59 65 6.7 7.7 82 90 97 101 10.1 9.9

CO,: sectoral trends and shares in 1990
BVASTE
5 LANDUSE CHANGEAND FORESTRY

1Adc Agriculture / Forestry / Fishing

1Adb Residential

1Ada Commrercial / nstitutional

1A3 TRANSPORT

1A2 INDUSTRY

1A1c Other transformation

1A1a Bectricity and heat production

-30% -10%

m Difference 2001-1990
@ Share in 1990

10%

30%

50%

70%

90%

Figure 2.6. CO, emission shares and trends per IPCC sector, 1990-2001

* Actual CO, emissions increased by 13% in the period 1990-1996, while from 1996 till 2000 the CO, emissions
decreased by about 6%. Temperature-corrected, these changes are 6% and 0%, respectively.
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In 2000, total CO, emissions increased by 2% (3 Mton) compared to 1999 (according to the pre-
liminary data for 2000 provided in the previous NIR 2002, this change was estimated at 1% or 1.3
Mton). This was mainly caused by the increased energy use in the energy, service and transport sec-
tors, while the emissions from industry decreased by 2 Mton.

In Table 2.4 and Figure 2.7 the trend in methane emissions is presented per source category. In
2001, total CH4 emissions decreased by 25% compared to the 1990 level. Sectors that contributed
most to the decrease were the waste sector (-30%) and the agricultural sector (-20%), with 3.7 and 2.0
Mton CO»-eq., respectively.

Table 2.4. CH, emissions per IPCC sector 1990-2001 (Gg)

IPCC Sector 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

TOTAL NET NATIONAL EMISSIONS  1292.4 1308.5 1253.1 1225.9 1202.9 1170.2 1173.7 1100.1 1064.6 1037.5 983.2 973.2

1. All Energy (combustion and fugitive) 213.2 2238 199.0 192.4 2022 207.0 2253 1859 1774 1775 164.7 168.9

A Fuel combustion total 344 357 359 344 337 367 370 294 30.8 331 337 346

1 Energy 33 32 3.8 3.4 37 49 5.7 3.0 44 6.0 6.0 6.3

2 Industry 29 35 4.9 32 2.6 5.1 1.8 1.0 1.7 3.0 33 34

3 Transport 7.9 6.9 6.7 6.4 6.1 6.0 5.5 52 5.0 4.8 44 42

4 a Commercial/Institutional 0.8 1.1 1.0 0.9 1.4 0.5 1.1 0.5 1.0 0.8 1.1 1.1

4 b Residential 16.8 183 168 177 170 174 198 172 162 159 171 171

4 ¢ Agriculture/Forestry/Fishing 2.6 2.7 2.7 2.8 2.8 2.5 22 24 24 22 22 22

B Fugitive fuel emissions 178.8 188.1 163.1 158.0 1685 1703 1883 1565 146.6 1443 131.0 1343

2 Crude oil and natural gas 178.8 188.1 163.1 158.0 168.5 1703 1883 1565 146.6 1443 131.0 1343

2. Industrial processes 33 3.5 3.7 4.9 5.3 2.6 5.7 2.7 24 2.7 1.5 14
3. Solvent and other product use 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4. Agriculture 505.3 517.1 505.8 497.8 483.1 477.0 463.6 445.8 434.7 425.0 410.5 410.6
A Enteric fermentation 4019 411.6 4012 3927 381.7 376.7 3659 352.6 3414 3339 3194 3222

B Manure management 103.5 1055 104.6 105.1 101.5 1003 977 932 933 9.1 91.1 884

5. Land-use change and forestry NE NE NE NE NE NE NE NE NE NE NE NE
6. Waste 568.6 562.1 542.6 528.8 510.0 481.5 477.1 463.8 448.2 430.3 404.6 390.3
A Solid waste disposal on land 562.0 556.1 5402 5225 5049 480.0 4759 463.0 4445 4283 403.8 389.6

B Waste water handling 6.6 6.0 24 6.3 5.1 1.5 1.3 0.8 3.6 2.1 0.8 0.8

7. Other 2.1 2.0 2.0 2.0 23 2.1 2.0 2.0 1.9 1.9 1.9 1.9

CH4: sectoral trends and shares in 1990

6. Waste

B Manure management

AEnteric fermentation

4. Agriculture

3. Solventand other product use

4 b Residential

4 a Commercial / Institutional

AFuel combustion total

1. All Energy (combustion and fugitive)

-30% -10% 10% 30% 50% 70% 90%
B Difference 2001-1990
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Figure 2.7. CH, emission shares and trends per IPCC sector, 1990-2001
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In Table 2.5 and Figure 2.8 the trend in nitrous oxide emissions is presented per source category. In
2001, total N,O emissions decreased by about 3% compared to 1990, mainly due to the decrease in
the emissions from industrial processes of 1.0 Mton CO;-eq. (-13%). This compensated increases of
emissions from agriculture (5%) and from fossil fuel combustion (45%) (mainly from transport) of 0.3
and 0.2 Mton CO;-eq., respectively (see Table 2.7 and Figure 2.10). Note that in the previous submis-
sion, based on preliminary data for 2000, an increase of 3% over the period 1990-2000 was reported.

Table 2.5. N,O emissions per IPCC sector, 1990-2001
IPCC sector 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

TOTAL NET NATIONAL EMISSIONS 534 542 579 602 591 586 579 574 569 560 53.7 518

1. All Energy (combustion and fugitive) 1.9 1.9 2.1 23 2.4 2.6 2.6 2.4 23 2.6 2.6 2.7
A Fuel combustion total 19 1.9 2.1 23 24 22 2.6 24 23 2.6 2.6 2.7
1 Energy transformation 0.5 0.5 0.5 0.5 0.5 0.2 0.5 0.0 0.0 0.5 0.5 0.5
2 Industry 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.3 0.2 0.1 0.1 0.1
3 Transport 12 12 1.4 1.6 1.7 1.8 19 2.0 2.0 2.0 2.0 2.0
4 Small combustion 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
5 Other 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
B Fugitive fuel emissions 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0
2. Industrial processes 244 244 247 249 267 255 242 242 242 241 232 23.0
3. Solvent and other product use 0.7 0.7 0.6 0.6 0.6 0.6 0.6 0.7 0.6 0.5 0.5 0.4
4. Agriculture 222 222 227 259 262 261 269 264 260 252 252 232
5. Land-use change and forestry NE NE NE NE NE NE NE NE NE NE NE NE
6. Waste 04 04 04 04 0.5 0.5 0.5 0.5 0.6 0.5 0.6 0.6
7. Other 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8

N20: sectoral trends and shares in 1990

7. Other (specified)
6. Waste

5. Land use change and forestry

4. Agriculture

3. Solvent and other product use
2. Industrial processes

B Fugitive fuel emissions

5 Other

4 Small combustion

3 Transport

2 Industry

1 Energy transformation

A Fuel combustion  total

1. All Energy (combustion and fugative)
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@ Share in 1990

Figure 2.8. N,O emission shares and trends per IPCC sector, 1990-2001

-60% -40% -20% 0% 20% 40% 60% 80% 100%

In Table 2.6 and Figure 2.9 the trend in F-gas emissions is presented per source category. In
2001, total emissions of all F-gases decreased by about 60% compared to the 1995 level (a 5% in-
crease compared to 1990), which is equivalent to 5 Mton CO,-eq. Emissions of HFCs and PFCs de-
creased by about 75% and 22% in 2001, respectively, while SF; emissions increased by 8%.
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Table 2.6. Actual emissions of HFCs, PFCs and SFs 1990-2001 (Gg COs-eq.)
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

HFC total 4432 3452 4447 4998 6487 6018 7676 8307 9360 4897 3875 1584
PFC total 2432 2437 2099 2118 1890 1867 2042 2154 1728 1444 1526 1456
SFs use 187 100 106 110 148 275 285 311 295 265 269 296

Total HFC/PFC/SF, 7050 5989 6652 7226 8525 8160 10003 10772 11383 6606 5670 3337

Fluorinated halocarbons: trends 95-01 and shares in 1995 per gas

TOTAL HFC/PFC/SF6
SF6 use

PFC-TOTAL

Other PFC use

C2F6 (PFC-116)
CF4 (PFC-14)
HFC-TOTAL

Other HFCs
HFC-152a

HFC-23

HFC-125
HFC-143a

HFC-134a

-100% -50% 0% 50% 100% 150% 200% 250% 300%

| Difference 2001-1995
@ Share in 1995

Figure 2.9. Shares and trends in actual emissions of fluorinated gases, 1995-2001

2.3 Emission trends by source

Table 2.7 provides an overview of the CO,-eq. emission trends per IPCC source category. It clearly
shows the energy sector (category 1) to be by far the largest contributor to national total greenhouse
gas emissions with a share that increased from 75% in 1990 to about 81% in 2001. In contrast, emis-
sions of the other main categories decreased, the largest being those of industrial processes (from 8 to
5% share), waste (from 6 to 4% share) and agriculture (from 8 to 7% in 2001).

In Figures 2.4 and 2.10 the trend in total CO,-eq. emissions (i.e. for all six gases jointly) is pre-
sented per IPCC source category. From Figure 2.10 it can be concluded that the sector showing the
largest growth in CO,-eq. emissions since 1990 is the energy sector (26%), whereas the transport
sector showed a growth of about 22%. Clear exceptions are the waste sector and agriculture, which
showed a decrease in CO,-eq. emissions of about 30% and 10%, respectively. Emissions from the
residential and service sectors increased by 5%, but these are substantially influenced by weather ef-
fects: when the temperature correction was included, these emissions decreased by about 3%.

2.3.1 Energy Sector

The emissions from the energy sector (category 2) are dominated by CO, from fossil fuel combustion,
with fugitive emissions from gas and oil (methane and CO,) contributing a few per cent and CH, and
N,O from fuel combustion adding one per cent. Responsible for the increasing trend in this sector are
the energy industries and the transport sector, of which CO, emissions increased by 26 and 22% since
1990. In contrast, the energy-related CO, emissions from manufacturing industries appears to have
decreased a few per cent in 2000 and 2001 and the actual CO, emissions from the other sector (resi-
dential, services and agriculture) increased by about 5%. The relatively strong increases in emissions
from the energy sector and the transport sector result in increases of their CO, share in the national
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CO,-¢q. total by 5% and 2%-points, respectively, to 29% and 16% in the 2001. The 29% increase of
the energy sector emissions is partly mitigated by about 10%-points due to the strong increase in net
import of electricity since 1999 (see Table 3.8), which is equivalent to about 4 Mton of CO, coming
from domestic fossil-fuel generated electricity. We note that fugitive methane emissions from oil and
natural gas decreased by 25% since 1990.

Table 2.7. Summary of emission trend per source category and gas (unit: Tg COj-eq.)

Source category 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
1A. Energy: fuel combustion 157.8 166.8 1654 167.8 1685 170.8 1784 1663 171.9 1683 1722 1783
COy: 1. Energy industries 513 522 541 538 560 565 583 572 602 567 612 648
CO,: 2. Manufacturing industries 419 427 425 399 410 426 430 389 424 423 397 402
COy: 3. Transport 291 292 304 309 312 322 326 331 338 348 352 356
COy: 4. Other sectors 342 404 373 401 385 379 427 359 340 331 345 36.1
CO»: 5. Other 0.0 1.1 -04 1.7 0.6 0.0 0.1 0.0 0.0 0.0 0.0 0.0
CH,4 0.7 0.7 0.8 0.7 0.7 0.8 0.8 0.6 0.6 0.7 0.7 0.7
N,O 0.6 0.6 0.7 0.7 0.7 0.8 0.7 0.7 0.8 0.8 0.8 0.8
1B2. Energy: fugitives from oil & gas 4.1 4.4 3.8 3.7 3.9 44 5.0 43 4.6 4.5 4.3 4.5
CO, 0.3 0.5 0.4 0.4 0.2 0.8 1.0 1.0 1.6 1.5 1.6 1.7
CH, 3.8 4.0 34 33 35 3.6 4.0 33 3.1 3.0 2.8 2.8
N,O 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2. Industrial processes " 163 152 157 168 179 17.1 189 191 198 150 139 11.0
CO, 1.6 1.5 13 12 14 14 14 14 1.3 1.3 1.2 1.1
CH, 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0
N0 7.6 7.7 7.7 83 79 7.5 7.5 7.5 7.5 72 7.1 6.6
HFCs 44 35 44 5.0 6.4 6.0 7.6 7.7 9.0 4.7 37 1.5
PFCs 24 24 2.1 2.1 1.9 19 2.0 22 1.7 14 1.5 1.5
SFe 0.2 0.1 0.1 0.1 0.1 0.3 0.3 0.3 0.3 0.3 0.3 0.3
3. Solvent and other product use 0.2 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1
CO, 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CH,4 IE(7) IE(7) IE(7) IE(7) IE(7) IE(7) IE(7) IE(7) IE(7) IE(7) IE(7) IE(7)
N,O 02 02 0.2 0.2 0.2 0.2 0.2 0.2 02 02 0.1 0.1
4. Agriculture 175 179 187 186 182 183 179 174 17.0 16.7 158 158
CH,: Enteric fermentation 84 8.6 8.4 8.2 8.0 7.9 7.7 74 72 7.0 6.7 6.8
CH,: Manure management 22 22 22 22 2.1 2.1 2.1 2.0 2.0 1.9 1.9 1.9
N,O: Manure management 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
N,O: Agricultural soils 6.7 6.8 7.8 79 7.8 8.1 8.0 7.8 7.6 7.6 7.0 7.0
5A. Changes in forest/biomass stocks -14 -15 -15 -18 -19 -12 -14 -12 -14 -12 -14 -14
CO, -4 15 -15 -18 -19 -12 -14 -12 -14 -12 -14 -14
6. Waste 129 119 115 1.3 109 112 114 112 10.0 10.2 9.0 8.7
CO, 0.9 0.0 0.0 0.0 0.0 0.9 1.1 12 0.5 1.0 0.4 0.4
CH, 119 118 114 11.1 107 101 10.2 9.7 9.4 9.0 8.5 82
N0 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.2 0.2 0.2 0.2 0.2
7. Other (specified) 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
CHy: Solvents and other product use 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
N,O: Polluted surface water 12 12 12 12 12 12 12 12 12 12 12 12

NATIONAL TOTAL EMISSIONS ? 210.0 217.8 216.6 219.5 220.8 2233 232.7 2195 224.7 216.2 216.6 219.6

Memo item, not included in national total:

International bunkers 39.8 413 424 443 429 443 454 485 495 512 535 575
CO, Marine 353 363 365 378 361 36,6 372 395 398 41.1 434 477
CO, Aviation 45 5.0 59 6.5 6.7 7.7 82 9.0 9.7 10.1 10.1 9.9

Y Emissions from the use of the F-gases HFCs, PFCs and SF are according to the IPCC reporting guidelines all reported
under source category 2 ‘Industrial processes’.

2 The national total does not include the CO, sink reported under category 5A. This CO, sink is not complete and refers to
the definition under the UN Framework Convention on Climate Change (UNFCCC), which is different from the amount to
be calculated under the Kyoto Protocol (see Section 1.1.2).

2.3.2 Industrial processes

The greenhouse gas emissions from industrial processes (category 2) have decreased by over 30%
since 1990. As can be seen in Table 2.7, N,O emissions, mainly from nitric acid manufacture, is the
main contributor to this source category. However, the strong decreasing trend in HFC emissions of
2/3 reduction since 1990 and 3/4 reduction since 1995, notably of HFC-23 from HCFC-22 manufac-
ture, are primarily responsible for the decreasing trend in this source category. The F-gas emissions
had a share of almost 50% in total source category emissions in 1995; their share is now about 30%,
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of which HFCs and PFCs form by far the largest part. PFC emissions in the Netherlands stem mainly
from aluminium production. CO, emissions from industrial processes contribute 10% to the group
total and stem only for 1/3 of 1/4 from cement clinker production. A large fraction of cement produc-
tion in the Netherlands uses imported cement clinker. Emissions of SFg¢ contribute about 3% to the
group total.

Trends in emissions per IPPC sector 1990-2001 (CO;- eq)

7. Other (specified)

6. Waste

5. Land use change and forestry
4. Agriculture

3. Solvent and other product use
2. Industrial processes (ISIC)

1B Fugitive emissions

1A5 OTHER

1A4 Small combustion

1A3 TRANSPORT
1A2 INDUSTRY

1A1Energy transformation

1A Fuel combustion total

1 ALL ENERGY

-40% -20% 0% 20% 40% 60% 80% 100%

m Difference 2001-1990
m Share in 1990

Figure 2.10. Shares and trends of greenhouse gas emissions per sector 1990-2001 (1995-2001 for F-gases), in
COj-eq. (no temperature correction)

2.3.3 Solvents and other product use

The emissions from ‘Solvent and other product use’ (category 3) should be discussed in conjunction
with (very small) methane emissions reported under category 7, since the IPCC tables do not allow for
methane emissions under category 3. This category contributes very little to the national total: only
0.1%, primarily stem from N,O from dispersive uses. We note the CO, emissions related to the use of
products from non-energy use of fuels (e.g. lubricants, waxes, etc.) are not reported in this category
but are included in the fuel combustion emissions reported under the manufacturing industry (1A2).

2.3.4 Agriculture

The emissions of the agricultural sector (category 4) have decreased by 10% since 1990, mainly
through a decrease in CH, emissions from enteric fermentation (4.A) of 20% by reduced livestock
numbers. In its wake, CH, from manure management (4.B) has also decreased similarly over time. At
present, enteric fermentation contributes about 45% to this category’s emissions as does N>O emis-
sions from agricultural soils (4.D); N,O from manure management only contributes 1% to the group
total. N,O from agricultural soils increased until 1995 due to changing practices in animal manure
spreading on the fields (incorporation into the soil with the aim of reducing ammonia emissions). The
decrease since 1998 is mainly due to a reduction of the use of synthetic fertilisers. At present, due to
historical reasons the Netherlands reports no CO, emissions from agricultural soils. Indirect N,O
emissions from leaching and run-off of nitrogen from agricultural soils are reported under IPCC cate-
gory 7, because the Netherlands’ method provides only aggregated figures that include industrial
sources as well.
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2.3.5 Changes in biomass stocks (LUCF)

Of the Land Use Change and Forestry (LUCF) sector (IPCC category 5), the Netherlands presently
only reports the net changes of CO, due to changes in forests and other biomass stocks (IPCC cate-
gory 5.A). These result in a sink of about 1% on the national net total emissions. The variation over
time is between -1.2 and -1.9 Mton CO,.

2.3.6 Waste

The emissions from the waste sector (IPCC category 6) have decreased by about 30% since 1990,
mainly through decreasing CH, emissions — predominantly from landfills — which is the dominating
gas (CO; and N,O emissions contributing the remaining 6%). The fossil-fuel related emissions from
waste incineration are included in the fuel combustion emissions from the energy sector (1A1), since
most large-scale incinerators also produce electricity or heat for energetic purposes. The CO, emis-
sions from this sector, presently contributing 4% to the waste category total, have also changed con-
siderably over time (decreased by 0.5 Mton in 1990-2001), but the interannual variation suggests that
these figures may not be very reliable.

2.3.7 Other

The Netherlands uses IPCC category 7 to reports its — very minor — CHy emissions from solvents and
other product use, because the present reporting framework does not allow for CH, emissions under
IPCC category 3. Total indirect N,O emissions from leaching and run-off of nitrogen from agricul-
tural soils and industrial sources are reported here, because these aggregated figures also include in-
dustrial sources, which make reporting of this total figure in Sector 4 (Agriculture) inappropriate. The
latter N,O emissions are labelled as ‘ Polluted surface water’ and are kept constant over time under the
present methodology.

2.3.8 International transport

Finally, we discuss the trend in emissions from international transport, which is not part of the na-
tional total but is reported under the UNFCCC as well. At present, the Netherlands only reports CO,
emissions, not the — relatively minor — emissions of CH4 and N,O from these sources. Total CO,
emissions from this source category have increased by 45% or 18 Mton since 1990. In particular, ma-
rine bunker emissions contributed to this increase (+35% or 12 Mton) due to the marine bunkers large
share in this category, but percentage-wise the emissions from international aviation increased much
more (+120% or about 5 Mton). Total international transport emissions increased as fraction of the
national total greenhouse gas emissions from 19% in 1990 to 26% in 2001.
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2.4  Emission trends for indirect greenhouse gases and SO,

Trends in total emissions of CO, NO,, NMVOC and SO, are presented in Table 2.8 and in Figure
2.11. Because of the problems identified with annual environmental reports (see Box 1.1) emissions of
CO are not validated; however, experts on these emissions suggested that possible errors are small.
The CO and NMVOC emissions were reduced in 2001 by about 40-45% compared to 1990, for SO,
even 55%, and for NO,, the 2001 emissions are about 30% lower than the 1990 level. NO, emissions
are recalculated on basis of new information on emission factors for small combustion plants (<20
MW) for the years, 1990, 1995, 2000 and 2001 (not yet recalculated for 1999), resulting in about 10
Gg less emissions in 2000. We recall that in contrast with the direct greenhouse gases, emissions of
precursors from road transport have not been corrected for fuel sales according to the national energy
statistics but are directly related to transport statistics on vehicle-km, which differ to some extent from
the IPCC approach (see Section 2.3.2).

Except for NMVOC, most of the emissions stem from fuel combustion, of which the uncertainty
in the emission factor for NO,, CO and NMVOC is often estimated to be in the range of 10-50%. For
SO, emission factors from fuel combustion (basically the sulphur content of the fuels) the uncertainty
is estimated in the range of 10-25%. The uncertainty in the activity data is small compared to the ac-
curacy of the emission factors. Therefore, the uncertainty in the overall total of sources included in the
inventory is estimated to be in the order of 25% for CO, 10% for NO, and SO,, and about 25% for
NMVOC (RIVM, 2002).

Table 2.8. Trend in emissions of ozone and aerosol precursors, 1990-2001

Compound 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Emissions in Gg

Total NO, 563.0 537.9 525.9 505.1 482.4 482.7 470.3 441.0 427.0 428.1 411.6 409.8
Total CO 1120.5 1022.5 966.3 948.6 905.1 854.8 866.6 785.7 740.5 704.2 681.2 661.6
Total NMVOC 492.4 460.6 436.2 403.2 387.7 363.3 306.3 271.1 301.6 291.1 278.3 271.2
Total SO, 202.4 163.5 157.2 1504 136.5 141.5 133.7 1159 108.0 103.3 91.6 89.0
Index (1990 = 100)

Index total NO, 100 955 934 89.7 857 857 835 783 758 76.0 73.1 728
Index total CO 100 913 862 847 808 763 773 70.1 66.1 628 60.8 59.0
Index total NMVOC 100 93.5 88.6 819 787 738 622 551 612 59.1 56.5 55.1
Index total SO, 100 808 777 743 674 699 66.1 573 534 51.0 452 44.0

Emissions of precursor gases in Gg and indexed 1990-2000
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Figure 2.11. Trends in total emissions of NO,, CO, NMVOC and SO,, 1990-2001
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3. ENERGY |[CREF sector 1]

3.1 Overview of sector

All main subcategories of the energy sector are subdivided into two main subsectors: combustion (1A)
and non-combustion (1B) fuel-related sources:

A. Fuel combustion emissions:

Energy industries (power generation, refineries etcetera) (1A1)
Manufacturing industry and construction (1A2)

Transport (domestic) (1A3)

Other sectors (residential, services, agriculture etcetera) (1A4)
Other fuel use (1A5)

B. Fugitive emissions from fuels:
e Emissions from solid fuels (1B1)
e Emissions from oil and gas (1B2)

The trends in greenhouse gas emissions from the energy sector are summarised in 7able 3.1. Ob-
viously, CO, emissions from fuel combustion are the dominant source here, whereas most methane
emissions stem from fugitive sources. From this table it can be observed that the emissions from the
energy industries, notably electric power generation, and from transport increased substantially over
time. Emissions from the other sectors tend to vary considerably across the years because of the
variation of the winter weather over time requiring more or less space heating. As the IPCC inventory
guidelines do not require corrections of the emissions for this yearly variation in space heating »no cor-
rections are reported in the CRF tables. To assess the effects of implemented policies on the trend of
anthropogenic emissions a correction is calculated for CO, emissions from gas combustion for space
heating to filter out the effect of interannual changes due to variation of weather. The results of the
additional estimation from this so-called ‘temperature correction for CO,’ can be found in Section
311

Table 3.1. Trend of greenhouse gas emissions from the energy sector (unit: Tg CO;-eq.)

Source category: Energy 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1A. Fuel combustion 157.8 166.8 165.4 167.8 168.5 170.8 1784 1663 171.9 168.3 172.2 178.3
CO,: 1. Energy industries 513 522 541 538 56.0 565 583 572 602 56.7 612 64.8

CO,: 2. Manufacturing ind.  41.9 427 425 399 41.0 42,6 430 389 424 423 39.7 402
CO,: 3. Transport 29.1 292 304 309 312 322 326 33.1 338 348 352 356
CO,: 4. Other sectors 342 404 373 40.1 385 379 427 359 340 33.1 345 36.1
CO,: 5. Other V 0.0 .1 -04 1.7 06 0.0 0.1 0.0 00 0.0 0.0 0.0
CH, 07 07 08 07 07 08 08 06 06 07 0.7 0.7
N,O 06 06 07 07 07 08 07 07 08 08 0.8 0.8
1B2. Fugitives from oil & gas 41 44 38 37 39 44 S50 43 46 45 4.3 4.5
CO, 03 05 04 04 02 08 1.0 1.0 1.6 1.5 1.6 1.7
CH, 38 40 34 33 35 36 40 33 3.1 3.0 2.8 2.8
N,O 00 00 00 00 0.1 00 00 00 00 0.0 0.0 0.0

Y Including emissions related to statistical differences (which are negative in 1992).

Note: The yellow colour (shaded figures) indicates the parts of the inventory which are based mainly on individual com-
pany reports for which no recalculations or allocation improvements have been made in the past due to the data
limitations.

We recall that CO, emissions reported here are only the fossil-fuel related emissions, since CO,
emissions from biomass combustion is assumed not to contribute to net CO, emissions and are there-
fore not included in the national total. As default, the production of biomass is assumed to be sustain-
able (the carbon that is oxidised during combustion will be absorbed by plants for growth within a
limited number of years). To the extent that this is not the case, a correction is made in the CO, from
sources/sinks reported in the Land Use Change and Forestry sector (IPCC category 5). The inventory
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also provides separate information on CO, from organic sources (biomass combustion), which is dis-
cussed in Section 3.1.2).

The emissions from subcategories 1A1, 1A2 and 1B2 are based mainly on individual company
reports (the part of the national pollutant emission register called ‘ER-I") (see Section 1.2). Due to da-
taset limitations, the level of detail for these subcategories is often limited, for example, as we will
show in subsequent sections in limited fuel-specified data for these categories. For other sources, i.e.
other industries in the categories 1A1 and 1A2 and for other stationary and mobile sources, emissions
are calculated using fuel consumption data and national default emission factors for CO, and N,O, as
well as source-specific emission factors for CHy. Source-specific N,O emission factors are applied to
road transport (see Section 3.2.3). More details on the methodologies used are provided in 4Annex 2.
The consistency of emissions over time of these subcategories may also sometimes be limited. An-
other consequence, shown in yellow in the table, is that for 1991-1994, no recalculations or allocation
improvements have been made in past years.

Another aspect that limits consistency of fuel combustion emissions over time is the observation
that Statistics Netherlands (CBS) did not revise the energy balance for the years 1991-1994, with the
aim of improving the data and eliminating the statistical differences between apparent consumption
and the sum of sectoral energy consumption by fuel type. This affected all source categories, thus, by
not revising the energy consumption data for 1991-1994 several inconsistencies in the time series are
likely to be caused by this anomaly (see previous NIR 2002 for more details on sectoral consequences
in CO, emissions; Olivier et al., 2002).

We recall that the Netherlands has reported its CO, emissions related to feedstock use of fuels
and other non-energy use under fuel combustion from the ‘Manufacturing industry’ (1A2), instead of
under ‘Industrial processes’ (source category 2). These figures also include the CO, emissions of non-
energy products during their use. The emissions are allocated here instead of under ‘Solvents and
Other Product Use’, (source category 3), because they are calculated using the IPCC Tier 1 method
for these sources and storage factors that integrate immediate emissions during manufacture and emis-
sions during the use of the products. The same holds for coke input as reducing agent in the iron and
steel industry, which according to the Good Practice Guidance is also an industrial process source.
However, it is also allocated to the manufacturing industry because in the Netherlands all emissions
from the steel manufacturing industry are reported at an aggregated level, also emissions due to coke
production. Thus the latter is not reported under ‘Fugitive emissions from solid fuels’ (1B2) but under
‘Fuel Combustion’ (1A).

The characteristics of the Netherlands’ country-specific circumstances are reflected in both the
energy balance and the emissions presented in Table 3.1. The Netherlands produces large amounts of
natural gas (and also some oil), both onshore (e.g. Groningen gas) and offshore (so-called ‘small gas
fields’). In addition, natural gas has a very large share in energy consumption and is used for space
heating in the other sectors, in industry and power generation. Natural gas production generates re-
lated emissions such as fugitive emissions of methane and relatively low CO, emissions from fuel
combustion. Furthermore, the Netherlands makes use of the location of Rotterdam harbour at the
mouth of the Rhine, for housing many large refineries, which export about half of their products to the
European market. As a consequence, the Netherlands has a relatively large petrochemical industry and
the world’s largest supply of marine bunker oils in Rotterdam. Moreover, Schiphol Airport is Western
Europe’s largest supplier of aviation bunker fuels (jetfuel). The large petrochemical industry is re-
sponsible for the Netherlands having the highest share of CO, from non-energy/feedstock use of fuels
of all industrialised countries, i.e. OECD or Annex I countries, when referring to the Kyoto Protocol)
(Olivier and Peters, 2001).

In the Netherlands, most domestic commercial shipping activities buy their fuels from marine
bunkers; therefore their energy consumption is included under ‘International bunkers’ and not do-
mestic consumption. This also applies to fisheries, whose consumption is, at present, all allocated to
International bunkers (see Section 3.2.8).

Key sources

Box 3.1 presents the key and non-key sources of the energy sector on the basis of level, trend or both.
Since CO, emissions make up the largest fraction of the national total emissions, it is not surprising
that all CO, sources are indeed key sources. This includes the feedstock use (non-energy use) of oil
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and gas. Feedstock use of coal is not a key source, since it excludes the large amount of coke con-
sumption in the iron & steel industry, of which all CO, emissions — including those from coke input —
are combined and reported together. CO, emissions from oil and gas feedstock, and from the iron and
steel industry, are not reported under source category industrial processes (CRF sector 2), but are allo-
cated by the Netherlands under fuel combustion by the manufacturing industry (1A2) as chemical in-
dustry (1Alc) and iron and steel production (1A1la), respectively.

Of the non-CO, combustion sources, only N,O from road transport appears to be a key source.
The summed CH,4 emissions from all combustion sources are also a key source. Methane from fuel
combustion stems predominantly from gas losses during cooking in the residential sector (1A4b),
which are also higher in this source category due to biofuel combustion. Of the non-combustion
sources, only the CH, emissions from gas production and CH, emissions from gas distribution are key
sources.

Box 3.1. Key source identification in the energy sector using the IPCC Tier 1 and 2 approach (L = Level, T =

Trend)
1A1 CO, Emissions from stationary combustion: Energy Industries Key (L,T)
1A2 CO, Emissions from stationary combustion: Manufacturing Industries and Constr. Key (L,T)
1A2 CO, Emissions from iron and steel industry Key (L1,T1)
1A2 CO; Feedstock gas Key (L,T1)
1A2 CO, Feedstock oil Key (L,T1)
1A2 CO, Feedstock coal Non-key
1A3 CO, Mobile combustion: road vehicles Key (L,T)
1A3 CO, Mobile combustion: waterborne navigation Key (L2)
1A3 CO, Mobile combustion: aircraft Key (T1)
1A3 CO, Mobile combustion: other Key (L)
1A3 CH; Mobile combustion: road vehicles Non-key
1A3 CH; Mobile combustion: other Non-key
1A3 N,O Mobile combustion: road vehicles Key (L2)
1A3 N,O Mobile combustion: other Non-key
1A4 CO, Emissions from stationary combustion : other sectors Key (L,T1)
1A CH; Emissions from stationary combustion: non-CO, Key (L2)
1A N,O Emissions from stationary combustion: non-cq, Non-key

1B1 CH; Coal mining Not occurring
I1BI All Coke production Included in 1A2
1B2 CO, Misc. CO,, of which 2/3 in category 1B2 Non-key

1B2 CH, Fugitive emissions from oil and gas: gas production Key (L,T1)
1B2 CH; Fugitive emissions from oil and gas: gas distribution Key (L,T1)
1B2 CH,; Fugitive emissions from oil and gas operations: other Non-key

These sources will be discussed in the following sections per main subcategory. Stationary
and mobile combustion per fuel type will be discussed per IPCC subsector (1Ax) and feed-
stock emissions of CO, under industrial combustion (1A2).

3.1.1 Temperature correction for CO,

All CO, figures presented in the CRF tables and most tables presented in this report are without tem-
perature correction. However, the annual variation of heating-degree days in the Netherlands can be
considerable, especially in the category /44 ‘Other sectors’, where most of the fuel is used for space
heating. In 1990, in particular, the winter was relatively very warm; however the 1992, 1994, 1999
and 2000 winters were relatively warm, whereas only the winter of 1996 was relatively cold.

For policy purposes, trends in CO, emissions are therefore often corrected for climate variation of
fuel consumption for space heating. In Table 3.2 we present the temperature correction used by RIVM
in the trend analysis of sectoral CO, emission trends, which is only applied to natural gas consumption
since the amount of other fuels used for space heating is negligible. A full description of the method-
ology for this correction is provided in Annex 2.2 and in Spakman et al. (2003).
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This correction factor for gas consumption varies between -11% in 1996 and +20% in 1990. In
2001, CO, emissions were corrected by 2.3 Tg or 1.3% of total national CO, emissions, while 1990
emissions were corrected by 6.2 Tg or 4% of total national emissions. Positive figures in the table in-
dicate an addition of natural gas consumption and thus CO, emissions due to a relatively warm winter
in that calendar year. With temperature correction, the 1990-2001 increase of CO, emissions is 3 per
cent point less than without this correction.

Table 3.2. Temperature correction for energy and CO, emissions per IPCC sector 1990-2001
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Heating-Degree Days (HDD-t) [HDD] 2677 3163 2829 3076 2835 2917 3504 2929 2821 2676 2659 2880
HDD: 30-year moving average (HDD-av) 3211 3198 3203 3177 3156 3140 3124 3135 3133 3118 3098 3076
T correction factor (FHDD-av/HDD-t) 1.20 1.01 113 1.03 1.11 1.08 0.89 1.07 1.11 117 1.17 1.07

Space heating natural gas [PJ]

1Ala Electricity & heat production 28 02 20 05 20 14 -22 12 24 37 37 15
1A2a-e Industry 137 09 80 21 7.1 51 -54 29 72 105 105 4.0
1A4a  Commercial/Institutional 179 14 161 43 143 96 -166 9.1 135 17.8 213 108
1A4b Residential 526 32 36.1 9.1 298 214 -36.1 20.0 27.7 409 416 18.1
1A4c  Agriculture/Forestry/Fishing 241 13 150 39 136 88 -158 88 120 17.0 17.1 6.9
Total correction gas consumption 111.0 7.0 771 199 668 463 -76.1 419 62.8 89.8 94.1 41.4

CO, Emissions [Gg]

1Ala Electricity & heat production 160 10 110 30 110 80 -120 60 140 210 210 90
1A2a-e Industry 770 50 450 120 400 290 -300 160 400 590 590 230
1A4a Commercial/Institutional 1000 80 900 240 800 540 -930 510 760 1000 1190 610
1A4b Residential 2950 180 2020 510 1670 1200 -2020 1120 1550 2290 2330 1010
1A4c  Agriculture/Forestry/Fishing 1350 70 840 220 760 490 -880 490 670 950 960 390
Total correction CO, emissions 6230 390 4320 1120 3740 2600 -4250 2340 3520 5040 5270 2320

Note: HDD = Heating Degree Day; T = Temperature

3.1.2 CO, emissions from biomass
In the Netherlands, biomass fuels are used in various subsectors: electric power generation (e.g. waste
wood), the pulp and paper industry (e.g. paper sludge), the wood construction industry (e.g. wood
waste), waste incineration (the organic part of the municipal waste), wastewater treatment plants and
by landfill operators (e.g. recovered methane) and the residential sector (fuelwood and charcoal).
However, the Netherlands’ energy statistics only include organic waste gas as biomass fuel.
Other types of biomass are not identified as such in the national statistics. In the compilation of the
Netherlands greenhouse gas inventory and the associated CRF files, fuel data from individual compa-
nies and other sources are used. Fuel data reported by individual companies may include information
on the use of biomass fuel. However, this information is far from consistent, as up till now there is no
well-defined procedure on how to report biomass consumption data. 7able 3.3 provides information
on the biomass data currently reported in the CRF files. The data clearly show that the 1991-1994 time
series for the energy industries is interrupted for reasons discussed the beginning of this chapter and
these data are apparently included in the data for the ‘Other’ subcategory (1AS).
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Table 3.3. Organic CO; emissions reported as memo item ‘CO, from biomass’ (from CRF 14 combustion)
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1A Fuel combustion 3394 2700 2600 3300 3500 3598 5207 6003 5366 4977 5182 5144
1A1. Energy industries 1879 IE IE IE IE 1933 3760 4553 3685 3417 3475 3424
1A2 Manufacturing industries 0 0 0 0 0 0 0 0 0 0 0 0
1A3 Transport 0 0 0 0 0 0 0 0 0 0 0 0
1A4 Other sectors 1275 1254 1220 1182 1048 1125 1123 1130 1106 1043 1158 1172
a. Commercial/Institutional 83 98 100 98 NE 113 112 120 118 132 144 143
b. Residential 1192 1156 1120 1084 1048 1012 1011 1010 988 911 1014 1029
c.Agriculture/Forestry/Fisheries 0 0 0 0 0 0 0 0 0 0 0 0
1.A.5 Other (not elsewhere) 125 1446 1380 2118 2452 357 240 233 368 348 393 393

Total memo CO, from biomass 3394 2700 2600 3300 3500 3598 5207 6003 5366 4977 5182 5144
Note: IE = Included Elsewhere; NE = Not Estimated.

Table 3.4. Biofuel consumption not reported under ‘Biomass’ as fuel due to inconsistent/incomplete emission of
energy data (from CRF Documentation Boxes)

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1A Fuel combustion 1375 0 0 0 0 2231 1305 2385 2951 1387 2044 ND
1Al. Energy industries 394 609 1503 1131 13 447 ND
1A2 Manufacturing industries 1366 1,837 696 862 1820 1374 1313 ND

1 A3 Transport

1A4 Other sectors:

a. Commercial/Institutional 9 20 284 ND
b. Residential

c. Agriculture/Forestry/ Fisheries

1AS Other (not elsewhere)

ND = No Data

However, apart from the CO, from biomass combustion which are explicitly reported, some of
the biofuel combustion could not be separated into meaningful activity data and (implied) emission
factors due to lack of transparency and consistency in reporting by individual firms. This part of the
energy consumption from biomass was therefore not included in the CRF data on fuel combustion. It
was reported separately in the documentation box, since reporting of the emissions and activity data
under other fuels would have resulted in erroneous extra fossil CO, emissions and fossil energy use.
The biofuel consumption for which no organic CO, emissions have been reported is summarised in
Table 3.4., which also shows that some unknown biofuel consumption occurred in the service sectors.

An example of non-transparent reporting is found in the paper industry that uses paper sludge
(biomass) as fuel, which is, however, reported by the companies as solid fuel. In these cases the iden-
tification of biofuel can only be established on the basis of specific process expertise of the inventory
compiler. Furthermore, energy producers use more and more biomass as a supplementary fuel, but
they do not explicitly report this. This also holds for the municipal waste incineration, where no divi-
sion is made between emissions from biomass (organic carbon) in the wastes and emissions from fos-
sil-derived wastes e.g. plastics (fossil-based carbon). In general, only the fossil fuels (gas or oil) are
reported in TJ, although the associated CO, emissions may include the biomass emissions. Therefore
these aggregated CO, emission figures have to be broken down into fossil and biomass parts. In the
current situation this is done on the basis of general figures on the composition of the incinerated
wastes, with large risks of misinterpreting the data.

In 2003, an initiative has been taken to establish a fixed reporting requirement in the annual envi-
ronmental reporting of individual firms for biomass related emissions. This will eventually lead to a
situation where each company reports its biomass fuel and the related emissions separately from its
fossil-fuel related emissions. In this way, the quality of both the future biomass and fossil-fuel related
CO, emissions will be improved. Additional research will be required to improve the estimation and
allocation of biomass emissions for the whole 1990-2001 period.
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3.2 Fuel combustion [CRF category 1A]

The trends per IPCC sector in emissions from fuel combustion have been summarised in 7able 3.5.
Since 1990, CO, emissions increased by about 13%, mainly due to the increase of the emission in the
energy sector (26%) and transport sector (22%). The largest increase of emissions (6.5 Tg) occurred in
the transport sector. The decrease in the electricity production sector (1Ala) in 1999 is due to the
marked increase of imported electricity since 1999, which almost doubled compared with 1998, and to
a relatively large shift from coal to oil and natural gas in 1999. The small decrease in fossil-fuel re-
lated emissions in the industry (1A2) of 4% appears to by caused by a decrease of feedstock emis-
sions.

In 2000, total CO, emissions increased by 2% (3 Mton) compared to 1999 (according to the pre-
liminary data for 2000 provided in the previous NIR 2002, this change was estimated at 1% or 1.3
Mton). This was mainly caused by the increased energy use in the energy, service and transport sec-
tors, while the emissions from industry decreased by 2 Mton.

Table 3.5. Emissions and sinks for the energy sector 1990-2001 (no temperature correction) (1g)

IPCC Sector 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
(6(0))
1. All Energy (combustion and fugitive) 156.8 1659 1644 166.7 167.3 170.1 1779 166.0 172.0 168.3 172.3 1784
A Fuel combustion total 1565 1655 164.0 1664 167.1 1692 1769 1650 1705 166.8 170.7 176.7
1 a Electricity and heat production ~ 40.3 41.6 433 432 448 445 458 451 479 446 490 519
1 bc  Other transformation 11.0 106 109 106 112 120 126 121 123 121 122 129
2 Industry: fuel combustion 336 329 331 316 323 334 342 294 332 327 297 302
Industry: feedstock emissions 83 9.8 9.4 8.3 8.7 9.2 8.8 9.5 9.2 9.6 100 10.0
3 Transport 29.1 292 304 309 312 322 326 331 338 348 352 356
4 a  Commercial/Institutional 59 103 94 106 10.1 8.6 9.1 7.6 7.7 6.7 79 8.8
4 b Residential 198 21.6 195 206 196 212 248 208 188 193 196 204
4 ¢ Agriculture/Forestry/Fisheries 8.4 8.5 8.5 8.8 8.8 8.1 89 7.5 7.5 7.1 7.1 7.0
5 Other 0.0 1.1 -04 1.7 0.6 0.0 0.1 0.0 0.0 0.0 0.0 0.0
B Fugitive fuel emissions 0.3 0.5 0.4 0.4 0.2 0.8 1.0 1.0 1.6 1.5 1.6 1.7
2 Crude oil and natural gas 0.3 0.5 0.4 0.4 0.2 0.8 1.0 1.0 1.6 1.5 1.6 1.7
CH,
1. All Energy (combustion and fugitive) 2132 223.8 199.0 1924 2022 207.0 2253 1859 1774 1775 164.7 168.9
A Fuel combustion total 344 357 359 344 337 367 370 294 308 331 337 346
1 Energy 33 32 3.8 34 3.7 49 5.7 3.0 44 6.0 6.0 6.3
2 Industry 29 35 49 32 2.6 5.1 1.8 1.0 1.7 3.0 33 34
3 Transport 79 6.9 6.7 6.4 6.1 6.0 55 52 5.0 48 44 42
4 a Commercial/Institutional 0.8 1.1 1.0 0.9 14 0.5 1.1 0.5 1.0 0.8 1.1 1.1
4 b Residential 168 183 168 177 170 174 198 172 162 159 171 17.1
4 ¢ Agriculture/Forestry/Fisheries 2.6 2.7 2.7 2.8 2.8 25 2.8 24 24 22 22 22
B Fugitive fuel emissions 178.8 188.1 163.1 158.0 168.5 1703 1883 1565 146.6 1443 131.0 1343
2 Crude oil and natural gas 178.8 188.1 163.1 158.0 168.5 1703 1883 1565 146.6 1443 131.0 1343
N0
1. All Energy (combustion and fugitive) 1.9 2.1 23 24 2.6 2.6 24 23 2.6 2.6 2.7 2.7
A Fuel combustion total 19 2.1 2.3 24 22 2.6 24 23 2.6 2.6 2.7 24
1 Energy 0.5 0.5 0.5 0.5 02 0.5 0.0 0.0 0.5 0.5 0.5 0.5
2 Industry 0.1 0.1 0.1 0.1 0.1 0.1 0.3 0.2 0.1 0.1 0.1 0.1
3 Transport 1.2 14 1.6 1.7 1.8 1.9 2.0 2.0 2.0 2.0 2.0 2.0
4 a Commercial/Institutional 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 b Residential 0.0 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
4 ¢ Agriculture/Forestry/Fisheries 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
B Fugitive fuel emissions 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 Crude oil and natural gas 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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The uncertainty in annual CO, emission estimates from fossil fuel combustion, which is related to
uncertainty in activity data (energy statistics) and emission factors for CO, (basically, the carbon
content of the fuels), is currently estimated to be about 3% (with order of magnitude-factor of 1.5).
This has been based on a set of assumptions for the uncertainty in sectoral activity data and emission
factors. The uncertainty in annual CO, emissions of stationary fuel combustion subsectors and road
transport is also estimated to be about 3 to 4%. The uncertainty is not well known for other sources, in
particular for feedstock use of oil products and for other mobile sources (see Section 1.7 for more de-
tails on individual assumptions). However, due to the minor share of these other sources, the uncer-
tainty in the overall annual total is estimated to be about 3%; the Tier 1 trend uncertainty in national
total CO, emissions has been calculated at +3% points.

For CH,; and N,O emissions from fuel combustion the uncertainty in annual emissions is esti-
mated to be of the order of 50%, except for other mobile combustion (i.e. non-road) for which the un-
certainty is estimated to be of the order of a factor of 2.

3.2.1 Energy industries (CRF category 1A1)

3.2.1.1 Source category description
This source category consists of the subsources ‘Public electricity and heat production’ (including
emissions from waste incineration), ‘Petroleum Refining’ and ‘Other energy industries’ — all exclud-
ing CO, from organic sources, i.e. from biomass combustion — which are all together a key source for
CO; emissions.

The share of CO, emission from the energy industries in the national total was 32% in 1990 and
36% in 2001. For CH4 and N,O emissions from the energy subsector the share is relatively small and
not considered a key source (7able 3.6).

Table 3.6. Emissions from energy industries (141) (CO; in Tg; others in Gg)

Gas/subsource 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
€0,

a. Public electricity and heat production 403 416 433 432 448 445 458 451 479 446 49.0 519
b. Petroleum refining 97 00 00 0.0 0.0 104 109 104 102 104 106 11.1
¢. Manufacture of solid fuels/other 1.3 106 109 106 112 16 1.7 1.7 20 1.7 17 1.8
CH,

a. Public electricity and heat production 05 29 34 30 34 07 12 12 09 31 30 3.1
b. Petroleum refining 03 00 00 00 00 06 08 03 01 01 03 03
¢. Manufacture of solid fuels/other 25 03 04 04 03 36 37 14 34 28 27 29
N,0

a. Public electricity and heat production 04 04 04 04 01 04 00 00 04 04 04 05
b. Petroleum refining 01 00 00 00 00 01 00 00 01 01 0.1 0.1
¢. Manufacture of solid fuels/other 00 01 01 01 01 00 00 00 00 00 0.0 00

3.2.1.2 Methodological issues

For fuel combustion in energy industries (1A1) a country-specific bottom-up (Tier2/Tier 3) method is
used for calculating the emissions. The method is based on the emission data of the large individual
point sources provided by the annual environmental reports of large companies and an additional es-
timation of the rest of the emissions based on the fuel consumption data per sector and country spe-
cific emission factors. A detailed description of the methodology of estimating the CO, emissions of
this key source is provided in Spakman et al. (2003). Since the CO, emissions from the energy indus-
tries are considered to be a key source (see Section 3.1), the present Tier 2/3 methodology does com-
ply with the /PCC Good Practice Guidance (IPCC, 2000).
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3.2.1.3 Uncertainty and time-series consistency
The uncertainty of this category is estimated to be 4% in annual emissions (see Section 1.7 for more
details).

The trend in emissions of CO, from the energy sector is summarised in Table 3.7. Between 1990
and 2001 total emissions increased by 26% from 51 to 65 Tg. A major part of this increase can be at-
tributed to the increase of the emissions from electricity production which corresponds with (a) a large
increase of the use of fossil fuel by power plants, (b) a shift from coal to natural gas, and (c) an in-
crease of the efficiency of power plants.

As can be seen from Table 3.7 the emissions of CO, increase up to 1998. In 1999 however the
emissions of public electricity and heat production are suddenly 5% lower than in 1998, while the
electricity consumption in the Netherlands in 1999 is 2% higher than in 1998 (7able 3.8). This is
caused by an enormous increase of imported electricity, which almost doubled compared with 1998,
and to a relatively large shift from coal to oil and natural gas in 1999 (see Figure 3.1). The higher im-
port corresponds with an emission of about 4 Tg CO,; the shift from coal to natural gas and oil with
about 1 Tg CO; in 1999. In 2001, the net import of electricity decreased but this was compensated by
the production from the public electricity sector, which increased with 10%. The total consumption of
electricity increased by about 3% and total emissions of electricity production by about 6%.

Table 3.7. CO; emissions from the energy industries 1990-2001 (Tg)

Source 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Public electricity and heat production 403 41.6 433 432 448 445 458 451 48.0 446 490 519
o.w. Liquid fuels 0.2 0.0 02 03 02 04 15 18
o.w. Solid fuels 21.8 22,1 21.8 240 266 220 0.1 216
o.w. Gaseous fuels 13.8 16.8 184 198 188 21.0 89 229
o.w. Other fuels/Unspecified emissions ” 0.4 57 54 10 23 11 385 56
Petroleum refining 9.7 IE IE IE IE 104 109 104 102 104 106 11.1
Other energy industries 1.3 106 109 106 112 16 1.7 1.7 20 17 17 18
Total 51.3 522 541 538 560 565 583 572 602 56.7 612 64.8

Note: To reflect the degree of completeness, only emissions reported in the CRF files have been included here.

Y The emissions not reported by fuel type have been summed and reported in the CRF under "Other fuels", as is total fuel
consumption associated with these unspecified emissions. This may explain the invisibility in this table of the increase of
liquid fuel emissions in 1999 observed in Figure 3.1.

In cases where CO, and related fossil fuel consumption were not reported per fuel type by individual
companies or when they did not properly match, fuel consumption and CO, emissions have been allo-
cated in the CRF Sectoral Background Tables under ‘Other fuels’. In Table 3.7, where these data are
presented for the energy sector, it clearly shows that for the public electricity and heat production
sector last years the fraction of unspecified fossil-fuel related CO, emissions is large thanks to the
problems mentioned above. Inspection of the refinery data reveals that the high-unallocated fractions
in recent years for the total energy sector also relate to refineries, of which all reported CO, emissions
since 1999 could not be associated with reported fossil fuel consumption.

Table 3.8. Gross production, import, export, and gross consumption of electricity 1990-2000 (1000 min kWh)
Source: CBS, 2001a and www.statline.cbs.nl.
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Gross production 719 744 772 769 79.7 81.0 852 86.7 91.0 86.7 894 942
Fossil fuel, non-CHP 56.1 583 59.0 568 57.7 568 56.7 582 584 513 526 624
Nuclear 3.5 3.3 3.8 3.9 4.0 4.0 4.2 2.4 3.8 3.8 3.9

CHP and other 123 128 144 162 180 203 244 259 287 315 329 319
Import 9.7 9.8 89 106 109 120 113 131 122 224 230 173
Export 0.5 0.6 0.2 0.3 0.3 0.6 0.7 0.5 0.4 4.0 4.0

Gross domestic use 81.1 8.5 89 873 902 924 958 992 1028 1051 1083 1115

Note: For 2001 and further years only the net import of electricity and the total production of power plants (fossil and nuclear
together) has been published by Statistics Netherlands.
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Figure 3.1. Shares of fuel use by power plants 1990-2000 (CBS, several years)
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Figure 3.2. Trend in CO, emissions from electric power generation 1990-2001

3.2.1.4 Source-specific QA/QC and verification

In the NIR 2002 the emissions with no or incomplete activity data were allocated to the category
‘Others’. The allocation of emissions of derived fuels and LPG to the categories liquid, solid and
gaseous fuels was done manually. Last year some flaws in the allocation of LPG were discovered; not
all LPG was allocated under liquid fuels. Therefore in this NIR the fuel split was improved, using a
standard query in the emission database. In this way we established a uniform fuel split (using the
same rules) for all years. This action led to shifts in the fuel allocation especially for liquids (due to
LPG) and solids (due to derived gases) compared to last submission (see also Section 10.1).
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3.2.2 Manufacturing industries and construction (CRF category 1A2)

3.2.2.1 Source category description

Source category 1A2 consists of the combustion emissions of six sub-sources: iron and steel, non-
ferrous metals, chemicals, pulp and paper, food processing and a category ‘others’ and includes all
(process) emissions from metal production, coke production and feedstock emissions.

CO, emissions from manufacturing industries (1A2) are a key source. In addition, industrial pro-
cess emissions of CO, from iron and steel industry and the CO, feedstock emissions of gas and oil are
key sources (see Box 3.1). The share of the emissions from manufacturing industries and construction
in the national CO, emission was 26% in 1990 and 22% in 2001. The share of the other greenhouse
gas emissions of this category is only very small (7able 3.9).

Table 3.9. Emissions from manufacturing industries and construction (142) (CO, in Tg; others in Gg)

Gas/subsource 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
€0,

a. Iron and steel " 63 NA NA NA NA 65 56 55 64 65 62 62
b. Non-ferrous metals 02 NA NA NA NA 03 03 02 03 03 02 02
¢. Chemicals 239 NA NA NA NA 247 254 233 246 245 220 224
d. Pulp, paper and print 1.6 NA NA NA NA 20 20 20 20 16 21 21
e. Food processing, beverages & tobacco 42 NA NA NA NA 45 48 32 44 46 42 43
f. Other 58 427 425 399 41.0 47 49 47 48 49 49 40
CH,

a. Iron and steel 06 NA NA NA NA 07 04 01 01 06 08 1.0
b. Non-ferrous metals 00 NA NA NA NA 00 01 00 00 00 00 0.0
c. Chemicals 1.0 NA NA NA NA 30 02 01 09 11 L1 1.1
d. Pulp, paper and Print 01 NA NA NA NA 03 02 01 00 02 02 02
e. Food processing, beverages & tobacco 05 NA NA NA NA 05 05 02 03 06 05 05
f. Other 06 35 49 32 26 05 04 04 03 05 05 05
N,0

a. Iron and steel 000 NA NA NA NA 00 00 00 00 00 0.0 0.0
b. Non-ferrous metals 00 NA NA NA NA 00 00 0.0 00 00 00 0.0
c. Chemicals 01 NA NA NA NA 01 03 02 01 00 0.1 0.1
d. Pulp, paper and print 000 NA NA NA NA 00 00 00 00 00 00 0.0
e. Food processing, beverages & tobacco 00 NA NA NA NA 00 00 00 00 00 0.0 0.0
f. Other 00 01 01 01 01 00 00 00 00 00 0.0 0.0

Y Including non-energy use of fuels e.g. as chemical feedstock.
Note: To reflect the degree of completeness, only emissions reported in the CRF files have been included here: NA = Not
Available (for 1991-1994 no break-up in sub-sectors has been made in the CRF files).

3.2.2.2 Methodological issues

For all emissions from manufacturing industries (1A2) a country-specific bottom-up (Tier 2/Tier 3)
method is used calculating the emissions, except for the CO, emissions from non-energy (feedstock)
use of fuels, for which effectively the IPCC Tier 1 method is used for calculating national total feed-
stock emissions. The method for fuel combustion is based on the emission data of the large individual
point sources provided by the annual environmental reports of large companies and an additional es-
timation of the rest of the emissions based on the fuel consumption data per sector and country spe-
cific emission factors. A detailed description of the methodology of estimating the CO, emissions of
these key sources is provided in Spakman et al. (2003).

Since the CO, combustion emissions from manufacturing industries are considered to be a key source
(see Section 3.1), the present Tier 2/3 methodology does comply with the IPCC Good Practice Guid-
ance (IPCC, 2000). The CO, emissions from non-energy/feedstock use of natural gas and of oil prod-
ucts are also considered to be key sources. The present use of the Tier 1 methodology for estimating
national total CO, emissions from these sources does not fully comply with the IPCC Good Practice
Guidance.
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3.2.2.3 Uncertainty and time-series consistency

The uncertainty of this category is estimated to be 3% in annual CO, emissions from combustion. The
uncertainty in feedstock-related CO, emissions is estimated at about 10% for non-energy use of gas
and coal and about 50% for feedstock use of oil products (see Section 1.7 for more details).

Between 1990 and 2001 the emission of CO, due to fossil fuel use by industry has decreased
from 41.9 to 40.2 Tg (-4%) (Table 3.10), which is dominated by the chemical industry. This includes
actual emissions of CO, from feedstock use of energy carriers of 8.3 and 9.5 Tg, respectively, which
appears to be the main cause of the 1 Tg increase in industrial fossil fuel emissions. As shown in 7a-
ble 3.10 and Table 3.12 the combustion emissions, also of other industrial sectors, remained fairly
constant in this period. In the 1990-2000 period according to national energy statistics between 14 and
19 Tg CO, is annually stored in oil products (7able 3.13). Although the growth of industrial produc-
tion in this period of 17% (in monetary units) emissions are decreased. The difference can be ex-
plained mainly by energy conservation. Between 1989 and 1999, the Netherlands’ industry has at-
tained an improvement of its energy efficiency of about 20%, which is equivalent with an energy con-
servation of 142 PJ (EZ, 2000) or about 8.5 Tg CO, emissions or more (depending on the fuel mix
assumed). In addition, we note that the trend in energy consumption in the industry, and thus in CO,
emissions, is influenced by the fraction of fuel used for privately owned cogeneration facilities.

Table 3.10. CO, emissions from fuel use in manufacturing industries and construction (142) (unit: Tg)

Subsector 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
a. Iron and steel ¥ 63 NA NA NA NA 65 56 55 64 65 62 62
b. Non-ferrous metals 02 NA NA NA NA 03 03 02 03 03 02 02
¢. Chemicals 239 NA NA NA NA 247 254 233 24.6 245 220 224

- Fuel combustion 155 NA NA NA NA 154 16.6 138 154 149 12.0 12.5

- Feedstocks (Tier 1) 83 98 94 83 87 92 88 95 92 96 10.0 10.0
d. Pulp, paper and print 1.6 NA NA NA NA 20 20 20 20 16 21 21
e. Food processing ? 42 NA NA NA NA 45 48 32 44 46 42 43
f. Other 5.8 427 425 399 410 47 49 47 48 49 49 49
Total 419 42.7 425 399 41.0 42.6 43.0 389 424 423 39.7 40.2

Yncluding non-energy use of fuels e.g. as chemical feedstock.
? Including beverages and tobacco.
Note: NA = Not Available (for 1991-1994 no break-up in sub-sectors has been made in the CREF files).

Trends in CO, emissions of industrial sectors
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—@— CO2 from non-ferrous metals
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Figure 3.3. Trend analysis of CO, emissions in industrial subsectors, excluding the chemical industry, 1990-
2001
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Trends in subsectors are presented in Figure 3.3, in which trends of CO, emissions are compared
to trends in underlying production data. It can be concluded that both trends appear to be rather
closely related with a few exceptions (iron and steel production in 1996 and 1997; food processing in
1997; paper production in 1999). These exceptions could be either caused by large annual stock
changes or by calculation errors. Further study has to disclose the exact nature of these discrepancies.

As mentioned in Section 3.2.1 in cases where CO, and related fossil fuel consumption were not
reported per fuel type by individual companies or when they did not properly match, fuel consumption
and CO, emissions have been allocated in the CRF Sectoral Background Tables under ‘Other fuels’.
In Table 3.11, where these data are presented for the total industry sector, it clearly shows that the
fraction of unspecified fossil-fuel related emissions was about 23% in 1990, but increased to about
50% in the year 1997. Inspection of the subsectoral data reveals that the high fractions in recent years
relate to the iron and steel industry, of which all CO, emissions are not related to fuel consumption
and to the chemical industry, where about 50% of reported CO, emissions was not or not properly as-
sociated with reported fossil fuel consumption. In 1990, these fractions were only 5% and 31%, re-
spectively.

Table 3.11. CO, emissions by fuel type in the manufacturing industries and construction (142) (unit: Tg)
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Total industrial combustion 419 42.7 425 399 41.0 426 43.0 389 424 423 39.7 402

o.w. Liquid fuels 78 NA NA NA NA 74 76 46 34 47 35 38
o.w. Solid fuels 61 NA NA NA NA 52 12 07 07 14 05 05
o.w. Gaseous fuels 183 NA NA NA NA 185 182 14.0 17.7 173 17.6 179
o.w. Other fuels ” 9.7 427 425 399 410 115 159 19.6 207 189 180 18.0
Fraction unspecified 23% 100% 100% 100% 100% 27% 37% 50% 49% 45% 45% 45%

Y Including unspecified emissions and incompatible fuel/emissions datasets.

Notes: To reflect the degree of completeness, only emissions reported in the CRF files have been included here: NA = Not
Available (for 1991-1994 no break-up in sub-sectors has been made in the CRF files).

Trends in CO, emissions from the chemical industry
Tg C02
25

—&— CO2 emissions from
combustion 1)

N ..o -- -0 - - Production index
5o chemical industry
(combustion)

——@— CO2 emissions from
total non-energy

15 /feedstock use 1)

- - -O- - - Production index
chemical industry
(feedstocks)

10 —0— CO2 from feedstock

use of natural gas

—+A— CO2 fromfeedstock
use of liquid fuels

—o—— CO2 fromfeedstock
use of solids

0 o= ‘ : ‘ ‘ ‘ ‘ ‘ ‘ —
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Figure 3.4. Trend analysis of CO; emissions in the chemical industry 1990-2001 (separate feedstock and com-
bustion emissions based on IPCC Tier 1 analysis of feedstock-related emissions included in the
sectoral total)
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The industry in the Netherlands has a relatively large petrochemical industry, which shows up in
actual CO, emissions associated with non-energy use of oil products and natural gas. For information
we show in Tables 3 .12 and 3.13 the CO, emitted and stored in feedstock products as included in the
IPCC Reference Approach calculation for CO,. We stress, however, that the amounts actually in-
cluded in the sectoral approach, which are to a large extent based on reports by individual companies,
may differ substantially. According to the Reference Approach calculation the feedstock emissions
can vary substantially from year to year.

In Figure 3.4 trends of CO, emissions trends in the chemical industry are presented from com-
bustion and non-energy use — derived using the IPCC Tier 1 analysis of feedstock-related emissions
included in the sectoral total — and compared with trends in production data. We can conclude that the
trends in feedstock emissions follow the production index rather closely, but that the trend in emis-
sions from fuel combustion, albeit showing a large interannual variation, is overall decreasing. This
suggests that also in the chemical industry energy conservation is a major factor in explaining the
trend in its CO, emissions. Note that, just as in Figure 3.3, 1997 combustion emissions show a sub-
stantial drop, which could be either caused by large sectoral changes or by calculation errors. Further
study has to disclose, here too, the exact nature of this discrepancy.

Table 3.12. Trend in CO; emitted by feedstock use of energy carriers according to the IPCC Reference Ap-
proach " (Gg)

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Liquids 2947 4207 3835 3065 3182 3344 3073 3425 3404 3796 4251 4251
Solids ? 569 416 417 372 383 386 433 417 408 449 414 435
Gaseous 4803 5144 5102 4866 5172 5510 5283 5667 5390 5345 5287 5287
Total 8319 9767 9353 8303 8737 9240 8789 9510 9203 9590 9952 9973
D" Using country-specific carbon storage factors.
2 Due to change in definition of feedstock and energetic use of coke and coal in iron and steel production, data

for 1999-2001 have been recalculated according to the old definition.

Table 3.13. Trend in CO, storage in feedstocks according to the default IPCC Reference Approach” (Gg)
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Liquid 13141 18776 16790 14265 14 536 13916 12563 14242 13 857 15801 17769 19 006
Solid Fuels 610 544 550 702 558 601 632 576 594 157 224 321
Gaseous 534 534 567 541 575 612 587 630 599 594 587 518
Total 14285 19855 17907 15508 15669 15129 13781 15448 15050 16552 18 580 19 845

Y Using country-specific carbon storage factors.

3.2.2.4 Source specific QA/QC and verification

In the NIR 2002 the emissions with no or incomplete activity data were allocated to the subcategory
‘Other fuels’. The allocation of emissions of derived fuels and LPG to the categories liquid, solid and
gaseous fossil fuels has been done manually. Last year some flaws in the allocation of LPG were dis-
covered; not all LPG was allocated under Liquid Fuels. Therefore in this NIR the fuel split was im-
proved, using a standard query in the emission database. In this way we established a uniform fuel
split (using the same rules) for all years. This action led to shifts in the fuel allocation especially for
liquids (due to LPG) and solids (due to derived gases) compared to last submission (see also Section
10.1).

3.2.3 Transport (CRF category 1A3)

3.2.3.1 Source category description

The transport sector comprises road traffic; mobile off-road equipment such as tractors, and road and
building construction equipment; rail transport; ships; and aircraft. The latter two can be separated
into domestic (inland) transport and international transport (bunkers). In addition, pipeline transport
(excluding natural gas) is also included in this sector. The transportation sector, dominated by road
transport, has some particular features that warrant special attention:
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e Allocation to transport or other sectors. This refers in particular to off-road mobile equipment;

e Allocation to domestic or international transport. This concerns shipping and aviation;

e Differences that may occur in road transport between fuel delivery statistics and fuel consumption
estimated from vehicle-km statistics (top-down vs. bottom-up).

The first two issues will be discussed here, whereas the comparison of road transport statistics will be

discussed in Section 3.2.3.4 on verification.

General trend

The greenhouse gas emissions from the transport sector are summarised in Table 3.7/4. Obviously,
CO, emissions from road transport are the dominant source here whereas also most nitrous oxide
emissions stem from this subcategory. From Box 3.2 it can be observed that all CO, emissions as well
as the N,O emissions from road transport are key sources.

Table 3.14. Trend of greenhouse gas emissions from the transport sector (unit: CO, in Tg; others in Gg)

Gas/subsource 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
(80}

a. Civil aviation 05 03 02 01 02 03 03 03 04 0.4 0.3 0.2
b. Road transportation 254 256 269 275 278 284 292 295 302 31.1 31.5 320
c. Railways 01 01 01 01 01 01 01 01 0.1 0.1 0.1 0.1
d. Navigation 09 08 10 10 08 09 08 08 038 0.8 1.0 1.0
e. Other transportation 23 23 23 22 23 24 23 23 23 2.4 2.3 2.3
CH,

a. Civil aviation 00 00 00 00 00 00 00 00 0.0 0.0 0.0 0.0
b. Road transportation 75 65 64 61 58 56 51 48 4.6 4.5 4.0 3.8
c. Railways 00 00 00 00 00 00 00 00 0.0 0.0 0.0 0.0
d. Navigation 00 00 00 00 00 00 00 0.0 0.0 0.0 0.0 0.0
e. Other transportation 03 03 03 03 03 03 03 03 03 0.3 0.3 0.3
N,0

a. Civil aviation 00 00 00 00 00 00 00 00 0.0 0.0 0.0 0.0
b. Road transportation 1.1 13 15 16 1.7 18 19 19 19 1.9 1.9 1.9
c. Railways 00 00 00 00 00 00 00 00 0.0 0.0 0.0 0.0
d. Navigation 00 00 00 00 00 00 00 0.0 0.0 0.0 0.0 0.0
e. Other transportation 01 01 01 01 01 01 01 0.1 0.1 0.1 0.1 0.1

By far the largest contributor to this sector is road transport, which accounted in 1990 for 87% (7able
3.15). Next are off-road vehicles, contributing about 8% in 1990. These off-road vehicles are used in
agriculture and for building and road construction. Since 1990 CO, emissions from total transport
have increased by 22%. This increase is predominantly caused by an increase in energy consumption
by road transport, of which fuel consumption increased by 25% in this period. In Table 3.18 fuel con-
sumption by road transport is presented, both for the IPCC approach which is based on fuel deliveries
and for the national approach which is based on transport statistics in terms of vehicle-km travelled.
While the share of gasoline has remained rather constant over the whole period, there has been a shift
from LPG to diesel fuel, effectively increasing the share of diesel in road transport fuel consumption
from 45% in 1990 to 54% in 2001 (Figure 3.5).

Table 3.15. CO, emissions from transport in 1990 and 2001, by transport mode (Tg)

Transport mode Emissions Sharein Emissions Share in Increase
1990 (Tg) 1990 2001 (Tg) 2001 2001/1990 (Tg)

b. Road transportation 254 87% 32.0 90% 6.6 26%
e. Other transportation (off-road) 2.3 8% 2.3 7% 0.1 2%
d. Domestic shipping 0.9 3% 1.0 3% 0.1 10%
a. Domestic aviation 0.5 2% 0.2 1% -0.3 -60%
c. Railways 0.1 0% 0.1 0% 0.0 26%
Total 29.1 35.6 6.5 22%
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We recall from Section 3.1 that the Netherlands has relatively very large bunker fuel consumption due
to its strategic position at the mouth of the Rhine and with Schiphol Airport as Western Europe’s larg-
est supply of aviation bunker fuels. To put this into perspective, the CO, emissions from international
bunkers are about 150% of total domestic transport emissions of CO,. This is equivalent to about 20%
of total national greenhouse gas emissions in 1990 and increasing to 26% for the current year. The
information presented in the CRF on the shares of international and domestic emissions in total ship-
ping and aviation is presented as trend table in 7able 3.28 (see also Table 2.3 in Chapter 2).

In Box 3.2 the key and non-key sources of the transport sector are presented based on level, trend
or both. All CO, sources are key sources. Of the non-CO, sources, only N,O from road transport is a
key source.

Box 3.2. Key source identification in the transport sector using the IPCC Tier 1 and 2 approach
(L = Level, T = Trend)

1A3b CO, Mobile combustion: road vehicles Key (L,T)
1A3d CO, Mobile combustion: domestic shipping Key (L2)
1A3a CO, Mobile combustion: domestic aircraft Key (T1)
1A3e CO, Mobile combustion: other Key (L)
1A3b CH, Mobile combustion: road vehicles Non-key
1A3e CH, Mobile combustion: other Non-key
1A3b N,O Mobile combustion: road vehicles Key (L2)
1A3e N,O Mobile combustion: other Non-key

Allocation of emissions

Road transport

For national policy purposes, air pollution from road transport is in general calculated from statistics
on vehicle-km. However, fuel consumption that is based on vehicle-km is smaller than the fuel con-
sumption as included in the energy sales statistics of the Netherlands. The Revised IPCC Guidelines
(IPCC, 1997) ask countries to report greenhouse gas emissions from combustion on the basis of fuel
consumption within the national territory. Thus, road traffic emissions of the direct greenhouse gases
CO,, CH,4 and N,O are calculated and reported according to these Guidelines (i.e. a correction is made
to convert emissions related to vehicle-km to emissions related to energy sales statistics). Emissions of
all other compounds, including ozone precursors and SO,, which are more directly involved in air
quality, are therefore calculated using traffic activity data (i.e. with fuel consumption figures that are
somewhat different from energy supply statistics; see Section 3.2.3.4 for more details).

Shipping

In the Netherlands, the national Emission Registration (ER) distinguishes between inland shipping
and international shipping, the former based on fuel sold within the Netherlands and the latter based
on fuel sold from so-called bunkers. In the Netherlands, most domestic commercial shipping activities
buy their fuel from marine bunkers and therefore their energy consumption is included under ‘Inter-
national bunkers’ an not in domestic consumption. International bunkers also include activities from
fisheries, which are at present all allocated to ‘Infernational bunkers’ but should be reported under
domestic source category 1A4c ‘Commercial/Institutional/Fisheries .

In addition, a small part of inland ships also consume 'Dutch' fuel in other countries, e.g. when
moving along international waterways, of which the emissions are excluded in the ER reports. It was
chosen to copy this minor correction for reports in the IPCC format (although the Guidelines want all
emissions from Dutch fuel to be allocated to the Netherlands). Conversely, international ships con-
sume a small part of their bunkered fuel in the Netherlands’ territorial waters. The corresponding non-
CO, emissions are include in the official Netherlands’ national inventory with emissions for all com-
pounds, called the national Pollutant Emission Register (PER) (see Table 3.16). These (bunker) emis-
sions are however excluded from National totals when reporting in the IPCC format. Therefore the
emissions for NOy, and SO, of the target group transport as reported in official Netherlands' invento-
ries, are higher than the emissions from the IPCC 143 ‘Transport’ category. For other compounds
however, this difference is rather small.
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Table 3.16. Allocation of non-CO, emissions from shipping and aircraft in domestic national inventories and
inventories submitted to the UNFCCC

Source/sector PER UNFCCC
Shipping emissions (non-CO,)
e National inventory o Inland shipping emissions: e |bidem

Corrected for fuel use abroad

e International e International shipping: e All shipping emissions according to
Only the small part emitted in territo- bunker fuel sales in the Netherlands
rial waters

Aircraft emissions (non-CQO,)

e National inventory e Emissions from LTO cycles at Schip- |  Ibidem:
hol Airport (other airports are ne- - not corrected for the large fraction of
glected) LTO cycles related to combustion of

bunkered fuel;
- not corrected for the small emissions
related to domestic cruise flights

e All international aircraft emissions
o International o Not recorded according to bunker fuel sales in the
Netherlands "

D Presently only reported for CO,, including emissions from national fisheries that should be reported under domestic source
category 1A4c ‘Commercial/Institutional/Fisheries’.

Air traffic

For calculating CO, emissions from domestic air transport domestic fuel sales figures for aircraft from
the Netherlands' Energy Statistics were used. This is different from the emissions recorded in the na-
tional Emissions Registration, which accounts only for aircraft emissions associated with the LTO
cycles of Schiphol Airport (other airports are neglected). Indeed, in the Netherlands by far the most
aircraft activities (>90%) are related to Schiphol Airport.

For the emissions of non-CO, greenhouse gases, the inventory of the national Pollutant Emission
Register (PER) is used (see Table 3.16). In the PER system, however, the emphasis is much more on
air quality and therefore on local emissions. A good estimate of relevant emissions is the LTO emis-
sions at Schiphol Airport (Amsterdam), i.e. LTO cycles at other airports are neglected. On the other
hand, the main part of these LTO cycles concern the combustion of bunkered fuel, which should be
reported - according to the Guidelines - as international emissions. In this report, no attempt was made
to estimate specific emissions related to all domestic flights (including cruise emissions of these
flights), since these emissions are almost negligible anyway.

Off-road mobile sources
This category comprises agricultural machinery such as tractors, road and building construction ma-
chinery. Emissions of these sources are reported under category /43e: ‘Other Transport’.

Description of road transport (CRF 1A3b)

CO; emissions

The share of road transport in national CO, emissions was 16% in 1990 and 18% in 2001. By far the
largest contributor to this source category are passenger cars, which accounted in 1990 for 64%. Next
are trucks contributing about 22% in 1990. CO, emissions from road transport have increased by 26%
in the period 1990-2001. This increase is predominantly caused by an increase in energy consumption
by passenger cars and vans. Energy use by passenger cars increased by 20% and energy use by vans
more than doubled in this period 1990-2001. While the share of gasoline in fuel sales to road vehicles
has remained rather constant over the whole period, there has been a shift from LPG to diesel fuel,
effectively increasing the share of diesel in road transport fuel sales from 45% in 1990 to 54% in 2001
(Figure 3.5).
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Figure 3.5. Shares of gasoline, diesel and LPG in fuel sales to road transport 1990 and 2001

Methane emissions
CH, emissions from road transport were calculated using mass fractions of total VOC from Veldt and
Van der Most (1993). The mass fraction is dependent on fuel type and whether a petrol-fuelled vehicle
is equipped with a catalyst or not. Petrol-fuelled vehicles equipped with a catalyst emit more CH, per
unit of VOC than vehicles without a catalyst. In absolute terms, however, passenger cars with cata-
lysts emit far less CH, than passenger cars without catalyst. Diesel-fuelled vehicles emit less CHy4 per
unit of total VOC than petrol-fuelled vehicles without catalyst.

Total CH4 emissions by road transport reduced by almost 50% between 1990 and 2001: 7.5 to 3.9
Gg (Table 3.14). In 2001 passenger cars were accountable for 65 to 70% of these CH, emissions. This
reduction is related to the reduction of total VOC emissions, which was the result of European emis-
sion legislation for new road vehicles: total combustion and fugitive VOC emissions by road transport
decreased by approximately 50% in the 1990-2001 period. This reduction was mainly the result of the
penetration of catalyst-equipped cars into the passenger car fleet.

Nitrous oxide emissions

N,O emissions from road transport increased from 1.1 Tg in 1990 to 1.9 Tg in 1999 and remained

more or less constant between 1999 en 2001. The increasing trend up to 1999 could be expected from

the increase in vehicles kilometres and from the increasing share of gasoline cars equipped with a

catalytic converter, which have a much higher emission factor than cars without this emission control

technology (7able 3.17). The fact that N,O emissions from transport maintained constant between

1999 and 2001, despite the increase in vehicle kilometres, can be explained from a mix of develop-

ments:

e subsequent generations of catalytic converters (the second was introduced in 1996) appear to
have lower N,O emission factors (Gense and Vermeulen, 2002);

e the share of diesel cars in road passenger transport, which are assumed to have a lower emission
factor than catalyst-equipped gasoline cars, has increased over the last few years.

These trends have been summarised in Table 3.4. Both the decreasing emission factor for catalyst

equipped cars as well as the increasing share of diesel cars with relatively low N,O emission factors

cause the overall emission factor for N,O from road transport to maintain constant between 1999 and

2001. This has been visualised in Figures 3.6 and 3.7.

Description of domestic shipping (water-borne navigation) (CRF 1A3d)

The share of domestic water-borne navigation in national CO, emissions was less than 1% in both
1990 and 2001. The share of inland shipping in transport CO, emissions was around 3% in 1990 and
2001. Emissions in 2001 were about 1 Tg, almost equal to emissions in 1990.
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Table 3.17. Trend in N,O emission factors for passenger cars 1990-2001
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
A. N,O emission factors (mg/km)
Gasoline total 9 11 13 14 15 17 17 16 16 15 14 13
0.w. gasoline without cat. 5 5 5 5 5 5 5 5 5 5 5 5
o0.w. gasoline with cat. 26 25 25 25 25 25 23 21 20 18 16 15
Share of cars with cat. 22%  32% 41% 47% 53% 59% 64% 69% 73% 76% 81% 83%
Diesel 5 5 5 5 5 5 6 6 7 8 8 9
LPG 10 13 15 16 18 20 20 19 19 18 17 16
ALL FUELS 9 10 12 13 14 15 15 14 14 14 13 12
B. Share of fuels in passenger car km
Gasoline 63% 64% 66% 68% 67% 68% 69% 68% 67% 67% 66% 65%
Diesel 21% 20% 19% 19% 19% 20% 20% 20% 23% 24% 26% 27%
LPG 16% 16% 15% 14% 13% 13% 11% 11% 10% 9% 8% 8%
N20-emission passenger — — — - gasoline with catalyst N20 emission passenger — — LPG
car fleet (gasoline) gasoline TOTAL car fleet (all fuels) gasoline TOTAL
T R LT gasoline w ithout catalyst 9 = = = =diesel
9 S~ N 8 —_—
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8 S~ 7 / -~
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Figure 3.6. Trend in emission factors for N,O from

gasoline passenger cars in the Nether-
lands 1990-2001 due to increasing
shares of cars equipped with a catalytic

converter

Figure 3.7. Trend in emission factors for N,O from

passenger cars

in the Netherlands

1990-2001 by fuel type

Description of domestic aviation (CRF 1A3a)

The share of domestic aviation in national CO, emissions was less than 1% in both 1990 and 2001.
Domestic aviation consists of domestic civil aviation between Dutch airports, of civil aviation from
and to the same airport and of military aviation from Dutch military airports. Domestic aviation in the
Netherlands emitted 0.5 Tg CO, in 1990 and 0.2 Tg in 2001.

Description of other transportation (CRF 1A3e)

The share of other transport, being mobile machinery and diesel rail transport, in national CO, emis-
sions was around 1.5% in both 1990 and 2001. CO, emissions of this source category remained almost

constant since 1990.

The share of non-road transport — including domestic water-borne navigation and domestic avia-
tion — in total CH4 and N,O emissions by transport is between 5 and 10%. Total N;O emissions by this
source category amounted around 0.1 Tg in 1990 and remained almost constant since 1990.
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3.2.3.2 Methodological issues
A detailed description of the methodology and data sources used to calculate transport emissions can
be found in Klein et al. (2002).

Road transport (CRF 1A3b)

For CO, emissions from road transport IPCC Tier 2 methodologies are used. CO, emissions are cal-
culated using Netherlands data on fuel sales to road transport from Statistics Netherlands (CBS) and
country-specific emission factors, which are reported in Spakman et al. (2003).

For CH,4 emissions from road transport IPCC Tier 3 methodologies are used. VOC emissions by
road transport are calculated using data on vehicle kilometres from Statistics Netherlands and VOC
emission factors from the Netherlands Organisation for Applied Scientific Research (TNO). For every
road transport sub-category the calculation methodology distinguishes between several vehicle char-
acteristics like age, fuel type and weight. Besides the methodology distinguishes between three road
types and takes cold starts into account.

For N,O emissions from road transport a country-specific methodology is used, which is equiva-
lent to the IPCC Tier 3 methodology. We calculated N,O emission combining fuel deliveries with en-
ergy-specific emission factors. Fuel deliveries are obtained from Statistics Netherlands. The emission
factors for passenger cars and light vehicles using gasoline or LPG are based on country-specific data
(Gense and Vermeulen, 2002). Emission factors for diesel light duty vehicles, heavy-duty vehicles,
motor cycles and mopeds are equal to IPCC defaults. However, recent research by TNO concluded
that heavy duty diesel engines without exhaust gas after-treatment emit less than 10 mg/km N,O, in-
stead of the IPCC default suggesting an emission factor of 30 mg/km (Riemersma et al., 2003). From
2005 new heavy duty diesel engines will need exhaust after-treatment systems like SCR-deNO; (Se-
lective Catalytic Converters) or EGR (Exhaust Gas Recirculation) combined with a CRT (Continuous
Regeneration Trap) to be able to meet the Euro4 emission limits. Euro4 and Euro5 heavy-duty diesel
vehicles will probably emit about 50 mg N,O per kilometre (Riemersma et al., 2003). This informa-
tion will be used for the next National Inventory Report.

Since the CO, and N,O emissions from road transport are considered to be key sources (see Sec-
tion 3.1), the present Tier 2 and Tier 3 methodologies do comply with the /PCC Good Practice Guid-
ance (IPCC, 2000). CH, emissions from road transport are not a key source.

Domestic shipping (water-borne navigation) (CRF 1A3d)

CO, emissions from domestic shipping are based on fuel deliveries to water-borne navigation in the
Netherlands and country-specific emission factors, which are reported in Spakman et al. (2003). De-
liveries of fuel to internal navigation are excluded from this calculation, which is not in accordance
with IPCC Good Practice. This is because in the Netherlands also domestic commercial inland ships
are allowed to make use of bunker fuels. Also for national fisheries this is the case, but these emis-
sions should be reported under another subcategory (1A4c, ‘Commercial/Institutional/Fisheries’). The
result is an underestimation of fuel use and CO, emissions by domestic water-borne navigation. See
For more information on the international transport emissions is provided in Section 3.2.8.

Since the CO, emissions are considered to be a key source (see Section 3.1), the present Tier 2
methodology level does comply with the IPCC Good Practice Guidance (IPCC, 2000).

Domestic aviation (CRF 1A3a)

CO, emissions of domestic aviation are based on fuel deliveries to domestic aviation in the Nether-
lands and country specific emission factors, which are reported in Spakman et al. (2001). Deliveries of
bunkers to international aviation are excluded from this calculation. Fuel use by domestic civil avia-
tion in the Netherlands is around 0.5 PJ (Brok et al., 2000) whereas total fuel deliveries to domestic
aviation were about 7 PJ in 1990 and 3 PJ in 2001. From this one may conclude that military aviation
must have a major share in CO, emissions by domestic aviation. This conclusion is supported by the
fact that according to the Netherlands’ Ministry of Defence in 2000 the Dutch military airforce used
around 5 PJ of kerosene. However, it is unknown to what extent fuel sold for domestic purposes is
used for international aviation and vice versa. Besides, it is uncertain whether the fuel deliveries to the
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military air force are indeed included in the fuel deliveries to domestic aviation. See Section 3.2.8 for
more information on the international transport (bunker) emissions.

Since the CO, emissions are considered to be a key source (see Section 3.1), the present Tier 2
methodology level does comply with the IPCC Good Practice Guidance (IPCC, 2000).

Other transportation (CRF 1A3e)

Information on fuel use by mobile machinery in the Netherlands is obtained via the Agricultural Eco-
nomics Institute (LEI) and data on fuel use by diesel trains via Dutch Railways. These fuel use data
are combined with country-specific emission factors for CO,, which are reported in Spakman et al.
(2003). Since the CO, emissions are considered to be a key source (see Section 3.1), the present Tier 2
methodology level does comply with the IPCC Good Practice Guidance (IPCC, 2000).

For CH; and N,O emissions from other mobile combustion (i.e. non-road) IPCC Tier 1 method-
ologies are used. Activity data on fuel deliveries were used from Statistics Netherlands (CBS). For
CH,, the emission factors are based on total VOC emission factors (g/GJ) from the literature (Klein et
al., 2002) and the mass fraction of CH, in total VOC from Veldt and Van der Most (1993). For N,O,
the emission factors are equal to the [PCC defaults.

3.2.3.3 Uncertainty and time-series consistency

Road transport (CRF 1A3b)

The uncertainty in CO, emissions from road transport is estimated to be 3% in annual emissions. The
trend shows an increase by 26%, which is mainly caused by the increase in passenger car use and the
use of vans and the fact that both passenger cars and vans have not become significantly more energy
efficient between 1990 and 1999. The commitment of the European, Korean and Japanese car manu-
facturers is to sell new cars in de European Union in 2008 emitting on average 25% less CO, per
kilometre than in 1995. This has probably led to a slight decrease in average fuel use per kilometre
driven in the last two of three years. However, this cannot be proven because data on car use became
more and more uncertain since 1999. In 1999 Statistics Netherlands cancelled the annual passenger
car use questionnaire which supplied data on car use and fuel efficiency per fuel type.

The uncertainty in CH, emissions from road transport is estimated to be about 50% in annual
emissions. Data on the share of CHy in VOC are based on information in Veldt and Van der Most
(1993) and have not been validated since. Possibly the mass fraction of CH,4 has changed due to for
example recent changes in the aromatic content of road transport fuels or due to improvements in ex-
haust after-treatment technology.

The uncertainty in N,O emissions from road transport is estimated to be 50% in annual emis-
sions. Current emissions of heavy-duty diesel vehicles are probably overestimated, but for the whole
period 1990-2001 the overestimation only slightly affects the emission trend.

Other modes of transport (shipping, aviation, other) (CRF 1A3d, a and e)

The uncertainty in CO, emissions from domestic aviation and from other transport is presently esti-
mated to be about 50% in annual emissions; for domestic shipping the estimate is much higher, e.g. of
the order of 100% due to the exclusion of commercial inland shipping. However, we observed that
fuel deliveries to domestic aviation show large interannual variations in the period 1990-2001 (be-
tween 3 and 7 PJ), and no clear trend can be distinguished. One explanation could be a variation in the
number of military operations, but information on this subject is kept confidential.

The uncertainty in CH, and N,O emissions from non-road transport is estimated to be of the or-
der of 100% in annual emissions. Data on the share of CH, in total VOC are based on information in
Veldt and Van der Most (1993) and have not been validated since.
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Table 3.18. Fuel consumption by road transport 1990-2001: fuel deliveries versus fuel consumption based on
road transport statistics (PJ)

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2001/1990
A. deliveries
Gasoline 152.0 1524 1583 167.2 169.8 175.1 177.1 176.5 178.2 180.7 176.0 180.4 19%
Diesel 159.1 163.2 1749 176.4 180.4 183.8 192.8 1984 207.0 219.9 232.5 237.1 49%
LPG 41.0 39.8 39.0 372 353 341 335 333 328 29.1 256 235 -43%
Total 352.1 3554 372.2 380.8 385.5 393.0 403.4 408.2 418.0 429.6 434.1 441.0 25%
B. consumption
Gasoline 149.6 153.3 161.5 1664 172.6 1749 1789 180.3 179.5 187.0 190.5 190.7 27%
Diesel 1399 1454 152.2 149.3 154.6 160.2 1644 171.2 186.3 2009 212.0 220.3 57%
LPG 356 36.1 341 306 309 295 260 266 245 238 226 21.6 -39%
Total 325.2 334.8 347.8 346.3 358.1 364.6 369.3 378.0 390.3 411.8 425.1 432.6 33%
Difference
[(B-A)/A]
Gasoline 2% 1% 2% 0% 2% 0% 1% 2% 1% 3% 8% 5%
Diesel -14% -12% -15% -18% -17% -15% -17% -16% -11% -9% -10% -8%
LPG -15% -10% -14% -21% -14% -16% -29% -25% -34% -22% -13% -9%
Total -8% -6% -7% -10% -8% -8% -9% -8% -7% -4% 2% -2%
Annual difference in National approach compared to IPCC approach
10%
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Figure 3.8. Annual differences per fuel type between fuel consumption (PJ) according to the national approach
(based on vehicle-km statistics) and the IPCC approach (based on fuel deliveries to fuelling stati-
ons)

3.2.3.4 Verification of road transport: vehicle-km approach versus IPCC approach

In Table 3.18 fuel consumption by road transport is presented, both for the IPCC approach which is
based on fuel deliveries and for the national approach which is based on transport statistics in terms of
vehicle-km travelled. From this table it can be concluded that there is a difference in fuel consumption
inferred from transport statistics and from supply statistics of deliveries to fuelling stations of about 5-
10% (bottom line of the table). This difference is not so much caused by gasoline, which shows only
differences up to +8, with an average of around 2%, but rather by diesel and LPG figures, which differ
annually up to  -30%, with an average of about -13 and -19% for diesel and LPG, respectively (Fig-
ure 3.4). These differences can be explained to some extent, e.g. by fuel bought at both sides of the
Netherlands' borders but consumed at the other side (Van Amstel et al., 2000a), but not completely.
Another explanation is the bad representation of company cars — which drive most kilometres per year
(mostly using diesel or LPG) — in the passenger car questionnaire resulting in an underestimation of
passenger car use. As illustrated in Figure 3.8, per fuel type the annual differences have more or less
the same sign for the whole period. The discrepancy between total road fuel consumption and fuel
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deliveries tends to decrease in the last five years. It can be concluded that by and large, both methods
show similar trends in fuel consumption by fuel type over the last 10 years.

3.2.3.5 Source-specific planned improvements

The exclusion of domestic commercial ships in the emission calculation of domestic water-borne
navigation results in an underestimation of fuel use and emissions by domestic water-borne naviga-
tion. The same holds for national fisheries, which are presently included in the international bunker
emissions instead of in domestic source category 1A4c ‘Commercial/Institutional/Fisheries’. Also, at
present no non-CO, emissions are being calculated for international transport. In 2003 actions have
been started to revise and to expand this calculation, respectively, to get in accordance with /PCC
Good Practice.

3.2.4 Other sectors (CRF category 1A4)

3.2.4.1 Source category description
Source category 1A4 ‘Other sectors’ comprises the following sub-sources:

e cnergy use by commercial and institutional services (1A4a)
e residential energy use (1A4b)
e cnergy use by agriculture (mainly greenhouses), forestry and fisheries (1A4c).

Only stationary emissions are included in this source category. Emissions from mobile machinery are
located in the transport category ‘Other transportation’ (off road vehicles, 1A3e). Also, emissions by
national fisheries are not reported here (under 1A4c), but are reported under ‘International bunkers’.
By far most energy is used for room and water heating; some energy is used for cooling. The major
fuel used in these sectors is natural gas.

Table 3.19. Trend of greenhouse gas emissions from the ‘Other sectors’ (unit: CO, in Tg; others in Gg)

Gas/subsource 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
€O,

a. Commercial/Institutional 59 103 94 106 101 86 9.1 76 77 67 79 88
b. Residential 19.8 21.6 195 206 196 212 248 20.8 18.8 19.3 19.6 204
c. Agriculture/Forestry/Fisheries 84 85 85 88 88 81 89 75 75 7.1 7.1 7.0
CH,

a. Commercial/Institutional 08 1.1 1.0 09 14 05 1.1 05 1.0 08 1.0 1.1
b. Residential 16.8 183 16.8 17.7 17.0 174 19.8 172 162 159 16.5 17.1
c. Agriculture/Forestry/Fisheries 2.6 2.7 27 28 28 25 28 24 24 22 22 22
N0

a. Commercial/Institutional 00 00 00 00 00 00 00 00 00 0.0 00 0.0
b. Residential 01 01 01 01 01 01 01 01 00 0.0 0.1 0.1

c. Agriculture/Forestry/Fisheries 0.0 00 00 0.0 00 00 0.0 00 00 0.0 0.0 0.0

The greenhouse gas emissions from the ‘Other sectors’ are summarised in Table 3.79. Obviously,
CO, emissions from fuel combustion are the dominant source here whereas most methane emissions
stem from the residential sector. The residential sector is also the largest subcategory of the three for
CO, emissions. As can be observed from the temperature correction data presented in Section 3.1.1, in
particular this source category is quite sensitive to weather conditions since the largest part of the fuel
use in these sectors is for space heating. Also from 7able 3.19 we can observe that the emissions from
the ‘Other sectors’ tend to vary considerably across years due to the variation of the winter weather
over time requiring more or less space heating. However, we also need to recall that consistency over
time of fuel combustion emissions for the years 1991-1994 is limited due to revision of the energy
balances for other years in order to eliminate the statistical differences between apparent consumption
and the sum of sectoral energy consumption. This did affect all source categories and thus may cause
some inconsistencies in the time series (see previous NIR 2002 for more details on sectoral conse-
quences in CO, emissions; Olivier et al., 2002).
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Nevertheless, from the table it can be observed that CO, emissions from the service sectors in-
creased substantially over time (+50%), while emissions from the agriculture decreased by about 17%
since 1990. The CO, emissions from the residential sector remain almost constant — apart from the
fluctuations caused by weather variation. When looking at the trend of methane and nitrous oxide
emissions, which primarily originate from the residential sector, it shows that these are fairly constant
over time, except for some anomalies for methane for specific years.

Box 3.3. Sub-sources of ‘Other sectors’ and identification as key source or non-key source (IPCC method 2)
(L = Level, T = Trend)

1A4 CO, Emissions from stationary combustion : Other Sectors Key (L,T1)

1A CH; Emissions from stationary combustion: non-CO, Key (L2)

1A N,O Emissions from stationary combustion: non-CO, Non-key

In Box 3.3 the key and non-key sources of the ‘Other sectors’ are presented based on level, trend or
both. Total CO, emissions of the ‘Other sectors’ is a key source and since CO, sources larger than
1.5 Mton are level-key sources (see Section 1.7), all three subcategories are key sources. In addition,
total CH4 emissions collectively from all combustion sources are a key source. Since methane from
fuel combustion is predominantly stemming from gas losses from cooking in the residential sector
(1A4b), which are also higher in this source category due to biofuel combustion, this key source
should actually be attributed to the residential sector only (1A4Db).

The share of CO, emissions of the ‘Other sectors’ in the national CO,-eq. total was about 16% in
1990 and in 2001, with the residential sector alone having a share of 9%; the shares of CH4 and N,O
in the national total is very small (both about 0.5%).

3.2.4.2 Methodological issues

For calculation of greenhouse gas emissions country-specific methodologies are used, which are
equivalent to the [PCC 1A4 Tier 1 method. The emission factors are based on country-specific data.
Since the emissions are considered to be a key source for CO, (see Section 3.1), the present methodol-
ogy complies with the IPCC Good Practice Guidance (IPCC, 2000). For a brief description of the
methodology and data sources used see Annex 2.1. A full description of the methodology is provided
in Spakman et al. (2003).

3.2.4.3 Uncertainty and time-series consistency

Please note that the energy consumption data for the total category /44 ‘Other sectors’ is much more
accurate than the data for the three subsectors. In particular energy consumption by the commercial
and - to a lesser extent - the agricultural subsectors are less accurate monitored than the residential
sector. So trend conclusions for these subcategories should be treated with some caution. The uncer-
tainty of this category is estimated to be 3% in annual emissions of CO,; the uncertainty in CH, and
N,O emissions is estimated to be much higher (about 50% and 100%, respectively) (see Section 1.7
for more details). However, we stress that in the uncertainty estimate for the fuel consumption data the
same figure of 3% is used as for other stationary combustion sources (energy and industry sectors). In
practice, it is likely that the uncertainty of statistics for the ‘Other sectors’ is higher due to the residual
character of the data for this sector: consumption per fuel type is the remainder of total national supply
after subtraction of amount used in the energy, industry and transport sectors. Subsequently, energy
consumption by the residential and agricultural sectors is estimated separately by trend analysis of
sectoral data (so-called BAK and BEK datasets of annual surveys of the residential sector and LEI
data for agriculture). Again, the remainder of total consumption by the ‘Other sectors’ is assumed to
be the energy consumption by the commercial and non-commercial service sectors.

From this process, it is clear that in practice the uncertainty in energy statistics for these three
subsectors will likely be higher than 3%, in particular for the service sectors. Here we also have to
recall that the consistency over time of fuel data for the years 1991-1994 is limited. In fact, the
changes in the energy consumption data due to the revision of the energy balances for other years in
order to eliminate the statistical differences may serve as an indication of the generic data quality of
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the ‘final’ data for 1990 to 2000. In Zable 3.20 we show the effect of these revisions on CO, emis-
sions, as presented in the previous NIR. If these changes are indeed indicative for the data quality,
then the uncertainty in the uncertainty in total CO, emissions from this source category is about 7%,
with uncertainty of the composite parts of 3% for the residential sector, 15% for the agricultural sector
and 20% for the service sector. This indeed confirms the general conclusion that the uncertainty for
this source category is higher than presently used in the overall uncertainty assessment; in particular
for the service sector the uncertainty could be quite high, up to 20% or so. This should be taken into
account when drawing conclusions about the emission trends in this source category.

Table 3.20. Effect of recalculation of CO, emissions due to the revision of the energy balances to eliminate sta-
tistical differences (Tg)

Source category 1990 1995 1996 1997 1998 1999 Changes
up to (%)
1A4a Commercial/Institutional new 6.4 9.2 9.0 7.6 7.7 6.6
1A4a Commercial/Institutional old 7.1 94 10.9 8.6 9.2 8.5
144a Commercial/Institutional diff- -0.7 -0.2 -1.9 -1.0 -1.5 -1.8 20%
1A4b Residential new 19.8 212 248 208 188 193
1A4b Residential old 19.8 206 24.0 20.1 19.1 19.1
144b  Residential diff- 0.0 0.6 0.8 0.6 -0.3 0.2 3%
1A4c Agriculture/Forestry/Fisheries  new 8.4 8.1 8.9 7.5 7.5 7.1
1A4c Agriculture/Forestry/Fisheries  old 7.4 8.9 10.3 7.7 7.5 7.8
144c  Agriculture/Forestry/Fisheries  diff. 1.0 -0.8 -1.4 -0.2 0.0 -0.7 15%
1A4  Total Other sectors new 346 385 427 359 34 33
1A4  Total Other sectors old 343 389 452 364 358 354
144 Total Other sectors diff. 0.3 -0.4 -2.5 -0.5 -1.8 -2.4 7%

Source: NIR 2002 (Olivier et al., 2002)

Time series consistency

Keeping the qualification of the uncertainty in emissions in mind, we now look at the consistency of
the emission trends. The 1990-2001 trend of CO, emissions shows an increase of 2 Tg or 6%. The
main contributor to this increase was the service sector with an increase of about 3 Tg, which is
equivalent to about 50%. Half of this increase was compensated by a 17% decrease in the agricultural
sector. Methane emissions follow similar trends.

To be able to analyse the effect over time of the trend in anthropogenic activities and imple-
mented policies, a temperature correction term has been calculated for all CO, emissions from gas
combustion that tries to filter out the interannual changes due to variation of weather. Resulting emis-
sions trends for the ‘Other sectors’ with this correction incorporated are presented in 7able 3.21. This
method is discussed in more detail in Section 3.1.1, where also the time series with the CO, correction
terms is presented. This temperature correction method aims at compensating for anomalous mild or
cold years by using heating-degree days as input for the calculation. As will be presented in the next
section, this correction is to be considered as a proxy for the weather influence, since it is a simple
method and space heating behaviour of the public will be influenced by more factors than only the
average outside temperature.

Table 3.21. Temperature-corrected CO, emissions from Other sectors (144) (in Tg)

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Residential sector 228 21.8 215 212 212 224 228 219 204 216 219 214
Commercial/Institutional 6.9 104 103 109 109 92 8.1 8.1 84 77 89 98
Agriculture and forestry 9.8 85 93 9.0 95 86 8.0 80 82 80 80 73
Total 39.5 40.7 411 41.0 41.7 402 389 38.0 37.0 373 388 385
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Figure 3.9. Trend analysis of CO, emissions from the ‘Other sectors’ (144): residential (top);, commer-
cial/institutional services (middle); agriculture (bottom)
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In Figure 3.9 the actual trend data for CO,; of the three subsectors are compared with temperature

corrected emissions and basic activity indicator trends of the residential, service and agricultural sec-
tors. From these graphs we can draw the following conclusions:

3-26

The temperature correction is indeed a proxy for the weather influence, since it shows that al-
though the largest interannual variation is removed by the correction, the resulting time series is
still not very smooth. This is in particular not the case for the residential sector, where the pri-
mary data quality is assumed to be rather good. The year 1996 clearly shows as a particular cold
year, whereas other years are relatively warm (see Section 3.1.1 for details).

In the residential sector CO, emissions increased by 3% since 1990, but taking into account a
temperature correction, the structural, anthropogenic trend shows a decrease of 6% in this period.
This can be compared with the number of households that increased by 13% since 1990. The
number of residential dwellings increased similarly by 14% in the period 1990-2000 (data for
2001 are not available yet), but their energy use has decreased by 4% over this period. This de-
crease is mainly due to improved insulation of dwellings and increased efficiency of heating ap-
paratus (increased use of high-efficient boilers for central heating). In 2001 this decrease contin-
ued.

In the commercial and institutional service sector CO, emissions increased by about 50% since
1990, but taking into account a temperature correction, the structural, anthropogenic trend shows
a somewhat lower increase of 40% in this period. The much higher emissions in the 1991-1994
period, both without and with temperature correction, may be a consequence of the generic un-
certainty in this particular source category as discussed above combined with an artefact for these
years due to not revision of the energy balances for these years. Therefore the emission trend pre-
sented here should be considered as not very robust.

The commercial and institutional sector has grown strongly during this period: the amount of
manpower (in man-years) increased by 32% in the period 1990-2000, while their energy con-
sumption increased by 28% in this period. This increase is roughly compatible with the structural
increase of about 40% of the emissions. As can be seen from 7ables 3.19 and 3.20 the prelimi-
nary estimate for 2001 shows a considerable extra increase for this sector of about 10% (about
1 Mton), but the trend indicator data do not confirm this.

In the agricultural sector CO, emissions decreased by 17% since 1990, but taking into account a
temperature correction, the structural, anthropogenic trend shows a decrease of even 25% in this
period. This is mainly due to energy conservation measures in the greenhouse horticulture, which
account for approximately 85% of the primary energy use of the agricultural sector. Space heat-
ing and artificial lighting are the dominant uses here. This sector has improved its energy effi-
ciency in the past decade significantly (Van Harmelen et al., 2000). The total area of heated
greenhouses increased by 8% since 1990 and now occupies over 95% of the total area of green-
houses. In particular cultivation of flowers and plants showed a large in areas of 15%. Thus we
may conclude that heated greenhouses have reduced their energy consumption, although their
surface area increased by 8%, and physical production only decreased by 5% over this period
(LEI/CBS, 2002).

We should note, however, that included in the CO, emissions from the agricultural sector is fuel
consumption for privately owned co-generation facilities, which may also provide electricity to
the public grid.
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3.2.5 Others (CRF category 1A5)

3.2.5.1 Source category description

There are two methods to collect information on the national energy use. One method is the national
energy consumption, which is the sum of indigenous production plus import minus export minus bun-
kers plus/minus stock change. The other method is a bottom-up sum of all sectoral energy demands. In
theory both methods should result in the same value, but as statistical observations are never 100%
accurate, in practice there is often a (small) difference between the two methods. The fuel use related
tot these statistical differences was included in the national inventory reports as a source of CO,, since
it is assumed that the associated fuel use is real and not accounted for in individual end use sectors.
Usually, the statistical differences between supply and demand was smaller than 2%, but became
much larger in the second half of the 1990’s. Therefore the Energy Statistics Division of Statistics
Netherlands (CBS) started a project to eliminate this statistical difference which resulted in 2001 in a
total revision of the national energy balances for all years from 1990 onwards, except for 1991-1994.
So, no more CO, emissions related to statistical differences are reported in the inventory other then for
the years 1991-1994 (Table 3.22).

At present, there are no plans to revise the energy balances for the years 1991-1994 to eliminate
the statistical differences since the CO, emissions related to the statistical differences for these years
are relatively small compared to more recent years. Furthermore, revision of the energy balances of
these years is expected to be much more difficult than the revisions made due to a major change in the
sector classification in the Dutch statistics since 1993.

Table 3.22. CO, emissions from statistical differences 1991-1994

Fuel type 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
A. Energy (PJ)

Coal 0 -4 9 -9

Oil 25 15 26 24

Natural gas -14 20 -20 -8

B. CO, emissions (Tg)

Coal 0.0 -04 0.8 -0.8

Oil 1.8 1.1 1.9 1.8

Natural gas -08 -1.1 -1.1 -04

Total 0.0 1.0 -04 1.6 0.5 0.0 00 0.0 0.0 0.0 0.0 0.0

Source: CBS, 1990-1999 (NEH/Energy Monitor).

3.2.6 Comparison of the Sectoral Approach with the Reference Ap-

proach
The IPCC Reference Approach (RA) for CO, from energy use uses apparent consumption data per
fuel type to estimate CO, emissions from fossil fuel use. This can be used as a means of verification of
the sectoral total CO, emissions from fuel combustion (IPCC, 2000). As a result of improved quality
assurance an error in the (automatic) calculation of the CO, emissions in the Reference Approach was
detected. These error corrections resulted in differences of up to 2% compared to last year’s calcula-
tion. More details on the calculation and the recalculation differences can be found in Annex 4.

In Table 3.23 the results of the Reference Approach calculation are presented for 1990-2001 and
compared with the official national total emissions reported as fuel combustion (source category 1A).
The annual difference varies between -1.6% for 1992 and +4.2% for 1997 with an average of 0.4%.
Presently, the difference in 1990 is 2%. The 1990-2001 trend differs by 3%-point: 13% for the Na-
tional Approach (NA) (= sum of sectoral emissions in source category 1A) and 10% for the Reference
Approach. The Reference Approach (based on national energy balance data) shows an 12% increase
in emissions from liquid fuels and 16% increase from gaseous fuels; CO, emissions from solid fuels
decreased in this period by 3%.
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Table 3.23. Comparison of CO; emissions: Reference Approach (RA) versus National Approach (Tg)
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001"

Reference Approach

Liquid fuels 523 514 524 535 543 546 554 549 554 563 56.6 584
Solid fuels 347 321 313 328 332 359 344 336 341 304 319 337
Gaseous fuels 725 802 777 80.1 779 79.6 889 835 829 80.6 81.7 839
Total RA 159.6 163.7 161.4 166.4 165.3 170.1 178.7 172.0 172.4 167.3 170.1 175.9
National Approach  156.5 165.5 164.0 166.4 167.1 169.2 176.9 165.0 170.5 166.8 170.7 176.7
Difference 20% -1.1% -1.6% 0.0% -1.1% 05% 10% 4.2% 12% 0.3% -0.3% -0.5%

Y Preliminary data.

We stress that the results of the IPCC Reference Approach are for the Netherlands rather sensi-
tive for the carbon content of crude oil input figures due to the relatively high amounts of crude oil
refined and oil products exported. However, the general picture of NA/RA comparison results after
the recalculation does not change substantially, although the largest differences found last year in the
base year 1990 and in 1997 still increased somewhat. In general there are several reasons for differ-
ences in the two approaches, some are country-specific other are inherent to the comparison method
itself (see Annex 4).

Specific reasons that cause the large discrepancy of 4% in 1997 can not be given. However, we
do note the relative weakness of the data collection from large companies since 1996 as discussed in
Section 1.2 and the large revision in the energy statistics, in particular for 1997 described in the previ-
ous NIR (Olivier ef al., 2002).

3.2.7 Feedstocks and non-energy use of fuels

3.2.7.1 Source category description

Emissions from the use of feedstocks are all allocated under categories 1A2 ‘Manufacturing Industry
and Construction’. Most feedstocks are used in the iron and steel industry and the chemical industry.
The feedstocks of oil and gas are considered a key source for CO, emissions. The share of CO, emis-
sions in the national total was 5% in 1990 and 6% in 2001 (see Table 3.24).

A fraction of energy carriers is stored in such products as plastics or asphalt. The non-stored
fraction of the carbon in the energy carrier or product is oxidised, resulting in carbon dioxide emis-
sions, either during the use of the energy carriers in the industrial production (e.g. fertiliser produc-
tion), or during the use of the products (e.g. solvents, lubricants), or in both (e.g. monomers).

Table 3.24. Allocation of CO, from Non-energy use of energy carriers (in Tg) (according to CRF documentation
box)

Allocation 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Total; of which: 141 1.8 32 3.0 3.1 139 195 233 228 235 21.7 21.7
- Industrial processes " and 119 00 00 00 0.0 11.1 16.6 204 199 203 18.0 18.0

waste combustion 2
- Chemical feedstocks [1A2c] 2.1 1.8 32 30 31 28 30 28 28 32 37 37

Y The Netherlands reports this still under fuel combustion by manufacturing industries (1A2).
2 The Netherlands reports this under fuel combustion by the energy sector (1A1a).

3.2.7.2 Methodological issues

For the emissions of feedstocks country-specific methodologies are used with country-specific emis-
sion factors (see Annex 2.1). A full description of the methodology is provided in Spakman et al.
(2003).
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3.2.7.3 Uncertainty and time-series consistency

The uncertainty of CO, emissions from non-energy use of natural gas and coal (products) is estimated
to be about 10% of annual emissions. The uncertainty of CO, emissions from use as chemical feed-
stock of oil products is estimated to be 50% in annual emissions (see Section 1.7 for more details).

The industry in the Netherlands has a relatively large petrochemical industry, which shows up in
actual CO, emissions associated with non-energy use of oil products and natural gas. For information
we show in Tables 3 .25 and 3.26 the CO, emitted and stored in feedstock products as included in the
IPCC Reference Approach calculation for CO,. We stress, however, that the amounts actually in-
cluded in the sectoral approach, which are to a large extent based on reports by individual companies,
may differ substantially. According to the Reference Approach calculation the feedstock emissions
can vary substantially from year to year.

Between 1990 and 2001 the emission of CO, due to fossil fuel use by industry has decreased
from 41.9 to 40.2 Tg (-4%) (Table 3.7), which is dominated by the chemical industry. This includes
actual emissions of CO, from feedstock use of energy carriers of 8.3 and 9.9 Tg, respectively (Table
3.26).

Table 3.25. Trend in CO; emitted by feedstock use of energy carriers according to the IPCC Reference Ap-
proach* (Gg)
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Liquids 2947 4207 3835 3065 3182 3344 3073 3425 3404 3796 4251 4251
Solids** 569 416 417 372 383 386 433 417 408 449 414 435
Gaseous 4803 5144 5102 4866 5172 5510 5283 5667 5390 5345 5287 5287
Total 8319 9767 9353 8303 8737 9240 8789 9510 9203 9590 9952 9973

* Using country-specific carbon storage factors.

** Due to change in definition of feedstock and energetic use of coke and coal in iron and steel production, data for 1994 and
1999-2001 have been recalculated according to the old definition.

Table 3.26. Trend in CO, storage in feedstocks according to the default IPCC Reference Approach* (Gg)
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Liquid 13 141 18776 16790 14 265 14 536 13916 12563 14242 13 857 15801 17769 19 006
Solid fuels 610 544 550 702 558 601 632 576 594 157 224 321
Gaseous 534 534 567 541 575 612 587 630 599 594 587 518
Total 14285 19855 17907 15508 15669 15129 13781 15448 15050 16 552 18 580 19 845

* Using country-specific carbon storage factors.

3.2.8 International bunker fuels

3.2.8.1 Source category description

In Table 3.27 both energy consumption and CO, emissions from international air transport and inter-
national shipping are presented per fuel type. In 2001, bunker emissions of CO, have increased by
about 17.7 Tg or 45% compared to 1990. In particular international aviation has shown a very high
growth of about 120%, whereas international shipping increased by 35%. Due to the much higher
growth of international air traffic its share in international bunker emissions increased from about 11%
in 1990 to about 17% in 2001.

3.2.8.2 Methodological issues

Marine bunker sales include fuel deliveries to professional domestic inland shipping. Besides, bunker
sales include fuel deliveries to deep-see fishing boats whereas the Revised IPCC Guidelines prescribe
that emissions from combustion of fuels delivered to both domestic inland shipping and fishing boats
have to be considered as national emissions. In a subsequent submission this incompliance will be
eliminated. At present a few per cent of total marine and aviation emissions of CO, are reported as
domestic and included in national total greenhouse gas emissions (7able 3.28). At present no non-CO,
emissions have been reported because of a lack of country-specific emission factors.
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Table 3.27. International bunkers: energy consumption (PJ) and related CO; emissions (Tg) 1990-2001

Source 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Energy consumption
Marine bunkers 463 476 478 495 474 478 488 518 522 539 571 625
- heavy fuel oil 370 396 398 411 386 377 393 429 429 448 475 524
- gasoline 89 80 80 84 88 97 90 84 88 86 88 94
- lubricant 4 ND ND ND ND 4 5 5 5 5 6 7
Aviation Bunkers 61 68 81 89 92 105 113 122 133 138 138 138
- jetfuel (kerosene) 61 68 81 89 92 105 113 122 133 138 138 135
- aviation gasoline IE IE IE IE IE IE IE IE IE IE IE IE
Total Bunkers 524 544 559 584 566 586 601 639 655 677 707 763
Emissions
Marine bunkers 353 363 365 37.8 361 366 372 395 398 41.1 434 47.6
- heavy fuel oil 28.5 30.5 30.7 31.7 297 29.0 303 33.0 33.0 345 36.6 403
- gasoline 6.5 5.8 5.9 6.1 6.4 7.1 6.6 6.1 6.4 6.3 6.4 6.8
- lubricant 03 ND ND ND ND 0.3 0.4 0.4 0.4 0.4 0.4 0.5
Aviation Bunkers 4.5 5.0 5.8 6.5 6.7 77 83 8.9 9.7 10.0 10.0 9.8
- jetfuel (kerosene) 4.5 5.0 5.8 6.5 6.7 7.7 83 8.9 9.7 10.0 10.0 9.8
- aviation gasoline IE IE IE IE IE IE IE IE IE IE IE IE
Total Bunkers 39.7 413 423 443 428 443 455 484 495 512 535 574

Source: CBS, 1990-2001 (NEH/Energy Monitor, Table 1.1; revised data).
N.B. Aviation gasoline is included under jetfuel; ND = No Data.

Table 3.28. Allocation of marine and aviation fuel consumption: domestic vs. international (from CRF Docu-
mentation box)

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Marine fuel consumption:

- Domestic 3% 2% 3% 3% 2% 3% 2% 2% 2% 2% 2% 2%
- International 97% 98% 97% 97% 98% 97% 98% 98% 98% 98% 98% 98%
Aviation fuel consumption:

- Domestic 10% 6% 3% 2% 3% 4% 3% 3% 4% 4% 3% 2%
- International 90% 94% 97% 98% 97% 96% 97% 97% 96% 96% 97% 98%

3.2.8.3 Uncertainty and time-series consistency
The uncertainty of CO, emissions from international bunkers is estimated to be about 2% in annual
emissions (Boonekamp et al., 2001).

3.2.8.4 Source-specific planned improvements

The inclusion of commercial ships with national destinations and national fishing boats in bunker fuel
use and international bunker emissions results in an overestimation of international transport emis-
sions. In 2003 actions have been started to correct the calculation for these two sources to get in ac-
cordance with IPCC Good Practice.

Also, at present no non-CO, emissions are being calculated for international transport. A recent
study on CH, and N,O factors for international shipping showed that the [IPCC default values may be
outdated (Denier van der Gon et al., 2002). However, since the main purpose of reporting interna-
tional bunker emissions is to get a complete picture of total anthropogenic emissions, it has been de-
cided to use the IPCC default values to estimate these emissions. The results of this calculation will be
included in the next NIR.
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3.3 Fugitive emissions from solid fuels, oil and natural gas
|CRF category 1B]

3.3.1 Source category description

Fugitive emissions in this source category are from the production of oil and gas, the transmission and
distribution of gas and from oil refining (7able 3.29). Methane emissions from gas production and
from gas distribution are key sources according to Box 3.4. Emissions from oil production and refin-
eries have been identified as non-key sources.

In the Netherlands there are no fugitive emissions from solid fuels because no coal mining and
handling activities [1B1] take place anymore since the last mine closed in the early 1970’s. In addi-
tion, we recall that emissions from coke production are included in fuel combustion emissions from
the iron and steel industry (1A2a), since these are reported in an integrated and aggregated way (see
Section 3.2.2).

Table 3.29 Fugitive emissions from oil and gas (CO, in Tg; others in Gg)
Gas/subsource 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

(80}

a. Oil 0.2 0.0 0.0 0.0 0.0 0.7 0.7 0.7 1.3 1.4 1.4 1.5
b. Natural gas 0.1 0.0 0.0 0.0 0.0 0.2 0.3 0.3 0.3 0.1 0.2 0.2
c. Venting 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
d. Other 0.0 0.5 0.4 0.4 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CH,

a. Oil 0.3 0.0 0.0 0.0 0.0 0.2 0.2 0.3 0.3 0.3 0.0 0.0
b. Natural gas 178.5 0.0 0.0 0.0 0.0 170.1 188.1 156.1 146.3 144.0 130.9 1343
c. Venting 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
d. Other 0.0 188.1 163.1 158.0 168.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
N0

a. Oil

b. Natural gas

c. Venting

d. Other 0.4

Box 3.4. Key source identification in the fugitive emissions sector using the IPCC Tier 1 and 2 approach
(L = Level, T = Trend)

1B2 CO, Misc. CO,, of which 2/3 part in 1B2 Non-Key

1Bl CH, Coal mining Not Occurring
IBI all Coke production Included in 1A2
1B2 CH, Fugitive emissions from oil and gas: gas production Key (L,T1)
1B2 CH, Fugitive emissions from oil and gas: gas distribution Key (L,T1)
1B2 CH, Fugitive emissions from oil and gas operations: other Non-key

Fugitive emissions from oil and natural gas [1B2]
The CO, emissions from category 1B2 comprise non-combustion emissions from refineries, flaring
and venting emissions from oil and gas production and compressor emissions from gas transport and
distribution networks. The increasing trend is due to a large increase in non-combustion emissions as
reported by refineries, which have by far the largest share in this subcategory. However, this does not
necessarily correspond with a large rise in CO, emissions since the separation between combustion
and process emissions as officially reported by refineries varies substantially over time.

The fugitive emissions are mostly CH, emissions that originate from production, transmission
and distribution of natural gas. Production and distribution of gas are specified as key sources for the
emission of CH, The share of these sources in the CH, emissions of the national greenhouse gas is
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about 1-2% in the period 1990-2001. For the other emissions these categories have a small share in the
national total and are no key-sources.

Only for 1994 some N,O emissions are reported here. This will probably be due to an incorrect
source allocation or some other error in the ER-I emissions.

3.3.2 Methodological issues

For the emission estimation of fugitive CH, emissions from oil and gas, country-specific top-down
emission estimates comparable with the [IPCC Tier 1 method are used. The emission factors for CHy
from gas flaring and venting are country-specific, mean values from a study that combined available
literature data and a few measurements. The present method does not fully comply with the /PCC
Good Practice Guidance; the data for production of oil and gas can not be divided into the IPCC cate-
gories exploring, production/processing, venting and flaring. Thus, only totals for the production of oil
and gas are available which are presented in the CRF under the category 1B2b ‘Production/processing
of gas’. A full description of the methodology is provided in Spakman et al. (2003).

The present Tier 1 method for gas distribution reflects interannual changes in domestic gas con-
sumption — due to its use as activity data — which are not real variations in gas leakage emissions.
Since CH, emissions from gas production and gas distribution are considered to be key sources (see
Box 3.4), the present Tier 1 methodology does not comply with the IPCC Good Practice Guidance
(IPCC, 2000). Note that CO, emissions from fugitive sources are not a key source.

Fugitive emissions from refineries in category 1B2 are provided by the annual environmental re-
ports of the Dutch companies. However, as mentioned above, the separation between combustion and
process emissions as reported by refineries varies substantially over time.

3.3.3 Uncertainty and time-series consistency of fugitive emissions

The uncertainty in annual CO, emissions from this source category is estimated to be about 50%. The
uncertainty in methane emissions from gas production and gas distribution is estimated to be 25% and
50% in annual emissions, respectively (see Section 1.7 for more details).

The emission trends are summarised in 7able 3.30. As discussed above, the strong increase in non-
combustion emissions from refineries are probably due to inconsistent reported splits in combustion
and non-combustion emissions from refineries. In the period 1990-2001 the estimated emission of
CH, decreased from 179 to 134 Gg per year (-25%).

Table 3.30. CH, emissions of production of oil and gas and the transmission and distribution of gas 1990-2001

(Gg).
Source category 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Production/processing 100 101 90 86 102 95 104 87 81 82 70 69
Transmission 6 7 7 7 6 6 7 5 4 4 3 4
Distribution 73 81 75 78 69 70 78 65 62 59 58 61
Total 179 189 172 171 177 170 188 156 146 144 131 134

Note: For 1991-1994 these data differ from the figures in the CRF files, which are old, original submissions to the emission
registration system for these reporting years. The CH, emissions in the CRF reported in the CRF for subcategory 1B are
listed in Table 3.29 and include refineries reported under 1B2d ‘Other’.

Table 3.31. Activity data of production, transmission and distribution of oil and natural gas, 1990-2001
(source: EZ, 2002, Gasunie, 2001 and 2002)

Source Unit 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Oil production ~ mlnm’ 3.99 3.67 321 3.01 4.02 321 265 148 203 189 171 163
Gas production ~ PJ 2292 2608 2628 2659 2482 2478 2839 2590 2529 2280 2144 2287
Gas transmission PJ 2292 2608 2652 2738 2598 2630 2968 2660 2527 2385 2310 2560
Gas distribution  PJ 657 759 731 784 717 757 879 762 763 725 715 756
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Table 3.32. Development of the natural gas distribution pipeline network (in 1000 km) (from CRF documenta-
tion box)

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Length of network 99.3 101.1 103.1 105.0 107.7 108.3 109.9 111.6 113.6 116.1 117.5 120.0

This substantial emission reduction is not the result of a decrease in activity data: both amounts
of gas distribution and gas transmission increased, while gas production decreased only slightly, al-
though there was a movement towards more offshore production of gas and less onshore production
(Table 3.31). Emission reductions are mainly the result of the implementation of cost-effective meas-
ures to prevent venting of natural gas during production (NOGEPA, 1996, 1999; NAM, 1999a,
1999b). These measures have been applied in accordance with the Netherlands Emission Directives
for the production of natural gas and oil (NER, 1996).

The gas leakage from distribution networks is assumed to decrease because of the gradual re-
placement of old cast iron pipes by modern materials. Table 3.32 shows the trend in the total length of
the gas distribution network. In Figure 3.10 the trends of the production and transmission of natural
gas and related CH4 emissions are shown (including emissions from oil). The peak emissions in 1996
are due to the relatively cold winter, in which the amount of gas consumption and production was
much higher than in other years.

Production, transmission and distribution of gas and related CH, emissions

Index (1990=100)
60

140

Q.
RO = RN
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—a— CH4 from production/processing

20 +— —=— CH4 from transmission

—@— CH4 from distribution

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Figure 3.10. Trends in production, transmission and distribution of natural gas and oil and related CH, emis-
sions in the period 1990-2001

3.3.4 Source-specific planned improvements

As of 2003, al oil and gas production companies operating in the Netherlands will submit a annual
environmental report (MJV) with a detailed format for reporting of greenhouse gas emissions. The
rationale of this new inventory structure of company data is to collect enough detailed information to
be able to produce a bottom up (Tier 3) emission inventory of this source category for recent years,
that can be reported in the next NIR.
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4. INDUSTRIAL PROCESSES [CREF sector 2]

4.1 Overview of sector

This sector comprises all non-combustion emissions from manufacturing industry activities including
construction and all emissions from the use of the F-gases HFCs, PFCs and SF; (thus including use in
other sectors). Non-combustion emissions from the energy sector are reported under IPCC category
1B ‘Fugitive emissions’ with the exception of CO, from flue gas desulphurisation which we report
under category 2G. The sector Industrial Processes consists of the following subsectors:

Mineral products (2A)

Chemical industry (2B)

Metal production (2C)

Other production (i.e. Pulp & paper and Food & drinks) (2D)
Production of halocarbons and SF4 (2E)

Consumption of halocarbons and SF¢ (2F)

Other industrial (2G).

The trends in greenhouse gas emissions from industrial processes are summarised in Table 4./. No
greenhouse gas emissions are reported for the ‘Other production’ subsector (2D). Also no CO, emis-
sions are reported for the chemical industry (2B) because all feedstock emissions are reported in the
energy sector (1A2). Essentially the same holds for metal production (2C), of which CO, from the use
of coke as reducing agent is also reported in the energy sector (see Section 3.2.2). In addition, no
methane emissions from metal production are reported.

HFC and PFC emissions from the use of these compounds have increased substantially over time,
as a result of substitution for traditional (H)CFCs and halons. The Netherlands has a few industries
where F-gases are used or produced as by-product:

e HFC-23 is emitted at one HCFC-22 production facility;

e PFCs are emitted by two primary aluminium smelters;

e PFCs (and SFy) are used at one semiconductor manufacture location;

e SF is used at one production facility of Gas Insulated Switchgear (GIS).

In addition, there are other, more diffuse, industries and service sectors where F-gases are used. Total
F-gas emissions have been strongly reduced due to a substantial reduction of by-product emissions: an
afterburner was installed at the HCFC-23 production plant in 1998 and the switch from side feed to
point feed technology at one of the two aluminium smelters in 1998.

Box 4.1 Key source identification for category 2 (industrial processes) using the IPCC Tier 1 and 2 approach
(L = Level, T = Trend)

2A CO, Emissions from cement production Non-key

2G CO, Other industrial: CO, Non-key

2A CO, Emissions from lime consumption Non-key

2B CO, Chemical industry: feedstock use / non-energy use Included in 1A2
2C CO, Metal production: steel production; aluminium production Included in 1A2
2G CH, Other industrial: CHy Non-key

2B N,O Emissions from nitric acid production Key (L,T1)

2B N,O Other: N,O Non-key

2C F-gas PFC emissions from aluminium production Key (L,T1)

2E F-gas HFC-23 emissions from HCFC-22 manufacture Key (T)

2E F-gas HFC by-product emissions from HFC manufacture Non-key

2F F-gas Emissions from ODS substitutes: HFC Key (T1,L2)
2F F-gas PFC emissions from PFC use Non-key

2F F-gas SF¢ emissions from SF; use Key (L2)
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We recall that for 1991-1994 no recalculations or allocation improvements have been made in
past years for most source categories that are based on individual company reports (the part of the na-
tional pollutant emission register called ‘ER-I") (see Section 1.2). As a consequence, consistency over
time of CO, and CH, emissions at subcategory level is limited. These areas have been indicated
shaded (in yellow colour) in the table, where most subcategory emissions are reported under ‘Other’
(2G).

In Box 4.1 specific sources in this category are listed and characterised as key or non-key source.
The N,O emission from nitric acid production is a major key source, both in terms of level and trend.
Its share of N;O emissions in the national greenhouse gas total is presently 2.4% (and 2.9% in the base
year 1990). Of the F-gases, both by-product sources and the use of HFCs and of SF¢ are identified as
key sources.

Table 4.1. Trend in greenhouse gas emissions from industrial processes (category 2) (CO;, in Tg; CH,; and N,O
in Gg; F-gases in 1000 kg)

Gas/subcategory 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
(60}
2A. Mineral products 11 1.1 07 11 11 1.1 09 1.1 10 1.0 09 09
2B. Chemical industry - - - - - - - - - - - -
2C. Metal production 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00
2D. Other production - - - - - - - -
2G. Other 06 04 06 02 04 03 08 07 03 03 03 03
CH,
2A. Mineral products 02 00 00 00 00 01 01 01 01 01 0.1 o0.1
2B. Chemical industry 30 00 00 00 00 25 52 25 22 25 14 13
2C. Metal production - - - - - - - - - - - -
2D. Other production " - - - - - - - - - -
2G. Other 00 35 37 49 53 00 01 01 01 00 00 0.0
N,0
2B. Chemical industry 244 247 249 267 255 243 242 242 241 23.1 23.0 212
B2. Nitric acid production 204 20.7 209 227 21.5 203 202 202 20.1 19.1 19.0 17.2
B3. Adipic acid production NO NO NO NO NO NO NO NO NO NO NO NO
BS. Other 40 40 40 40 40 40 40 40 40 40 40 40
HFCs
2E. By-product HCFC-22 prod
HFC-23 379 295 378 423 537 492 589 573 666 294 207 38
2F. From Use
HFC-23 0 0 0 0 0 0 0 0 0 0 0 0
HFC-32 0 0 0 0 0 2 0 3 1 0 1 12
HFC-125 0 0 0 0 0 4 9 16 36 46 62 719
HFC-134a 0 0 18 12 93 181 435 687 710 746 629 492
HFC-152a 0 0 10 29 24 18 25 0 0 0 22 7
HFC-143a 0 0 0 3 6 2 35 13 36 37 78 46
HFC unspecified 0 0 0 7 20 1 21 204 136 74 55 30
PFCs
2C. By-product aluminium prod
CF, 301 301 258 260 228 223 247 261 195 154 160 155
C,Fs 48 48 41 41 38 38 39 40 39 35 38 34
2F. From use
PFC unspecified 4 5 5 6 7 8 9 11 12 14 16 16
SFs
2F. From use
SFs 8 4 4 5 6 12 12 13 12 11 11 12

Y Pulp & paper and Food & drinks.
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In the next sections a description of these subcategories and their source categories will be given, per
main category, except for the minor sources listed in Table 4.1:

CH, emissions from mineral products (2A) (only 0.1 Gg);

CH, emissions from the chemical industry (2B) (only about 2 Gg);
CO, emissions from metal production (2C) (only 0.02 Tg or smaller);
CH, emissions from other industries (2G) (about 5 Gg).

4.2  Mineral products (2A)

4.2.1 Source category description

The subsector ‘Mineral products’ (2A) consists of the sources specified as non-key source in Box 4. 1.
Its share of CO, emissions in the national greenhouse gas total was 0.6% in 1990 and 0.5% in the last
reported year.

4.2.2 Methodological issues
For both source categories for CO, country-specific methodologies are used. The CO, emissions from
the source category ‘Cement clinker production’ are based on (measured) data reported by producing
companies. We note that CO, emissions from cement production are correlated to clinker production,
not cement production. The Netherlands import a large fraction of the cement clinker used for cement
production, so comparison with emission factors based on cement production would give a wrong
picture.

Since the emissions are considered to be no key source for CO,, the present level of methodology
does comply with the /PCC Good Practice Guidance (IPCC, 2000). A full description of the method-
ology is provided in Spakman ef al. (2003).

4.2.3 Uncertainties and time-series consistency
The uncertainty in CO, emissions from cement production is estimated to be about 10% in annual
emissions (see Section 1.7 for more details).

Table 4.2 provides an overview of the trend in CO, emissions from the subcategories cement
clinker production and lime use. The emissions remained rather constant in this period, because no
measures were taken to control these emissions.

Table 4.2. Emissions of CO,from mineral products (24) 1990-2001 (Tg)

Subsource 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

2A1. Cement clinker production 04 04 04 04 04 03 03 04 04 05 04 04
2Ax. Lime use for mineral prod- 0.7 0.7 03 07 0.7 08 06 07 06 05 05 05
ucts

Total 11 11 07 11 11 11 09 11 1.0 1.0 09 09

4.3 Chemical industry (2B)

4.3.1 Source category description

The subsector ‘Chemical industry’ (2B) consists of the sources specified as key or non-key source in
Box 4.1. Its share of N,O emissions in the national N,O total was 47% in 1990 and 40% at present
(2.4% in the national greenhouse gas total). The most important industrial non-combustion process in
the Netherlands with associated N,O emissions is nitric acid production; no adipic acid manufacture
occurs in the Netherlands. However, in the Netherlands some other industrial process sources of N,O
were identified and included in this subsector (caprolactam production, others).
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We recall that all CO, emissions due to non-energy use are reported under category 1A ‘Fuel
combustion’, subsector 1A2c¢ ‘Chemical industry’.

4.3.2 Methodological issues
For source category ‘Nitric acid production’ the IPCC Tier 2 method for N,O is used. The emission
factors are based on plant specific measured data. Since the emissions are considered to be a key
source for N,O, the present methodology does comply with the IPCC Good Practice Guidance (IPCC,
2000). A full description of the methodology is provided in Spakman et al. (2003). The N,O emission
from the ‘Other chemical industry’ (mainly caprolactam) is based on data reported by the manufac-
turing industry. These data are also included in the Netherlands’ Pollutant Emission Register (PER).
Since the CO, emissions from non-energy/feedstock use of fuels by the chemical industry are
included in subsector 1A2a, no methodological tier assessment for CO, emissions is applicable here.

4.3.3 Uncertainties and time-series consistency

The uncertainty in N,O emissions from nitric acid production is estimated to be about 50% in annual
emissions (see Section 1.7 for more details). This estimate was made before recalculation was made
based on measurement data instead of using the default IPCC emission factor.

In Table 4.3 an overview is presented of the trend in N>O emissions from the chemical industry
in the period 1990-2001. The emissions remained rather constant in the 1990-2000 period because no
measures were taken to control these emissions. The reduction of 8% in 2001 compared to 2000 was
realised by a technical measure applied at one of the nitric acid plants.

Table 4.3. N>O emissions from chemical industry processes (2B) 1990-2001 (Gg N,O)
Source 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

2B2. Nitric acid production 204 207 209 227 215 203 202 202 20.1 19.1 19.0 17.2
2B5. Other chemical industry 4.0 4.0 40 40 40 40 40 40 40 40 40 4.0
Total 244 24.7 249 26.7 355 243 242 242 24.1 23.1 23.0 21.2

4.3.4 Source-specific recalculation

Last year a recalculation was made for the years 1990, 1995 and 1998-1999, which were the years that
have been updated in the PER 2002 dataset. This year for 1991-1994 and 1996-1997 a similar recal-
culation has been made. Only emissions data have been published, the underlying activity data and
emission factors are confidential. Table 4.4 provides an overview of the effect of the recalculation on
the level and trend of the N,O emissions.

Table 4.4. Effects of recalculation of N,O emissions from nitric acid production 1990-1999 (in Gg)

Submission 1990* 1991 1992 1993 1994 1995* 1996 1997  1998*  1999*
NIR 2003 20.4 20.7 20.9 22.7 21.5 203 20.0 20.2 20.1 19.1
NIR 2002 20.4 28.3 26.4 26.0 27.6 203 277 31.0 20.1 19.1
Difference 0.0 7.6 5.5 3.3 6.1 0.0 7.7 10.8 0.0 0.0

* Last year emissions for 1990, 1995, 1998 and 1999 have been recalculated.

4.4  Metal production (2C)

4.4.1 Source category description

The subsector ‘Metal production’ (2C) consists of the source categories specified as key or non-key
source in Box 4.1. The CO, emission from steel production is included in 1A2a. The share of PFC
emissions from primary aluminium production in the national total of F-gases was 34% in 1990 and
47% (0.6% in the national total greenhouse gas emissions) in the last reported year.
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We recall that all CO, emissions due to non-energy use in the iron and steel industry and in pri-
mary aluminium production are reported under category 1A ‘Fuel combustion’, subsectors 1A2a ‘Iron
and steel’ and 1A2b ‘Non-ferrous metals’, respectively.

4.4.2 Methodological issues
For one of the two producers of primary aluminium for PFCs the IPCC Tier 3b method is used. The
other producer is using the Tier 2 method. Since the emissions are considered to be a key source for
PFCs, the present higher tier methodologies do comply with the IPCC Good Practice Guidance
(IPCC, 2000). A full description of the methodology is provided in Spakman et al. (2003).

Since the CO, emissions from non-energy/feedstock use of fuels by the iron and steel industry
and in primary aluminium production are included in subsector 1A2, no methodological tier assess-
ment for CO, emissions is applicable here.

4.4.3 Uncertainties and time-series consistency
The uncertainty in PFC emissions from aluminium production is estimated to be about 20% in annual
emissions (see Section 1.7 for more details). In Table 4.5 an overview of the trend in PFC emissions
from primary aluminium industry during the period 1990-2001 is given.

PFC emissions from aluminium production decreased by about 30% during the period 1995-
2001. Switching from side feeding to point feeding at one of the producing companies is the main
cause. Interannual changes of about 10% can be observed, which relate to variations in annual pro-
duction levels.

Table 4.5. Actual PFC emissions per compound from aluminium production (2C) 1990-2001 (Gg CO;-eq.)

Compound 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
CF, (PFC-14) 1957 1957 1677 1690 1482 1450 1606 1697 1269 1000 1043 1008
C,Fs (PFC-116) 442 442 377 377 350 350 359 368 356 326 348 313
PFC total 2398 2398 2054 2067 1832 1799 1964 2065 1625 1326 1390 1321

4.5 Production of halocarbons and SF4 (2E)

4.5.1 Source category description

The subsector ‘Production of halocarbons and SF;’ (2E) consists of one source: HCFC-22 manufac-
ture, identified as key source in Box 4.1. In addition, under this subsector some /iandling emissions of
HFCs are reported. However, these emissions are discussed in the next section on the consumption of
halocarbons (and included in the emissions tables). The share of HFC emissions from production of
halocarbons and SF; (2E) in total F-gas emissions was 70% in the base year 1995 and 13% (0.2% in
the national total greenhouse gas emissions) in 2001.

4.5.2 Methodological issues

For source category ‘HF(C-23 emissions from HCFC-22 manufacture’ the IPCC Tier 2 method for
HFC-23 is used. Since the emissions are considered to be a key source for F-gases, the present meth-
odology does comply with the IPCC Good Practice Guidance (IPCC, 2000). A full description of the
methodology is provided in Spakman et al. (2003).

4.5.3 Uncertainties and time-series consistency

The uncertainty in HFC emissions from HCFC-22 production is estimated to be about 30% in annual
emissions (see Section 1.7 for more details). In Table 4.6 an overview of the trend in HFC-23 emis-
sions from the HCFC-22 production is presented for the 1990-2001 period.
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Table 4.6. Actual HFC-23 emissions from HCFC-22 production (2E) 1990-2001 (Gg CO;-eq.)
Compound 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

HFC-23 4432 4820 4540 5066 6278 5759 6887 6709 7791 3440 2421 450
HFC total 4432 4820 4540 5066 6278 5759 6887 6709 7791 3440 2421 450

Due to an increase of production in the 1995-1998 period, the emissions of HFC-23 from the HCFC-
22 manufacture increased by 35%. In the 1998-2000 period, the emission of HFC-23 from the HCFC-
22 manufacture decreased by 69% because a thermal afterburner was installed. A reduction of 80% in

2001 compared to 2000 was realised by an increase of the operation time of the thermal afterburner
(95% in 2001 compared to 84% in 2000).

4.6 Consumption of halocarbons and SF4 (2F)

4.6.1 Source category description

The subsector consumption of halocarbons and SF¢ (2F) consists of the source categories specified as
key or non-key source in Box 4.2. The share of HFC emissions from consumption of HFCs, PFCs and
SF¢ (subcategory 2F) in the national total F-gas emissions was 7% in the base year 1995 and presently
47% (0.7% in the national total greenhouse gas emissions). These consumption emissions include
some handling emissions of HFCs at the site of the halocarbon manufacture, which have been re-
ported in the CRF under 2E3 ‘Other’. The subsources of the consumption source categories are pre-
sented in Box 4.2.

Box 4.2. Subsources of HFCs, PFCs and SFs emissions and calculation methods

Source category Subsource Calculation method
HFC emissions from substitutes 2F1 Stationary refrigeration country-specific
for ODS-substitutes 2F1 Mobile air conditioning country-specific
2F4 Aerosols IPCC Tier 2
PFC emissions from PFC use 2F6 Semiconductor manufacturing IPCC Tier 2¢
SF¢ emissions from SF4use 2F7 Semiconductor manufacturing IPCC Tier 2c¢
2F6 Electrical equipment IPCC Tier 2
2F8 Sound-proof windows country-specific
2F8 Electron microscopes country-specific

4.6.2 Methodological issues

The type of methods used to calculate the emissions from HFC, PFC and SF4 consumption are pre-
sented in Box 4.2. The country-specific methods for HFC and SF¢ emissions are equivalent to I[IPCC
Tier 2. A full description of the country-specific methods is provided in Spakman et al. (2003). Since
HFC emissions and SFy emissions from the use of these substances are considered to be key sources
(see Box 4.1), the use of higher tier methodologies does comply with the IPCC Good Practice Guid-
ance (IPCC, 2000).

4.6.3 Uncertainties and time-series consistency
The uncertainty in HFC emissions from HFC consumption is estimated to be about 50% in annual
emissions (see Section 1.7 for more details).

Trends in actual emissions from 1990 onwards are presented in Table 4.7, whereas potential
emissions (or so-called apparent consumption) are shown in Table 4.8. It shows that HFC emissions
are a factor of 3 higher in 2001 than in 1995, largely because of an increase in HFC consumption — in
particular of HFC-134a — as a substitute for (H)CFC use (see Table 4.7). The sometimes large interan-
nual variation of consumption and emissions of some sources can be explained by the variation in
production/handling levels of specific industries and service sectors. In the period 1995-2001 the ac-
tual emissions of SF¢ remained almost constant.
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Table 4.7 Actual emissions per compound from the use of HFCs, PFCs and SFs 1990-2001 (Gg CO;-eq.).

Compound 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
HFC-134a 0 0 0 0 121 236 565 893 923 969 818 640
HFC-143a 0 0 0 0 0 6 131 48 136 139 296 177
HFC-125 0 0 0 0 0 10 25 43 102 128 172 220
HFC-152a 0 0 0 0 3 3 4 0 0 0 3 1
HFC-32 0 0 0 0 0 2 0 2 1 0 0 8
Other HFCs 0 0 0 0 0 2 63 611 408 221 164 89
HFC Total 0 0 0 0 124 259 788 1597 1570 1457 1453 1135
PFC use ? 34 39 44 51 59 68 78 89 103 118 136 136
SF¢ use 187 100 106 110 148 275 285 311 295 265 269 296
Total HFC/PFC/SF, 221 139 150 161 331 602 1151 1997 1968 1840 1858 1567
Note: Including handling emissions of HFCs, reported under CRF subcategory 2E3.

Y Average GWP of other HFCs: 3000.

D Average GWP of other PFCs: 8400.

Table 4.8 Potential emissions per compound from the use of HFCs, PFCs and SF4 1990-2001 (Gg CO-eq.).
Compound 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
HFC-134a 0 0 0 0 35 590 1187 1398 1365 1386 1011 702
HFC-143a 0 0 0 0 0 129 315 350 456 642 828 828
HFC-125 0 0 0 0 0 140 286 274 333 543 655 753
HFC (unspecified) 0 0 0 0 8 69 168 138 147 57 300 150
HFC total 0 0 0 0 364 928 1956 2160 2301 2628 2794 2433
PFC use C C C C C C C C C C C C
SFe use C C C C C C C C C C C C
Total HFC/PFC/SF, " 0 0 0 0 364 928 1956 2160 2301 2628 2794 2433

Note: C = Confidential Business Information.

Y Only HFCs are included in the F-gas total due to confidentiality of PFC and SF; use.

4.6.4 Source-specific recalculations

Actual emissions of HFCs and SF4 for 1994 onwards have been recalculated due to more detailed in-
formation on the use of HFCs in stationary refrigeration and mobile air-conditioning and SF; in

soundproof windows (see Table 4.9).

Table 4.9 Effects of recalculation of HFC and SFs emissions (2F) 1994-2000 (in Gg).

Gas  Submission 1990* 1991*  1992* 1993* 1994 1995** 1996 1997 1998 1999
HFCs NIR 2003 124 259 788 1597 1570 1457
NIR 2002 67 220 502 1506 1422 1393
Difference 0 0 0 0 57 39 286 91 148 64
SFs  NIR 2003 148 275 285 311 295 265
NIR 2002 148 361 365 386 369 336
Difference 0 0 0 0 0 86 80 75 74 71

* Not recalculated.
** Base year for F-gases in the Kyoto Protocol.

4.7

4.7.1 Source category description

Other industrial processes (2G)

The subsector ‘Other industrial processes’ (2G) consists of CO, from flue gas desulphurisation and

other sources and is according to Box 4.1 no key source.
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4.7.2 Methodological issues

For this source category country-specific methodologies are used. Since the emissions are considered
to be no key source for CO,, the present methodology does comply with the /PCC Good Practice
Guidance (IPCC, 2000). A full description of the methodology is provided in Spakman et al. (2003).

4.7.3 Uncertainties and time-series consistency
The uncertainty in CO, emissions of other production is estimated to be about 20% in annual green-
house gas emissions (see Section 1.7 for more details).

In Table 4.10 an overview of the trend in CO, emissions of the source categories from this sub-
sector is provided.

Table 4.10. Emissions of CO, from ‘Other industrial processes’ (2G) 1990-2001(Tg)

Subcategory 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Flue gas desulphurisation 02 02 02 02 03 03 04 03 03 03 03 03
Other sources 04 02 04 00 01 00 04 04 00 01 00 0.0
Total 06 04 06 02 04 03 08 07 03 03 03 03

The emissions in the subcategory ‘Other sources’ vary considerably over the years because the emis-
sions in this category largely depend on the quality of the environmental reports of individual compa-
nies.
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5. SOLVENT AND OTHER PRODUCT USE [CRF
sector 3]

5.1 Overview of sector

Please note that this sector comprises all non-combustion emissions from other sectors than the manu-
facturing industry and the energy industries. There is, however, one exception. Emissions from the use
of the F-gases HFCs, PFCs and SF; are according to the IPCC reporting guidelines all reported under
source category 2 ‘Industrial processes’ (thus including use in the residential and commercial sectors).

The Netherlands reports in this sector some N,O emissions originating from use of N,O as an-
aesthesia and as propelling agent in aerosol cans (e.g. for whipped cream). In addition some very mi-
nor CO, emissions are reported that stem from individual company reports and were classified as non-
combustion sources.

Table 5.1. Trend in greenhouse gas emissions from solvents and other product use (category 3) (CO; in 1g; oth-
ers in Gg)
Gas/subsource 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

€O,

3A. Paint application - - = = - - - - - - - -
3B. Degreasing and dry cleaning - = = = = - - - - - - -
3C. Chemical products, manuf. & proc. - = e = = - - - - - - -

3D. Other " 0 0.1 0.1 0 0 0 0 0 0 0 0 0
CH,
Included in category 7 IE IE IE IE IE IE IE IE IE IE IE IE
N0

3A. Paint application - - - - - - - - - - - -
3B. Degreasing and dry cleaning - - - - - - - - - - - -

3D. Other 07 06 06 06 06 06 07 06 05 05 04 04
- Use of N,O for anaesthesia 0.65 0.50 0.50 0.50 0.50 0.50 0.50 042 037 036 031 0.28
- N,O from aerosol cans 0.08 0.10 0.10 0.10 0.10 0.10 0.15 0.14 0.15 0.15 0.13 0.12

Y Some minor sources were originally allocated to this category. As mentioned in Chapter 1, the allocation of emissions for
the years 1991-1994 has not been changed/improved over time.

2 Methane emissions from solvents and other product use, although very small, have been reported under IPCC sector 7
(‘Other’), since CRF emission tables for category 3 erroneously do not allow for methane to be reported here.

In Box 5.1 the subsources in this category are listed and characterised as non-key source. Its share of
CO, and N,O emissions in the national total is negligible (0.0% and 0.1% in 1990, respectively, and
presently even less). The relatively most important sub-source of category 3 is the use of N,O as an-
aesthetic gas in hospitals.

Box 5.1. Key source identification for solvent and other product use using the IPCC Tier 1 and 2 approach
(L = Level, T = Trend)

3D. CO, Misc. CO,: minor part in category 3 Non-Key
3D. CH, Solvents and other product use Included in 7
3D. N,O Misc. N,O; part in category 3: Non-Key
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5.1.1 Source category description

This source category comprises all non-industrial, non-combustion sources except for the uses of F-
gases, which are all reported under IPCC category 2F. Source category 3 ‘Solvents and other product
use’ consists of the following subsources, all classified under subcategory 3D ‘Other .

e CO, from miscellaneous non-industrial, non-combustion sources;
e Use of N,O for anaesthesia;
e N,O from aerosol cans.

In addition, some minor sources of CH; emissions from non-industrial, non-combustion sources have
been included in the Netherlands’ inventory, but these are reported under category 7 ‘Other’, since
CRF emission tables for category 3 erroneously do not allow for methane to be reported here. We re-
call that all CO, emissions due to non-energy use are reported under category 1A ‘Fuel combustion’,
subcategory 1A2a ‘Chemical industry’, including the emissions during the use of the (final) products.

5.1.2 Methodological issues
For the N,O sources in this sector country-specific methodologies are used. The major supplier of the
gas reports the use of anaesthetic gas every year and the Dutch association of aerosol producers re-
ports the annual sales of N,O containing spray cans. Since the emissions in this source category are
considered to be no key source for CO, and N,O (see Section 1.5), the present methodology level does
comply with the IPCC Good Practice Guidance (IPCC, 2000). For a brief description of the method-
ology and data sources used see Annex 2/3. A full description of the methodology is provided in
Spakman et al. (2003).

Since no CH, emissions from solvent and other product use are reported here — but in sector 7
‘Other’ — no methodological tier assessment for CH, emissions is applicable here.

5.1.3 Uncertainties and time-series consistency
The uncertainty of N,O and CO, emissions is not explicitly estimated for this category, but is expected
to be rather small. For N,O emissions the uncertainty will be of the order of 50% due to uncertainty in
activity data of N,O use of about 50% and 0% in the emission factor (since all gas will be released).
The trend in emissions of this category is summarised in Table 5.1. It clearly shows that the CO,
emissions reported for 1991 and 1992 only do not constitute a consistent trend. This is due to incom-
plete or changed reporting by individual firms in past years and the exclusion of the years 1991-1994
in recalculations performed in recent years. However, these emissions are only very minor. The use of
N,O for anaesthesia in hospitals and other medical institutes appears to have decreased over time; the
very limited use of N,O in spray cans has increased over time.
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6. AGRICULTURE |[CREF sector 4]

6.1 Overview of sector

In the Netherlands the agricultural sector comprises three subcategories:

e enteric fermentation by ruminants: CH4 emissions only (4A);
e manure management: CH, and N,O emissions (4B);
e agricultural soils: N,O emissions only (4D).

The other IPCC subcategories of rice cultivation (4C), prescribed burning of savannas (4E), field
burning of agricultural residues (4F) and ‘other’ (4G) do not occur in the Netherlands. Burning in the
field is prohibited by law and negligible in practice. Manure management (4B) refers to all emissions
from confined animal waste management systems (AWMS); emissions from animal waste dropped on
the soil during grazing on grasslands are reported under subcategory 4D.

The trends in greenhouse gas emissions from the agricultural sector are summarised in Table 6. 1.
It clearly shows that methane emissions from enteric fermentation are the largest source of methane
within this sector and that direct soil emissions of N,O (4D1) are the largest source of nitrous oxide
reported under the IPCC sector ‘Agriculture’. In fact both total direct and indirect N,O emissions from
agricultural soils (subcategory 4D) rank among the top-5 key level sources.

Due to historical reasons the Netherlands does not use the IPCC method to estimate indirect N,O
emissions (subcategory 4D3). Instead (enhanced) background emissions from foregoing application of
manure and fertilisers on agricultural soils have been calculated and are therefore reported as a fixed
value of 4.7 Gg N,O under 4D4 ‘Other’ as ‘Background emissions from agricultural soils’. These
have been calculated using a country-specific method (see Annex 3.1 for more detailed information).
Since this method does not compare well with the IPCC definition of indirect N,O emissions from
atmospheric deposition (subcategory 4D3a), this subcategory is labelled ‘NE’ (= Not Estimated).

Table 6.1. Trend in greenhouse gas emissions from agriculture (category 4) (CO, in Tg; others in Gg)

Gas/subsource 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
€0,
4D Agricultural soils NE NE NE NE NE NE NE NE NE NE NE NE
CH,
4A Enteric fermentation 402 412 401 393 382 377 366 353 341 334 319 322
4B Manure management 103 105 105 105 101 100 98 93 93 91 91 88
4G Other NO NO NO NO NO NO NO NO NO NO NO NO
N0
4B Manure management 07 07 07 0.7 07 07 07 07 07 07 06 0.6
4D Agricultural soils 215 220 252 254 253 26.1 257 253 246 246 226 225
4D1 Direct soil emissions 13.0 134 168 170 172 18.0 174 17.1 168 172 154 154
a. Synthetic fertilisers 6.9 67 66 66 63 68 65 67 68 65 57 57
b. Animal wastes applied to soils 58 65 100 103 10.7 109 10.7 10.2 9.8 105 95 94
¢. N-fixing crops 0.2 02 02 02 02 02 02 02 02 02 02 02
d. Crop residue IE IE IE IE IE [IE IE IE IE IE IE IE
e. Cultivation of histosols ” IE IE [E IE [E IE [IE IE [IE IE IE IE
4D2 Animal production 38 38 37 37 34 34 35 35 31 27 25 25
4D3 Indirect emissions 00 00 00 00 00 00 00 00 00 00 0.0 0.0
a. Atmospheric deposition NE NE NE NE NE NE NE NE NE NE NE NE
b. Nitrogen leaching &run-off’ IE IE IE IE IE IE IE IE IE IE IE IE
4D4 Other ? 47 47 A7 A7 47 47 47 47 47 47 47 47
4G Other NO NO NO NO NO NO NO NO NO NO NO NO

YIncluded in 4D4. In the CRF files and in Table 10.3 accidentally the wrong notation key ‘NE’ was used.
2 Background agricultural soils, due to past nitrogen loading of the soils.
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Indirect N,O emissions from leaching and run-off of nitrogen (subcategory 4D3b) are reported as
a fixed value of 3.8 Tg N,O, however not under this sector but under IPCC sector 7 ‘Other sources’ as
‘Polluted surface water’, since this value does also include nitrogen from non-agricultural sources.
Three-quarters of these emissions, however, stem from agricultural sources. This is discussed in more
detail in Chapter 9.

As mentioned above, methane from enteric fermentation (4A) — in particular from cattle — and di-
rect and indirect N,O emissions from agricultural soils (4D) are major sources. Their share in national
total greenhouse gas emissions is about 3% each. From Box 6.1, in which the key and non-key sources
of the agricultural sector are presented based on level, trend or both, we can conclude that also meth-
ane emissions from manure management of cattle and swine are (level) key sources.

Box 6.1. Key source identification in the agricultural sector using the IPCC Tier 1 and 2 approach
(L = Level, T = Trend)

4A CH, CH, emissions from enteric fermentation: cattle Key (L,T1)
4A CH, CH, emissions from enteric fermentation: swine Non-key

4A CH, CH, emissions from enteric fermentation: sheep Non-key

4A CH, CH, emissions from enteric fermentation: other Non-key

4B CH, Emissions from manure management: cattle Key (L2)

4B CH, Emissions from manure management: swine Key (T1,L2)
4B CH, Emissions from manure management: poultry Non-key

4B CH, Emissions from manure management: other Non-key

4B N,O Emissions from manure management Non-key

4C CH, Rice cultivation Not Occurring
4D N, O Direct N,O emissions from agricultural soils Key (L)

4D N,O Indirect N,O emissions from nitrogen used in agriculture Key (L)

4E all Prescribed burning of savannas Not Occurring
4F n-CO, Emissions from agricultural residue burning Not Occurring

6.2 Enteric fermentation [CRF category 4A]

6.2.1 Source category description

Source category enteric fermentation consists of the subsources specified in Box 6.1. Buffalo, camels
and llamas, mules and asses are not occurring in the Netherlands. The enteric fermentation of poultry
is not estimated. Major level and trend key source is enteric fermentation by cattle. Its share of CH, in
the national total was 31% in 1990 and is currently 33%. The most important subsources of enteric
fermentation are cattle, swine and sheep.

6.2.2 Methodological issues

For source category enteric fermentation for CH, IPCC methodologies are used, which are for key
subsource cattle equivalent to the IPCC Tier 2 method for CH,. The emission factors for cattle are
based on a country-specific IPCC Tier 2 analysis made for the Dutch cattle in 1990. For subsequent
years these emission factors are not changed, which is equivalent to the IPCC Tier 1 method. How-
ever, specific factors are applied to 4 and 3 subcategories within dairy and non-dairy cattle, respec-
tively. Due to changing animal numbers for the subsequent years, the implied emission factor for the
categories Dairy cattle and Non-dairy cattle varies over the years (see 7able 6.4). The emission factors
for the other subsources are based on default IPCC Tier 1 emission factors.

Since the CH, emissions by cattle are considered to be a key source (see Section 1.5), the present
methodology (Tier 1 for years after 1990) does not fully comply with the /PCC Good Practice Guid-
ance (IPCC, 2000). For a brief description of the methodology and data sources used see Annex 3.1. A
full description of the methodology is provided in Spakman et al. (2003) (and more detailed data
sources in Van Amstel ef al. (1993)).
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6.2.3 Uncertainty and time-series consistency
The uncertainty of CH, emissions from enteric fermentation by cattle is estimated to be about 20% in
annual emissions (see Section 1.7 for more details).

The trend in CH4 emissions due to enteric fermentation is summarised in 7able 6.2. The annual
emission by dairy cattle as well as non-dairy cattle is determined on the basis of the number of cattle
in that year and emission factors (amount of CH, per animal per year). Since 1990 the number of dairy
and non-dairy cattle in the Netherlands has decreased from 3.61 to 2.90 million animals (-20%) and
from 1.32 to 1.15 million animals (-13%), respectively (7able 6.3). It is obvious that these smaller
numbers of cattle are the main cause of the decrease of the CH, emissions. Livestock numbers of cat-
tle are influenced mainly by the EU policy on milk quota and by the Dutch manure policy. Milk pro-
duction per cow increases autonomously and as a consequence — when milk quota remain the same —
dairy cattle numbers will be reduced. Manure policy regulates livestock numbers by regulating the
amount of manure production and manure application to the field.

Table 6.2. CH, emissions due to enteric fermentation (44) 1990-2001 (Gg)

Animal type 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Cattle 365.6 374.8 3623 352.8 3434 3393 3285 3152 307.0 299.0 2857 2883
- Dairy cattle 290.8 291.0 280.0 271.0 2639 2655 2623 252.1 247.8 2416 230.5 2351
- Non-dairy cattle 749 838 823 818 796 738 66.1 63.0 59.2 574 553 532
Sheep 13.6 15.1 15.6 153 14.1 134 13.0 11.7 11.2 11.2 10.5 104
Goats 0.5 0.6 0.5 0.5 0.5 0.6 0.8 1.0 1.1 1.2 1.4 1.8
Horses 1.3 1.4 1.6 1.7 1.8 1.8 1.9 2.0 2.0 2.1 2.1 2.2
Swine 20.9 19.8 212 225 219 216 216 228 202 204 19.7 19.6
Poultry 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 401.9 411.6 401.2 392.7 381.7 376.7 3659 352.6 341.4 3339 3194 3222

Table 6.3. Number of animals 1990-2001 (1000 head) (CBS/RIVM, 2002)

Animal type 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Cattle 4926 5062 4920 4797 4716 4654 4551 4411 4283 4206 4.070 4047
- Dairy cattle 3607 3627 3490 3360 3277 3298 3276 3150 3061 2972 2840 2896
- Non-dairy cattle 1319 1435 1429 1436 1439 1356 1275 1261 1222 1233 1231 1151
Sheep 1702 1882 1952 1916 1766 1674 1627 1465 1394 1401 1308 1.296
Goats 61 70 63 57 64 76 102 119 132 153 179 221
Horses 70 77 86 92 97 100 107 112 114 115 118 120
Pigs 13915 13217 14160 14964 14565 14398 14419 15189 13446 13567 13.118 13073

In Figure 6.1 the development of the number of cattle and their emission of CH4 due to enteric fer-
mentation is shown. There is a close relation between the trends of the number of cattle and the emis-
sion of CH,4 due to enteric fermentation. The remainder of the difference in the trend of cattle can be
explained by the shift in shares of the subtypes considered in the emission calculation, each having a
different emission factor (see Table 6.4).
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Figure 6.1. Number of cattle and emissions of CH, due to enteric fermentation from cattle

Table 6.4. Subtypes of dairy and non-dairy cattle (1000 head) and resulting trend in Implied Emission Factors

(IEF)

Animal (sub)type CH,EF? 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Dairy cattle

<lyr 49.25 806 820 774 737 735 740 760 698 658 634 600 644
> 1 yr young female 62.80 880 908 893 836 803 808 805 822 757 714 699 669
female 102.13 1878 1852 1775 1747 1698 1708 1665 1591 1611 1588 1504 1546
> 1 yr male 93.22 43 48 48 41 41 42 46 40 36 36 37 38
IEF Dairy cattle 80.6 80.2 802 80.6 805 80.5 80.0 80.0 809 813 812 81.2
Non-dairy cattle

Veal calves 17.65 602 622 638 656 690 669 678 704 711 753 783 712
Steers 87.01 598 674 646 624 603 541 451 412 366 328 285 277
Female > 1 yr ? 102.13 120 139 146 156 146 146 146 145 145 153 163 162
IEF Non-dairy cattle 56.8 584 576 56.0 553 544 519 500 485 46.6 449 462

Y Emission factor for CH, from enteric fermentation in kg CH,/head/year. Source: Van Amstel et al. (1993).

D Suckling cows.

6.3

6.3.1 Source category description
Source category manure management consists of the subsources specified in Box 6.1. Emissions from
manure management from buffalo, camels and llamas, mules and asses are not occurring in the Neth-
erlands. Manure emissions from horses are not estimated because most horses are part of non-
agricultural activities like riding schools. Major level and trend key source is manure management of

cattle and swine.

Manure management [CRF category 4B|

Its share of CH, in the national total was 8% in 1990 and presently 9%. Its share of N,O in the
national total is about 1%. The most important subsources of CH, emissions by manure management
are cattle, swine and poultry. For N,O emissions by manure management no subsources are distin-

guished. Manure management is no level or trend key source of N,O emissions.
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6.3.2 Methodological issues

For CH4 from manure management systems the IPCC Tier 2 methodology is used. The country-
specific emission factors for CHy are based on default IPCC emission factors (using adjusted IPCC
values). The emission factors are multiplied with the amount of annually produced manure per animal
category, after deducting the amount of manure produced in the meadows. The amount of annual pro-
duced manure per animal category varies during the last years, as does the number of animals in the
different animal categories. Since the emissions are considered to be a key source for CH, (see Section
1.5), the present Tier 2 methodology does comply with the IPCC Good Practice Guidance (IPCC,
2000).

Since the N,O emissions from manure management are no key source (see Box 6.1), the present
country-specific Tier 2 methodology complies with the IPCC Good Practice Guidance (IPCC, 2000).
For a brief description of the methodology and data sources used see Annex 3.1. A full description of
the methodology is provided in Spakman et al. (2003) (and more detailed data sources in Van Amstel
et al. (1993)).

6.3.3 Uncertainty and time-series consistency

The uncertainty of CH, emissions from manure management from cattle is estimated to be about
100% in annual emissions. The uncertainty of CH, emissions from manure management from swine is
estimated to be 100% in annual emissions (see Section 1.7 for more details).

The trend in emissions of CH,; due to manure management is summarised in 7able 6.5. In the pe-
riod 1990-2001 the emission of CH, decreased from 103.5 to 88.4 Gg (-15%). The trend in emissions
of N»>O due to manure management decreased from 0.68 to 0.61 Gg (-10%) between 1990 and 2001
(Table 6.6). As can be seen from Table 6.5 the decrease in CH, is mainly due to the decrease of emis-
sions from manure management of swine (8.8 Gg), dairy cattle (2.0 Gg), and non-dairy cattle (2.8

Gg).

Table 6.5. Trend in CH,; emissions from manure management (4B) 1990-2001 (Gg)

Animal type 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Cattle 43.1 447 437  43.0 421 415 397 385 377 371 38,5 383
- Dairy cattle 259 258 248 242 235 236 233 223 221 217 234 239
- Non-dairy cattle 172 189 189 188 186 178 165 162 155 154 151 14.4
Sheep 0.8 0.8 0.9 0.9 0.8 0.8 0.8 0.7 0.7 0.7 0.7 0.6
Goats 0.2 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.3 0.3 0.4 0.5
Swine 492 493 492  51.0 493 48,6 477 452 456 441 425 404
Poultry 10.3 104 10.6 10.2 9.2 9.4 9.4 8.5 9.1 8.9 9.0 8.7
Total 103.5 1055 1046 1051 1015 1003 97.7 932 933 911 911 884

Table 6.6. Trend in N,O emissions from manure management (4B) 1990-2001 (Gg)

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Total 4B 0.68 0.71 0.71 074 072 074 072 069 067 065 0.62 0.61

As has been described in the previous section, the number of dairy cattle in the Netherlands has de-
creased by 20% in the 1990-2001 period. This decrease is reflected in the amount of stable manure
and the related emissions of CH4 and N,O (7Table 6.5 and 6.6). Livestock numbers of cattle are influ-
enced mainly by the EU policy on milk quota and by the Dutch manure policy. Milk production per
cow increases autonomously and as a consequence — when milk quota remain the same — dairy cattle
numbers will be reduced. Manure policy regulates livestock numbers by regulating the amount of ma-
nure production and manure application to the field.

Table 6.7 shows that the number of fattening pigs and sows has declined between 1990 and 2001
with 13%. However for swine the decrease of the CH, emissions from manure management (-18%) is
related to the decrease of the amount of manure produced per swine. During the last years the annual
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amount of manure per swine has decreased by approximately 9% as a result of changes in agricultural
practice in the Netherlands. These changes originated from the Dutch manure policy, forcing farmers
to export their surpluses of manure to other farms. To save on expenses for storage, transport and
spreading of animal manure on the land, the water content of the manure was kept as low as possible
(Table 6.7 and Figure 6.2). The increase of the number of swine in 1997 is due to the outbreak of
classical swine fever in that year. In areas with this disease transportation of finished pigs, sows, and
piglets to the slaughterhouse was not allowed and the animals had to stay on the pig farms. For that
reason the annual census of 1997 gives high pig numbers. Later in the year the pigs in classical swine
fever areas were destructed and there was no replacement in 1997. So the annual manure production
in 1997 (based on the average number of swine) was lower than in normal years.

Table 6.7. Number of swine and manure from swine 1990-2001 (CBS/RIVM, 2002)

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Number of swine” (mln)

Fattening pigs 70 70 71 75 73 7.1 71 74 66 68 65 6.2
Sows .7 17 17 1.8 17 1.7 1.7 18 18 16 15 14
Total 87 88 89 93 90 88 88 92 84 83 80 76
Manure production by swine (mln mst

Total 164 164 163 170 164 16.1 158 150 152 147 14.1 134

Y When piglets are included the amount of swine is considerably higher (cf. Table 6.3). Since
the manure produced by piglets is attributed to the sows, piglets are not relevant for the cal-
culation of the amount of manure.

Number of Swine and Amount of Manure

A )
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] N n
\\

) AN

95 1996 1997 1998 1999 2000 2001
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Index (1990 = 100)

80 T T T
1990 1991 1992 1993 1994 19

Figure 6.2. Trend of the number of swine and the amount of manure from swine between 1990 and 2001

6.4 Agricultural soils [CRF category 4D]

6.4.1 Source category description
This source category consists in the Netherlands of the N,O subsources specified in Table 6.1:

e direct soil emissions from the application of synthetic fertilisers, animal wastes applied to
soils, N-fixing crops (4D1);
e animal production (4D2);
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e indirect emissions from nitrogen leaching and run-off (4D3);
e other emissions, being background emissions from agricultural soils (4D4).

Indirect N,O emissions from atmospheric deposition (another part of category 4D3) are not yet esti-
mated. Indirect N,O emissions from leaching and run-off are included elsewhere (under IPCC sector 7
as 'Polluted surface water'). The latter category 7 is calculated as a fixed value that comprises leach-
ing and run-off from agricultural activities (3/4) and from other nitrogen sources (1/4), including hu-
man sewage. Since this figure includes more than only agriculture related emissions the Netherlands
does not report these emissions under 4D but as a separate category in I[PCC sector 7’. N,O emissions
from human sewage are reported partly under subcategory 6B ‘Wastewater handling’ and partly under
a subcategory of sector 7 as ‘Polluted surface water’.

Direct N,O emissions include emissions caused by application of synthetic fertilisers, animal
wastes (manure) to soil and by N-fixing crops. Furthermore direct N,O emissions include animal pro-
duction of manure in the grasslands (pasture). Direct N,O emissions from cultivation of histosols (or-
ganic soils) and emissions from crop residues left in the field are included in the subsource 4D4
‘Other’ (specified as ‘Background agricultural soils’). These background N,O emissions result also
from manure and fertiliser applications in the past and from lowering the groundwater tables in the
last century. The subsource background agricultural soils is the arithmetic difference between the ac-
tual background emissions and the natural background emissions for one or two centuries ago
(Kroeze, 1994).

Methane emissions from agricultural soils are regarded as ‘natural’ (non-anthropogenic) and are es-
timated on the basis of the methane background document (Van Amstel et al., 1993). They are not
reported as anthropogenic emissions under IPCC category 7.

Major level and trend key sources of N,O emissions by agricultural soils are direct emissions
from agricultural soils and indirect N,O emissions from nitrogen used in agriculture. The share of total
N,O from agricultural soils in national greenhouse gas emissions is about 3%. Most important sub-
sources of agricultural soils are direct emissions caused by application of synthetic fertilisers and ani-
mal wastes (manure) to soil and background emissions.

6.4.2 Methodological issues

For direct N,O emissions from agricultural soils country-specific methodologies and country-specific
emission factors are used, which are equivalent to the IPCC Tier 1b method. Since the emissions are a
key source (see Box 6.1), the present Tier 1b methodology does comply with the IPCC Good Practice
Guidance (IPCC, 2000).

The Netherlands does not use the [IPCC method to estimate indirect N,O emissions. Atmospheric
deposition is not estimated and leaching and run-off emissions are included elsewhere (sector 7
‘Other’). Since the emissions are a key source (see Box 6.1), the present methodology does not fully
comply with the IPCC Good Practice Guidance (IPCC, 2000).

For a brief description of the methodology and data sources used see Annex 3.1. A full descrip-
tion of the methodology is provided in Van Amstel et al. (1993), Kroeze (1994) and Van der Hoek
(2002).

6.4.3 Uncertainty and time-series consistency

The uncertainty of direct N,O emissions from agricultural soils is estimated to be 61% in annual emis-
sions and 15%-points in 6% source trend. The uncertainty of indirect N,O emissions from nitrogen
used in agriculture is estimated to be more than a factor of 2 in annual emissions.

The trend in N,O emissions from agricultural soils is summarised in Table 6.8. In the period
1990-2001 the emission of N,O has increased from 21.5 to 22.5 Gg (+5%). This increase is almost
completely due to the increase of the emissions related to the application of animal manure to agri-
cultural soils. In Table 6.9 the nitrogen flows from synthetic fertilisers and from animal waste man-
agement systems are presented. It appears that about 85% of total collected manure is applied to
Dutch soils. The remainder of about 15% is emitted as ammonia during manure application in the
field and a small part of the manure is exported abroad. Although in the period 1990-2001 the amount
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of nitrogen in manure that has been applied to agricultural soils decreased by 6%, the related emis-
sions of N>O are much higher because the application method has changed considerably. Before 1990
manure was applied by surface spreading on grasslands as well as on agricultural soils. As a result of
the Dutch policy for reduction of ammonia emissions, in the past 11 years this practice has changed to
incorporation of manure into the soil (injection and ploughing in). Due to this new incorporation
method the local concentration of nitrogen in the upper layer of the soil is higher, which leads to
changes in the microbial environment and in microbial processes and ultimately to an increase of N,O
emissions per amount of manure applied.

Incidentally, in 1998 the emission was lower than in 1997 due to the rainy weather in the second
half of 1998. Therefore part of the manure could not be applied in 1998 and part of the manure appli-
cation was postponed to 1999. Consequently, the emissions in 1999 have been relatively high.

In 2000 and 2001 emissions are lower than preceding eight years. This is a result of the Dutch
manure policy aimed at reduction of N leaching and run-off. As a consequence of this manure policy
application of synthetic fertilisers and animal wastes to soil was reduced.

Table 6.8. N>O Emissions from agricultural soils (4D) 1990-2001 (Gg N,O)

Source 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
4D1 Direct soil emissions 130 134 168 17.0 172 180 174 17.1 168 172 154 154
a. Synthetic fertilisers 69 67 66 66 63 68 65 67 68 65 57 57
b. Animal wastes applied to soils 58 65 100 103 10.7 109 10.7 102 9.8 105 95 94
c. N-fixing Crops 0.2 02 02 02 02 02 02 02 02 02 02 02
4D2 Animal production 38 38 37 37 34 34 35 35 31 27 25 25
4D3 Indirect emissions NE/IE NE/IE NE/IE NE/IE NE/IE NE/IE NE/IE NE/IE NE/IE NE/IE NE/IE NE/IE
4D4 Background agricultural soils 47 47 47 A7 47 A7 47 47 47 47 47 47
Total 215 22,0 252 254 253 261 257 253 24.6 24.6 22.6 225

Notes: Excluding emissions from animal houses, which have been included in IPCC category 4. B Manure management (see
Table 6.6). NE/IE = Not Estimated (atmospheric deposition) / Included Elsewhere (leaching and run-off).

Table 6.9. Additional information on nitrogen flows related to direct soil emissions
Nitrogen flows (ton N/year) 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Use of synthetic fertilisers 404 389 381 379 362 395 379 390 392 373 330 330

N input from manure applied to soils 327 344 370 375 370 357 349 331 319 335 303 297
As % of total in AWMS 78% 79% 86% 84% 87% 83% 83% 83% 82% 89% 85% 85%

Dry pulses and soybeans produced 15 14 14 14 14 13 13 13 13 13 13 13

Yn kiloton N/year.

6.4.4 Source-specific planned improvements

In 2002 a recalculation was carried out on N,O emissions from animal wastes (manure) applied to
soils leading to higher emissions of N>O in 1990 till 1995. Recalculation of the ammonia emissions
during manure application in the field appeared to be higher and as a consequence the N input from
manure to soils decreased. In the base year 1990 the N,O emissions from animal wastes applied to
soils is now 0.2 Gg lower (Van der Hoek, 2002). The figures for N,O emissions in 7able 6.8 have not
yet been corrected for this lower nitrogen input to soils.

The present methodologies used to estimate the direct and indirect N,O emissions from agricul-
tural soils do not fully comply with IPCC Good Practice Guidance (IPCC, 2000). For this reason ac-
tions are taken in the Netherlands to revise and expand calculations to be in accordance with /PCC
Good Practice Guidance (IPCC, 2000).
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7. LUCF |CREF sector 5]

7.1 Overview of sector

The IPCC source/sink category 5 ‘Land Use Change and Forestry’ (LUCF) consists of the sub-sources
specified in Box 7.1. In 1990 2905 km” or 8% of total landuse was forested area. By 1998 this had in-
creased by 11% to 3233 km’. The existing stock is estimated at around 40-million m® of roundwood,
with an annual growth of approximately 1.7 million m’. The annual amount of harvested wood is around
1.2 million m® with a net harvest of 1 million m> Approximately 70% comes from thinning and 30%
from logging (RIVM/CBS, 2002). In the last 15 years the forests have become more mature, better-
structured and mixed forests. Around 45% of all forests are unmixed.

The Netherlands only reports data in category SA for temperate forests (2); the Netherlands has nei-
ther tropical or boreal forests nor tundra. Data for changes in grasslands (4) are not estimated. For
changes in grasslands (5A4) and the other sub-categories 5B to SE new data are being evaluated and the
preliminary results are still under discussion. Therefore, CO, sinks data are only related to forestry and
other woody biomass stocks (Table 5A).

Box 7.1. Summary of sub-sources/sinks in Land-Use Change and Forestry (LUCF) (IPCC category 5)

GREENHOUSE GAS SOURCE AND SINK CATEGORIES Net CO, emissions/ removals CH, N,O

A. Changes in Forest and Other Woody Biomass Stocks -1,413.26 NA NA
1. Tropical Forests NO

2. Temperate Forests -1,413.26

3. Boreal Forests NO

4. Grasslands/Tundra NE

5. Other (please specify) 0.00

Harvested Wood V) NE

B. Forest and Grassland Conversion ® NE NE NE
1. Tropical Forests NO NO NO
2. Temperate Forests NE NE NE
3. Boreal Forests NO NO NO
4. Grasslands/Tundra NE NE NE
5. Other (please specify) 0.00 0.00 0.00
C. Abandonment of Managed Lands NE NA NA
1. Tropical Forests NO

2. Temperate Forests NE

3. Boreal Forests NO

4. Grasslands/Tundra NE

5. Other (please specify) 0.00

D. CO, Emissions and Removals from Soil NE NA NA
Cultivation of Mineral Soils NE

Cultivation of Organic Soils NE

Liming of Agricultural Soils NE

Forest Soils NE

Other (please specify)® 0.00

E. Other (please specify) NE NE NE

M Following the IPCC Guidelines, the harvested wood should be reported under ‘Changes in Forest and Other Woody Bio-

mass Stocks’ (Volume 3. Reference Manual, p.5.17).

@ Include only the emissions of CO, from ‘Forest and Grassland Conversion’. Associated removals should be reported under

section D.

® Include emissions from soils not reported under sections A, B and C.
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7.2 CO, from changes in forestry and other woody biomass
stock [SA]

7.2.1 Source category description

The Netherlands has only temperate forests and grasslands, no tropical or boreal forests nor tundra. At
present, the Netherlands reports no data in category SA4 for grasslands (also harvested wood, which is a
memo item only, is not reported). Data for changes in grasslands and harvested wood are not reported.
The share of this CO, sink as calculated according to the UNFCCC Guidelines — which are different
from the Kyoto Protocol (see Section 1.1.2) — in the net national total was 0.7% in 1990 and 0.6% in the
last reported year.

7.2.2 Methodological issues

For the period 1990-2000/2001 the data on carbon stock (C) and changes forestry are based on three
elements:

e forest stock (in ha);

e average annual growth by category (in m’/ha/year);

e harvest by category (in m*/ha/year).

The forest stocks were based on various data sources on forest area (divided into coniferous and broad-
leaved forests) and other forested area (divided into coniferous and broadleaved forests smaller than 0.5
ha, line plantations, solitaires, orchards and nurseries). The development of forests in the Netherlands
was monitored from around 2,500 permanent measuring stations, one-fifth of which are visited annual-
ly. The growth increment and harvest was also based on different data sources. The amount of fuelwood
consumed is implicitly included in these variables, so including them separately would result in double
counting.

The carbon emission factors used are 0.25 and 0.30 ton C/m’ for coniferous and broadleaved fo-
rests, respectively. Other characteristics of this source are illustrated by the implied carbon uptake fac-
tors presented in 7able 7.1. More details are provided in Spakman ef al. (2003) and in Annex 3.2. The
latter also explains the deviations of the Netherlands’ definition of forest area compared to the FAO de-
finition of TFBTA2000.

Table 7.1. Implied carbon uptake factors (in ton C/k ha) in changes in forest and other woody biomass stocks

(IPCC category 542)
Implied carbon uptake factor 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Coniferous forest 251 240 234 232 231 237 233 237 237 235 233 233
Broadleaved forest 254 256 255 263 269 278 280 285 286 285 284 284

An update to 2001 of data for forest biomass stocks and of stocks of carbon in soils and emissions
of CO, from agricultural soils in the Netherlands was discussed. However, for 2001 no comparable data
were available because of the discontinuation of the old monitoring network and transition to a new
monitoring network ‘Meetnet Functievervulling’ (see Section 7.2.4 for more information). Therefore it
was decided to use the data for 2000 as estimate for 2001.

Finally, we stress that the present calculation of the CO, sinks for this subcategory is based on the
UNFCCC Guidelines; a calculation according to Kyoto Protocol Guidelines has not yet been done.

7.2.3 Uncertainty and time-series consistency

The total annual increment is about 900 to 1,000 Gg C, with exception of 1992, when the increment is
877. In that year the carbon uptake increment is only 3,217 Gg CO, (see Table 7.2). The areas of bio-
mass increase slowly; in the period 1990-2001 by 19 kha. About % of the growth was for the
broadleaved forestland area that increased from 151 kha in 1990 through 156 kha in 1995 to 164 ha in
the year 2001. The coniferous forest area increased from 190 kha in 1990 through 195 kha in 1995 to
196 kha in 2001.
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On average, trees in the Netherlands are growing older and heavier. Since 1990, a slow reduction in
growth rate (because of maturing forests) has been slightly overcompensated by planting fast-growing
species like poplar and Douglas The average annual growth rate for broadleaved forest increased from
5.11 t dm/ha in the year 1990 to 5.68 in 2000/2001. Because of fellings, part of the volume increment of
biomass is reduced. In the years 1990-1994 the fellings reduced slightly, but from 1995 onwards yearly
about 2200 km? wood is removed. The resulting carbon release clearly shows up in Table 7.2.

Table 7.2. CO; emissions/removals from changes in forest and other woody biomass stocks (IPCC category 54)

Gg CO, 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001°
Carbon uptake increment V' 3302 3340 3217 3516 3569 3402 3574 3522 3600 3410 3593 3593
Carbon release ? -1880 -1812 -1730 -1710 -1640 -2170 -2176 -2342 -2220 -2174 -2180  -2180
Net CO, removals 1422 1528 1487 1806 1929 1232 1398 1180 1380 1236 1423 1423

Y Forest and non-forest trees.
2 Biomass consumption from stocks.
%) Same estimate as for 2000.

The uncertainty in the resulting sink estimates has not yet been assessed. However, the changes
over time as apparent from the CRF files and the summary data in Table 7.2 are an indication of the ac-
curacy of the estimate within the constraints of the definition of the source category considered here, i.e.
only for 5A2. Apparently, the interannual changes can be as large as 0.5 Mton (see 1994/1995 change)
for an average sink of about 1.5 Mton.

According to the dataset used in the 1990-2000 period the total forest area expanded by 5% (from
314 kha to 360 kha); in particular broadleaved forest areas increased (by 8%). These figures are ex-
cluding non-forest trees. The Netherlands therefore recently revised its quantitative forest policy into the
more general objective of expanding the total forested area (LNV, 2001).

7.2.4 Planned improvements
As discussed above, for 2001 and subsequent years no comparable data are available because of the dis-
continuation of the old monitoring network and transition to a new monitoring network, in Dutch called
‘Meetnet Functievervulling’. This new sampling network will provide data on forest area, standing vol-
ume and annual volume increment, subdivided into tree species. However, new data on harvest will not
be available before the completion of the second four years sampling cycle (at the earliest in 2008).
Secondly, a group of consultants is performing a study comparing the present situation with regard
to sinks monitoring with the requirements for the national system under the Kyoto Protocol. This in-
cludes the subcategories of sources/sinks which are not yet reported: LUCF subcategories 5B-5E and
5A4 and CO, from agricultural soils (category 4D). Literature has been reviewed for quantitative data
on carbon stocks and CO, emissions form agricultural soils, forest soils and other nature soils in the
Netherlands (Kuikman et al., 2003). To estimate and improve the calculation of the CO, emissions from
soils due to change of carbon stocks, the use of a computer model was recommended, that parameterises
five arable crops, together comprising 84% of the area use for arable farming, and grass). For agricul-
tural soils the data in the study are based on the main crops in the Netherlands, i.e. grassland and crop-
land with maize, potato, beets and grains. A special item was the organic soils in low areas that have
been drained. Three databases and approaches are options to assess soil carbon stocks:

e based on the topographic soil map coupled with the soils information system;
e based on the Netherlands' soil monitoring program;
e based on the monitoring soils in forest and nature ecosystem.

For LUCF subcategories SB-5E also new datasets are being compiled, of which some informa-
tion is presented below. However, the results are still under discussion.

Results of this study, which are scheduled for April 2003, will give guidance in further improve-
ments with regard to monitoring and reporting of sinks. Later in 2003, these results and alternative op-
tions for assessing the annual changes in forests will be evaluated in the WEB Project Group on Sinks as
part of the development of the National System (see Section 10.4). A decision will be made to what ex-
tent data can and will be used for reporting on the Source/Sink category in future editions of the Neth-
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erlands’ greenhouse gas inventory for reporting under the UN Framework Convention on Climate
Change (UNFCCC) and under the Kyoto Protocol.
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8. WASTE |[|CREF sector 6]

8.1 Overview of sector

The waste sector comprises four source categories:
solid waste disposal (i.e. landfills) (6A);
wastewater handling (6B);

waste incineration (6C);
other waste (6D).

The trends in greenhouse gas emissions from the waste sector are summarised in Table &8.7. It clearly
shows that methane emissions from solid waste disposal sites (landfills) are the largest source category
within this sector; in fact these emissions rank among the top-5 key level and key trend sources (see 4n-
nex 1). The Netherlands does not report emissions from waste incineration facilities in the waste sector
because these facilities also produce electricity or heat used for energetic purposes. Therefore their
emissions are reported under category 1Ala (to comply with IPCC reporting guidelines). However, in
Section 8.4 methodological issues of this source category are briefly discussed. It can also be observed
from this table that the CO, emissions from ‘other waste’ (6D) vary substantially over time. This is dis-
cussed in more detail in Section 8.5.

From Box 8.1, in which the key and non-key sources of the waste sector are presented based on
level, trend or both, we can conclude that both methane emissions from landfills and from wastewater
handling are (trend) key sources. Methane from landfills is also a large /evel key source.

Table 8.1. Trend in greenhouse gas emissions from waste handling (category 6) (CO, in Tg; others in Gg)

Gas/subsource 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
(80}
6A. Solid waste disposal 0 0 0 0 0 0 0 0 0 0 0 0
6C. Waste Incineration IE IE IE IE IE IE IE IE IE IE IE IE
6D. Other 0.9 0 0 0 0 09 1.1 1.2 05 1.0 04 04
CH,

6A. Solid waste disposal 562 556 540 522 505 480 476 463 445 428 404 390
6B. Wastewater handling 66 60 24 63 5.1 1.5 1.3 0.8 3.6 2.1 0.8 0.8
6C. Waste Incineration " IE IE IE IE IE IE IE IE IE IE IE IE
6D. Other 0 0 0 0 0 0 10 0 0 0 0 0
N0

6B. Wastewater handling 04 04 04 05 00 05 05 06 05 06 06 0.6
6C. Waste Incineration IE IE IE IE IE IE IE IE IE IE IE IE
6D. Other 0 0 0 0 0 0 0 0 0 0 0 0

Y Since most waste incineration facilities also produce electricity or heat used for energetic purposes these are reported under
category 1Ala (to comply with IPCC reporting guidelines).

Box 8.1. Key source identification in the waste sector using the IPCC Tier 1 and 2 approach
(L = Level, T = Trend)

6D CO, Misc. CO,, of which 1/3 in category 6D Non-Key

6A CH,; CH, emissions from solid waste disposal sites Key (L,T)

6B CH; Emissions from wastewater handling Key (T1)

6B N,O  Emissions from wastewater handling Non-key

6C all Emissions from waste incineration Included in 1A1
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8.2  Solid waste disposal on land (6A)

8.2.1 Source category description

As mentioned above, methane from landfills is a major key source, both in terms of level and trend. Its
share of CH, emissions in the national greenhouse gas total is presently 4% (and 6% in the base year
1990). In the Netherlands the policy aims to reduce landfilling. This means all efforts must be under-
taken to enhance prevention and recycling of waste, followed by incineration. Already in the early
1990’s the government introduced bans for the landfilling of certain categories of waste, like the organic
fraction of household waste. Another method to reduce landfilling was raising the landfill tariff so that
they comply with the incineration of waste. Depending on the capacity of incineration, the government

can grant exemptions from these ‘obligations’. Figure 8.1 shows the landfilled waste categories in the
Netherlands in 2000.

waste water treatment

construction/demolition

drinking water
production

household

residual waste from
sorting plants

auction

(fruit/vegetables)
public cleansing bulky household

hospital waste

small commercial
industrial

L shredder

agricultural

Figure 8.1. Landfilled waste categories in the Netherlands (2000)

In 2001 there were some 35 operating landfill sites. In addition, there are a few thousand old sites,
which still are reactive. At 47 sites methane recovery takes place. As a result of anaerobic degradation
of the organic material within the landfill body, all these landfills produce methane and carbon dioxide.
Landfill gas contains about 60%(vol) methane and 40%(vol) carbon dioxide. Due to a light overpressure
the landfill gas migrates into the atmosphere. On several landfill sites the gas is extracted before it
reaches the atmosphere. In these cases the methane will be used as an energy source or the gas is flared
off; in both cases the methane in the extracted gas will not come into the atmosphere. When the landfill
gas passes the cover of the landfill, the methane can more or less be degraded (oxidised) by bacteria re-
sulting in a lower methane concentration.

The anaerobic degradation of the organic matter in a landfill is a time dependent process, which
can take many decades. Some influencing factors are known, some not. Every landfill site has its own
unique characteristics: concentration and type of organic matter, moisture, temperature etc. Major de-
termining factors for the decrease in net CH, emissions were lower quantities of organic carbon depos-
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ited into landfills (organic carbon content * total amount of landfilled waste) and higher methane recov-
ery rates from landfills (see Section 8.2.2. and 8.2.3).

8.2.2 Methodological issues

In order to calculate the methane emissions from all the landfill sites in the Netherlands, the simplifying
assumption was made that all the wastes are assumed to be landfilled on one landfill site, which started
in 1945 (although, as stated above, characteristics of individual sites vary substantially). Methane emis-
sions from this national landfill are then calculated using a first order decomposition model (first order
decay function) with annual input of the total amounts deposited and characteristics of the landfilled
waste and the amount of landfill gas extracted. This is equivalent to an [PCC Tier 2 methodology. Since
the methane emissions from landfills are a key source (see Box 8.1), the present methodology does
comply with the IPCC Good Practice Guidance (IPCC, 2000). Parameter values used in the landfill
emissions model are:

e total amount of landfilled waste;

e fraction of Degradable Organic Carbon (DOC) (see Table 8.2 for a detailed time series);

e methane generation (i.e. decomposition) rate constant (k): 0.094 up to and including 1989, de-
creasing to 0.0693 in 1995 and constant thereafter; this corresponds to half-life times of 7.4 and
10 year, respectively (see Table 8.2 for a detailed time series);

methane oxidation factor: 10%;

fraction methane in landfill gas: 60%;

fraction of DOC actually dissimilated (DOCy): 0.58;

methane conversion factor (IPCC parameter): 1.0.

Table 8.2. Parameters used in the IPCC Tier 2 method that change over time (additional information on solid
waste handling, part 1)

Parameter 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Waste generation rate (kg/cap/day) 890 8.87 887 865 863 899 9.14 9.14 9.73 9.75 10.17 9.92
Fraction MSW disposed to SWDS 029 024 024 023 0.19 0.16 0.13 0.11 0.10 0.10 0.08 0.08
Fraction DOC in MSW 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.12 0.12 0.12 0.12
Fraction of waste incinerated 0.08 0.08 0.08 0.08 0.09 0.09 0.11 0.12 0.12 0.13 0.12 0.13
Fraction of waste recycled 0.63 0.67 0.68 069 072 0.75 0.76 0.77 0.78 0.78 0.79 0.79
CH, generation rate constant (k) 0.09 0.09 0.08 0.08 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07
Number of SWDS recovering CHy ND ND ND ND ND ND ND ND ND ND ND 47
Waste incineration (Tg) 39 41 40 38 44 47 56 67 68 7.1 72 75

Notes: ND = No Data. Waste generation rate refers to total waste, including MSW.

Table 8.3. Composition of landfilled waste (%) (additional information on solid waste handling, part 2)

Waste type 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Paper and paperboard ND ND ND ND ND 166 ND ND 135 126 13.1 ND
Food and garden waste ND ND ND ND ND 216 ND ND 223 229 247 ND
Plastics ND ND ND ND ND 69 ND ND 7.1 6.5 94 ND
Glass ND ND ND ND ND 21 ND ND 2.0 1.9 1.8 ND
Textiles ND ND ND ND ND 1.0 ND ND 1.1 1.0 1.3 ND
Other:

- Metals ND ND ND ND ND 25 ND ND 1.9 1.7 36 ND
- Building wastes and ashes ND ND ND ND ND 325 ND ND 394 424 325 ND
- Wood ND ND ND ND ND 6.5 ND ND 6.6 6.2 53 ND
- Other ND ND ND ND ND 100 ND ND 6.1 4.9 82 ND
ND = No Data



WASTE Netherlands NIR 2003 RIVM Report 773201007

A special effort was made to include background data for category 6A ‘Solid waste disposal’ in the CRF
files. Trend information on IPCC Tier 2 method parameters that change over time are provided in Table
8.2 and additional information on the composition of landfilled waste for selected years is provided in
Table 8.3. The change in DOC values is amongst others due to the prohibition of landfilling combusti-
ble wastes, whereas the change in k values is caused by a strong increase of the recycling of vegetable,
fruit and garden waste in the early 1990s. The integration time for the emission calculation is for all
years the period from 1945 to the year for which the calculation is made.

The following primary data sources are used for the annual activity data used in the emission cal-
culations:
e waste production and handling: Working Group on Waste Registration (WAR), CBS, RIVM;
e methane recovery from landfills: VVAV (until 1998); RIVM estimates from 1999.

8.2.3 Uncertainty and time-series consistency
The uncertainty in CH4 emissions of solid waste disposal sites is estimated to be about 35% in annual
emissions (see Section 1.7 for more details).

The CH, emission trend for landfills is summarised in Table 8.4. In this table is also shown that the
amount of CH,4 has been recovered (mostly for energy use). In the period 1990-2001 the emissions of
CH, have decreased from 562 to 390 Gg per year (-30%). This decrease is due to the threefold increase
of the amount of CH, recovered from about 5% in 1990 to 18% in 2001 (7able 8.4), but also due to the
decrease of the amount of methane produced in solid waste disposal sites. The main factors that influ-
ence the quantity of CH, produced are the amount of waste disposed of on land (see Table 8.4) and the
concentration of C (carbon) in that waste (see Table 8.3).

Table 8.4. Net methane emissions and methane recovered from solid waste disposal sites 1990-2001 (unit: Gg)
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

CH, emissions (net) 562 556 540 522 505 479 477 464 445 428 404 390
CH, recovered/flared 27 37 47 58 68 78 73 73 76 76 86 86
% of gross emissions 5% 6% 8% 10% 12% 14% 13% 14% 15% 15% 18% 18%

Note: Recent data suggest that in the last five years the amount of CH, recovered and the net emissions are lower than the fig-
ures presented here (about 20 Gg in 2001).

Table 8.5. Waste disposal (excluding discharge into surface water)(Tg)
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Incinerated 39 41 40 38 44 47 56 67 68 7.1 72 7.5
Reused/recycled 306 326 334 33.1 349 377 394 42 433 435 434 457
Landfilled 139 119 116 112 9.0 82 6.7 5.8 5.5 55 48 438

Since 1990, the amounts of waste disposed in landfills as well as the concentration of carbon (C) have
decreased, resulting in a smaller production of CH,. These decreases are the result of environmental
policy in the Netherlands to minimise the disposal of waste in landfills and to increase recycling and
incineration of waste. Table 8.5 shows the trend in waste handling in the Netherlands for the period
1990-2001. It clearly shows that the amount of waste disposed in landfills decreased substantially.
However, preliminary data for 2001 indicate that this steady decrease has now levelled off.

8.2.4 Source-specific planned improvement

Recently a refined data analysis and improved emission calculation was made, which suggests that gross
annual emissions and in the last five years the amount of CH,4 recovered are lower than the figures pre-
sented in Table 8.5. This would result in net methane emissions that may be about 10 Gg lower in 1990
and about 20 Gg less in 2001. The results of this analysis will be reported in the NIR 2004 submission.
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8.3 Wastewater handling (6B)

8.3.1 Source category description

CH, emission from wastewater handling (category 6B) is identified as key source (trend) in Box 8.1. Its
present share of CH, emissions in the national total was 0.2% (0.5% in 1990). N,O emissions from
wastewater treatment or considered to be no key source; they have at present a share of 1% in total
emissions (0.7% in 1990).

8.3.2 Methodological issues

For CH, and N,O emissions from wastewater handling country-specific methodologies are used, which
are both equivalent to the IPCC Tier 2 methods. A full description of the methodology is provided in
Spakman et al. (2003). Since the CH, emissions from wastewater handling are a key source (see Box
6.1), the present Tier 2 methodology does comply with the IPCC Good Practice Guidance (IPCC,
2000).

8.3.3 Uncertainties and time-series consistency

In Table 8.6 an overview of the trend in greenhouse gas emissions from wastewater handling is given.
Since 1990, CH, emissions from wastewater treatment plants decreased due to the introduction of a new
sludge stabilisation system in one of the largest wastewater treatment plants in 1990, of which the op-
eration took a few years to get optimised. This caused larger venting emissions in the introductory pe-
riod than during normal operation conditions. From 7able 8.7 it can be concluded that the amount of
wastewater and sludge being treated does not change much over time. Therefore, the interannual
changes in methane emissions can be explained by varying fractions of methane being flared instead of
vented or used for energy purposes.

Table 8.6. Wastewater handling emissions of methane (in Gg)
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Net CH, emissions 66 60 24 63 5.1 1.5 13 08 36 21 08 038
CH, recovered and/or flared 27.6 326 333 327 NE 378 373 395 343 379 402 402
Recovery/flared (% of gross emiss.) 81% 84% 93% 84% NA 96% 97% 98% 90% 95% 98% 98%

Table 8.7. Wastewater handling: composition (unit: Gg DOC/yr ")
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Wastewater 933 940 948 960 970 921 921 916 930 915 921 921
Sludge 254 263 248 246 251 269 283 270 279 282 281 281
Total 1187 1203 1196 1206 1221 1190 1204 1186 1209 1197 1202 1202

Y DOC: Degradable Organic Component.

8.4 Waste incineration (6C)

8.4.1 Source category description
The source category waste incineration is included in source category 1Al ‘Energy industries’, since

most waste incineration facilities also produce electricity or heat used for energetic purposes and ac-
cording to the IPCC Guidelines (IPCC, 1997) these should be reported under category 1Ala.
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8.4.2 Methodological issues
Total CO, emissions — i.e. the sum of organic and fossil carbon — from waste incineration are reported
per facility in the annual environmental reports which are included in the ER-I dataset. The fossil-based
CO, emissions from waste incineration (e.g. plastics) are calculated from the total amount of waste that
has been incinerated, split into 8 waste types, each with a specific carbon content and fraction of fossil C
in total C, based on an analysis by De Jager and Blok (1993).

The CH,4 and N,O emissions from these sources are also included in the ER-I dataset. For N,O an
emission factor of 20 g/ton waste is applied. A more detailed description of the methodology is provided
in Spakman et al. (2003).

8.4.3 Uncertainties and time-series consistency

The source category waste incineration is included in category 1A1 (Energy industries) as a part of the
subsource ‘Public Electricity and Heat Production’, see Section 3.2.1. The emissions of this source are
not specified separately.

8.5 Other waste handling (6D)

8.5.1 Source category description

This source category consists of emissions from ambiguous subsources, mostly CO, emissions of about
0.5-1 Tg and incidentally some CH, emissions (in 1996) (see Table 8.1). This source category is not
considered as a key source.

8.5.2 Methodological issues

For this source category country-specific methodologies are used. The estimations are based on envi-
ronmental reports from individual companies. As the set of individual companies is different for all
years, it may happen that for some year a very plant-specific emission is reported that does not occur in
the emissions dataset of other years. Since this source is not considered as a key source (see Box 8.1),
the present methodology level does comply with the IPCC Good Practice Guidance (IPCC, 2000).

8.5.3 Uncertainties and time-series consistency

In the Dutch PER the waste sector uses ambiguous source descriptions and these change over time.
Therefore the allocation of these sources is subject to interpretation. In the NIR 2003 the allocations for
the years 1990 and 1995-2001 are based on the source descriptions for 2000. In doing so the trend in 6D
remains unsatisfactory, but given the current dataset in the PER we conclude that it is not possible to
improve the trend until a revised dataset has been calculated by the Task Force ENINA.

8.5.4 Source-specific recalculations

All data sets for 1990 and for 1995-2001 were checked for possible false allocations of (biomass) fuels.
This action led to a change in the CO, emissions from biomass in several years. In addition also the
other data for the waste sector were analysed. These actions changed the CO, emissions in category 6D
as shown in Table 8.8. However, further study into the (biomass) data in waste combustion (reported
under 1A and 6D) is necessary to finalise the organic CO, from biomass data and the non-organic CO,
from waste handling activities.

Table 8.8. Effect of recalculation of CO, (Tg) emissions from ‘Other waste’ (category 6D)
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

NIR2003 0.9 0.0 0.0 0.0 0.0 0.9 1.1 1.2 0.5 1.0 0.4
NIR2002 0.5 0.0 0.0 0.0 0.0 0.1 0.0 0.1 0.6 0.5 0.5
Difference 0.4 0.0 0.0 0.0 0.0 0.8 1.1 1.1 -0.1 0.6 -0.1
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9. OTHER [CRF sector 7]

9.1 Overview of sector

The Netherlands uses this source category to report all sources that cannot be properly allocated to one
of the subcategories of the standard IPCC source sectors 1 to 6, either because of the definition of the
source does not match with the IPCC classification or because the CRF (following IPCC recommen-
dations) erroneously does not permit to report emissions of specific gases under these sectors. 7able
9.1 lists both the sources reported here as well as their emission trends. It shows that the N,O emis-
sions reported under this category are assumed to remain constant over time.

Table 9.1. Trend in emissions from the other sector (category 7) (CO, in Tg; others in Gg)

Gas/subsource 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
€O,
a. Solvents and other product use 02 00 00 00 00 04 04 05 05 06 04 04
CH,
a. Solvents and other product use 0.1 00 00 00 03 01 00 00 0.0 00 0.0 0.0
b. Degassing drinking water " 20 20 20 20 20 20 20 20 19 19 19 18
N0
c. Polluted surface water 34 38 38 38 38 38 38 38 38 38 38 38

Y From ground water.

From Box 9.1, in which the key and non-key sources of this sector are presented based on level, trend
or both, we can conclude that N,O from polluted surface water is a (level) key source.

Box 9.1. Key source identification in the ‘Other’ source sector 7 using the IPCC Tier 1 and 2 approach
(L = Level, T = Trend)

7 CH, Misc. CHy Non-key
7 CO, Misc. CO, Non-key
7 N,O Misc. N,O Non-key
7 N,O Polluted surface water Key (L)

9.1.1 Source category description

Miscellaneous non-industrial CO; sources
The small CO, emissions labelled in Table 9.1 as ‘Solvents and other product use’ consist of emis-
sions from fireworks. These emissions are reported here for historical reasons.

Miscellaneous non-industrial CH4 sources

Some minor sources of CH,; emissions from non-industrial, non-combustion sources have been in-
cluded in the Netherlands’ inventory, but these are reported in category 7 ‘Other’ instead of in cate-
gory 3, since the CRF table for that category erroneously do not allow for methane to be reported.
These sources are:

e emissions from fireworks (also a negligible source of N,O);

e emissions from paints and lacquers and from food storage/warehouses;

e degassing of drinking water;

e burning of candles.

The latter is a new source introduced in the Dutch Emission inventory in 2002. Activity data were
based on an amount of candle burning of 2.2 kg per person per year (Van Harmelen et al., 2002).
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CH, emissions from (agricultural) soils decreased in last 40 years due to drainage and lowering of
water tables and are estimated on the basis of the methane background document (Van Amstel et al.,
1993). Since the IPCC methodology only considers CO, sinks, these reduced CH4 emissions have
been included in the natural total, although they act as a methane sink. Therefore, they are not reported
as anthropogenic emissions under IPCC category 7.

Miscellaneous N,O sources

In addition, one source of N,O is reported under this source sector 7: ‘Polluted surface water’. This
comprises the indirect N,O emissions from leaching and run-off, which are calculated as a fixed value
that comprises leaching and run-off from agricultural activities (3/4) and from other nitrogen sources
(1/4), including human sewage. More details on this source can be found in Spakman et al. (2003) and
Kroeze (1994). Since this figure includes more than only agriculture related emissions we do not re-
port these under 4.D but as a separate source in category ‘7’ (see also Section 6.4). Total N,O emis-
sions from leaching and run off are 3.8 Gg N,O. The N,O emissions stemming from agriculture are
thus 3/4 * 3.8 = 2.85 Gg N,O; the other part stems from NO, emissions from transport and stationary
combustion sources.

9.1.2 Methodological issues

Nitrous oxide emissions from polluted surface water, comprising indirect N,O emissions from leach-
ing and run-off, is identified as a (level) key source and the methodological aspects are addressed in
Sections 9.1.1 and 6.4. The Netherlands does not use the IPCC method to estimate these indirect N,O
emissions from leaching and run-off; N,O emissions from atmospheric deposition emissions are not
estimated. Since the emissions are a key source (see Box 9.1), the present methodology does not fully
comply with the IPCC Good Practice Guidance (IPCC, 2000).

For other sources reported here also country-specific methodologies are used. The estimations are
based on statistics from suppliers of products. Methane from food storage/warehouses is also reported
in annual environmental reports from individual companies. Since these emissions are not considered
to be key sources (see Section 1.5), the present methodology level does comply with the IPCC Good
Practice Guidance (IPCC, 2000).

9.1.3 Uncertainties and time-series consistency

The uncertainty of N,O emissions from polluted surface water is estimated to be 200% in annual
emissions (see Section 1.7 for more details). The uncertainty of N,O is expected to be rather large due
to inherent uncertainty in the emission factors, and because of the correlation with the N,O emissions
from other sources. The uncertainty of the other sources is estimated to be in the range 25-50% (Sec-
tion 1.7).

It is expected that the N,O emissions from polluted surface water will, in practice, vary from year
by year, but because no detailed data are available the emissions from this source are kept constant
(see Table 9.1). It can be observed in Table 9.1 that CO, and CH, emissions from the solvent use sub-
category can vary substantially over time. This may be attributed partly to changes in the groups of
individual firms reporting in every year.

9.1.4 Source-specific planned improvements

The present methodology used to estimate indirect N,O emissions from agricultural soils, here re-
ported as N,O from polluted surface water, does not fully comply with IPCC Good Practice Guidance
(IPCC, 2000). For this reason actions are taken to revise and expand calculations to be in accordance
with IPCC Good Practice Guidance.

9-2



RIVM Report 773201007 Netherlands NIR 2003 RECALCULATIONS

10. RECALCULATIONS AND IMPROVEMENTS

In this chapter we outline the key differences compared with the previous submission reported by
Olivier et al. (2002). Because most changes are only minor and, since recalculations have not been
performed for all the years prior to 1998 but mostly only to 1990 and 1995, emission figures have, in
general, remained unchanged for the years 1991-1994 compared to the previous submission. The mi-
nor alterations that have been made are explained in the following sections. The emission data pre-
sented in this report are identical to those officially published for 1990, 1995 and 1999-2001 in the
Emission Monitor 2002 (Koch et al., 2002) and used in RIVM (2002a), except for a revision of CO,
from waste incineration (reported under source category 1Al ‘Energy sector’) for the years 1990 and
1995-2001. The last mentioned action led to a decrease in CO, emissions compared to those reported
by Koch et al. (2002) of about a half Mton (see Section 10.1.3 for details).

10.1 Explanation and justification for recalculations

This section will elaborate the relevant changes in emission figures compared to the last NIR. A dis-
tinction is made between:

e Methodological changes: new data based on revised or new estimation methods; improved emis-
sion factors are also included under methodological changes;

e Allocation: changes in allocation of emissions to the different sectors (only affect the totals per
sector);

e Error corrections: repair of incorrect data transfer from the PER to the CRF.

In 2002, recalculations or methodological changes were made for the years 1990, 1995, 1999, 2000
and (new) 2001. This means that for 1991-1994 and 1996-1998 no recalculations have been made,
except in the cases explicitly mentioned below.

10.1.1 Methodological changes

The following methodological changes were made for greenhouse gases:

e Recalculation of N,O emissions from nitric acid production (1991-1994; 1996-1998) based on the
method for 1990, 1995 and 1999-2001 (years that were recalculated prior to the previous submis-
sion);

e Recalculation of CH4 and N,O emissions from wastewater handling (1990-2001);

e Revision of HFC emissions for the years 1994-2001 based on improved analysis of data;

e Revision of SF¢ emissions for the years 1994-2001 based on improved analysis of data.

For precursor gases the following changes were made:

e Recalculation of the NO, emissions from inland navigation based on improved emission factors
(1990-2001);

e Recalculation of NO, emissions from small stationary combustion sources (less than 20 MW) for
the years 1990, 1995, 2000 and 2001 based on new emission factors.

10.1.2 Source allocation

In this submission the source allocation was improved in the following cases:

e Waste: The Dutch PER uses ambiguous source descriptions for the waste sector and these have
changed over time. Therefore the allocation of these sources is subject to interpretation. In the
NIR 2003 an allocation was selected based on the source descriptions for 2000. In doing so the
trend in 6D remains unsatisfactory, but given the current dataset in the PER we conclude that we
can not improve the trend until a revised dataset has been calculated by the Task Force ENINA.

o Other fuels in fuel combustion: In the NIR 2002 the combustion emissions with no or incomplete
activity data were allocated to the category ‘Other fuels’. The allocation of emissions of derived
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fuels and LPG to the categories liquid, solid and gaseous fossil fuels was done manually. We dis-
covered some flaws in the allocation of LPG last year; not all LPG was allocated under liquid fu-
els. Therefore, the fuel split was improved in this NIR 2003, using a standard query in the data-
base. In this way we established a uniform fuel split (using the same rules) for all years, an action
that led to shifts in the fuel allocation, especially for liquids (due to LPG) and solids (due to de-
rived gases) compared to last submission (see also Section 10.4).

e Industrial processes: The emissions from industrial processes for the years 1996 and 1997 were
for NIR 2003 provided with the newest source codes (as used for the years 1990, 1995, 1998-
2001). Therefore the allocation of the emission to sector 2 for these years is now in fully consis-
tent with the allocation for the years 1990 and 1995, and 1998 to 2001. The use of the new re-
porting codes also influenced the emissions in 6D, since process emissions from waste recycling
industries were erroneously allocated (manually) to 1A in the previous submission.

10.1.3 Error corrections

While reallocating the emissions we detected a few errors due to the previous data transfer from the

PER to the CRF. Furthermore, the Task Forces detected some errors. After removing the errors, all

emissions were allocated to the appropriate CRF (sub)categories. These actions also led to changes in

emissions per category and in national total emissions. The most obvious error corrections were:

e Removal of double counting for CO, in category 2G ‘Industrial processes’ (desulphurisation of
flue gas) (1990);

e CO, emissions from Fuel combustion in (1A2f) (1990, 1995,1998 and 1999 to 2000);

e CO; emissions in Energy industries (1A1) (1999);

e Corrected data in the CRF Feedstock Table 1Ad for 1994, and 1999 to 2001, related to different
definitions of non-energetic use of coal and cokes in the iron and steel sector;

e All data sets for 1990, 1995 to 2001 were checked for possible incorrect attribution of CO, from
combustion of biomass fuels to emissions included in the national total;

e N,O from agricultural soils (1990 and 2000).

The last action on CO, emissions from biomass combustion sources led to a change in the CO, emis-
sions from biomass for several years as presented in Table 10.1. The CO, emissions included in the
national total were modified by an equal but opposite amount.

Table 10.1. Comparison of CO; emissions from biomass in the NIR 2002 and NIR 2003 (in Tg)
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

NIR 2003 3.4 2.7 2.6 3.3 3.5 3.6 5.2 6.0 5.4 5.0 5.2
NIR 2002 3.5 2.7 2.6 3.3 3.5 3.5 45 5.3 4.9 4.9 5.0
Difference -0.2 0.0 0.0 0.0 0.0 0.1 0.7 0.7 0.5 0.1 0.2

Note: The CO, emissions included in the national total were modified by an equal but opposite amount.

The last mentioned action had an effect on the CO, emissions in 1A4 and 1A1, and 6D and also led to
a decrease in CO, emissions compared to those reported by Koch et al, 2002. The differences amount
to about a half Mton: 0.3 Tg for 1990, 0.5 Tg for 1995, 0.5 Tg for 1999, 0.7 Tg for 2000 and 0.6 Tg
for 2001. We conclude that further study into the (biomass) data in waste combustion (reported under
1A) is necessary to finalise the CO, from biomass data.

From 1999 onwards the iron and steel industry reported cokes and coal use partly as final non-
energetic use and partly as input for transformations. For the years prior to 1999, a larger portion of
the fuel use was reported as final energetic use. Detailed analysis of the 1994 data led to the conclu-
sion that this ‘new’ definition for the energy use/non-energy use split was accidentally also used in
1994. To achieve a consistent time series we reinterpreted the coal and cokes figures from the national
energy statistics according to the old definition. The consequences of these changes for the non-
energy use of energy (feedstocks) in table 1Ad compared to the previous NIR are illustrated in 7able
10.2.
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Table 10.2. Comparison of non-energy use (feedstock) used in the NIR 2002 and NIR 2003 (in PJ)

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
NIR 2003
Coal 0.2 0.2 0.2 0.1 0.1 0.2 0.3 0.4 0.4 04 0.5 0.1
Coke 54 3.9 3.9 3.5 3.6 3.5 4.0 3.7 3.6 4.0 4.1 4.1
Total 334 423 400 350 358 359 333 369 358 385 419 426
NIR 2002
Coal 0.2 0.2 0.2 0.1 42 0.2 0.3 0.4 0.4 NE NE
Coke 54 3.9 3.9 3.5 134 3.5 4.0 3.7 3.6 NE NE
Total 334 423 400 350 372 359 333 369 358 381 415
Differences
Coal 0% 0% 0% 0% 3736% 0% 0% 0% 0%
Coke 0% 0% 0% 0% 270% 0% 0% 0% 0%
Total 0% 0% 0% 0% -3.9% 0% 0% 0% 0% 1.1% 1.1%

Note: Only fuels for which recalculations have been performed are reported.

10.2 Implications for emission levels

This section outlines the implications of the different improvements, as described in Section 10.1, for
the emission levels over time. Table 10.3 elaborates the differences between the submissions from last
year and the current NIR on level of the different greenhouse gases. More detailed explanations are
elaborated in the sectoral Chapters 3 to 9.

Table 10.3. Differences between NIR 2002 and NIR 2003 for 1990-2000 due to recalculations

Gas Source 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
CO, [Tg] NIR 2002 1582 166.0 1642 166.1 166.8 171.4 1783 1678 173.7 170.8 172.1
Incl. LUCF  NIR 2003 157.8 166.0 1642 166.1 166.8 1712 1789 167.5 1724 169.5 1724
Difference  -0.2% 0.0% 0.0% 0.0% 0.0% -0.1% 03% -02% -0.7% -0.8% 0.2%
CO, [Tg] NIR 2002  159.6 167.5 1657 1679 168.8 1727 179.7 169.0 1751 172.1 173.5
Excl. LUCF  NIR 2003 1593 167.5 1657 1679 168.8 1724 1803 168.7 173.8 170.7 173.8
Difference  -0.2%  0.0% 0.0% 0.0% 0.0% -0.1% 0.3% -0.2% -0.7% -0.8% 0.2%
CH, [Gg] NIR 2002 1293 1309 1257 1226 1203 1170 1173 1101 1065 1038 983
NIR 2003 1292 1309 1253 1226 1203 1170 1174 1100 1065 1037 983
Difference  0.0% 0.0% -0.3% 0.0% 0.0% 0.0% 02% -02% 0.0% 0.0% 0.0%
N,O [Gg] NIR 2002 533 619 634 635 652 586 653 68.1 575 560 548
NIR 2003 534 542 579 602 59.1 586 579 574 569 560 537
Difference  0.1% -12.4% -8.7% -5.2% -9.4% 0.0% -11.4% -15.7% -1.1% 0.0% -1.9%
PFCs [Mg]  NIR 2002 353 354 304 307 273 269 295 312 246 203 214
NIR 2003 353 354 304 307 273 269 295 312 246 203 214
Difference  0.0% 0.0% 0.0% 0.0% 00% 0.0% 0.0% 0.0% 00% 00% 0.0%
HFCs [Mg]  NIR 2002 379 412 388 433 604 653 931 1424 1489 1133 1071
NIR 2003 379 295 406 474 680 700 1113 1496 1585 1196 1053
Difference  0.0% -28.4% 4.6% 94% 12.7% 7.2% 19.5% 5.0% 64% 5.6% -1.7%
SFs [Mg] NIR 2002 7.8 42 4.5 4.6 62 151 153 161 154 141 137
NIR 2003 7.8 42 45 4.6 62 115 119 130 123 11.1 112
Difference  0.0% 0.0% 0.0% 0.0% 0.0% -23.7% -21.9% -19.2% -20.2% -21.2% -17.8%
Total NIR 2002 2089 220.0 217.0 2189 220.7 2224 2328 2228 2252 2166 2155
[Tg CO,eq.] NIR2003  208.6 2163 2152 217.8 2189 222.1 2315 219.1 223.8 2152 2154
Incl. LUCF  Difference  -0.2% -1.7% -0.9% -0.5% -0.8% -0.1% -0.55% -1.64% -0.62% -0.6% 0.0%
Total. NIR 2002 2103 221.5 2185 2207 2226 223.6 2342 2240 2265 217.8 2169
[Tg COreq]  NIR 2003 2100 217.8 2167 219.6 2209 2233 2329 2203 2252 2164 2168
Excl. LUCF  Difference  -0.2% -1.7% -0.9% -0.5% -0.8% -0.1% -0.6% -1.6% -0.6% -0.6% 0.0%

Note: base year values are indicated in bold.
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10.2.1 Recalculation of base year and (now final) year 2000

Base year (1990 for CO;, CH4 and N>O and 1995 for F-gases)

The total CO,-eq. emissions in the base year 1990 decreased by 0.3 Tg CO,-eq or 0.2% compared to
last submission. This decrease can be explained by the following most relevant changes (all in CO,
equivalent):

e For CO;: -0.6 Tg in the category Energy (1A) mainly due to error correction in 1A4 and realloca-
tion to Waste (6); +0.4 Tg in Waste (6D) on the basis of improved allocation of fuel related emis-
sions; and -0.1 Tg in Industrial processes (2G) due to removal of double counting;

e For other gases the changes are very small: -0.004 Tg for CHy in Energy (1A) and Waste (6) and
+0.03 Tg for N,O in Agricultural Soils (4B) due to error corrections;

The changes for F-gases in 1995 (the base year for the F-gas emissions) due to recalculations are very

minor (rounded 0.0 Tg CO;-eq.): +0.04 Tg for HFCs and -0.086 Tg for SF¢ emissions. Improved data

and changes in source allocation can explain the remainder of the differences in emissions.

Year 2000: now final data

The data for 2000 are now ‘final’; in the previous submission they were partly based on preliminary

statistics. The increase in the total CO,-eq. emissions for 2000 was 0.1 Tg CO,-eq or 0.04 % com-

pared to last submission. For the finalisation of the 2000 figures a different estimation method is used
which implicitly leads to changes in emission data.

The main changes are (all in CO, equivalent):

e For CO;, . +0.5 Tg in Energy (1A) due to the use of final energy statistics; -0.1 Tg in Industry (2)
due to reallocation to Energy (1A); and -0.1 Tg in Waste (6) due to reallocation to Energy (1A);

e For CHy: +0.02 Tg in Energy (1) mainly due finalisation of 1B2; -0.03 Tg in Industry (2); +0.06
Tg in Agriculture (4A Enteric fermentation) based on final agricultural statistics; -0.04 Tg in
Waste (6), mainly based on final figures for Wastewater handling (6B) and Waste disposal (6A);

e For N,O: - 0.3 Tg mainly due the finalisation of the agricultural soil emissions (4D);

e For HFCs and SFg: -0.04 Tg and -0.06 Tg, respectively, due to recalculations

10.2.2 Recalculation of other years/gases

Years 1991-1994

The decrease in the total CO,-eq. emissions in 1991 to 1994 compared to the last submission amounts
to 3.8, 1.9, 1.1 and 1.7 Tg CO;-eq or 1.7, 0.9, 0.5 and 0.8%, respectively. As can be concluded from
Table 10.2, the gases N,O and HFCs almost completely account for these changes. For these years,
the emissions from nitric acid production (2B2) were recalculated according the method used previ-
ously for the other years. The HFCs emissions were recalculated with improved consumption data per
application. For 1992 the recalculation of the CH4 emission from wastewater handling (6B) also con-
tributed to the decrease in total emissions.

Year 1995

The decrease in the total CO,-eq. emissions in 1995 was 0.3 Tg CO,-eq or 0.1%, compared to the last
submission: CO, emissions decreased by 0.3 Tg due to error correction in Energy (1A2). CH4 and
N,O emissions did not change.

Years 1996-1999

The decrease in the total CO,-eq. emissions in 1996 to 1999 compared to last submission amounts to
1.3,3.7, 1.4 and 1.4 Tg CO,-eq or 0.5%, 1.6%, 0.6% and 0.6%, respectively. The main changes are
(all in CO, equivalent):
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e (O, emissions changed due to reallocation of emissions thanks to improved fuel type identifica-
tion and the use of the newest reporting codes (mostly from 1A1 to 6D) and error corrections from
the previous submission (such as in 1A2f in 1998 and 1999 (-0.7 Tg) and 1A2g for 1999 (-0.8
Tg));

e CH, emissions changed in 1996 and 1997 due to recalculations in Wastewater handling (6B) and
an error correction in 1A4 in 1996. For 1999 a minor error was corrected;

e N,O emissions from Nitric acid production [2B2] were recalculated for the years 1996 to 1998
according the method used for the other years. For 1999 a minor error was corrected;

e HFCs and SF¢ emissions that were also recalculated according to the method used for the other
years.

10.3 Implications for emission trends, including time-series
consistency

The recalculations, in general, account for an improvement in the overall emission trend. Data for all
greenhouse gases for the years 1990, and 1995 to 2001 are now consistent in methodology and alloca-
tion. The differences in national total emissions per compound are presented in Table 10.3 for each
year in the period 1990 to 2000. The change in the 1990-2000 trend for the greenhouse gas emissions
compared to the previous submission is presented in 7able 10.4. From this table it can be concluded
that due to recalculations the trend in the total national emissions increased by 0.1% compared to the
NIR 2002. The largest relative changes in emission trends are observed for N,O, HFCs and SF.

Table 10.4. Differences between NIR 2002 and NIR 2003 for the emission trends 1990-2000

Compound [unit] Trend (absolute change) Trend (%)
NIR 2002  NIR 2003 Difference NIR 2002  NIR 2003  Difference

CO, [Gg] b 13,897 14,570 673 8.7% 9.1% 0.4%
CH, [Gg] -310 -309 1 -24.0% -23.9% 0.0%
N,O [Gg] 1.5 0.4 -1.1 2.8% 0.7% -2.1%
HFCs [Mg] 692 674 -18 182.7% 177.9% -4.8%
PFCs [Mg] -139 -139 0 -39.3% -39.3% 0.0%
SF¢ [Mg] 5.9 34 -2.4 74.9% 43.7% -31.2%
CO,-eq.[Gg] D 6,568 6,812 244 3.1% 3.2% 0.1%

Y Excluding LUCF.

The trends for all gases for all years on a more detailed level can be found in the CRF file for
2001 (CRF Tables 10), which are also reproduced in Annex 7.3. Furthermore, additional information
on the trends is given in the sectoral sections. Although the allocation of sources is uniform due to the
ambiguous source descriptions and differences in data quality, the trends on the (sub)sector level may
show more fluctuations. The years 1991-1994 were not recalculated completely (i.e. either not or only
partially for 1A1, 1A2 and 1A5; 2A, 2D, 2G; 3; and 6B and 6D); especially the CO, emissions do not
match the overall trend.

10-5



RECALCULATIONS Netherlands NIR 2003 RIVM Report 773201007

10.4 Recalculations, response to the review process and
planned improvements

10.4.1 Revised source allocations

For domestic purposes, emissions in the Netherlands are grouped by the so-called Target Sectors on
which environmental policy is focused. The definition of these sectors is provided in Olivier et al.
(1999). An updated correspondence table for emissions from Target sectors and IPCC source catego-
ries is provided in Table 1.1. As a further step towards uniform reporting at the more detailed source
category level of the Common Reporting Format (CRF), all subcategories at the lowest aggregation
level currently used for reporting for domestic purposes (so-called reporting codes (in Dutch: ‘rap-
codes’) have received an additional attribute ‘IPCC subsector’. In the year 2001 the reporting codes
used in past years, were revised in order to improve the link between Netherlands’ emissions sources
and IPCC subsectors. Based on these new reporting codes, improvements of the related reporting code
have been made to the IPCC sector correspondence table. This was done to achieve the best possible
compliance with source category definitions in the Revised 1996 IPCC Guidelines within the con-
straints of lowest subsource categories currently identified (reporting codes) in the Netherlands’ Pol-
lutant Emission Register (Coenen and Olivier, 2002).

All emission data in this submission for the years 1990, 1995, 1999, 2000 and 2001 were sub-
mitted to the Netherlands’ Emission Registration system using the updated source codes, resulting in a
totally comparable source allocation in the CRF for these years. Especially for CO, (and related com-
bustion emissions), this resulted in reallocations between and within categories 1, 2 and 6, mainly due
to improved identification of combustion, process and biomass emissions in the inventory data (see
also Section 10.1).

For the years 1996 and 1997, the process emissions in industry were submitted using the updated
rapcodes, resulting in a change in allocation within these categories and error corrections in the related
combustion emissions in the energy sector.

The historic inventory datasets used for reporting data for the 1991-1994 period were only partly
revised and thus, the overall source allocation did not change for these years. Nevertheless, a detailed
fuel allocation for CO, was made for the subsectors within category Other sectors (1A4) for the years
1991-1994.

10.4.2 Completeness of sources
The Netherlands greenhouse gas emission inventory includes all sources identified by the Revised
IPCC Guidelines except for the following:

e Indirect N,O emissions from atmospheric deposition (category 4D) are not estimated/reported;

e CO; emissions from agricultural soils (category 4D) are not estimated/reported;

e In addition, it has been observed that CH, and N,O firom manure of horses (category 4B) is miss-
ing due to the fact that until now no manure production estimates from horses are being made and
no emission factors for this source category have been defined;

e CH, emissions from soils deceased in the last 40 years due to drainage and lowering of water ta-
bles; these emissions have been included in the natural total; so there are no net (positive) anthro-
pogenic emissions;

e CH,, N>O and other non-CO, emissions from international bunkers have not yet been esti-
mated/reported. The results of a study in 2002 into these emissions will be implemented in the
next NIR.

Two new sources were introduced in the Dutch Emission inventory in 2002; burning of candles and
smoking of cigars. Emissions of NMVOC and methane emissions are included for these sources in the
CRF for all years. For details on sources reported elsewhere, see the Completeness Table for 1990
listed in Annex 5 (and in the documentation boxes in the CRF files).
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A survey made to check for possibly unidentified sources of non-CO, emissions in the Nether-
lands showed that some minor sources are not included in the present greenhouse gas inventory
(DHV, 2000):

e CHy: notably large-scale compost production from organic waste and wastewater treatment; to be
included when monitored regularly.

e N,O: notably large-scale compost production from organic waste and wastewater treatment; to be
included when monitored regularly.

e PFCs and SF;: some minor sources; to be included when monitored regularly.

These sources may be included at a later stage, when it has been decided to monitor them regularly.

10.4.3 Changes in CREF files compared to the previous submission

The tables included in the Annex 7 represent the printed summary version of the 2003 Netherlands’
annual submission of the CRF files of its greenhouse gas emission inventory in accordance with the
UNFCCC and the European Union’s Greenhouse Gas Monitoring Mechanism. These include:

e [PCC Summary Tables 7A for the base years 1990 and 1995, and for the last two years (2000 and
preliminary 2001) (CRF Summaries 1);

e Trend Tables 10 for each gas individually and for all gases and source in CO;-eq. (is included in
the file Netherlands - submission 2003 v 2.0 - 2001.xls);

e Trend Tables 10 for precursor gases (in file Netherlands - submission 2003 v 2.0 - 2001.xls);

e Recalculation Tables and Explanation Table 8.a and 8.b for base years 1990-2000.

Completeness Table 9 for 1990 has been included in Annex 5. The largest changes are (see copy of
recalculation checklist below):

e Data for 1999 and 2000 were updated (2000 data were preliminary in the previous submission);

e Data for 2001 have been added (all figures for 2001 are preliminary data);

e Data for 1990-1998 were updated according to the latest data and methodology. See also Sections
10.1 to 10.4), including changes announced in the previous three inventory reports;

e More detailed data have also been added to the set of CRF files that accompany this report:

—  For fuel combustion (IPCC category 1A) in particular, the split of the emission data per sector
by fuel type was uniformed in the years 1990, 1995 to 1999 and improved for the fossil-fuel
types solid, liquid and gaseous fuels. For the years 1999 to 2001 this could not be done to a
large extent due to limited detail in the reports of the individual companies that make up the
largest part of the source categories 1A1 and 1A2;
— The fuel split and related emissions in Other sectors (1A4) are included for the years 1991 to
1994;
— Corrected data in the CRF Feedstock Table 1.A.d. for 1994 and 1999 to 2001 due to non-
uniform definitions of non-energetic use of coal;
— Revised data (including additional information) for Wastewater handling (6B) for the total
time series;
— Additional information on Waste disposal (6A and 6C).
e For LUCF subcategories (5D) we introduced the amounts of limestone and dolomite, but the cor-
responding emission estimates for CO, are not yet available;
e The CRF data were transposed into the new CRF file format and, doing so, the use of notation
keys was updated and completed.

In the files for 1991 to 1994, only data for HFCs and N,O from nitric acid production and wastewater
treatment have been changed due to the earlier mentioned improvements.

Status reports on recalculations

We have summarised the CRF status reports on recalculations below for your information.
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Recalculations for 1991-1994:

Energy Ind.Processes Solvent Use LUCF Agriculture Waste
Co, (] (] (] (] (]
. CH, O O O O O
£ N;0 L] L] [] (] (]
E HFCs, PFCs, SF;
2 Explanations: O O ] []
Recalculation tables for all recalculated years:
Full CRF for the recalculated base year:

Recalculations for 1990, 1995-1999: recalculations based on more detailed data

Energy Ind.Processes Solvent Use LUCF Agriculture Waste
CO; 0 0 0
. CH, U] U] U] (]
£ N0 O O
ji HFCs, PFCs, SF, O
,_.“:’ Explanations: ] ]
Recalculation tables for all recalculated years:
Full CRF for the recalculated base year:

Recalculations for 2000: full recalculation, since previous statistics data had a ‘preliminary’ status,
which is now changed to ‘final .

Energy Ind.Processes Solvent Use LUCF Agriculture Waste
CO; [] 0
.. CH, U]
=
£ N0 O
3 HFCs, PFCs, SF
o
’_5:) Explanations: D
Recalculation tables for all recalculated years:
Full CRF for the recalculated base year:

10.4.4 Completeness of the CRF files

As mentioned above, the CRF files for 1990 and 1995-2001 now also include sectoral background
data for /41 Fuel combustion, including 141: Energy industries and 142: Manufacturing industries,
i.e., to the extent that emissions were reported in the various industry sectors in the national Emission
Registration system per fuel type (solid, liquid and gaseous fossil fuels).

Derived gases (coke oven gas, blast furnace gas etc.) were included under ‘Solid fuels’. Emis-
sions from LPG (except for Transport) were included in ‘Liquid fuels’. The emissions not reported by
fuel type are summed and reported under ‘Other fuels’, as is total fuel consumption associated with
these unspecified emissions. This fraction increases from about 11% of fossil-fuel related emissions in
1990 to 15% in 1996-1997, and to 34% in 2000; i.e. this percentage of CO, emissions could not be
allocated to a specific fuel type. In addition, a special effort was made to include background data for
category 6B Wastewater handling.

In general, completeness of the CRF tables is limited by the present level of detail of ER-I data
storage, in particular, for IPCC categories 1A1, 1A2 and 2 (see Table 10.5). These are the sectors that
are largely reported by individual firms for which the level of detail, completeness and quality varies
considerably (see Section 1.6 on Quality Assurance). For example, in cases where point sources are
reported differently, inconsistent fuel consumption figures are associated with emissions of CO,, CHy4
and N,O, respectively. In those cases it was decided to use the fuel data for CO, in the CRF tables,
since CO, is, by far, the most important gas of the three. As a consequence, however, the implied
emission factors for CHs and N,O in these cases will show another value than could be calculated
from the original reported activity data.
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Currently, for PFCs and SFg no potential emissions (= total consumption data) are reported. This
is due to the limited number of companies for which currently individual consumption figures are
available and which are now used for estimating actual emissions (so-called Confidential Business
Information). This replaces the use of aggregated figures from the annual report by KPMG on con-
sumption of CFCs, halons, HCFCs, HFCs, PFCs and SF¢. Some of these entries are therefore labelled
‘C’, but please note that as a result of the CRF structure, most of the summed figures for potential
emissions of PFCs and SF4 show ‘0.0°. Please also note that the Netherlands introduced the species
‘HFC unspecified’ and ‘PFC unspecified’ in the F-gas tables, accompanied by an average GWP value.
One should pay attention to this when extracting CRF data for other calculation.

Table 10.5 provides a summary of the completeness of the CRF files per IPCC source category.
Where 'IEF' is included, both emissions and activity data were provided in the sectoral background
tables. In some cases confidentiality (‘C’) prohibited this. Compared to the previous submission, com-
pleteness of sectoral background tables has improved substantially, as was noted above. The still lim-
ited completeness for the years 1991-1994 in subcategories 1A (although a fuel split for category
1.A.4 was established) and 1B is mainly due to fact that (recalculated and updated) data for these
sectors are not yet available in the required format.

10.4.5 Response to the issues raised in external reviews

Although the contents of the PER as a whole has not been subjected to regular external reviews, in
recent years a number a reviews have been conducted on the greenhouse gas emission data and the
PER as National System for compiling the national greenhouse gas inventory. For example:

e In 1999 Utrecht University on request of RIVM reviewed the quality of annual carbon dioxide
emissions of the PER and trend assessments made by RIVM for its annual evaluation of emission
trends within the framework of the Environmental Balance (Turkenburg and Van der Sluijs,
1999). As a result of these reviews of analyses made for the Environmental Balance, it was con-
cluded that more attention should be given to: a) documentation of methodologies; b) documenta-
tion of data quality including uncertainty estimates and c) a wider consultation of experts to ana-
lyse the uncertainty in the data.

e On request of the UNFCCC secretariat, a consultant described and evaluated the quality of the
Netherlands’ present National System for compiling the National Greenhouse Gas Emission In-
ventory (Mareckova, 2000).

In addition, this year, for the first time, organisations and individuals could make comments to the
draft NIR. This process was organised by Novem and RIVM, using the site www.greenhousegases.nl,
developed to improve the transparency of the National System (see Section 1.6.2). More than 20 per-
sons provided comments; some in detail, some on special subjects and some provided more general
comments. Although comments were received on almost all chapters, the majority was related to en-
ergy. Only a few comments were received from people living outside the Netherlands. All comments
were evaluated whether (a) they should result in modifications of the draft report, (b) be listed for
further discussion or (c) be rejected. The comments did contribute to elimination of errors and further
clarification of descriptions and explanations.
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Table 10.5.a. Summary of completeness of the Common Reporting Format files 1990-2001

GREENHOUSE GAS CATEGORIES 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
1. Energy
A. Fuel Combustion
1. Energy Industries IEF" EM EM EM EM IEF" IEFY IEF” IEF” IEF” IEF” IEF"
2. Manufacturing Industries and Construction IEF"  EM EM EM EM IEF” EF" EF" 1IEF"Y IEF" IEF" IEF"
3. Transport IEF  IEF IEF IEF IEF IEF IEF IEF IEF IEF IEF  IEF
4. Other Seclors IEF IEF IEF IEF IEF IEF IEF IEF IEF IEF  IEF  IEF
5. Other EM EM EM EM EM EM EM EM _EM __EM___EM___EM
B. Fugitive Emissions from Fuels
1. Solid Fuels IE IE IE IE IE IE IE IE IE IE IE IE
2. Oil and Natural Gas IEF? EM EM _EM _EM__ IEF? EF? EF? EF® EF® IEF® IEF?

2. Industrial Processes
A. Mineral Products

[ 1. Cement Production lEF  IEF  IEF IEF IEF IEF IEF IEF IEF IEF IEF  IEF
| 3 Limestone and Dolomite Use 1= IE IE IE IE IE IE IE IE IE IE IE
B. Chemical Industry
|2 Nitric Acid Production |c c c c o] o] c c c c c c
C. Metal Production
|1 iron and Steel Production |AD/IE AD/NE AD/IE ADAE AD/E ADIE AD/IE AD/JE ADAE AD/AE AD/AE AD/E
| 3 Aluminium Production ler® 1eFr® 1eFr® 1EF? 1IEF? 1IEF?  IEF?  IEF®  IEFY  IEFY  IEFY  IEF?
D. Other Production IE IE IE IE IE IE IE IE IE IE IE IE
E. Production of Halocarbons and SF,
| 1. By-product Emissions HCFC-22 producti |c C C C C C C C C [of [of C
F. Consumption of Halocarbons and SFg
1 Refrigeration C C C C C C C C C C C C
2 Foam Blowing C C C C C C C C C Cc Cc C
8 Other EM? Em? Em?® em? em? Em? Em? em? Em? EM? EM? EmM?
G_ Other EM EM EM EM EM__EM EM EM EM EM __EM EM
3. Solvent and Other Product Use IEF IEF |IEF IEF IEF IEF IEF |IEF IEF IEF IEF IEF
4. Agriculture
A_Enleric Fermentation IEF IEF IEF IEF IEF IEF [EF IEF IEF  IEF  IEF  IEF
B. Manure Management IEF® 1EF® EF® IEFY IEFY IEFY IEFY IEF® IEFY IEFY IEF® IEFY
C. Rice Cultivation NO NO NO NO NO NO NO NO NO NO NO NO
D. Agricultural Soils
Synihetic Fertilizers IEF IEF IEF IEF IEF IEF IEF IEF IEF IEF IEF  IEF
"Animal Wastes Applied fo Soils IEF IEF IEF IEF IEF IEF IEF IEF IEF IEF IEF  IEF
N-fixing Crops IEF IEF IEF IEF IEF IEF IEF IEF IEF IEF IEF  IEF
Crop Residue NE NE NE NE NE NE NE NE NE NE NE NE
Cultivation of Histosols IE® E® IEY E® IEY E? EY E® IE? E® IEY EY
“Animal Production IEF IEF IEF IEF IEF IEF IEF IEF IEF IEF IEF  IEF
Atmospheric Deposition NE NE NE NE NE NE NE NE NE NE NE NE
Nitrogen Leaching and Run-ofl E® E® E® E®? E? E? E®? E® E® E® IE® E®
Background agricultural soils EM EM EM EM EM EM EM EM EM EM EM EM
E. Prescribed Bumning of Savannas NO NO NO NO NO NO NO NO NO NO NO NO
F. Field Burning of Agricultural Residues NO NO NO NO NO NO NO NO NO NO NO NO
G. Other NO NO NO NO NO NO NO NO NO NO NO NO
S. Land-Use Change and Forestry
A. Changes in Forest and Other Woody Biomass Stocks IEF IEF IEF IEF IEF IEF IEF IEF IEF IEF IEF IEF
B. Forest and Grassland Conversion NE? NE? NE”? NE” NE” NE? NE” NE” NE” NE? NE” NE?
C. Abandonment of Managed Lands NE? NE? NE”? NE” NE” NE? NE” NE” NE” NE? NE” NE?
D. CO, Emissions and Removals from Soil NE? NE? NE? NE? NE? NE? NE? NE? NE? NE? NE?” NE?
E. Other NE? NE? NE? NE” NE? NE? NE? NE? NE? NE? NE” NE?
6. Waste |
A. Solid Waste Disposal on Land IEFIEF I[EF IEF IEF IEF [EF IEF  IEF  IEF  IEF  IEF
B. Wastewater Handling
[Wastewater/Sludge |Em EM EM EM EM EM EM EM EM EM EM EM
|N20 from human sewage je®  E® E® Y E® E® EY E® EY EY IEY EY
C. Wasle Incineration AD/E AD/IE AD/JE ADAE AD/E AD/IE ADJIE AD/E ADAE AD/IE AD/AE AD/IE
D_ Other EM EM EM EM __EM___EM EM EM EM __EM___EM EM
7. Other |
Solvents and other product use EM EM EM EM EM EM EM EM EM EM EM EM
Polluted surface water EM EM EM EM EM EM EM EM EM EM EM EM
International Bunkers
Aviation eEr? 1eF? 1er? eF? 1EF? 1eF? IEF? 1IEF?  IEFY  IEFY  IEF?  IEF?
Marine IEr? 1EF? EFr? 1IEF? 1EF? 1EF? EFY 1IEF? IEFY IEF? IEFY IEF?
Multilateral Operations NE NE NE NE NE NE NE NE NE NE NE NE

For notes see next page.
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Table 10.5b. Summary of completeness of Common Reporting Format files 1990-2001:Ilindustrial processes.
SPECIFICATION OF INDUSTRIAL PROCESSES: 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

2. Industrial Processes
A. Mineral Products
1. Cement Production IEF IEF IEF IEF IEF IEF IEF IEF IEF IEF IEF IEF
3. Limestone and Dolomite Use IE IE IE IE IE IE IE IE IE IE IE IE
4. Soda Ash IE IE IE IE IE IE IE IE IE IE IE IE
Glass Production IE IE IE IE IE IE IE IE IE IE IE IE
B. Chemical Industry
1._Ammonia Production ) IE IE IE IE IE IE IE IE IE IE IE IE
2. Nitric Acid Production C C C C C Cc C C C Cc Cc C
3. Adipic Acid Production NO NO NO NO NO NO NO NO NO NO NO NO
4. Carbide Production IE IE IE IE IE IE IE IE IE IE IE IE
5. Other (please specify) EM EM EM EM EM EM EM EM EM EM EM EM
C. Metal Production
|1 tron and Steel Production |AD/IE AD/IIE AD/E ADIE AD/IE AD/E ADJIE AD/IE AD/E AD/IE AD/E AD/IE
| 3 Aluminium Production er® 1er® 1eFr® 1EF? 1IEF? 1IEF?  IEF?  IEF®  IEFY  IEFY  IEFY  IEF?
D. Other Production
|1 Pulpand Paper [1= IE IE IE IE IE IE IE IE IE IE IE
|2 Food and Drink JiE IE IE IE IE IE IE IE IE IE IE IE
E. Production of Halocarbons and SF,
| 1. By-product Emissions HCFC-22 producti |c C C C C C C C C o} o} C
F. Consumption of Halocarbons and SFg
1 Refrigeration AD/EM AD/EM AD/EM AD/EM AD/EM AD/EM AD/EM AD/EM AD/EM AD/EM AD/EM AD/EM
2 Foam Blowing AD/EM AD/EM AD/EM AD/EM AD/EM AD/EM AD/EM AD/EM AD/EM AD/EM AD/EM AD/EM
3 Fire Extinguishers '” NO NO NO NO NO NO NO NO NO NO NO NO
4 Aerosols ' IE IE IE IE IE IE IE IE IE IE IE IE
5 Solvents'” NO NO NO NO NO NO NO NO NO NO NO NO
6 Semiconductors '” C/E C/IE C/IE C/IE C/NE C/NE C/IE C/IE C/IE CNE CNE C/E
7 Electric Equipment ' C/IE C/IE C/E C/IE C/E C/IE C/IE C/IE C/IE C/E C/E C/IE
8 Other (please specify) AD/EM AD/EM AD/EM AD/EM AD/EM AD/EM AD/EM AD/EM AD/EM AD/EM AD/EM AD/EM
G. Other EM EM EM EM EM EM EM EM EM EM EM EM

Abbreviations:

IEF = Implied Emission Factor; EM = Emissions (no IEF)

EM = Emissions, no activity data, though not confidential

NO =Not Occurring; NE = Not Estimated; IE = Included Elsewhere
C = Confidential Business Information (only emissions)

Notes:

1)  Implied emission factors of CO, for solid, liquid and gaseous fossil fuel use are now in line with underlying fuel con-
sumption due to allocation under ‘other fuels’ where CO, and related fuel consumption did not properly match. How-
ever, this approach did not simultaneously improve the IEFs for CH; and N,O. Due to limited data quality and com-
pleteness of point-source data, about 10 to 35% of fossil fuel consumption is not reported as gas, oil or coal, but is in-
cluded under ‘other fuels’.

2)  Only IEFs for CHy; Not for flaring/venting separately.

3)  1EFs for PFCs; other process emissions are included elsewhere.

4)  Activity data are included when not considered confidential.

5)  No split of amount of manure per type for animal waste management system.

6)  Included under ‘Background agricultural soils’.

7)  Not yet estimated. See Section 2.5 for improvement activities.

8)  Included under categories Wastewater/Sludge treatment (6B) and 7 Polluted surface water (7)

9)  Only for CO, (CH, and N,O not estimated).

10) IE refers to category 2F8 (others). Notation keys filled in CRF Table 2(II)Fs2.

N.B. N,O from crop residues (4D3) are included in ‘Background from agricultural soils’ (4D). In the CRF files, and thus in
this table which is copied from the CRF, accidentally the wrong notation key ‘NE’ has been used.
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10.4.6 Response to the issues raised in UNFCCC reviews

The Netherlands greenhouse gas inventory is subject to the following reviews by the Climate Secre-

tariat: (a) Desk Review and Centralised Review of the NIR 2000 and (b) Country section of Synthesis

& Assessment report on the NIR 2001 and the NIR 2002. In general the findings of the different

UNFCCC reviews are well observed and described. The Netherlands response to the general remarks

is as recorded below.

e Inconsistency in time series
Some of the apparent inconsistencies in time series are due to (a) limited recalculations (only for
1990, 1995 and the last three years) because of the limitation in the annual PER project of the
years considered in the update; and (b) to different source allocations used for different years (in
particular 1991-1994) because of a different national source coding system for these years. There-
fore, with the current PER practices, consistency over the complete time period can not be guar-
anteed for all sources. However, as explained in Section 10.4.7, this aspect is part of the improve-
ment programme.

e Missing notation keys and other documentation in CRF tables
While transferring all data to the new CRF format, the use of notation keys could be improved;
however, due to the redundancy in the various tables and files, it is not an easy task. We have in-
cluded all notation keys now in the SBT and have documented where ‘IE’ keys refer to (IE = ‘In-
cluded Elsewhere’).

o Incompleteness of CRF and NIR
A lot of comments referred to incompleteness of the CRF, which was due to limited capacity in
the Netherlands and limited data availability in the proper format. However, some tables are also,
in fact, redundant in the CRF, e.g. the Trend Tables for the greenhouse gases are identical in all
files and can be linked to other tables in the CRF. Instructions are not always clear as to what ex-
tent documentation should be provided in the CRF and which part should be explained in the NIR.
In the NIR 2003, all the items have been included which were observed as missing in the NIR
2002 submission (as far as they are available at the moment).

e Additional info in NIR
The review reports make recommendations on the inclusion in the NIR of information provided in
other Dutch reports cited. In general, this raises the question on how extensive the explanations in
the NIR should be, given that the report needs to be submitted annually. In this report we have
added an annex with references to other reports ‘that should be considered as part of the NIR’,
which are also publicly available through the internet, as are the NIR and the corresponding CRF
files.

o Comparison of activity data with international statistics
In comparing Netherlands’ activity data with international data, we stress that, in general, statisti-
cal data published by international organisations like UN, IEA and FAO, though essentially offi-
cially submitted national data, are ultimately the responsibility of these organisations. Any dis-
crepancies found could be due to various reasons, e.g. (a) apparent errors in one of the national
submissions; (b) errors in data processing by the international statistical agency; (c) errors arising
from data conversions prior or after submission; (d) differences in activity definitions; (e) differ-
ences in datasets compared due to revisions in subsequent editions; and (f) modifications or esti-
mates made by the international statistical agency, when inconsistencies or omissions were found
in the dataset and national agencies did not conclusively respond to requests for clarifications.
However, it is still important to check discrepancies found to see if errors have been made in the
emission compilation or reporting process.

In the NIR/CRF 2003 the following specific changes were made in the CRF tables (see also Section

10.4.3) partly in response to the reviews and partly as a result of the national improvement pro-

gramme:

- CRF tables improved by replacing 0 by notation keys NE, NO, IE, C, where appropriate;

- CRF tables improved in cases of ‘IE’ by adding the source allocation used to the completeness
table and other documentation boxes;
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- Many data gaps in sectoral background tables have been filled: activity data and emissions (ex-
ceptions for 1991-1994 data in categories 1A1l, 1A2, category 2 excluding cement clinker and
steel and aluminium production and all data for categories SB-E);

- Correction of typing/unit errors as observed;

- Implied Emission Factors (IEF) for CO, from fuel combustion have been improved substantially
by moving all data with inconsistent — i.e. incomplete — fuel/emission data to the subcategory
‘Other fuels’. In the 2003 submission the fuel split was made uniform for the years 1990, 1995 to
2001.

10.4.7 Planned improvements

The UNFCCC Guidelines for reporting the emissions and the Guidelines for National Systems for
annual emission monitoring under the Kyoto Protocol have added additional requirements to the pres-
ent Pollutant Emission Register (PER) of the Netherlands. In 2000 a programme was started to adapt
the monitoring procedures of greenhouse gases in the Netherlands to meet these requirements. Similar
requirements were imposed by the European Union, which is also a Party to the Convention and the
Protocol, which require that the EU Member States’ National Systems to be operational by 1 January
2005.

The national system improvement programme is being implemented under the responsibility of the
Netherlands Ministry of Spatial Planning, Housing and the Environment (VROM), who delegated the
practical co-ordination to Novem. An interdepartmental committee, the Working Group on Emission
Monitoring of Greenhouse Gases (WEB) was created to direct the actions. Several institutes and min-
istries are involved in these activities. The programme has been set up as a temporary special assign-
ment. Ultimately, all improvements and arrangements will become an integral part of the larger sys-
tem of annual emission monitoring (PER). The WEB has three subgroups: the Project Groups on CO,,
on Non-CO, and on Sinks. The subgroup on Non-CO, is formed by the Steering Committee of the
Netherlands’ Reduction Programme on Other Greenhouse Gases (ROB). In this section we will sum-
marise the three main elements of this programme and the results of actions so far.

Monitoring improvement programme

In 1999 two workshops were held on the quality of methodology and data used for calculation of
greenhouse gas emissions in the Netherlands. This workshop was attended both by experts involved in
the ER project as well as by other Dutch experts on greenhouse gas emission estimation from univer-
sities and other research institutes (Van Amstel et al., 2000a,b). The workshop assessed the situation,
and the possible and required improvements. A long-list of possible actions was elaborated. Subse-
quently, the aforementioned working group, WEB, was installed to prioritise the actions and the im-
provement programme was started. To focus the work further, the WEB initiated three Expert Project
Groups focussing on CO,, non-CO, and Sinks, respectively. Both WEB and the Project Groups are
composed of persons from the relevant ministries and institutes, who are usually also involved in the
Emission Registration project. This ensures inclusion of the appropriate expertise and promotes opti-
mal communication with the parties of the ER project. In this way synergy is created between the im-
provements initiated by the greenhouse monitoring requirements and other improvements in the an-
nual Dutch PER on the basis of (inter)national agreements as decided by the CCDM (WEM, CCDM
2003).
A series of activities have been concluded the last few years, for example:

o Uncertainty assessment: the completion of an initial comparison of Tier 1 and Tier 2 uncertainty
analyses of the Netherlands greenhouse gas inventory. This study encountered some problems
with regard to disaggregation of data on uncertainties in some categories and had to use some
preliminary calculations. The study concluded that (with a reservation for the preliminary calcula-
tions):

- the Tier 2 and Tier 1 uncertainty analyses resulted in similar magnitudes of overall uncertainty
estimates;

- the model for emission estimates had been thoroughly assessed, indicating some areas of im-
provement;
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- with regard to data in various sectors, the quality of uncertainty data still depends to a large
extent on expert estimates.

The on-going monitoring improvement programme will deal with the most important ‘weaker’

spots. The planning is to update the Tier 2 uncertainty analysis with better data, as early as 2003.

e FEmission factors for fuels: A study to evaluate the documentation and validity of the present set of
country-specific CO, emission factors for fuels was finalised. This study showed that for some
sources, national CO, emission factors should be changed, but also, that for some fuels, data for
establishing country-specific national emission factors are lacking (Van Harmelen and Koch,
2002). A recommendation was made to draw up a set of guidelines on the proper application of
the set of national emission factors agreed on and to communicate those broadly, e.g. to the com-
panies that report their emissions through the MJV. This has been planned for the PER 2004, as
for the MJV will change to an IT-based data collecting structure then.

e Feedstocks: The study dealing with CO, emissions related to non-energetic use of energy carriers
(notably as chemical feedstock) will be finalised in 2003. Accounting tables are being developed
in the EU project on Non-energy use and CO, emissions (Patel et al., 2000). These are used to
evaluate the present methods to define the non-energy use and to estimate the related CO, emis-
sions. The results for the 1993-1999 period were obtained with (partly confidential) data provided
by Statistics Netherlands (2002). It can be concluded that a material flow analysis like the NEAT
model may result in valuable estimations of non-energy use CO, emissions and can produce reli-
able estimations for country-specific storage fractions for use in the /PCC Reference Approach for
CO,. Furthermore, this approach can be used as an important check for reported values on non-
energy use in energy statistics. The considerable data requirement for the NEAT model remains a
major drawback. At the moment, the discussion on the model output is about to be finalised, in-
cluding a quantitative comparison of the storage fractions, as reported in the IPCC Reference Ap-
proach and IPCC Sectoral Approach (= National Approach), on one hand, and the model outputs
on the other. One chance is that the value of non-energy use in the Netherlands’ National Com-
munication now holds an underestimation.

o Unknown sources: As follow-up to a study to identify the sources of non-CO, greenhouse gases
that are as yet not well known.

e  Sinks: The updating of data for forest biomass stocks and stocks of carbon in soils, and emissions
of CO, from agricultural soils in the Netherlands was discussed. It was decided not to update this
data. A common understanding on the present and future monitoring systems should be realised
first. A group of consultants is working on this subject: in a study comparing the present situation
on to sinks monitoring with the requirements from a national system point of view. The results of
this study, expected in April 2003, will give guidance in further improvements with regard to
sinks monitoring and reporting.

Protocols and process descriptions

In 2001 a project was started to develop specific monitoring protocols for the greenhouse gas emis-
sions in the Netherlands. As part of the National System, all relevant methodologies, procedures,
tasks, responsibilities and such are being described in a transparent way in these protocols. In this
project, under co-ordination of Novem, discussions were initiated with key firms, organisations in-
volved in the PER process and other research institutes. In this process the methodologies and proce-
dures for estimating greenhouse gas emission in the Netherlands were (re)assessed and compared with
UNFCCC and IPCC requirements and, where relevant, adapted. Discussions include the feasibility
and willingness to provide additional (sometimes confidential) data and, where relevant, the feasibility
and costs of changing methodologies.

The project started with the non-CO, greenhouse gases, since some of these were not traditionally
part of the PER. For four (key) sources the first phase finished in 2001 with four draft protocols. In
2002 most other key sources, including the CO, sources, were described in draft protocols. At present
this set of draft protocols is being discussed within the ER project (Task Forces and Co-ordinating
Committee on Target Group Monitoring, CCDM) in order to incorporate these protocols in the
PER process. These discussions focus mainly on cost and other feasibility aspects. Parallel discussions
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are ongoing, with and within the Ministry of VROM, on the required adaptations in legal and organ-
isational bases. The protocols are expected to enter their pilot phase as of the end of 2003. It should be
noted that some of the improvements agreed upon are (or have been) implemented earlier.

Elaboration and implementation of a QA/QC system as part of the National System

In 2001 a three-phase project was started to develop (or rather adapt) the QA/QC system for the Neth-

erlands GHG monitoring and NIR/CRF process:

1. The first phase was finished in late 2001 and early 2002; it included an assessment of the present
situation as compared to the UNFCCC/IPCCC requirements.

2. The second phase of the project involves the elaboration and description of relevant processes and
procedures, including, where necessary, adaptation of the present situation. This is being done
through a project group with involvement from the Ministry of VROM and the PER and co-
ordination by Novem. This phase is planned for completion in 2003, running to a large extent par-
allel to the elaboration of the protocols. This phase also includes making practical arrangements
for the implementation of the procedures, e.g. through workshops with involved staff and through
supporting documentation and tools (where feasible and relevant).

3. The third phase comprises the formal and legal arrangements needed for the structural embedding
of the QA/QC procedures. This will be done in 2003/2004, together with the legal embedding of
the protocols.

Improvement proposals resulting from compiling the NIR/CRF 2003 submission

During the compilation and checks of the data for the CRF files it was concluded that the data for the
waste sector (category 6) were not satisfactory. Actions should be taken to standardise source de-
scriptions, and new calculations of the related emissions may be necessary.

Furthermore, it has been concluded that the combustion emissions for 1997 in the Manufacturing
industries (category 1A2) do not fit well in the expected trend. This especially holds for the chemical
industry and the food industry. Amongst others this may contribute to the difference between the ref-
erence approach and the national approach which is for 1997 the highest of all years and not yet fully
understood (see Section 3.2.6 and Annex 4). Also the level of the combustion emissions for 2000 in
the chemical industry compared to the 1999 figures is not yet fully explained. Improvement envisaged
for the current dataset should be verified, although this might be difficult because of the poor quality
of fuel (and emission) data from individual firms. These issues will be brought to the attention of the
Co-ordinating Committee on Target Group Monitoring (CCDM).
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ANNEX 1: Key sources

1.1 Introduction

Key sources according to the IPCC Good Practice Guidance (IPCC, 2000) are those found in the
accumulative 95% of the total annual emissions in the last reported year or belonging to the total
trend, when ranked from contributing the largest to smallest share in annual total and in the trend. The
IPCC also recommended which sources should be checked for their key source status.

For preliminary identification of key sources in the Netherlands inventory we allocated, where
possible, the national emissions according to the IPCC’s potential key source list. This non-
combustion category of CO, has been added to the list for the Netherlands, with its high share of
feedstock/non-energy use of fuels. A number of other potential key sources could not be clearly
identified in the present dataset. However, compared with the previous submission, it was now
possible to identify the possible key source CO, emissions from iron and steel production. The IPCC
Tier 1 method consists of ranking this list of source category-gas combinations, both for the
contribution, to the national total annual emissions and to the national total trend.

The grey areas at the top of the tables in this Annex are the largest sources of which the total adds
up to 95% of the national total: 18 sources for annual level assessment and 20 sources for the trend
assessment out of a total of 56 sources. Both lists can be combined to get an overview of sources that
meet any of these two criteria. The IPCC Tier 2 method for identification of key sources requires the
incorporation of the uncertainty to each of these sources before ordering the list of shares. This has
been carried out using the uncertainty estimates discussed in Section 1.3 of this Annex. The results of
the Tier 1 and Tier 2 levels and trend assessment are summarised in 7able 1.6. As could be expected,
the Tier 2 level and trend assessment increases the importance of relatively very uncertain sources.
Some of these sources, which are below the 95% cut-off line in the Tier 1 assessment, are shifted
above this line in the Tier 2 assessment.

Table Al.1 presents the preliminary list of key sources, identified by combining the Tier 1 and
Tier 2 levels and trend approach. It can be concluded that in using the results of a Tier 2 key source
assessment, three more sources are added to the list of 23 Tier 1 level and trend key sources:

Table Al.1. Preliminary list of key sources identified by the Tier 1 and 2 level and trend assessments

Name Gas T1 Level TI1Trend T2Level T2 Trend
1A Emissions from stationary combustion: Energy Industries CO, 1 1 1 1
Emissions from stationary combustion: Manufacturing Industries & Constr. CO, 1 1 1 1
Emissions from iron and steel industry CO, 1 1 1
Emissions from stationary combustion: Other Sectors CO, 1 1 1
Feedstock gas CO, 1 1 1
Feedstock oil CO, 1 1 1
Mobile combustion: road vehicles CO, 1 1 1 1
Mobile combustion: other CO, 1 1
Mobile combustion: aircraft CO, 1
1B Fugitive emissions from oil and gas: gas production CH, 1 1 1
Fugitive emissions from oil and gas: gas distribution CH,4 1 1 1
2 Emissions from nitric acid production N,O 1 1 1
HFC Emissions from substitutes for ozone depleting substances HFC 1
HFC-23 emissions from HCFC-22 manufacture HFC 1 1 1
PFC emissions from aluminium production PFC 1 1 1
SF¢ emissions from SFs use SFs 1
4A CH, emissions from enteric fermentation in domestic cattle livestock CH, 1 1 1
4B Emissions from swine manure management CH, 1 1
4D Direct N,O emissions from agricultural soils N,O 1 1
Indirect N,O emissions from nitrogen used in agriculture N,O 1 1
6A CH, emissions from solid waste disposal sites CH, 1 1 1 1
7  Miscellaneous CO, CO, 1 1 1
Miscellaneous N,O N,O 1 1
Polluted surface water N,O 1 1
Tier 2 key sources not in Tier 1 key source list:
1A Emissions from stationary combustion: non-CO, CH, 1
1A Mobile combustion: water-borne navigation CO, 1
4B Emissions from cattle manure management CH, 1
Number of sources: 27 18 20 24 5

A-3



ANNEXES Netherlands NIR 2003 RIVM report 773201007

e CH, emissions from stationary combustion;
e CH, emissions from cattle manure management;
e CO, from mobile combustion: water-borne navigation.
Their share in the national annual total becomes more important when taking their uncertainty into
account: 50%, 100% and 100%, respectively (Table 1.7).
The subsequent sections will provide more details on the Tier 1 and Tier 2 key source
assessment.

Table A1.2. Source ranking using IPCC Tier 1 level assessment 2001 (amounts in Gg CO;-eq.)

COy-eq Cum.
TPCC  Category Gas 2001 Share  share
1A Emissions from stationary combustion : Energy Industries co2 64776 29% 29%)
1A Emissions from stationary combustion : Other Sectors CcOo2 36126 16% 46%
1A Mobile combustion: road vehicles CO2 31984 15% 60%
1A Emissions from stationary combustion : Manufacturing Industries and Construction CcOo2 25027 11% 72%
6A  CH4 emissions from solid waste disposal sites CH4 8181 4% 76%
2X  Emissions from nitric acid production N20 6564 3% 79%
1A Emissions from iron and steel industry CcOo2 6196 3% 81%
4A  CH4 emissions from enteric fermentation in domestic livestock: cattle CH4 6054 3% 84%
4D  Direct N20 emissions from agricultural soils N20 5518 3% 87%
1A Feedstock gas co2 4664 2% 89%
1A Feedstock oil co2 3902 2% 91%|
1A Mobile combustion: other CO2 2458 1% 92%
7X  Misc. CO2 Cco2 1579 1% 92%
4D Indirect N20O emissions from nitrogen used in agriculture N20 1460 1% 93%
1B Fugitive emissions from oil and gas operations: gas production CH4 1454 1% 94%
2X  PFC emissions from aluminium production PEC 1320 1% 94%)
1B Fugitive emissions from oil and gas operations: gas distribution CH4 1287 1% 95%)
7X  Polluted surface water N20 1178 1% 95%
2X  Other industrial: CO2 CcO2 1124 1% 96%
1A Mobile combustion: water-borne navigation CcOo2 969 0% 96%
2X  Emissions from substitutes for ozone depleting substances (ODS substitutes): HFC HFC 943 0% 97%
4B Emissions from manure management : swine CH4 848 0% 97%)|
4B Emissions from manure management : cattle CH4 803 0% 98%
1A Emissions from stationary combustion: non-CO2 CH4 638 0% 98%)
1A Mobile combustion: road vehicles N20 583 0% 98%|
2X  HFC-23 emissions from HCFC-22 manufacture HFC 450 0% 98%
2X  Emissions from cement production CcOo2 437 0% 99%
4A  CH4 emissions from enteric fermentation in domestic livestock: swine CH4 412 0% 99%
1A Feedstock coal co2 408 0% 99%|
2X  SF6 emissions from SF6 use SF6 296 0% 99%
1A Emissions from stationary combustion: non-CO2 N20O 223 0% 99%)
4A  CH4 emissions from enteric fermentation in domestic livestock: sheep CH4 218 0% 99%
1A Mobile combustion: aircraft CO2 197 0% 99%
6B Emissions from wastewater handling N20 194 0% 99%
2X  HFC by-product emissions from HFC manufacture HFC 192 0% 100%
4B Emissions from manure management N20 189 0% 100%|
4B Emissions from manure management : poultry CH4 182 0% 100%|
2X  PFC emissions from PFC use PFC 136 0% 100%
7X  Misc. N20 N20 129 0% 100%|
4A  CH4 emissions from enteric fermentation in domestic livestock: other CH4 83 0% 100%
1A Mobile combustion: road vehicles CH4 81 0% 100%|
1B Fugitive emissions from oil and gas operations: other CH4 79 0% 100%
7X  Misc. CH4 CH4 39 0% 100%|
2X  Other industrial: CH4 CH4 30 0% 100%
1A Mobile combustion: other N20 29 0% 100%|
4B Emissions from manure management : other CH4 23 0% 100%
6B Emissions from wastewater handling CH4 16 0% 100%
1A Mobile combustion: other CH4 7 0% 100%
219.685

4B  Emissions from agricultural residue burning n-CO2 NO

2 Emissions from lime consumption CcO2 IE

2 PFC, HFC, SF6 emissions from semiconductor manufacturing (GWP) PFC IE

2 Other industrial: N20 N20 IE

6C__ Emissions from waste incineration n-CO2 |E

Sources: Olivier et al. (2000) for emissions, Van Amstel et al. (2000a), IPCC (2000) and RIVM's expert judgement of
uncertainties.



RIVM report 773201007 Netherlands NIR 2003 ANNEXES

1.2 Tier 1 key source and uncertainty assessment

In Tables A1.2 and Al.3 the source ranking is done according to the contribution to the 2001 annual
emissions total and to the base year to 2001 trend, respectively. This results in 18 level key sources
and 20 trend key sources (indicated in the grey part at the top). Although it has no relevance for
identifying whether a sources is a key source or not, it is interesting to note that 14 sources are found
in both lists. This set forms the most robust list, since it does not include the uncertainty estimate for
the emissions. However, the level and trend assessment uses the dataset for the last reported year,
2001, of which the data are preliminary and can, in some cases, change substantially when the final
data become available in the next year (= subsequent submission). In Chapter 10 on recalculations
and in the recalculation Table A7.17 in Annex 7.2, examples are provided for 2000.

Table A1.3. Source ranking using IPCC Tier 1 trend assessment (amounts in Gg COx-eq.)

Level Level
CO2-eq CO2-eq assessment assessment Trend % Contr.to  Cumulative
IPCC  Caiegory Gas 1990 2001 90/95 2001 assessment trend total
14 Emissions from stationary combustion : Energy Industries g 51305 64776 24% 20% S0% 2E% 2E%
14 Idobile combustion: road vehicles COg 25374 31984 12% 15% 24% 14% 41%%
14 HFC-23 emissions from HCFC-22 manufacture HFC 5759 450 3% 0% 24% 13% 55%
1A CHy etrdssions from solid waste disposal sites CHy 11802 8181 6% 4% 1.3% 10% 64%
B4 Emissions from stationary combustion : Manufacturing Industties GOy 27711 25027 13% 11% 1.7% 0% TA%
and Constniction
ey CHy emissions from entetic fermentation it domestic livestock: cattle CHy TATE 6054 A% 3% 0.2% 5% TEY
2% Feedstock oil Coy 2549 3002 1% 2% 0.5% % 8%
14 Emissions from nitric acid production N0 T020 6364 3% 3% 03% 2% 83%
X Fugitive emissions from oil and gas operations: gas production CHy 2007 1454 1% 1% 03% 2% 85%
4D Emissions from suhstitutes for ozone depleting substances HFC 248 943 0% 0% 03% 2% 87%
(ODE substitutes): HFC
14 Misc. N30 N30 753 129 0% 0% 03% 2% 88%
14 Etudasions from stationary combustion : Other Sectors COq 34179 36126 16% 16% 02% 1% S0%
14 FFC etrdssions from aluminium production PFC 1709 1320 1% 1% 0:2% 1% 01%
1B Mise. COg Coy 110 1579 1% 1% 0.1% 1% 0%
2% Feedstock gas (107) 4805 a4 2% 295 0.1% 1% 05%
1B Ilobile combustion: aircraft COq 452 197 0% 0% 0.1% 1% 03%
Ein) Emissions from iron and steel industry Cog 6255 6196 3% 3% 0.1% 1% 94%
T Fugitive emissions from oil and gas operations: gas distribution CHy 1524 1287 1% 1% 0.1% 1% Q5%
iy Idohile combustion: road vehicles N0 341 383 0% 0% 0.1% 1% 95%
T Etudssions from manure management : swine CHy 1033 348 0% 0% 0.1% 1% S6%
4B Feedstock coal Coy 569 402 0% 0% 0.1% 0% Q6%
4B HFC by-product emdssions from HFC manufacture HFC 12 192 0% 0% 0.1% 0% 9T
14 Emissions from manure management : cattle CHy Q05 203 0% 0% 0.1% 0% 97%
T Emissions from wastewater handling CHy 132 1é 0% 0% 0.1% 0% 97%
14 Other industrial: COy Cog 1181 1124 1% 1% 0.0% 0% 08%
14 Direct N3O emissions from agricultural soils Ha0 5214 5518 2% 3% 0.0% 0% QB
14 Maobile combustion: road vehicles CHy 138 81 0% 0% 00% 0% 98%
EEX CH4 emissions from enteric fermentation in domestic ivestock: sheep CHy 286 218 0% 0% 00% 0% 98%
2K PFC emdssions from PFC use PFC [ 136 0% 0% 00% 0% 0%
14 Emissions from wastewater handling Hi0 126 104 0% 0% 0.0% 0% 00%
44 Indirect N30 emissions from nitrogen used in agriculture Hi0 1460 1440 1% 1% 00% 0% aa%;,
2K Fugitive emissions from oil and gas operations: other CHy 133 79 0% 0% 0.0% 0% 99%
X Emissions from stationary combustion: non-COy CHy 557 38 0% 0% 0.0% 0% 9%
4B Maobile combustion: water-borne navigation COy 877 969 0% 0% 00% 0% 9%
14 Polluted sutface water a0 1178 1178 1% 1% 00% 0% 99%
4B CHy emissions from enteric fermentation in domestic livestock: other CHy 37 83 0% 0% 0.0% 0% 99%
14 CHy emissions from entetic fermentation in domestic livestock: swine CHy 438 412 0% 0% 0.0% 0% 100%
3] Emissions from matire management : poultey CHy 216 152 0% 0% 00% 0% 100%
1E Other industrial: CHy CHy 69 0 0% 0% 00% 0% 100%
3] Emissions from matnire management N0 205 189 0% 0% 00% 0% 100%
23 Emissions from cement production GOy 400 437 0% 0% 00% 0% 100%
ax IIobile combustion: other T 2378 2458 1% 1% 00% 0% 100%
TE 3Fg emissions from 3Fs use SFg 275 296 0% 0% 0.0% 0% 100%
ErY Emissions from stationaty combustion: non-COy a0 208 223 0% 0% 0.0% 0% 100%
14 Misc. CHy CHy 43 e 0% 0% 0.0% 0% 100%
4B Llobile combustion: other Hi0 3 29 0% 0% 0.0% 0% 100%
2K Emissions from manure management : other CHy 19 o] 0% 0% 0.0% 0% 100%
14 Tdohile combustion: other CHy 2 T 0% 0% 00% 0% 100%
211107 219685 100%% 100%0 18.0% 100%0

Sources: Van Amstel et al. (2000a), IPCC (2000) and RIVM’s expert judgement of uncertainties.
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1.3 Uncertainty assessment

As described in Section 1.7, a Tier 1 uncertainty assessment was made to estimate the uncertainty in
total national greenhouse gas emissions and in their trend. Tier 1 here means that non-Gaussian
uncertainty distributions and correlations between sources have been neglected. The uncertainty
estimates for activity data and emission factors as listed in Table 1.7 were also used for a Tier 1-trend
uncertainty assessment, that can be summarised as follows:

COs,-¢eq. +4%-points of 4% increase N,O +11%-points of 3% decrease
CO, +3%-points of 13% increase F-gases +10%-points of 60% decrease
CH, +7%-points of 25% decrease

Details on this calculation can be found in 7able A1.4. It should be stressed that most uncertainty
estimates are ultimately based on (collective) expert judgement and therefore also rather uncertain
(usually of the order of 50%). However, the reason to make these estimates is to identify the relative
most important uncertain sources. For this purpose, a reasonable order-of-magnitude estimate of the
uncertainty in activity data and in emission factors is usually sufficient: uncertainty estimates are a
means to identify and prioritise inventory improvement activities, rather than an objective in itself.

This result may be interpreted in two ways: part of the uncertainty is due to inherent lack of
knowledge on the sources that can not be improved; another part, however, can be attributed to
elements of the inventory of which the uncertainty could be reduced in the course of time. The latter
may be a result of either dedicated research initiated by the Inventory Agency or by other researchers.
When this type of uncertainty is in sources that are expected to be relevant for emission reduction
policies, the effectiveness of the policy package could be in jeopardy if the unreduced emissions turn
out to be much less than originally estimated.

The results of this uncertainty assessment for the list of potential key sources can also be used to
refine the Tier 1 key source assessment discussed above. This is the topic of the next section.

1.4 Tier 2 key source assessment

Using the uncertainty estimate for each key source as a weighting factor, we performed the key source
assessment again. This is called the Tier 2 key source assessment. The results of this assessment are
presented in Tables A1.5 and A1.6 for the contribution to the 2001 annual emissions total and to the
base year to 2001 trend, respectively. Comparison with the Tier 1 assessment presented in Tables A1.2
and Al.3 shows more level key sources (22 instead of 18) and much lower trend key sources (5
instead of 19). This is because in the Tier 2 trend contribution calculation, the contribution of the
number 1 key source — CO, from energy industries — almost doubles, from 28% to 56%, now
accounting for over half the total contribution to the trend according to the IPCC calculation rules.
With respect to Tier 2 level key sources, perhaps surprisingly, the energy industries with the highest
share of 29% in the national total are number 1 when including the uncertainty estimates. As Table
Al.5 shows, five large but quite uncertain CH, and N,O sources now top the list of level key sources.
These are:

Direct N,O emissions from agricultural soils;

N,O emissions from nitric acid production;

Indirect N,O emissions from nitrogen used in agriculture;
CH, emissions from solid waste disposal sites;

N,O emissions from polluted surface water.

The uncertainty in these emissions is estimated to be in the range of 30 to 60%, with indirect N,O
emissions and N,O from polluted surface water having an uncertainty of a factor of 2, which is one or
two orders of magnitude higher than the 4% uncertainty estimated for CO, from the energy industries
(Table 1.7).
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Table Al.4. Tier 1 trend uncertainty assessment 1990-2001 (for F-gases with base year 1995) with the
categories of the IPCC potential key source list (without adjustment for correlations between

sources)
Combined
TUncertainty
Base year as %o of toial
emissions Activity Emission national
(1990/199 2001 data factor Combined emissions in
IPCC IPCC Source category Gas ) Emissions uncertainty uncertainty Uncertainty 2001
1 Emissions from stationary combustion : Energy Industries 0, 31305 GATTE 3% 2% A% 1.1%
1# Emissions from stationary combustion : Other Sectors 0y 34179 36126 3% 1% 3% 0.5%
14 Emissions from stationary combustion : Mamafacturing Industries and
Construction COq 27711 25027 3% 1% 3% 0.4%
14 Mlobile combustion: road wehicles Ci0y 25374 31924 2% 2% 3% 0.4%
14 Emissions from iton and steel industry Ci0y G255 196 3% 3% A% 0.1%
14 Feedstock gas Ty 4205 a6 5% 10% 11% 0.2%
14 Feedstockoi O, 2549 3902 20% 50% 54% 1.0%
14 Mlohile combustion: other COq 2378 2458 50% 2% 0% 0.6%
14 DMlohile combustion: water-borne navigation Ci0y 877 el 100% 2% 100%% 0.4%
14 Feedstock coal Ci0g 565 408 5% 10% 1% 0.0%
14 Mlobile combustion: aircraft CiDg 4932 197 0% 2% 0% 0.0%
2 Other industrial: CO4 COy 1181 1124 20% 5%, 1% 0.1%
2% Emissions from cement production Ci0y 400 437 5% 10% 1% 0.0%
73 Mize. COg COy 1189 1579 20% 0% 4% 0.4%
TOTAL CO; CO, 150263 179847 1304 increase
14  Emissions from stationary combustion: non-COy CHy 557 638 I 0% 0% 0.1%
14 Mlobile combustion: road vehicles CHy 158 3 5% A0% A0% 0.0%
14 Mlohile combustion: other CHy 2 7 0% 100% 112% 0.0%
{E  Fugitive emigsions from oil and gas operations: gas production CHy 2097 1454 1% 250% 25%% 0.2%
1B Fugitive emizsions from oil and gas operations: gas distribution CHy 1524 1287 3% 0% 0% 0.3%
1B Fugitive emdssions from oil and gas operations: other CHy 133 7 20% 0% 5% 0.0%
3 Other industrial: CHy CHy 63 30 10% 50% 51% 0.0%
42 CHy emndssions from enteric fermentation in domestic ivestock: cattle CHy TETR A054 5% 20% 2% 0.6%
A2 CHy emdssions from enteric fermentation in domestic ivestock: swine CHy 432 412 5% 0% S0% 0.1%
44 CHy emissions from entetic fermentation in domestic livestock: sheep CHy 226 218 5% 0%, 30% 0.0%
4 CHy emissions from enteric fermentation in domestic ivestock: other CHy 37 33 5% 30% 0% 0.0%
4B Emissions from manure management ;| swine CHy 1033 248 10%: 100% 100%a 0.4%
4B Emissions from manute management © cattle CHy ons 203 10% 100% 100%% 0.4%
4B Emissions from manure management | poultry CHy 216 182 10% 100% 100%: 0.1%
48 Emissions from manure management : other CHy 19 3 10% 100%: 100%5 0.0%
fiss  CHy emissions from solid waste disposal sites CHy 11202 2181 15% 30% 34% 1.2%
¢B Emissions from wastewater handling CHy 138 16 20% 25% 32% 0.0%
73 Mlisc. CHg CHy 43 39 20% 25% 32% 0.0%
TOTAL CHy CHy 27140 20434  -25% (= decrease)
12 DMlobile combustion: road wehicles M0 341 383 3% 0% 0% 0.1%
14 Emissions from stationary combustion: non-COy N30 208 223 2% 50% 0% 0.1%
14 Mlohile combustion: other juptal 31 29 0% 100% 112% 0.0%
3% Emissions from nittic acid production N0 7029 564 10% S0% 51% 1.5%
4B Emissions from manute management My 205 189 10% 100% 100% 0.1%
4D Direct MO emissions from agricultural soils N30 5214 5518 10% 60% 1% 1.5%
40 Indirect N0 emissions from nitrogen used in agriculture N30 1460 1460 0% 200% 206%% 1.4%
¢B Emissions from wastewater handling M0 126 194 20%, S0% 54% 0.0%
7% Polluted sutface water M0 1178 1178 0% 200% 206% 1.1%
7 Mlisc. HaO M0 753 129 0% 50% 1% 0.0%
TOTAL N: 0 N; 0 16544 16067 -3%p (= decrease)
23 HFC-23 emissions from HCFC-22 manufacture HFC 5759 430 15% 5% 29% 0.1%
¥ Emissions from substitutes for ozone depleting substances
(DD substitutes): HFC HFC 248 043 10% 50% 51% 0.2%
2 HFC by-product emissions from HFC manufacture HFC 12 192 10% 0% 1% 0.0%
3% PFC emissions from alwminiam production PFC 1799 1320 5% 0% 1% 0.1%
2% PFC emissions from PFC use PFC 68 136 5% 25% 25% 0.0%
3% 3Fg emissions from 3Fs use =Fs 275 296 100% 253% 103% 0.1%
TOTAL F-gases F-gases 8160 3337 -59% (= decrease)
TOTAL COg-eq. GHG 211107 219685 4.1% increase 3.7%
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Table Al.4 (continued). Tier 1 trend uncertainty assessment 1990-2000 (for F-gases with base year 1995) with
the categories of the IPCC potential key source list (without adjustment for correlations between

sources)
Uncertainty in Uncertainty in =~ Uncextainty
trend in national  trend in national  introduced
issi i into the trend Emission
introduced by iniroduced hy in total factor
Type A Type B emission factor activity data national quality
IPCC IPCC Source categor Gas itivi itivi uncertainty uncertainty i indi

1# Emissions from stationary combustion : Energy Industries GOy 43% 4% 0.1% 1.7% 1.7% pn
12 Emissions from stationary combustion : Other Sectors 0y -1.5% 23% 0.0% 1.0% 1.0% pam
124 Emissions from stationary combustion : Matufacturing Industries

and Construction GOy 3.9% 16% 0.0% 0.7% 0.7% pn
14 Liobile combustion: road vehicles GOy 21% 20% 0.0% 0.6% 0.6% pn
12 Emissions from iron and steel industey Gy -0.5% A% 0.0% 0.2% 0.2% pam
14 Feedstock gas C0g -0.5% 3% 0.0% 0.3% 0.2% pam
12 Feedstock oil GOy 0.6% 2% 0.3% 0.7% 0.8% pm,
14 Mobile combustion: other g -0.1% % 0.0% 1.1% 11% pam
14 Mlobile combustion: water-horne navigation COq 0.0% 1% 0.0% 0.0% 0.9% pom
14 Feedstock coal COy 0.1% 0% 0.0% 0.0% 0.0% pm
14 DLiobile combustion: aitcraft COy 0.2% 0% 0.0% 0.1% 0.1% pm
3 Other industrial: COg CiCg -0.1% 1% 0.0% 0.2% 0.2% pn
2% Emissions from cement production COg 0.0% 0% 0.0% 0.0% 0.0% 2B
T Misc. COg COy 0.1% 1% 0.1% 0.3% 0.3% pam

TOTAL CO, CO; 3%op. in trend of 9
14 Emissions from stationary combustion: non-COy CHy 0.8% % 0.4% 0.1% 0.4% pam
14 DMobile combustion: road wehicles CHy -0.1% 0% -0.1% 0.0% 0.1% P
14  Mobile combustion: other CHy 0.0% 0% 0.0% 0.0% 0.0% pm
1B Fugitive emissions from oil and gas operations: gas production CHy -0.5% 5% -0.1% 0.1% 0.1% pm
1B Fugitive emissions from oil and gas operations: gas distribution CHy 0.5% 5% 0.3% 0.3% 0.4% pam
1B Fugitive emissions from oil and gas operations: other CHy -0.1% 0% 0.0% 0.1% 0.1% pam
X Other industrial: CHy CHy 0.1% 0% 0.0% 0.0% 0.0% pamn
44 CHy emissions from enteric fermentation in domestic livestock: catile CHy 1.0% 22% 0.2% 1.6% 1.6% pm,
44 CHy emissions from enteric fermentation in domestic livestock: swine CHy 0.3% 2% 0.2% 0.1% 0.2% pam
44 CHy emizsions from entetic fermentation in domestic ivestock: sheep CHy 0.0% 1% 0.0% 0.1% 0.1% pam
44 CHy emissions from enteric fermentation in domestic livestock: other CHy 0.2% 0%% 0.1% 0.0% 0.1% P,
48 Emissions from matmire management | swine CHy 0.3% 3% 0.3% 0.4% 0.5% pam
4B Emissions from marire management © cattle CHy 0.4% 3% 0.4%, 0.4% 0.6% pam
4B Emissions from matire management | poultry CHgy 0.1% 1% 0.1% 0.1% 0.1% pn
48  Emissions from manure management : other CHa 0.0% 0% 0.0% 0.0% 0.0% pm
64 CHy emissions from solid waste disposal sites CHy -2 6% 0% -0.8% 6.4% 6.4% pam
6B Emizsions from wastewater handling CHy -03% 0% -0.1% 0.0% 0.1% pam
T Mlisc. CHy CHy 0.0% 0% 0.0% 0.0% 0.0% pn

TOTAL CHy CHy T%op. in trend of -2
14 Mobile combustion: road wehicles HaO 1.5% 4% 0.8% 0.2% 0.8% pm
14  Emigsions from stationary combustion: non-COy Ha0 0.1% 1% 0.1% 0.0% 0.1% pm
14 Mobile combustion: other Ha 0.0% 0% 0.0% 0.1% 0.1% pam
2 Emissions from nittic acid production HaO -1.6% A0% -0.8% 5.6% 57% pam
4B Emissions from mamare management Ha0 0.1% 1% -0.1%: 0.2% 0.2% pam
A0 Direct M30 emizsions from agricultural sodls Ha0 2.7% 33% 16% A47% 50% pm
40 Indirect MaO emissions from nitrogen used in agriculture Ha 0.3% 9% 0.5% 6.2% 6.3% P,
6B Emissions from wastewater handling HaO 0.4% 1% 0.2% 0.3% 0.4% pam
7 Polluted susface water HaO 0.2% T 0.4%, 30% 31% pam
T Mlisc. NaO Ha0 -3A% 1% -1.8% 0.6% 1.9% pn

TOTAL N; O N0 11%ap. in ivend of -;
23 HFC-23 emissions from HOFC-22 mamafacture HFC -432% 6% -58% 1.2% 5.0%, pam
2 Emissions from substitutes for ozone depleting substances

(0D substitutes): HFC HFC 10.3% 13% 5.2% 14% 5.4% pam
2% HFC by-product emissions from HFC manufacture HFC 2.3% 2% 1.1% 0.3% 1.2% pam,
2% PFC emizsions from alumindum production FFC T1% 16% 1.4% 1.1% 1E8% pm
X PFC emissions from PFC use PFC 13% % 0.3% 0.1% 0.4% pamn
I SFg emiszions from SFg use SFg 2.2% A% 0.6% 5.1% 5.2% pm

TOTAL F-gases F-gases 10%op. in trend of -£

TOTAL COgz-eq. GHG 300 unc.In4.1%

Note: Sensitivity values refer to the trend in total CO,-equivalent emissions. The trend uncertainties per gas included in the
sheet were calculated with different, gas-specific sensitivity values. For CO, from fossil fuel we used the CO, data from the
IPCC Reference Approach, including feedstock data (adjusted to match the total in the National Approach), combined with
transport data.
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Table A1.5. Source ranking using IPCC Tier 2 level assessment 2001 (amounts in Gg CO;-eq.)
COpeq Uncertainty Level *  Cumulative

IPCC Category Gas 2001 Share estimate Uncertainty total
A0 Direct MO emdssions from agricultural soils gl 3518 3% B1% 1.3% 3%
2% Fmissions from nitric acid production H,0 6364 3% 1% 1.5% 3%
4D Indirect Mo emissions from nitrogen used in agticulture M40 14460 1% 206% 1.4% 6%
64 CHy emissions from solid waste disposal sites CHy 2181 A% 34% 1.2% 10%
T Polluted surface water ope] 1178 1% 206% 1.1% 109
14 Emissions from stationary combustion ;| Energy Industiies COa  A4FFR 29% 4% 1.1% 40%
14 Feedstock oil COy |02 2% 54% 1.0% 42%
448 CHy emissions from enteric fermentation in domestic ivestock: cattle CHy a054 3% 21% 0.6% 44%
14 Mobile combustion: other Ci0g 2458 1% 0% 0.6% A
14 Emissions from stationary combustion | Other Sectors COy 36126 16% 3% 0.5% 62%
14 Mobile combustion: watet-borne navigation COg g 0% 100%; 0.4% 62%
14 DNobile combustion: road wehicles COa 31984 15% 3% 0.4% TT%
4B Emissions from manure management : swine CHy 248 0% 100% 0.4% T
TE Misc. C0y COy 1579 1% 54% 0.4%: TE%%
4B Emissions from manure management : cattle CHy 803 0% 100% 0.4% T
14 Emissions from stationary combustion : Manufacturing Industries and C0, 25027 11% % 0.4% 0%

Construction
1B Fugitive emissions from oil and gas operations: gas distribution CHy 1287 1% 0% 0.3% 20%
14 Feedstock gas COq d6d 2% 11% 0.2% 93%
2% Emissions from substitutes for ozone depleting substances HFC 043 0% 51% 0.2% 03%%
(0D substitutes): HFC

1B Fugitive emizsions from oil and gas operations: gas production CHy 1454 1% 25% 0.2% 94%%
14 Fmissions from stationaty combustion: non-CC; CHy A3E 0% 0% 0.1% 4%
23 BFgemissions from SFg use 5Fg 296 0% 103% 0.1% 4%
14 Iohile combustion: road wehicles gl 383 0% 0% 0.1% 4%
2% PFC emdssions from aluminium production PFC 1320 1% 21% 0.1% 05%
14 Emissions from iron and steel industry COq A1596 3% 4% 0.1% Q8%
2% Other industrial: COg COq 1124 1% 1% 0.1% DE%%
44 CHy emissions from enteric fermentation in domestic ivestock: swinie CHy 412 0% 0% 0.1% 5%
4B Emissions from manure management M0 189 0% 100% 0.1% 9%
4B Emissions from manure management | poultsy CHy 182 0% 100% 0.1% 9%
2% HFC-23 emdssions from HOFC-22 manufacture HFC 430 0% 29% 0.1% 99%
14 Emissions from stationary combustion: non-C0; a0 223 0% 0% 0.1% Q0
6B Emissions from wastewater handling M40 194 0% 54% 0.0% Q0%
14  Mohie combustion: aircraft co2 197 0% 0% 0.0% 99%
2% HFC by-product emissions from HFC manufacture HFC 192 0% 1% 0.0% 99%
TE Misc. N0 Ha0 129 0% % 0.0% 0o
44 CHy emdssions from enteric fermentation in domestic livestock: sheep  CTHy 218 0% 30% 0.0% QoG
2% FEmissions from cement production COg 437 0% 11% 0.0% 100%
14  Mobile combustion: road wehicles CHy 21 0% A% 0.0% 100%
14 Feedstock coal COq 408 0% 1% 0.0% 100%
1B Fugitive emissions from oil and gas operations: other CHy ™ 0% 4% 0.0% 100%
2X PFC emissions from PFC use PEC 136 0% 5% 0.0% 100%
14 DNohile combustion: other jop] 29 0% 112% 0.0% 100%
44 CHy emissions from enteric fermentation in domestic ivestock: other CHy 3 0% 30% 0.0% 100%
4B Fmissions from manuare management : other CHy 3 0% 100% 0.0% 100%
2% Other industrial: CHy CHy 30 0% 51% 0.0% 100%
TE Mlisc. CHy CHy 3| 0% 3% 0.0% 100%
14  DMobile combustion: other CHy 7 0% 112% 0.0% 100%
6B  FEmissions from wastewater handling CHy 16 0% 32% 0.0% 100%
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Table A1.6. Source ranking using IPCC Tier 2 trend assessment (in Gg COz-eq.)

Level Level
COz-eq COpr-eq assessment assessmemi  Trend % Conir.  Trend* %0 Conmir.io Cumulative
IPCC  Calegory Gas 1990 2001 90/95 2001 assessment  io trend  Uncertainty trend total
14 Emissions from stationary combustion : Energy Industries g 51305 647 24%, 20% 50% 28% 14% 6% S56%
14 Mobile combustion: road vehicles oy 25374 31924 12% 15% 2.4% 14% 03%, 139 BEGE
2X  HFC-23 emissions from HCFC-22 manufacture HFC 5759 450 3% 0% 24% 13% 03% 13% 3%
64 CHy emissions from solid waste disposal sites CHy 11202 2121 6% 4% 1.2% 10% 0.2% 7% 0%
14 Emissions from stationary combustion : Manufacturing Industries and 00, 2771 25027 13% 11% 1.7% 0% 0:2%, A DA%
Construction
44 CHy emissions from enteric fermentation in domestic Ivestock: cattle CHsy TETE G054 4% 3% 0.8% 5% 0.0% 2% DEY
14  Feedstockoil Coy 2549 3002 1% 2% 0.5% % 00% 1% 0%
3% Emissions from nitric acid production Ha0 029 656 3% 3% 0.3% % 00 0% 9%
1B Fugitive emissions from oil and gas operations: gas production CHy 2097 1454 1% 1% 0.3% 2% 0%, 0%, Q0%
2X  Emissions from substitutes for ozone depleting substances HFC 248 943 0% 0% 0.3% % 00% 0% 99%
(0D substitutes): HFC

X Mise NaO Ha0 753 128 0% 0% 0.3% % 0.0% 0% 0%
14  Emissions from stationary combustion : Other Sectors oy 34179 36126 16% 16% 0.2% 1% 0.0% 0% 100%
24X PFC emissions from aluminium production FFC 1799 1320 1% 1% 0.2% 1% 00% 0% 100%
T Mise COy Coy 1189 1579 1% 1% 0.1% 1% 00% 0% 100%
14 Feedstock gas oy 4805 dbirel 2% 2% 0.1% 1% 00% 0% 100%
14 Mobile combustion: aireraft CO, 492 197 0% 0% 01% 1% 0.0% 0% 100%
14  Emissions from iton and steel industry g 6255 6196 3% 3% 0.1% 1% 0.0% 0% 100%%
1B Fugitive emissions from oil and gas opetations: gas distribution CHy 1524 1287 1% 1% 0.1% 1% 0.0% 0% 100%
14 Mlobile combustion: road vehicles Ha0 341 583 0% 0% 0.1% 1% 00% 0% 100%
4B Emissions from manure management : swine CHy 1033 248 0% 0% 0.1% 1% 00 0% 100%
14 Feedstockcoal Coy 560 408 0% 0% 0.1% 0% 00% 0% 100%
2X  HFC by-product emissions from HFC mamafacture HFC 12 192 0% 0% 0.1% 0% 00% 0% 100%
4B Emissions from manure management : cattle CHy o035 803 0% 0% 0.1% 0% 0.0% 0% 100%%
6B Emissions from wastewatet handling CH, 138 18 0% % 0.1% 0% 0.0% 0% 100%
2X Other industrial: GOy Coy 1181 1124 1% 1% 0.0% 0% 00% 0% 100%
4D Direct Na0 emissions from agricultural soils HaO 5214 5518 2% 3% 0.0% 0% 0.0% 0% 100%%
14 Mobile combustion: road vehicles CHy 158 31 0% 0% 0.0% 0% 0%, 0%, 100%,
44 CHy emissions from enteric fermentation in domestic ivestock: sheep  CHy 286 212 0% 0% 0.0% 0% 0.0% 0% 100%
2X PFC emissions from PFC use PFC 68 136 0% 0% 0.0% 0% 00% 0% 100%
6B  Emdssions from wastewatet handling Hy0 126 194 0% 0% 0.0% 0% 00% 0% 100%
40 Inditect 20 emissions from nitrogen used in agriculture Ha0 1460 1460 1% 1% 0.0% 0% 0.0% 0% 100%
1B Fugitive emissions from oil and gas operations: other CHy 133 9 0% 0% 0.0% 0% 00 0% 100%
14 Emissions from stationary combustion: non-CO; CHy 357 638 0% 0% 0.0% 0% 0.0% 0% 100%
14  Mobile combustion: water-botne navigation g 877 ) 0% 0% 0.0% 0% 0.0% 0% 100%%
X Polluted susface water Ha0 1178 1178 1% 1% 0.0% 0% 00% 0% 100%
44 CHy emigsions from enteric fermentation in domestic ivestock: other CHy 37 i 0% 0% 0.0% 0% 0.0% 0% 100%
44 CHyemissions from enteric fermentation in domestic ivestock: swine CHg 438 412 0% 0% 0.0% 0% 00% 0% 100%%
4B Emdssions from manure management : poultry CHy 216 122 0% 0% 0.0% 0% 0%, 0%, 100%,
2 Other industrial: CHy CHy 24 a0 0% 0% 0.0% 0% 0.0% 0% 100%%
4B Edssions from manure matiagement Hy0 205 189 0% 0% 0.0% 0% 00% 0% 100%
32X Emissions from cement production g 400 437 0% 0% 0.0% 0% 00% 0% 100%
14  Maobile combustion: other Coy 2578 2458 1% 1% 0.0% 0% 00% 0% 100%
2X 5Fg emissions from 3Fg use 3Fg 275 206 0% 0% 0.0% 0% 00% 0% 100%
1A Emissions from stationary combustion: non-COq Ha0 it 223 0% 0% 0.0% 0% 00% 0% 100%
TX Mlisc. CHy CHy 43 a9 0% 0% 0.0% 0% 00% 0% 100%
14 Mobile combustion: other Ha0 31 29 0% 0% 0.0% 0% 00% 0% 100%
4B Emissions from manure management | other CHy 19 3 0% 0% 0.0% 0% 00% 0% 100%
14 Mobile combustion: other CHy 3 7 0% 0% 0.0% 0% 0.0% 0% 100%
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ANNEX 2: Detailed discussion of methodology and data
for estimating CO, emissions from fossil fuel
combustion

2.1 Estimation of actual final fossil-fuel related CO,
emissions from fuel combustion (including non-
energy use)

The general methodology for calculating emissions to air and water in the Netherlands' Emission Registration is
described in Van der Most ef al. (1998) [in Dutch]. The methodology for calculating emissions of greenhouse
gases is described in more detail in Spakman ez al. (1997) [in Dutch] of which an electronic update is available
in Dutch and in English (Spakman ez al. (2003). The description provided in this Annex aims at reflecting better
the IPCC source structure (IPCC, 1997) and methodological issues raised in the Good Practice Guidance report

Carbon dioxide emissions are mainly caused by the combustion of fuel and are calculated on the basis
of detailed energy statistics and carbon content of the energy carriers. A distinction is made between:

stationary combustion of fossil fuels;
mobile combustion sources;
non-energy/feedstock use of fuels;

4. waste incineration (fossil component).

W N —

Emissions from public electricity production, refineries, large industries and waste incineration are for
about 75% directly reported by the individual companies in their annual environmental report (see
Figure A2.1). This part of the PER is called ‘ER-I’. For these sectors, the remainder of the emissions
is calculated on the basis of calculated remaining fuel consumption (difference of national energy
statistics for the sector and energy consumption reported by these large companies) and standard
emission factors. In some cases this may lead to negative corrections, for example in cases where
firms include fuel consumption due to cogeneration, whereas this energy consumption in national
statistics is not reported under industry but under another category (local cogeneration).

CO2 EMISSIONS IN THE NETHERLANDS BY SOURCE AND FUEL 90-95

IPCC Sector
1A5 Statistical diff.
1 RESIDENTIAL 19 COMM. 9 AGRICULT. 7
1A4 Small combustion (gas) (6 gas) (gas)
35 (3 oil)
1A3 Transport TRANSPORT 30 |
30 Road 25 (ail) Non-road 5

1A2 Industry
43

ERI Feedstock 10 non-ERI 16
.9 ol |7 oit, 3 gas) (gas)

) .. vo |

1A1c Refineries REFINERIES 10 (all ERI) (7 oil, 3 gas)
10

= gas
= oil
= coal

|:|= ER-| (individually reporting firms) (compiled by RIVM/Olivier)
Figure A2.1. Schematic overview of CO, emissions from fuel combustion (Tg) (IPCC category 14), showing the
relative shares of subsectors as well as main fuel types and the total contribution of individually reporting firms
(ER-1). Data are representative for the period 1990 to 1995 (source: Van Amstel et al., 2000a)
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In addition, per economic subsector the total CO, emissions reported by these individual
companies are compared with the amount calculated with the standard Netherlands’ emission factors
for CO, (Table A2.1). If the difference is more than 5%, then these large deviations are corrected to a
maximum deviation of 5% via modification of the remaining energy consumption used for additional
estimate of CO, emissions for non-ER-I-reporting firms within the 7arget Group. This procedure is
followed because in those cases it is implicitly assumed that the submitted fuel consumption data are
incorrect and because the PER is not allowed to revise individually reported emissions figures. This
ensures that total CO, emissions per industrial sub-sector cannot deviate from the reference
calculation by more than 5% (in practice, the group total may show less deviation).

For national policy purposes, emissions from road transport are in general calculated from
transport statistics on vehicle-km. The means that for road transport CO, emissions are first calculated
in the national approach from energy consumption derived from transport statistics in terms of
vehicle-km and assumptions for fuel efficiency per vehicle-km travelled. However, since the Revised
IPCC Guidelines ask countries to report greenhouse gas emissions from combustion on the basis of
fuel consumption within the national territory, a correction was made to convert emissions related to
vehicle-km to emissions related to statistics for fuel sales. Thus, next, to meet the IPCC definition for
CO,, CHy and N,O emissions from this source category, the amounts of fuel consumption in the
national approach are scaled, per fuel type, to match the statistics for fuel supply to fuelling stations
included in the national energy balance. For more details on the actual differences between these two
approaches see Section 3.2.3. (Emissions of all other compounds, including ozone precursors and SO,,
which are more directly involved in air quality, are therefore calculated using traffic activity data
without subsequently correcting to match with fuel supply statistics).

Table A2.1. Default CO, emission factors used for calculation of sectoral emissions in the Netherlands

Carbon Lower Emission factor Emission factor
content Heating Value (gram CO,/kg (kg CO/GJ)
(%) (GJ/ton) or /m’)
Hard coal
Residential 90 32.0 3300 103
Metal industry 74 27.0 2720 101
Other activities ' 69 27.0 2540 94
Coke 84 28.5 3080 103
Petroleum cokes 99 352 3630 103
Brown coal 58 21.0 2130 101
Wood, fuelwood 15.5 1610 104
Residential waste 10.5 780 74
Petrol 86 44.0 3180 73°
Diesel > 86 42.7 3130 73
Petroleum 87 43.1 3190 73
H.B.O.1 86 42.7 3130 73
H.B.O.1I 86 42.7 3130 73
Heavy fuel oil (HFO) 86 41.0 3160 77
Natural gas 58 31.65 1768 56
LPG? 82 452 3000 66
Coke oven gas 19.7 870 44
Refinery gas: general 38.1 1676 46
Refinery gas: other 31.65 2109 46
Blast furnace gas 200

Source: Spakman et al. (2003)
Y Including public power plants.

?) For domestic mobile sources emission factors with 3 digits are used: 72.3 for petrol, 73.3 for diesel and 66.4
for LPG.

%) Should be 72 (rounded), but all emission factors for oil products were set to one single value, except for HFO,
in view of the uncertainty in the energy data. See also note 2 on mobile sources.
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For the calculation of the carbon storage in the IPCC Reference Approach for CO,, carbon storage
fractions in products like plastics and bitumen were taken from an analysis of petrochemical products,
half products and feedstock use (of energy carriers) by Gielen (1996). The CO, emissions reported
under combustion by the manufacturing industries include a substantial amount of CO, associated
with non-stored carbon in non-energy applications of gas, oil products and cokes (of the order of 10
Mton of a total of around 43 Mton). Some 18 Mton is calculated as stored (i.e. not emitted) carbon,
with a fixed storage fraction per energy carrier used for non-energy purposes (7able A2.2). This
reference calculation is also used to calculate the remainder of feedstock emissions in case total CO,
from feedstocks reported by the chemical industry is less than the reference value. In addition, carbon
dioxide emissions are calculated for fossil fuel related carbon (e.g. plastics) in incinerated waste.
These account for about 1 Mton of CO,, annually.

Table A2.2. Carbon storage fractions for energy carriers used as chemical feedstock (constant for all years)

Energy carrier | 1990
Haphtha 022
Lubricants 0.00
Bitumen 1.00
Coal Qils atud Tars (from Coking Coal) 1.00
Matural Gas 0.10
GazDiesel Oil 0.z2
LPG 0.2
Butane 0.00
Ethane 0.00
Coallignite 0.00
Coke 0.00
Aromatesflight oilsfother ol products 0.2
Other kerosine 0.z2
Fesidual fizel oil 0.E2

Source: Gielen (1996).

Note: The fraction used for all oil products is the weighted average of fractions determined for individual oil products
(Spakman et al., 2003).

Fossil-based CO, emissions from waste incineration are calculated from the total amount of waste
that is incinerated, split into 8 waste types, each with a specific carbon content and fraction of fossil C
in total C, based on an analysis by De Jager and Blok (1993). In recent years this amounted about 2
Mton).

The fuel use related to statistical differences is still included as a source of CO, for 1991-1994,
since it was assumed that the associated fuel use is real and not accounted for in individual end-use
sectors. Per energy carrier, however, the difference may vary both in sign and size, as is shown in
Table 8.14. Statistics Netherlands (CBS) has revised in the national energy balances the method for
establishing the statistical difference between the apparent national energy consumption (indigenous
production + import - export - bunkers + stock change) and the bottom-up sum of all sectoral energy
use. The statistical difference was eliminated for all years from 1990 onwards, except for 1991-1994,
through incorporation of (formerly remaining) differences into other parts of the energy balance (see
Section 3.2.5 for more details). Since the energy balances 1991-1994 have not been revised, it is not
possible to provide a consistent time series for this ‘source category’ for the whole period 1990-2000.

Finally, for domestic environmental policy purposes a temperature correction of fuel use for space
heating is applied, but only to CO, emissions from natural gas consumption. The restriction to natural
gas is because this is by far the dominant fuel type for space heating (see Figure A2.1). A description
of this method is given in Annex 2.2.
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Estimating preliminary emissions for year ‘t-1’

The methods to calculate preliminary emissions for the year ¢~/ are different from those described
above, due to absence or limited data from individual firms and incomplete energy statistics. For
example, in May 2002 combustion emissions for 2001 were calculated using energy statistics for the
first three quarters of 2001 supplemented by the statistics of the last quarter of 2000 as a proxy for the
unavailable data for the last quarter of 2001. Details are provided in the meta-information files (TNO,
2003).

In some cases this may result in an underestimate of fuel consumption, in other cases, e.g. when
the weather in the last quarters of 2000 and in 2001 were markedly different, in an under- or
overestimate for the ‘Other sectors’. Although the total number of so-called heating degree days in
2000 and 2001 are almost equal, this is not necessarily also the case for the last quarter of these years.

However, for the subsectors basic metal industry, public power generation and refineries the
2001/2000 trend in fuel consumption could be estimated from already available data from annual
environmental reports of individual companies (Koch et al., 2002).
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2.2 Temperature correction for CO, from energy
consumption for space heating

A significant part of the energy consumption in the Netherlands is used for space heating. Despite the
moderate sea climate, the energy consumption in cold winters is substantially higher than in mild
winters, leading to a disturbance in the CO, trend of up to 4%. For domestic policy purposes, however, it
is desirable to separate these climatic disturbances from fluctuations in CO, emissions due to other
causes like economic developments, efficiency improvements and policy measures. Therefore, in order
to enable an accurate monitoring of the effectiveness of policy instruments, the Netherlands' CO,
emissions are corrected for outside temperature variations using a method described in Spakman et al.
(1997) and outlined below. For other greenhouse gases, the contribution from energy consumption is
much less than in the case of CO,; the uncertainty of emission estimates for these gases is also much
larger than for CO,. Therefore no temperature correction is carried out for non-CO, gases. The
calculation is described in detail below.

Limitation to natural gas

Nearly all the space heating in the Netherlands is done with natural gas. Thus, only natural gas
consumption is corrected for outside temperature variations.

Correction formula
The temperature correction requires two multiplication factors, one for each economic sector:

- the Heating-Degree Day (HDD) correction factor Gy
- the sector-specific application factor Ts.

The total correction factor for gas consumption in space heating of a sector S in year T is calculated by
multiplying the HDD correction factor Gr in year T by the sectoral application factor Ts. To give
corrected energy consumption as:

Gas consumption (year T, sector S)corrected = Gas consumption (year T, sector S)uncorrected = G * Ts

The Heating-Degree Day correction factor for a specific year is defined as the ratio of the number of
Heating-Degree Days (HDDs) of a ‘normal’ year (defined as a 30-year moving average, i.e. the HDD
average of the number of HDD of the previous 30 years) to the actual number of HDD in the year for
which the correction factor is calculated. For a relatively warm year (i.e. compared to the previous
30 years), the HDD correction factor is larger than 1. Subsequently, energy consumption and related
emissions are increased to arrive at the temperature-corrected values [so-called ‘addition factor’ =
(1- HDD correction factor) > 0]. The calculated numbers of HDDs of a ‘normal’ year are presented in
Table A.4.1 for the period 1970-1996.

Calculation of Heating-Degree Days

The number of Heating-Degree Days (HDD) daily is calculated uniformly for the Netherlands as a
whole on the basis of the temperature record of one centrally located station, De Bilt.. Thus, no regional
calculations are carried out. Indoor space heating is assumed to take place when outdoor temperatures
are below 18° C. The number of HDDs for a specific day is defined as the number of degrees Celsius of
the mean daily temperature below the 18° C threshold. If, for example, the mean daily temperature for a
specific day is 12° C, the number of HDDs for that day is 18-12 = 6. For a normal year the total number
of HDD is about 3200; for a calendar year with relatively cold winter months, it is higher (e.g. 3717 in
1963) and for years with relatively warm winter months, it is lower (e.g. 2677 in 1990). The total annual




ANNEXES Netherlands NIR 2003 RIVM report 773201007

number of HDDs is calculated by EnergieNed using data on mean daily temperature provided by the
Royal Netherlands Meteorological Institute (KNMI) (see Table A.4.1).

For the sake of simplicity, unweighted HDDs are used, i.e. when daily mean temperatures are the
same, no correction is carried out of the observed difference in consumer behaviour of less daily fuel
consumption for space heating in autumn and spring compared with daily consumption in winter
months. This has the advantage that calculations can be performed on the basis of total annual, in
preference to monthly, figures for both HDD and gas consumption.

Table A.4.1. Annual number of Heating-Degree Days (HDD), 30-year moving average for normal number of
HDDs and the HDD correction factor for the period 1970-2001 based on weather statistics for De

Bilt

Year Actual 30-year HDD correction Year Actual 30-year HDD

number  ‘normal’ factor number  ‘normal’  correction

of HDD HDD of HDD HDD factor
1970 3295 3250 0.986 1986 3333 3228 0.969
1971 3133 3239 1.034 1987 3372 3219 0.955
1972 3379 3228 0.955 1988 2823 3231 1.144
1973 3234 3221 0.966 1989 2729 3219 1.179
1974 3033 3226 1.046 1990 2677 3211 1.199
1975 3083 3221 1.045 1991 3163 3198 1.011
1976 3097 3225 1.041 1992 2829 3203 1.132
1977 2997 3218 1.074 1993 3076 3177 1.033
1978 3304 3209 0.971 1994 2835 3156 1.113
1979 3476 3217 0.926 1995 2917 3140 1.076
1980 3301 3235 0.980 1996 3504 3123 0.891
1981 3244 3238 0.998 1997 2929 3135 1.070
1982 3005 3244 1.080 1998 2821 3133 1.111
1983 2999 3232 1.078 1999 2676 3118 1.165
1984 3177 3229 1.016 2000 2659 3098 1.165
1985 3487 3226 0.925 2001 2880 3076 1.068

Source: EnergieNed, 1995 (pers. comm.) and www.energiened..nl

Definition of normal Heating-Degree Days

The number of HDD for a ‘normal’ year T is defined as the average number of HDDs of the previous
30 years. This 30-year moving average has been selected in preference to a fixed reference year (e.g. the
30-year average of the period 1961-1990) to be able to account - and thus to correct - for trends in daily
temperatures (i.e. caused by climatic changes).

Compared to this moving average, winters in the Netherlands have in recent years been getting
milder. From 1990 to 1995 and 1997 to 2000 each winter was milder than the average of the previous
30 years, thus making the HDD correction factor >1 for these years. The winter of 1996 was relatively
cold. The moving 30-year average number of HDDs decreased by 3.5%, from 3231, to 3098 between
1990 and 2000 not only as a result by the relatively mild winters of recent years shifting into the 30-year
average, but also due to shifting from the moving average of cold winters, e.g. those of 1962-1963.

Fraction of energy consumption used for space heating

The application factor for a specific sector (e.g. residential dwellings or the service sector) is defined as
the fraction of fuel consumption of the space heating sector. This fraction has been derived from data
provided by the Ministry of Economic Affairs for 1989 and 1991. However, the application factor may
change in the course of time due to the increasing number of dwellings to which insulation measures are
applied and to increasing or decreasing amounts of fuel used for other applications than space heating
(e.g. cooking and hot-water supply for showers and baths). In the residential sector the space heating
share in total gas consumption has also been observed to decrease, from 88% in 1980 to 76% in 2000.
Therefore an application factor has been calculated for this sector by EnergieNed on an annual basis and
annually reported in its ‘Monitoring report of gas consumption of small users’ [BAK] (EnergieNed,
several years) (see Table A.4.3). Other sectors use fixed application factors provided by the Ministry of
Economic Affairs (see Table A.4.2) (Wieleman, 1994).
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Table A.4.2. Sectoral application factors

Sector Application factor
Agriculture 0.825
Commercial and public services 0.825
Industry (average) 0.16

Basic industry 0.10

Light industry 0.50
Energy 0.05

Source: EZ, CBS.

Table A.4.3. Application factors for dwellings for the years 1980-1985 and 1990-2001

1980 1985 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Residential sector 0.88 0.87 0.80 0.80 0.78 0.77 0.77 0.76 0.80 0.79 0.78 0.76 0.76 0.77
Source: EnergieNed, 1995-2001

Example calculation of temperature correction in 1990

As an example in Table A.4.4 the calculation of the temperature correction of sectoral CO, emissions for
1990 has been summarised. In addition, Table A.4.5 presents the variation of this correction over the last
ten years, showing that in this period a difference up to 10 Mton occurs between the maximum and the
minimum correction.

Table A.4.4. Example of temperature correction of energy consumption and CO, emissions in 1990 (using an
emission factor for CO; from natural gas of 0.056 Tg/PJ)

A B C D= E= F=
B*(C-1) D*A 0.056 * E
Sector Gas consumption  Applicat- HDD Addition Correction of  Correction of
uncorrected [PJ]  ion factor  correct- factor gas consump-  CO, emissions
ion factor tion [PJ] [Tg]
Agriculture 129 0.825 1.199 0.164 + 21.1 +1.18
Industry 430 0.16 1.199 0.032 + 13.8 +0.77
Services 137 0.825 1.199 0.164 + 22.5 +1.26
Energy sector 278 0.05 1.199 0.010 + 2.8 +0.16
Residentials 329 0.79 1.199 0.157 + 51.7 +2.90
Total 1303 +111.9 +6.27

Source: Spakman et al. (1997). Please note that due to elimination of the statistical differences in the energy balances gas
consumption figures, and thus CO, related temperature correction, has changed somewhat.

Table A.4.5. Temperature correction of carbon dioxide emissions per sector 1990-2000 (in Gg)

Source category 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
1Ala Energy sector 160 10 110 30 110 8 -120 60 140 210 210 90
1A2  Industry 770 50 450 120 400 290 -300 160 400 590 590 230
1A4a Commercial and public services 1000 80 900 240 800 540 -930 510 760 1000 1190 610
1A4b Residential sector 2950 180 2020 510 1670 1200 -2020 1120 1550 2290 2330 1010
1A4c  Agriculture 1350 70 840 220 760 490 -880 490 670 950 960 390
Total CO, correction 6230 390 4320 1120 3740 2600 -4250 2340 3520 5040 5270 2320
As % of uncorrected national total 3.9% 02% 2.6% 0.7% 2.2% 15% -2.4% 1.4% 2.0% 3.0% 3.1% 1.3%
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Evaluation of the methodology

From Table A.4.1 it can be observed that during the last years there has been a decreasing trend in the
30-year moving average used for the determination of the reference level of heating degree days.
Other temperature correction methods sometimes use a fixed reference value for all years within a
specific decade. The present temperature correction method has been evaluated with respect to
parameters such as reference level, application fractions and threshold temperatures, however, final
conclusions have not yet been drawn (Van Amstel ez al., 2000a).
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ANNEX 3: Other detailed methodological descriptions
for individual source or sink categories

3.1 Detailed methodological description for other
sources

The general methodology for calculating emissions to air and water in the Netherlands' Emission Registration is
described in Van der Most ef al. (1998) [in Dutch]. The methodology for calculating emissions of greenhouse
gases is described in more detail in Spakman ez al. (1997) [in Dutch] of which an electronic update is available
in Dutch and in English (Spakman ez al. (2003). The description provided in this Annex aims at reflecting better
the IPCC source structure (IPCC, 1997) and methodological issues discussed in the /PCC Good Practice
Guidance report (IPCC, 2000).

Carbon dioxide emissions for non-fossil fuel sources
In the Netherlands the non-fossil, non-organic sources of CO, are the following:

Gas flaring and venting at oil and gas production sites (category 1B2);
Cement clinker production (category 2A);

Lime production and consumption (category 2A);

Flue gas desulphurisation (category 2G);

Waste recycling activities (category 6D);

Miscellaneous minor sources: fireworks (category 7).

Gas flaring and venting emissions for 1990-1996 are provided through ER-I data; from 1997
emissions are calculated based on oil and gas production data and the emission factors per unit of oil
and gas produced stemming from the 1996 dataset. The Netherlands imports a large part of cement
clinker used for cement production. Therefore, associated CO, emissions are calculated based on
domestic clinker production and reported through ER-I data. CO, from lime production and use are
also included in the ER-I dataset. Emissions from flue gas desulphurisation units installed in public
power plants are calculated from gypsum production and a fixed emission factor. More information on
the methodologies and datasets used are provided in Spakman et al. (2003). Non-combustion
emissions are also reported in ER-I from waste recycling. Finally, CO, emissions from the use of
fireworks are included as a minor miscellaneous source in the Netherlands inventory system, which is
reported under category 7.

Methane

Methane emissions from fuel combustion are estimated using the energy statistics and emission
factors from the annual Emission Monitor with figures provided by the Emission Registration system
(PER). The largest fuel combustion subcategory is the residential sector, where emissions from
cooking (including startup losses) and biofuel combustion are the largest sources. Road traffic
emissions of CH, are calculated and reported according to the Revised IPCC Guidelines (i.e. initially
based on vehicle-km, then calibrated to fuel supply statistics). For more details we refer to the
description provided for CO,. Fugitive methane emissions from oil and gas are estimated for onshore
and offshore sites separately.

Methane from agriculture is estimated on the basis of emission factors developed in the methane
background document by Van Amstel ef al. (1993), and agricultural statistics for animal numbers and
manure production from Statistics Netherlands (CBS). For dairy and non-dairy cattle the emission
factors for enteric fermentation are based on an IPCC Tier 2 analysis made for the Netherlands cattle
in 1990. For subsequent years, these emission factors are used, however, specific factors are applied to
4 and 3 subcategories within dairy and non-dairy cattle, respectively. The calculation of animal
manure production and waste management systems is described in Van der Hoek (2002).
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Methane emissions from landfills are calculated using a first order decomposition model (first
order decay function) with annual input of the total amounts deposited and characteristics of the
landfilled waste and the amount of landfill gas extracted. Parameter values used in the landfill
emissions model are:

e fraction of Degradable Organic Carbon (DOC): decreases from 13% in 1990 to 12% in 2001;
e methane generation (i.e. decomposition) rate constant (k): 0.094 up to and including 1989,
decreasing to 0.0693 in 1995 and constant thereafter; this corresponds to half-life times of 7.4
and 10 year, respectively;
methane oxidation factor: 10%;
e fraction methane in landfill gas: 60%;
fraction of DOC actually dissimilated (DOCk): 0.58.

The change in DOC values is amongst others due to the prohibition of landfilling combustible wastes,
whereas the change in k values is caused by a strong increase of the recycling of vegetable, fruit and
garden waste in the early 1990s. The integration time for the emission calculation is for all years the
period from 1945 to the year for which the calculation is made. A small source in the waste sector is
wastewater treatment. These emissions are very small because of the high fraction recovered (from
80% in 1990 to 98% at present).

A very small source identified in the Netherlands is degassing of drinking water, which are
reported in Sector 9. The reduced methane emissions from agricultural soils are regarded as ‘natural’®
(non-anthropogenic) and are estimated on the basis of the methane background document (Van
Amstel et al., 1993). Since the IPCC methodology only considers CO, sinks, these reduced CH,
emissions have been included in the ‘natural emissions’ total, although they act as a methane sink.
Therefore, they are not reported as anthropogenic emissions under IPCC category 7. Other ‘natural
emissions’ are methane emissions from wetlands and water.

Nitrous oxide

Nitrous oxide emissions from fuel combustion are estimated using the energy statistics and emission
factors from the annual Emission Monitor with figures provided by the Emission Registration system
(PER). The largest fuel combustion subcategory is road transport. Traffic emissions of N,O are
calculated and reported according to the Revised IPCC Guidelines (i.e. initially based on vehicle-km,
then calibrated to fuel supply statistics); for more details we refer to the description provided for CO,.
For more details on the emission factors from road transport we refer to Section 3.4.

N,O emissions from the production of chemicals include N,O from nitric acid, acrylonitril and
caprolactam production and solvents as reported by the manufacturing industry and included in the
Netherlands’ Pollutant Emission Register (PER) (Spakman et al, 2003). It also includes N,O
emissions from product use comprise N,O used as anaesthesia and as propelling agent in aerosol cans.

The nitrous oxide emissions from agriculture are based on the methods described in the nitrous
oxide background document by Kroeze (1994). The calculation of animal manure production and
waste management systems is described in Van der Hoek (2002). Indirect N,O emissions from
atmospheric deposition are not yet estimated. Other indirect N,O emissions are either included under
‘4.D Background agricultural soils’ or as category 7 ‘Polluted surface water’. These ‘background’
emissions include N,O emissions from cultivation of histosols and emissions from manure and
fertiliser applications in the past. This is to reflect that agricultural soil emissions will not stop when
agricultural activities are stopped. Also emissions are included from crop residues left in the field.

The latter category 7 ‘Polluted surface water’ is a fixed value that comprises leaching and run-off
from all anthropogenic activities, including human sewage. Since this figure includes more than only
agriculture related emissions we do not report these under category 4.D but as a separate category ‘7.
N,O emissions from human sewage are reported partly under category 6B ‘Wastewater handling’ and
partly under category 7 as ‘Polluted surface water’. For more details on the exact definition of these
indirect N,O source terms we refer to Spakman et al. (2003) or to Kroeze (1994).
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HFCs, PFCs and SFq

By-product HFC and PFC emissions from HCFC-22 production and primary aluminium production,
respectively, are based on measured data reported by halocarbon producing companies. In addition,
the halocarbon producers report handling emissions of HFCs.

Emissions from HFC and PFC consumption are calculated using Tier 2 methodologies as
described by Matthijsen and Kroeze (1996).

Emissions of SF¢ are based on estimates of SFg consumption for the existing stock of Gas
Insulated Switchgear (GIS) equipment, addition of new GIS equipment and manufacturing of GIS
equipment, for semiconductor manufacture and for the production of SFs containing soundproof
double glazed windows. The latter source has been included for 1995 onwards.

Estimating preliminary emissions for year ‘t-1’

The methods to calculate preliminary emissions for the year ¢-/ are different from those described
above, due to absence or limited data from individual firms and incomplete energy statistics. For
example, in May 2002 combustion emissions for 2001 were calculated using energy statistics for the
first three quarters of 2001 supplemented by the statistics of the last quarter of 2000 as a proxy for the
unavailable data for the last quarter of 2001. Details are provided in the meta-information files (TNO,
2003).

In some cases this may result in an underestimate of fuel consumption, in other cases, e.g. when
the weather in the last quarters of 2000 and in 2001 were markedly different, in an under- or
overestimate for the Other sectors’. Although the total number of so-called heating-degree days in
2000 and 2001 are almost equal, this is not necessarily also the case for the last quarter of these years.

However, for the subsectors basic metal industry, public power generation and refineries the
2001/2000 trend in fuel consumption could be estimated from already available data from annual
environmental reports of individual companies (Koch et al., 2002).
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3.2 Detailed methodological description of LUCF
category SA

For category SA (Changes in forest and other woody biomass stocks) a complete forestry dataset for
the whole period 1990-2000 has been compiled. The method and data sources used to estimate CO,
removals as described in Spakman et al. (1997) have been refined and also completed for years not
calculated sofar (i.e. all years except 1990, 1994 and 1995). In this Annex the description of both
methodology and data sources is provided, based on a more detailed assessment by Daamen (2002). In
addition, we provide some information on LUCF studies that are still in progress.

The Netherlands' forests reported in the CRF under the header ‘Temperate, other’ split into
coniferous and broadleaf forest are the sum of exploited, non-exploited and other forests. In the CRF
the group non-forest trees has been specified for trees in line, solitaires, urban parks, fruit trees
(orchards) and nurseries. In the Netherlands trees are, on the average, getting older and heavier: the
maturing of forests. Also, the total forest area is increasing because of forest expansion. Besides this
growth, there are fellings that reduce woody livestock. The overall balance of these processes leads to
a sink of carbon dioxide, which varies between 1.2 and 1.9 Tg CO, per year in the period 1990-2000.
In the Netherlands, the carbon sink in biomass (IPCC category 5A) refers to the net growth of forests
and other trees defined as volume increment minus volume of fellings. This is based on three key
parameters: forest area (in ha), average annual growth by category (in m’/ha/year) and harvest by
category (in m’/ha/year). No correction is made for the amount of fuelwood harvested, since this
amount is implicitly included in these three variables.

For forest area (in ha) in the Netherlands the FAO definition of TFBRA2000 is used (ECE/FAO,
1997), with the following deviations (printed in italics):

e land with tree crown cover of more than 20% (instead of FAO definition of 10%) and width of
more than 30 m instead of 20 m;

e including young natural stands and plantations which have yet to reach a crown density of 20%
(instead of FAO definition of 10%) are included under forest;

e forest roads, cleared tracts, firebreaks and other small areas within forest are included, however
with a maximum width of 6 m;

e windbreaks and shelterbelds of trees are included, however only with a width of more than 30 m;

e for determining the wood volume of the forest stock the Netherlands uses a threshold of 5 cm
diameter minimum (instead of no threshold); however, this has how negligible effect on the total
volume (Daamen, 2002).

We note that this is the definition of what should be reported under the UN Framework Convention on
Climate Change. The definition of emissions/sinks to be included in the national total under the Kyoto
Protocol is quite different and is not defined here, nor reported in the NIR.

Dataset for 1990-2000

A. Activity data and volume per hectare

For forest biomass stock an improved dataset was compiled and completed for all years 1990-2000 by
Daamen (2002), in which definitions, data sources and assumptions have been documented which are
used to estimate the CO, removal in source/sink category SA. For the period 1990-2000 the data on
carbon stock and carbon changes are based on:

forest area (in ha);

non-forest trees (in ha);

average annual growth by category (in m’/ha/year);
harvest (fellings) by category (in m’/ha/year).

The 1990-2000 data on forest area are taken from the following data sources:

e CBS (1985) for the total forest area in 1980;
e Dirksen ez al. (2001) for the total forest area in 2000;
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e in conjunction with the previous estimates for 1980 and 2000, the following sources were used to
estimate the total forest area in 1990: CBS (1985, 1989) for forest area in 1980-1984, Daamen
(1998) for forest area in 1997, and Edelenbosch (1996) for forest expansion in the period 1990-
1995;

e for the years 1991-1999 a linear interpolation of the 1990 and 2000 estimates was used.

The first results of the ‘Monitoring Network Functions’ estimate the total forest area in 2000 at

360 kha, an increase of about 6% compared to the 341 kha estimated for 1990.

The estimates for the other forested area are taken from the following data sources:

e Schoonderwoerd (1991) for trees in line plantations with a maximum width of 30 m, with CBS
(1985) for stem volume data;

e CBS (1985) for solitary trees;

e LEI/CBS agricultural statistics on orchards and nurseries (LEI/CBS, 2000);

e CBS (1985) for other non-forest areas, e.g. urban parks, defined as areas < 0.5 ha and/or width
less than 30 m.

The area for all these categories has been assumed to be constant, except for orchards and nurseries

for which annual area statistics are available. Also the stem volume is assumed to be constant for all

six subcategories.

The 1990-2000 data on stem volume, used to determine the annual volume increment from growth,
and on fellings are taken from the following data sources:

1. annual HOSP reports for about 280 kha forest land (high forest) with data on stem volume/growth
and fellings/harvest from the HOSP project; a compilation is provided in Schoonderwoerd and
Daamen (2000) and Stolp (1995);

2. HOSP reports on additional forest land (coppice, new forests planted 1984-1990, amenity
plantations etc.) for about 29 kha with data on stem volume/growth from 1992 onwards and
fellings/harvest from 1997 onwards (‘HOSP-2) provided in Daamen (1998) (TBFRA2000);

3. remaining forest area (land covered with forest with other form of land-use, e.g. recreation, zoo,
build up areas) according to the 4™ forest statistics and not covered by the previous two
inventories (Daamen, 1998).

For the latter category no changes in stem volume and negligible fellings/harvest are assumed. In
Table A3.1 the area of the distinguished subcategories have been summarised. More details can be
found in Daamen (2002).

Table A3.1. Forest and non-forest tree area in the Netherlands 1990-2000 (kha)

Forest/tree type 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
Forest land

coniferous 1904 192.0 192.5 193.0 193.8 194.7 1953 1949 195.1 1953 1964
broadleaved 151.0 1509 152.3 153.7 154.8 1558 157.1 1594 161.1 162.8 163.6
Total forest land 341.4 3429 344.8 346.7 348.6 350.5 352.4 354.3 356.2 358.1 360.0

Non-Forest Trees
forests<0.5 ha, coniferous 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
forests<0.5 ha broadleaved 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

line plantations 66.0 660 660 660 660 660 660 660 660 660 66.0
solitaires 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
orchards 239 238 236 234 233 231 228 226 223 220 218
nurseries 5.1 5.2 54 55 5.6 5.7 6.0 6.2 6.5 6.7 7.0
Total Non-Forest Trees 107.0 107.0 107.0 106.9 106.9 106.8 106.8 106.8 106.8 106.7 106.7
Total trees 448.4 4499 451.8 453.6 455.5 457.3 459.2 461.1 463.0 464.8 466.7

Source: Daamen, 2002

B. Conversion factors

All conversion factors have been checked for replacing IPCC default values by country-specific
values. It was decided to use for all variables IPCC default values, except for the conversion ratio
from volume (in m’) to dry matter (tonne dm), for which the Netherlands uses more detailed figures:
0.5 and 0.6 t dm/m’ for coniferous and broadleaf forest, respectively. Table A3.2 summarises all
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conversion factors used in the calculation for source/sink category SA. Again more details can be
found in Daamen (2002).

Table A3.2. Conversion factors used to estimate CO, source/removal IPCC category 5A..for the Netherlands

Factor Value/unit

Volume addition for branches, tree top and roots (D)  20% of stem volume including bark
Mass density coniferous tree (E,) 500 kg dm/m’

Mass density broadleaf tree (E;) 600 kg dm/m’

Carbon content (E,) 0.5 kg C/kg dm

Source: Spakman et al. (1997); Daamen (2002)

The net annual CO, emissions/removals can now be calculated using the formula:

CO, removal in year 7 (kg/year) =[ A * (B¢- Cy) + (F; - Fe.y) 1 * (1+D/100) * E; * E, * 44/12

where:

A = Forest Area with growth and fellings [kha]

B = Volume increment [m*/ha/yr], about 8 m*/ha/yr

C = Fellings [m’/ha/yr], about 6 and 3-4 m’/ha/yr for coniferous and broadleaf forests,
respectively

D = Volume addition for branches, tree top and roots [%]

E, = Mass density [kg dry matter/m’]

E, = Carbon content [kg carbon/kg dry matter]

F = Change in stock of non-growing categories due to changes in area between year ¢ and year -1

44/12 = Conversion factor from C to CO,

The first factor A (forest area with growth and fellings) refers to forests monitored in the HOSP
project and the HOSP-2 forest. The remaining forest area according to the 4™ forest statistics and the
non-forest trees are summarised in factor F. Table A3.3 summarises the annual growth and fellings
used in the calculations.

From 2001 onwards the data source for annual growth and fellings will be based from a new
source: a new monitoring network, in Dutch called ‘Meetnet Functievervulling’. This sampling
network will provide new data on forest area, standing volume and annual volume increment,
subdivided into tree species. New data on harvest will not be available before the completion of the
second four years sampling cycle (at the earliest in 2008).

LUCEF studies in progress

For LUCF subcategories 5B-5E also new datasets are being compiled, of which some information is
presented below. However, the results are still under discussion.

Literature has been reviewed for quantitative data on carbon stocks and CO, emissions form
agricultural soils, forest soils and other nature soils in the Netherlands (Kuikman ez al., 2003). To
estimate and improve the calculation of the CO, emissions from soils due to change of carbon stocks,
the use of a computer model was recommended, that parameterises five arable crops, together
comprising 84% of the area use for arable farming, and grass). For agricultural soils the data in the
study are based on the main crops in the Netherlands, i.e. grassland and cropland with maize, potato,
beets and grains. A special item was the organic soils in low areas that have been drained. Three
databases and approaches are options to assess soil carbon stocks:

e based on the topographic soil map coupled with the soils information system;
e based on the Netherlands' soil monitoring program;
e based on the monitoring soils in forest and nature ecosystem.

In 2002 the results will be evaluated and a decision made to what extent data can be included in future
editions of the Netherlands’ greenhouse gas inventory.
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Table A3.3. Annual growth increment and annual fellings forests in the Netherlands, 1990-2000
Annual growth increment

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
Total growth [m’/ha] 7.8 7.6 7.5 7.5 7.6 7.8 7.8 7.9 7.9 7.9 7.8
- coniferous 8.4 8.0 7.8 7.7 7.7 7.9 7.8 7.9 7.9 7.8 7.8
- broadleaf 7.0 7.1 7.1 7.3 7.5 7.7 7.8 7.9 7.9 7.9 7.9
Growth [1000 m’*/yr]
HOSP 2303 2244 2198 2211 2209 2258 2245 2237 2246 2227 2230
- coniferous 1453 1397 1356 1343 1326 1354 1332 1336 1331 1310 1310
- broadleaf 850 847 842 868 883 904 913 901 915 917 920
HOSP 2 120 125 128 137 140 146 147 188 187 185 183
- coniferous 13 13 13 13 13 13 13 17 17 17 17
- broadleaf 107 112 115 124 127 133 134 171 170 168 166

Annual fellings

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
Fellings [m’ ha/yr] 4.8 4.6 4.3 4.2 4.0 5.3 5.3 5.6 5.3 5.2 5.2
- coniferous 6.2 5.7 5.3 5.3 4.7 6.0 6.1 6.8 6.5 6.4 6.3
- broadleaf 3.0 3.0 3.0 2.9 3.1 4.3 4.1 4.2 3.9 3.7 3.7
Fellings [1000 m*/yr]
HOSP 1452 1384 1303 1277 1197 1568 1570 1682 1591 1547 1550
- coniferous 1078 1005 929 919 823 1039 1060 1154 1110 1080 1080
- broadleaf 374 379 374 358 374 529 509 528 481 467 470
HOSP 2 * 30 33 36 42 45 48 50 51 48 48 48
- coniferous 1 1 1 2 2 3 3 4 2 2 2
- broadleaf 29 32 35 40 43 45 47 47 46 46 46

* Harvest +10%. Harvest is known for this category. The conversion from harvest to fellings (+10%) is based on the ration

for HOSP forest.
Source: Daamen, 2002.

A-25



ANNEXES Netherlands NIR 2003 RIVM report 773201007

A-26



RIVM report 773201007 Netherlands NIR 2003 ANNEXES

ANNEX 4: CO, Reference Approach and comparison
with the Sectoral Approach

Comparison of CO; emissions in the National Approach and Reference Approach

The IPCC Reference Approach (RA) for CO, from energy combustion uses apparent consumption
data per fuel type to estimate CO, emissions from fossil fuel use. This can be used as a means of
verification of the sectoral total CO, emissions from fuel combustion. For the Reference Approach,
energy statistics were provided by Statistics Netherlands (CBS); country-specific emission factors
(carbon contents) and carbon storage fractions based on a study by Gielen (1996) are used (see Annex
2, Tables A2.1 and 42.2).

Table A4.1 presents the results of the 2003 Reference Approach calculation for 1990-2001 and
compares them with the official national total emissions reported as fuel combustion (source category
1A). The annual difference varies between -1.6% for 1992 and +4.2% for 1997, with an average of
0.4%. The 1990-2001 trend differs by 2.7%-point: 12.9% for the National Approach (NA) (= sum of
sectoral emissions in 1A) and 10.2% for the provisional Reference Approach. The Reference
Approach data show 12% increase in emissions from liquid fuels and a 16% increase from gaseous
fuels; CO, emissions from solid fuels decreased in this period by 3%.

Table A4.1. Comparison of CO; emissions: Reference Approach (RA) ¥ versus National Approach (NA) (in Tg)
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001”

Reference Approach

Liquid fuels ¥ 523 514 524 535 543 546 554 549 554 563 56.6 584
Solid fuels 347 32,1 313 328 332 359 344 336 341 304 319 337
Gaseous fuels 72.5 802 77.7 80.1 779 796 889 835 829 806 81.7 839
Others

Total RA 159.6 163.7 161.4 1664 165.3 170.1 178.7 172.0 172.4 167.3 170.1 175.9
National Approach

Liquid fuels ¥ 450 272 285 292 294 48.1 489 46.1 452 38.7 39.1 402
Solid fuels 282 0.1 0.1 0.0 0.0 27.5 232 247 274 235 0.7 22.1
Gaseous fuels 662 209 188 199 189 742 81.1 713 726 723 727 78.1
Others 17.1 117.3 116.7 117.3 118.7 19.5 23.6 228 252 323 582 364
Total NA 156.5 165.5 164.0 166.4 167.1 169.2 176.9 165.0 170.5 166.8 170.7 176.7
Difference (%)

Liquid fuels 16 89 84 84 84 14 13 19 23 45 45 45
Solid fuels 23 62266 60766 79498 107201 31 48 36 24 29 4578 53
Gaseous fuels 9 284 314 302 311 7 10 17 14 11 12 7
Others -100 -100 -100 -100  -100 -100 -100 -100 -100 -100 -100 -100
Total 20 -11 -1.6 0.0 -1.1 0.5 Lo 4.2 L2 03 -03 -0.5

Y Preliminary calculation, using provisional carbon factors for crude oil and natural gas liquids (NGL).
2 Preliminary data.
%) Specification of national fuel types used in the IPCC fuel type categories:

Gasoline: jetfuel, gasoline basis; aviation gasoline; motor gasoline

Other Kerosene: petroleum

Other Oil: oil aromates; other light oils; other oil products

Other Bituminous Coal: all hard coal; lignite/brown coal

BKB and Patent Fuel: coal derivatives

Comparison of RA-NA emissions by fuel type as presented in Table A4.1 clearly shows that there is
reasonable correspondence for gaseous fuels — i.e. natural gas — and moderate correspondence for
liquid fuels until 1997, with differences of the order of 10% and 15-20%, respectively. For solid fuels
the differences are often much larger, in particular for 2000 where no fuel split disaggregation was
possible due to missing data in the Annual Environmental Reports (MJVs) of the electric power
companies (see Section 1.6.1 for more details on the data quality for the inventory for 2000). In other
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years the 20 to 50% of solid fuel emissions missing in the National Approach is due to (a) aggregated
data for the iron and steel industry and (b) high interannual variation of derived fuels (coke oven gas
and blast furnace gas) sold to other sectors (i.e. power plants), which are often not very transparently
reported. Although about 20% of the fuel combustion in the National Approach is not attributable to a
specific fuel type, the difference between the total national CO, emissions from fuel combustion with
the Reference Approach is in general below 2.5% as discussed above.

Specific reasons for the large discrepancy of 4.2% in 1997 can not be given. However, we do
note the relative weakness of data collected from large companies since 1996, as discussed in Section
1.2, and the substantial revisions in energy statistics, in particular for 1997, due to the elimination of
statistical differences and other improvements, as discussed in Section 5.1.1 of the previous NIR
(Olivier et al., 2002).

Causes of differences between the two approaches

In general, the Netherlands Reference Approach calculation is very sensitive for the carbon content of
crude oil input figures due to the relatively high amounts of crude oil refined and oil products
exported. A sensitivity analysis for four sets of carbon contents to crude oil showed that the annual
average difference of sectoral and reference calculation could vary between 0.3% and 1.9% (Olivier et
al., 2000). Other reasons for differences in the two approaches are:

e differences in exact source and source group definitions for CO, emissions from fuel combustion
(correction for non-energy use, methodological differences in allocating emissions as domestic or
abroad);

e use of different emission factors by the individual reporting firms (ER-I), in particular for solid
fuels (notably energy industries and manufacturing industry);

e use of different carbon storage fractions by the individual reporting firms;

e unclear reporting in ER-I of the fraction of organic carbon CO, emissions in total reported CO,
emissions, leading to incorrect interpretations;

e possible double counting due to erroneous supplemental estimates for fossil fuel combustion in

cases where ER-I data from individual companies contain only partial or no fuel use data at all

related to their reported CO, emissions;

limitations of the comparison approach RA versus total CO, reported under category 1A ‘Fuel

combustion’ due to the split in reporting of fossil carbon related CO, emissions into (in principle)

IPCC source sectors 1A, 1B, 2, 3 and 6.

Having said this, reporting by the Netherlands of fossil-fuel related CO, emissions in the source

categories industrial processes (2), solvents (3) and a large part of waste (6) cannot be a reason for the

differences, since these are currently all reported under fuel combustion (1A).

Moreover, we note that since the NIR 2002 for the years 1991-1994 only CO, emissions associated

with statistical differences in coal, oil and gas consumption are included in the national total from fuel

combustion, whereas for all other years the energy balance does not show statistical differences.

Error corrections

An error in the calculation of the Reference Approach was detected, as a result of improved quality
assurance. In the previous submissions the data for ‘carbon stored’ from Table 1A(d) from the CRF
were not correctly transported to the Table 1A(b). Because we now use the latest version of the CRF
file format these errors became apparent and were removed. Table A4.2 presents these error
corrections. It shows that, apart from the year 2000, the major changes are for the years 1993 and
1994, resulting in differences of up to 2% compared to last year’s calculation.

In addition, CO, emissions in the National Approach have been recalculated. For more details on
error corrections in sectoral emissions, we refer to Section 10.1.3). Moreover, a small reallocation was
made for CO, from fossil fuels from A1 to 6D (see Section 8.5.4). The effect of these recalculations
on total CO, emissions from fossil fuel combustion reported under source category 1A are presented
in Table A4.3, which shows changes of -0.4 and -0.9% in the base year 1990 emissions and up to -7%
in more recent years.
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Table A4.2. Changes in preliminary CO; Reference Approach results for 1990-2000 due to error corrections,
adjusted non-energy use data (solids) and general update of statistics for 2000 (in Tg)
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

NIR 2003 Liquids 523 51.4 52.4 53.5 54.3 54.6 55.4 54.9 55.4 56.3 56.6
Solids 347 32.1 31.3 32.8 332 359 344 33.6 34.1 30.4 31.9
Gaseous 725 80.2 71.7 80.1 71.9 79.6 88.9 83.5 82.9 80.6 81.7
Totals 1596 163.7 1614 1664 1653 170.1 178.7 172.0 1724 1673 170.1
NIR 2002 Liquids 52.3 52.2 51.9 50.5 51.5 54.6 55.4 54.8 55.4 56.3 61.5
Solids 34.7 321 313 328 332 359 344 33.6 335 30.4 313
Gaseous 72.5 80.2 71.7 80.1 78.0 79.6 88.9 83.5 829 80.6 81.7
Totals 159.6 1645 161.0 1634 1626 170.1 1787 1719 1718 167.3 1745
Difference Liquids 0.0 -0.7 0.5 3.0 2.8 0.0 0.0 0.1 0.0 0.0 -5.0
Solids 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.5
Gaseous 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Totals 0.0 -0.8 0.5 3.0 2.7 0.0 0.0 0.1 0.6 0.0 -4.4
Difference (%) Liquids (%) 0.0% -1.4% 1.0% 6.0% 5.4% 0.0% 0.0% 0.1% 0.0% 0.0% -8.1%
Solids (%) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.8% 0.0% 1.7%
Gaseous (%) 0.0% 0.0% 0.0% 0.0% -0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Total (%) 0.0% -0.5% 0.3% 1.9% 1.7% 0.0% 0.0% 0.0% 0.3% 0.0% -2.5%

Table A4.3. Differences of CO, emissions from fuel combustion in the National Approach 1990-1999 due to
recalculations (error corrections and reallocations between source category 1A and other

categories)
National Approach (1A) 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
NIR 2003 156.5 1655 164.0 1664 167.1 169.2 1769 1650 170.5 166.8
Difference 2003/2002 -04% 0.1% 00% 00% 00% -0.6% -0.1% -0.7% -0.6% -1.1%
NIR 2002 157.1 1654 164.0 1664 167.1 170.3 177.0 166.1 171.6 168.7
Difference 2001/2001 -0.9% 0.5% 04% 03% 02% -1.6% -1.7% -6.8% -3.3% -1.1%
NIR 2001 158.5 164.5 1634 1659 166.8 173.0 180.1 1783 1774 170.6

Reference Approach and comparison with Sectoral Approach in the NIR 2001-2003

Table A4.4 summarises the reported comparisons between Reference Approach and National
Approach for the last three National Inventory Reports. This shows that recalculations and
improvements in both approaches do not have the same impact for each year. For 1990 the change in
differences is from -0.6% in the NIR 2001 to 2.0% in the NIR 2003; for 1995 the changes are from
0.1% to 0.5%. The largest changes are for 1997: in the NIR 2001 a difference of -0.4% was reported;
in the NIR 2002 this was 3.5% and currently it is 4.2%.
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Table A4.4. Effect of recalculations on the comparison of CO, emissions from fuel combustion in the Reference
Approach versus National Approach (in Tg), NIR 2001-2003

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
NIR 2003
Reference Approach  159.6 163.7 161.4 1664 165.3 170.1 178.7 172.0 1724 167.3
National Approach 156.5 1655 164.0 166.4 167.1 169.2 1769 165.0 1705 166.8
Difference 20% -1.1% -1.6% 0.0% -1.1% 05% 1.0% 42% 12% 03%
NIR 2002
Reference Approach  159.6 164.5 161.0 163.4 162.6 170.1 178.7 171.9 171.8 167.3
National Approach 157.1 1654 164.0 1664 167.1 1703 177.0 166.1 171.6 168.7
Difference 1.5% -0.6% -1.8% -1.8% -2.7% -01% 09% 35% 01% -0.8%
NIR 2001
Reference Approach  157.7 164.9 161.0 1634 162.6 173.1 1809 177.5 176.1 167.3
National Approach 1585 1645 163.4 1659 1668 173.0 180.1 1783 1774 170.6
Difference -0.6% -02% -1.5% -1.5% -25% 0.1% 04% -04% -0.7% -2.0%
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ANNEX 5: Assessment of completeness and (potential)
sources and sinks of greenhouse gas
emissions and removals excluded

The Netherlands greenhouse gas emission inventory presently includes all sources identified by the
Revised IPCC Guidelines (IPCC, 1997) except for the following (see Table A5.1):

e Indirect N,O emissions from atmospheric deposition (category 4D) are not estimated/reported;

e CO, emissions from agricultural soils (category 4D) are not estimated/reported;

e In addition, it has been observed that CH, and N,O from manure of horses (category 4B) is
missing; this is due to the fact that until now no manure production estimates from horses are
being made and that no emission factors for this source category have been defined;

e CH, emissions from soils deceased in last 40 years due to drainage and lowering of water tables;
these emissions have been included in the natural total; thus no net (i.e. positive) anthropogenic
emissions, on the contrary, this acts in fact a methane sink.

e CH,, N,O and other non-CO, emissions from international bunkers (international transport) are
not yet estimated/ reported.

e Emissions/sinks for LUCF subcategories SA to SE, except for the CO; sink in category SA2. New
datasets are being compiled but are still under discussion, so no data for these subcategories have
been included in this submission.

In this submission the following minor sources are now included, which were not estimated in the
NIR 2002:

e burning of candles;
e smoking of cigars.

These sources were added in view of their contribution to aerosol emissions. For these sources,
methane and NMVOC emissions have been included in the CRF for all years (methane only for
candle burning).

In addition, when verifying the data in the CREF files, it was found that incorrect notation keys were
used for the following sources, which are now labelled ‘NE’ (= Not Estimated):

e NO for emissions from horse manure [4B]
e 0 (zero) for CO, emissions/sinks from agricultural soils [4D]
e NO for emissions from 5B to 5SE

For more details on sources reported elsewhere (‘IE’) see the Completeness Table 9 for 1990 in
Annex 5 and the documentation boxes in the CRF files, which are also included in the sectoral
descriptions in the Chapters 3 to 9.

A survey made to check for unaccounted sources of non-CO, emissions in the Netherlands showed
that the following minor sources are not included in the present greenhouse gas inventory (DHV,
2000):

e CHy: notably large-scale compost production from organic waste and waste-water treatment;
N,O: notably large-scale compost production from organic waste;
e PFCs and SF: some minor sources.

These sources may be included in a later stage when it has been decided to monitor them regularly.
For some of these sources, for example indirect emissions of N,O, bringing the methodology in
compliance to IPCC Good Practice Guidance may result in adjustments of several Tg (i.e. Mton) of
COs-eq.
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Table A5.1. CRF Completeness Table 9 for 1990

Sources and sinks not reported (NE)m
GHG Sector? Source/sink category 2 Explanation
CO, |[mmlriculture Agricultural Soils Not estimated/monitored
5. Land-Use Change and Forestry |Grassland Conversion Not estimated/monitored
D. CO2 Emissions and Removal|Not estimated/monitored
CH, (- Emissions deceased in last 40 years due to drainage and lowering of
4. Agriculture Agricultural Soils water tables; emissions included in natural total; thus no net
(positive) anthropogenic emissions
A recent survey identified some minor sources (notably large-scale
compost production from organic waste and waste water treatment);
Various to be included when monitored regularly and when not already
included in the present emission inventory.
International bunkers Not estimated
N,O L] A recent survey identified some minor sources (notably large-scale
Various compgst production fromvorganic waste and waste water treatment);
to be included when monitored regularly and when not already
included in the present emission inventory.
International bunkers Not estimated
HFCs ==
PFCs 1
A recent survey identified some minor sources; to be included when
2. Industrial Processes monitored regularly and when not already included in the present
emission inventory.
SFg = A recent survey identified some minor sources ; to be included when
2. Industrial Processes monitored regularly and when not already included in the present
emission inventory.
Sources and sinks reported elsewhere (1IE ®
GHG Source/sink category Allocation as per IPCC Allocation used by the Party Explanation
Guidelines
CO, (opedific source categories (see Detailled source category Within that source category on |Detailled source categories not distinguishable in inventory data
doc.box) less detailed level or under
"other"
Examples:
Fugitive oil &gas 1.B.2.a.1i Oil production 1.B.2.b.i production/processing
Industrial processes 2.B.1 Ammonia production 2.G Other
Coke production 1.A.1 Energy industries 1.A.2 Manufacturing industries |Source allocated to Target Group Industry
Off-road vehicles (agriculture) 1.A.4 Small combustion 1.A.3 Transport Source allocated to Target Group Transport
Off-road vehicles (construction) 1.A.2 Manufacturing Industries |1.A.3 Transport Source allocated to Target Group Transport
Waste combustion (fossil fuel 1.A.1 Energy industries 6.D Waste / Other No waste combustion in the Netherlands whitout energy recovery
ﬁe_ﬁgled carbon)
CH, |Specific source categories Detailled source category Within that source category on |Detailled source categories not distinguishable in inventory data
less detailed level or under
"other"
Examples:
Fugitive oil &gas 1.B.2.a.ii Oil production 1.B.2.b.i production/processing
E}ptrial processes 2.B.1 Ammonia production 2.B.5 Other
R0 2. Industrial Processes 1.A.2 Manufacturing Industries |2. Industrial Processes D.etfnl]ele Process emission data (minor ammounts) not
distinguishable in inventory data
4D Indirect Emissions 4.D Nitrogen leaching 4.D others Background
agricultural soils
ﬁ_“ Waste water handling 'N20 from human sewage 7. Polluted surface water
HFCs :
- |
PECs
1
SF,

Note: The Dutch inventory does not always allow a distinction of the detailed IPCC categories. In these cases the emissions
are placed under ‘Other’ in the relevant (sub)sources category. The source distribution is then ‘not attributable to specific
source category’.
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ANNEX 6: Additional information to be considered as

part of the NIR submission

The following reports should be considered as part of this NIR submission and are available at website:
www.greenhousegases.nl:

Methodological description

Spakman, J., Van Loon, M.M.J., Van der Auweraert, R.J.K., Gielen, D.J., Olivier, J.G.J. and E.A.
Zonneveld, 1997: Method for calculation of greenhouse gas emissions. VROM-HIMH, The
Hague. Report Emission Registration no. 37b, March 2003. Electronic update of original report
No. 37 of July 1997. Electronic version only, available in Dutch and in English.

TNO, 2003: Meta information on PER 2002 dataset (in Dutch). TNO, Apeldoorn.

Documentation of uncertainties used in IPCC Tier 1 uncertainty assessments and Tier 2 key

source identification

Olivier, J.G.J. and L.J. Brandes, 2003: Estimate of annual and trend uncertainty for Dutch sources
of greenhouse gas emissions using the IPCC Tier 1 approach. RIVM, Bilthoven.

Detailed methodology and uncertainty discussion papers

Van Amstel, A.R., J.G.J. Olivier and P.G. Ruyssenaars (eds.), 2000a: Monitoring of Greenhouse
Gases in the Netherlands: Uncertainty and Priorities for Improvement. Proceedings of a National
Workshop held in Bilthoven, The Netherlands, 1 September 1999. WIMEK report/RIVM report
no. 773201 003. Bilthoven, May 2000.

Van Amstel, A.R., Swart, R.J., Krol, M.S., Beck, J.P., Bouwman, A.F. and K.W. van der Hoek,
1993: Methane the other greenhouse gas; research and policy in the Netherlands. RIVM,
Bilthoven. Report no. 481507 001. April, 1993.

Kroeze, C., 1994: Nitrous oxide (N,O). Emission inventory and options for control in the
Netherlands. RIVM, Bilthoven. Report no. 773001 004.

Matthijsen, A.JJ.C.M. and C. Kroeze, 1996: Emissions of HFCs, PFCs, FICs and SFy in the
Netherlands in 1990, 1994, 2000, 2005, 2010 and 2020 (in Dutch). RIVM, Bilthoven. Report no.
773001 008.

Daamen, W.P., 2002: Forest biomass stocks (IPCC). Part 1: Calculation method Netherlands'
National Inventory Reports/National Communications; Part 2: Analysis of the consequences of
application of IPCC Guidelines for reporting and recommendation for calculation method
Netherlands’ National Inventory reports/National Communications for 1990-2000 (in Dutch).
Forest Data Foundation (St. Bosdata), Wageningen.

Documentation of present Quality Assurance and Quality Control for national greenhouse gas

inventory compilation and reporting

DHV, 2002: Quality Assurance and Quality Control for the Dutch National Inventory Report;
report on phase 1, January 2002, report no. ML-BB-20010367. DHV, Amersfoort.

WEM/CCDM, 2002: Project Plan Annual Emission Monitor Report 2002 (in Dutch). Ministry of
VROM/VI, The Hague.

Coenen, P.W.H.G., 2003: QA/QC activities performed on CRF 2003 datasets compiled for EU
and UNFCCC. Memo TNO, Apeldoorn.

Coenen, P.W.H.G. and J.G.J. Olivier, 2003: Documentation of the activities within the framework
of the completion of the CRF for the 2003 submission to the UNFCCC. TNO-MEP, Apeldoorn. /n

prep.
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ANNEX 7: Selection of Common Reporting Format
tables

This annex shows a copy of selected sheets from the CRF data files (the electronic annexes to this
national inventory report), presenting unrounded figures. The number of digits shown does not
represent the uncertainty estimated for the emissions (see Section 1.7). Please note that all data for
2001 are preliminary.

Please note that the SF¢ emissions reported in these tables are expressed in mass units, not in CO,-eq.;
for SF¢ emissions in Gg CO;-eq. we refer to Table A7.23.

Annex 7.1 CRF Summary Table 7A for the base years 1990 and 1995 and the last two years (2000
and preliminary 2001)

Annex 7.2 Recalculation tables for base years 1990 and 1995 and for 1996-2000 (CRF Tables 8.a and
8.b)

Annex 7.3 CRF Trend Tables 10 for the gases CO,, CHy, N,O, F-gases; and for all gases and source
categories in CO,-eq.

Annex 7.4 Trend Tables for the precursor gases and SO..

A-35



ANNEXES Netherlands NIR 2003 RIVM report 773201007

A-36



LEV

oo T o T PTLOTE WIOAT 18P T S oemar]
Oz £ TE VRN BIRJANS PN
100 BT T SO0 100 ] Tz 0 =5 1onpoad TA0 puE siaesIos
10°0 [T 8TT GO0 000 000 000 000 (TR 000 18°€ S0°T 000 1T 0 == (roads sswapdl 3o "L
i1 110 £6 1 5% oo o oo 0 60 188 IO
Ex E EN EN oo o oo o [ (2} VORI 21, O
ooo 000 oo or' o <s'e e e T EL = |
150 000 [ 000 ta) PEE] WO BSOS S1SEAN PIOS W
LTF Z0L £6° 1 16°€ or o S5 BOS 50188 SISEM O
ETS HH = ETS 000 I ET o) e o
ooo tor |HET (o) TIOS WIotf S[eAcuIsnd PUR SUCSSUTE 200 O
a0 I ET o) SPATE ] PAEEIE [A] J0 TSI OPERa
HH HET HH HE HET HET UoTSIaalo]) PUS[SSein PR 1Sa0d |
. - {oos
16 12k 1- oy | 007D (3] SSEUIOLT AP 00N ISR PUE L0 W SsETEn
000 [T 000 [T [T [T I6IZF I~ o |00°D ) Ansexo] pue sFuey ) s -PuE S
O O O O (=1 TEIC £
o O o o O Sanprsey] [EIOa=Sy Jo Sumamng pietd o
ooo 000 oo O =1 SRS JO DUTAT peCoseid o
910 5 18 oo o HH I ET (4 SIS [RImotE Yy ]
O O VOOEADMD 20T O
ooo EERT] I E0T ) e Tl |
9= 10F EOTyeRIauLis d DHoYTa Y
000 ST 0 000 oo o [Ai+4 ££ 505 00°0 000 e L ek i
Tl izl £L0 000 @5] INPOT] INR O PUE JUSNOS §
=) o) puseamba gy =00
| w | i | a | i | a STEACUEIT SUOT ST SATIODALY D
Zos _ DOATAN 7 oo _ oM _ R P | _ o FOAH OTK 7 s ) _ oo oo SINIS (OMNF ADHN0S STV IS OHMNITID
201 9L 2C 29t 1 ao'o ooo ooo ooo ooo ooo 000 =00 95 Bt IR0 0
100 o000 9 EE o000 o000 o000 *dE PR sungrean(ey Jo uondumsiuon g
ao'o ooo 8 IEF ¥ * A5 PUR SHOQEEROO[RH JO MOGonpoLd i
ao'o oL 01 ao'o ao'o a1 1oy TOUOOPOLT BI0 1
0o o [ 1158 0o o 0o o 0T E6E & 000 000 ooo UOIMPoid TR D
0o o =3 0o o 0o o 0o o 00 o 000 00 o 00 o 00 o LETE Z0L ooo Amysnpuy romisgn g
=8 0T [ Al 000 20 LOFET T e S W e W
GE°L £°98 1£EF ILT 100 [T FLIEFE 00D FEIEF T [00D LEFT LTE £0°085 [ FA55200L] [FLOSNPU] T
194 26 1S ars £10 000 LLELT ST B0E SeL [BIMER PUE D §
000 000 000 000 000 000 ooo S[ang PUOS T
184 26 S arg £10 000 LLBLT ST B0E S[AM] VIOI] SUOTSSUTH AR, o
00 S10 GET SED 000 £00 9i0 o g
LSt L0 SEIL 68 OF 00 9z 0T SLFEL FE SI01ESS 11D
6L 6T 15 008 BSFSL 8 SFE oz’ 1 881 65 181 6T modswery, g
STt FE £ FET ET Ll 110 I5E ST 8EE Ti TOWOMISM O PR SSTSIEAI] SULniaefnaeia]
90 50T iSE SO 1986 iF0 TEE EEF0E 1S SarT)snpat] AErarg T
1T ERT 1L EET Os900 1 |E6E9s LET G L 100 95T 1y Tomod dy Eiojoag]
S RSC 66T 1y oAl aouataga | WOTPSOOETO (80
8051 GOLLT O0ELD L [SOE9S L8T LTEIT 62 808 95T ABxaacy 1
GEZ0T [ ISOSL I |SL°698 100 [T FLIEFE  |000 FEIEFF | 000 LEES 9£Z62 [ |I6IEF - TTOLT BSL F[EMUY PUE SUOLSSIUC [SUORER] [S10L
[£5)) (Zp) puapeamba Ig (=50
| ¥ | d ¥ | d | ¥ | d STEADUIAT SUOTSSOUD SATHOOALY D
Tos IOATAIN foTe] Eae 1 _ LR co®Ad _ coSOIH O D oo oD IS OV HOAN0S SYD ASNOHMITIED
0661 1vof .w\m 191 D)Od] .a,&ﬁiﬁ\kmwﬁm\/\ Yy ui sas03 N%N\NQQSNN&%\Q SUoISSIuy [/ 'V 2]9v [
1002-000T 10J Pue S661 PUB 0661 SIBIA 3seq 10J VL Sd[qe ] DI 'L
SAXANNY €00C YIN SPUBLISIoN LO0TOTELL MOAI NATY




8¢V

— ooe AR PUMOTE WIOL] T8]RL LI Brs seEa ]
1 0gE T3] 3IRIME PO
Jzoa cIE 200 700 o0°0 SE0 0 01 anpuonEdoE ayraads or g
Z00 00°0 SI°Z 80°0 00°0 00°0 00°0 000 00 000 TeE 90z 00°0 S0 [=== O o snp uonesoqye sgroads ou 1d
iTn &t 0 [ LT 00 000 ST 306 =0 0
ER Eil Eil Eil oo oo oon i) WOTEIATON] A1SEAL D
[iig) [iig) 0on [l 9 T Surpel taiEmelsEg O
200 000 [ oo B P uo Esodst] alsep pros W
L0 LTT [0 LE'T £5°0 oF I8k 97306 AT 0
ETH ETH ETS HH [ o |[EH [ [EIE
oo (e |EH I [E05 wedy speacusyg pue suotsstary T (]
o000 (o [EH (o) spure] peBRiRiA] J0 pAaUnIOpRRY (D
ET ET ET ET ETS EL WOTsIaAN0;) FITRSSELL) TR 510
a0}
FELT 00D s ssRULOL APOo ANTHD) PUE jEe0y T m%ﬁmw .w
0n 000 00°0 000 [T 0o 8TZECT- ¢ (00D [ Axsazo] pue aFury)) asnPuey S
O O O OH O 0 O
O O O N ON SANRsEY] [RIUMALEY 0 SUnmg pleld 4
[T [ [T OH OH SEMIRARS JO SUOLIE PagUosald o
EI 1192 000 ETH w0 |AH e S[I0g RMILEY
OH OH MOLEATIILD 30T 0
000 i TE 001 TUSMIEERE]A] AR o
TLBLE MOTETHAUNE ] U 5
000 010 000 [T SE0T T 0 n AaMmMIEY t
€206 0D 000 as[) 1IMPoL] I PUE UMA[0S °f
=) (En) ywareambain) =9)
[ v | d v | d STEAGUIX SUOTSSIUD SARIODIALYD
08 IOATUN 02 *an BT coSDAd (o SOIH oI *HO oD oo HAMIS ANY JDUN0S SYO ASNOHNITID
i ST 70 1£0 [igi] g g 0o 0o g 0o 00 3T T1E R0 D
o oo 990 0z 261 [ oo 45 pME suogread(ey Jo wotjdumsiog 4
oo oo 9L0LLS ? 45 PUE SUoqIeanfey J0 wonmpaty
oo EA3 oo oo Eil (o TORONPOL] 110 T
oon (14 7E0E oon oo 0T 664 1 oon oon ECOT WORINPoId BRI D
oon G LT oon Zrn oon oon oon oon oon oon LT & T oon LT Snpu] EOME D g
[N 5] SF T 121 oo oro DEETT T SINpOL] [RIMAL
rEE OLES GEEE SLT 100 (TR 0.°008 1 0Z°£61 T£810 9 [T5] LT'FT £9°C [T 53552000 [ELOSNpU] T
7T 0T EE TR Cal 60 oon T TO0T3 SO BB PRI ¢
oon oon oon oon oo oo oon SE0d PAOS T
7T 0T EE TR CaL 60 oo EE LT TO0I8 S[3TL] WIOTY SUOTSSITY 8Tl g
1Ta 1] (R g1 oo 9z 0 FEE 0 ¢
ooE CIEl TEE9 95 9 s00 9F 0T [ S10}235 IR0 F
CC 6T [ CEERS 09 L6T [ [T 9E EQT TE wodsEL], "¢
21797 95 FEORT FOCC E1D o0C 79°009 ZF UONIMI} S, PUE SAL0STPU] SUUMIRIUET] 7
CT 39 0z s 2L 0T 1218 a0 [ LT RS 9% SaU ST AETauy |
6 iTI 0621 FEOTS = T 39°9E 0% 0FT 691 1y B oadd s [eaoiaeg]
GE 160041 oy MRy aoaragayy|  womenamoD [0 Y
L6 LEL [Tt 68818 69°C8F ¥z 00°L0T 79050 LT ARrangy T
FSIFL STE9L E8°FE8 68°08F 100 (TR 0.°008 1 0Z'£61 1£810 9 ' Fo'gs 0Z°0L1 T 8TZECT-  [SSIOF Ti1 STEAOWS PUE SUOTSSTUL] [EUONEN] [E10L
(39) (39) yeageamba g ) 39)
v [ 4 v [ 4 v [ 4 sTen0ULax SU0TSSTIMA SAMMO DALY D
Zos IOAINN 02 *On s cpF2Add coSIAH OIN FHo oo oo HMIS ANV IDUN0S S¥O ISNOHMITD
S661 V2L ‘V/ 219P L DD ‘Spuv]jioyioN ayj ul sasv3 mgew\:mm\%\c SUOISSIUT] "7/ 'V 219D
SAXANNY €00C YIN SpUelIRYIoN LOOTOTELL HOdT WATY




6V

681 Ta)Em PUTLOTE II0L] 9] UL SUISSEEarT
_H_W m AIyer MUM.HH—.—H ﬁum«ﬂ—ﬂﬂ_m
Too E =00 TO0 TO0 TF O ST POl Tal0 piE sjTasiog
00 000 0T 2070 000 000 00 00 000 000 THE 161 000 TF 0 (Afraads asmapd) a0 L
oo [ [T (i) i} i} oo osE o
EN |l H1 N oo oo oo a1 e s )
0 i) oo £0 2000 EUERH IejRaeleg H
50 oxo 5L EQF oo i pe] w0 esodsug alfepy, pOOS W
[T L0 1000 [TR] £0°0 LETOF 00°05E aFENy 0
EN ET ETH ETH oxo IRET: o @0 F
oo o |HM I TS WIOAF S[eAmuTen] pire swotssmrg SO (0
oxo IRER: o SpTE] PABEIELA] JO PHAUIIOETRGY 0
HH EL E HH HH El MOlSTAAII0) PUR[SSRIE) FUE jSain] |
20}
A ) e i ssEuIOng APOO, TS0 PUE JSalo,] ur mmwﬁmw .w
(TR0 [TR] [T [T o o 0T ELF - (o [O00 ) Ansaing pue aFuel) as[-puey g
N I 515 OH OH ETinIES]
O [T [aTa (BT (BT SATpsan (B0 [0y Jo funung platg A
00D oo [iaga] (=TS (=TS SETEARS JO BANLIN T Pacasald H
310 ECET 000 ER IPET: 0 STOE EMAtEy (]
[wT%H (=TS ORI 20T
000 T 0T 15 IS T STTOTELAL
EFETE WOTIePIsnLTe  Jalty
[ 10 0o o [ag] [ £5°0TF [T [T sy
TE8L 0 [T 25[] 1INPOL] TN PUE UAN0S f
Eo) (29) nuareamba 20 0)
[ ¥ | v | d [ ¥ | d S[EAOMIAT SUOTSSTUS SATIOOALY D
208 _ DOATIN 7 0D 0N _ EE cp®add _ o SOIH O _ rHD 7 oo Z0D SINIS ANV IDUN0S SV ASNOHNTTID
LED £LET ] 250 oo [y] oo oo [i]e}s] [y] oo zon aF 08E RO o
o 0 E0RET 0% EFT TIRED T oo ' 45 PR suogreacei jo vendumsuog g
oon oon LF BEEE ? A5 PUE SOGTEIO[EH JO WOHINROL] CH
oo EERS oo [iy] HI [ TIPS TN T
ooo [ 99 BE oo oon BEOEE T oo oo oo e e N e W
ooo B El oo oo oon ooo oo oo ooo ooo LEEE BET oo Asnpa] RO g
FOE a1l o1 (1] oo FT O [T SONpoI RIS 5
[ £5°6E [T S5°1 00 100 FEOZS T 09°£FT S5FLBE (000 LG'EE ST 10T T S35F300L] [RLOSMpUL "7
] BTLE LEF i) oo 0T TS T T [RIYER] PUR LD F
[y] oo oo oo oo oo oo S[E0g PIOS (T
[ ETLE LTF o0 oo o 0ET EL0ES T S[3TL,] WAL SUCISSTUTY SATTE,] g
] =] TE L [ ooan TED ooan e
[ [} = 03 sEF =010 0z a6l 08 6FC FE SI0LEE IO f
THET LOEIT B BEF BE BT [ D 0TI CE wodsael], g
TFET [ &0 10T [ [ BT E £l 00 68 MOTJINI} S PUR SAUISNE] SUNMIEIIELY] T
CiER ICF RULE coIg fiF 1 B C LTTRE 19 SALT)STEL] AR |
TR LTTET 7 EED AT 1 20T 1068 67 TO0 0T e e |
1C°601 0LT 1y TR aouazata| WOTSTLOMIO) (80 ] "5
168 SE651 05°LED [Ty 20T LOFOT TS TLT ASxay °|
[ BTBLT eI'189 I [N [ FEOZE T [T S5FLBE (000 FLES TTEG 0TEIF T- FOOFE £L1 STEAMUGY PUE ALOISSIUC] [EUOTIEL] [E10T,
Eoy @) yuareamba fg o =)
v I d v [ d v I d STEACIIaT ALOISSTMS SATIO DALY D
Tos IOATNN 0 *On "9s oS0 cp®IH OIn YHD oD oD FNIS ANV IDUN0S S¥YO ISNOHMNITTID
0002 ~4Daf 'Y/ 2190 DDd] SpuvlidyiaN ayj Ui sasv3 asnoyuaaasd fo suoissuuy "€/ 'y ajqu]
SAXANNY €00C ¥IN SpPUBLISYIaN LOOTOTELL HOdT WATY




0r-v

CRT TalE PULLOLE UI0LF Ta]EayULIp SUTssesar]
05 L TEIRA SORFINE DA
oo 2651 oo E00 Too O e S C N L
00 TR 86T Lo 000 TR o [T o 000 8L 58T 000 D tipaads aseapdy 1oy "L
i E i (TR [T [T OonsE T O
Eq Ell ERl ER oo 000 ooo a1 MOTRISINIL HISEAL 1)
000 0o oo [ B SumpMEl] taRaaTE T
=1 T 11 CLEEE [iigT) o pre o Esodst a1FEs PUOS W
[T [ [T [T o0 £ 06E 00°05E arseNy 9
ETH ETH ETH ETS 000 PEET I 0 "
000 (o |EET o TIOG TEOT] STRACITEG] FITE SUSESSTUTT oD (1
aoo (o [T (o) S ] SRR Al 3O MSWUOPTRGY "0
ET EL EL EL EL TH OTSTAAIO FIE[SSELD TUE 15810 5
SEEIR 17 t+ 00D ' | sqooyg ssewiorg PO IO PUR Js0d W sdBae D
[T [TK] [T K] IR [TK] 9TETE 1- (o |00 I Ainsazoq pue aFuey) asi-puey g
(ST [eTH] (=151 (=151 [T T 6
IR O CIH CIH IR SETE S&ry] TR IALE o J0 SOOI g T1end 4
000 00 0 oo I =T SETTRARS 0 BANIME Peciiosald o
10 1CET 000 ETH PET [ STIOS OB Y
O =T TOTRATID 20T )
000 190 2E 22 [ ) e
| ettty UOTIRULaNIa,] JUaPT 5
i) 10 i) ooa TUEC 65 0TF [T 000 ARy |
LTG0 [ 000 35} IMPOL IO PUE JUaA[0s §
o) @) ruareamba zo D o)
_ _ [ [ i [ d I i [ _ _ STeADULaE suorssTWD SAMIODALYD
TOS DOATNK [ofe] xOM | EEC] [ REY | €13 5340 OZH FHD 00 TOD SIS NV ADHNO0S SV TSAOHNITID
ooo LOeT ooo ooo ooo oo'o oo'o ooo ooo ooo ooo coo QYETE AMMD 0
oo oo E0°RET 00't6E ELEFE ooo 'S PVE suogEeooEH Jo uondumsuos J
ooo ooo LF P2 ! 45 PR SUOGEEIO[RH JO WO Mpold H
] 0we 0oo ooa Al ¢y TOOANPOL] TI0) (]
ooo 60T BT LE ooo ooo 0E'07E T ooo ooo oo'o nenanpord =R D
ooo 0oet ooo ooo ooo oo'o oo'o ooo ooo ooo LTIT LE'T oo'o Ansnpu] EamIaD d
ool Lo BE'T 060 ooo 1o LT S08 S}mMpold [RIAIIA Y
o'l TL'SE 00°8% 060 Ly Ly 8L 05k 1 006 0FEs 1 on'o LT'IZ bl 63 ECT 1 §35FAM0L] [ELOSNpU] "7
199 LELT Lot 6E'0 ooo EEFET 6LE98 T FEL) [BILER] PUE IO T
ooo ooo ooo ooo ooo ooo oo'o S[EM BIOS T
199 LELT Lot 6E'0 ooo EEFET 6LE98 T S]ATL] WIOH] SWOTSSTALY anfend g
z1o 280 T8L LET ooo cEd oo'o A0 O
181 CETT 09 BETF 200 CF 00 PEFET OE SI012aS 1L 7
TE'TE Q6 L0T LFeTF [ = 261 al'f T 209 CF nodamel] ¢
FOTT 621 ER'd6 e cro 6E'E 6 96T OF MOTJIMISHO;) PME SALSIEM] BULLIBIMEL] 7
EOFR EOF FEED oran [kt aga LOCLLED SALTLSUEM] ASAUE T
o 08 TLLET GEETY a6l OL'E 2CFL FOSTL QLT ﬁn_ﬁanz_m%m [eI0=s
10706 SLT (g oeonddy sowarged|  uomsmomrog (e Y
£0ris 6F'SST 067029 |b8a0b 0 76°801 78°08% 8LT Ay T
0588 £TILZ (09199 [18°0TF 10D 00 8C05F1 (0062 [0TFBST 00D £815 OUELs  |9TEIF 1~ |9T°SS8 6Ll STRAGULAY] PUE SUOTSSTUrY [eU0TEN] TR0,
(29) (20) nuageamba g ) =9)
¥ [ 4 ¥ [ 4 ¥ [ 4 s[easuLax SUWOTSSTULD SATIOOALY )
o8 JOATN oo XOn 29 (p®0ad o IH OIh FHO oo oo NS ANY Z2UN0S SYO ISNOHMNITID
1002 :4vaf '/ 21901 DD ‘Spuv]idyjaN ayj ul Sasn3 asnoyuaad3 fo SUoISSuUy ‘f°/ 'y a]gvJ
SAXANNY €00C YIN SpUelIRYIoN LOOTOTELL HOdT WATY




v

oo oo oo oo oo oo non ol "
non TIOS, MI0A] S[RAMIEY PUE SUOSSIT 70| (¢
non SpUE] pASRR]A] JO MEUIOpEGY | og

oo oo oo oo oo oo noo WOISI8AI0;) PUB[SSELL PUE 1sal0g| s
(] THo0}g sERUOlg AP0oy, 1910 PUR 1sa0 ] W saame|  Wo

000 00’0 00°0 00°0 00°0 000 00’0 16712k 1~ 1612k I~ ¢ (13U) Ansazo ] puw aBuey)y as)-Pue g
on' an'o oo oon ooa on'o =l Cor
oo oo oo oo oo oo sanpIsay [BINIOUEY J0 BUnimg ety At
oon oon oo oo oo oon SEWUEARS IO BUNLING paquasaly| “Hf
LED OEFLG @ 0C GFs @ 0on ooa a0 aon an'o oo ¢ ST0S FIUMAILEY |
oon ooa oo ORI 300d|  OF

oo 03 FOZ 0% #07 oo LBTLLE LETLIE EuaEER] alEl]|  d
oo 00 GEF 2 OO GEF B e e | i

(T3] 06°8.L8 0 01+s8 0 0o £6°119 01 £6T19 0T o 00’0 oo AMMILEY
oo SLFIT SLFIT 00°001- 00’0 120 as[] JINPOL TN PUE JUAA[0F “§
oo oo oo z00- LB L5 [ 95 GG =T ol 2w
noooi- il oo uonmpord ol JE

oo oo oo oo oo oo non oo oo uonanpold R COE
oo EOFSS 4 TOTes & oo i £ fiF £0 non oo oo Ansnpu] EamIED | CHE
oo oo oo oon tF T £00- LOFET T LEFEL T SINpLd M| W
oo TOFSS L TOFSS L ' 8580 6589 LFo- £9°085 1 £0°069 1 $assan0L] [ELOSnpu] 7
oo oo oo [ ITFSLE IECLE SHE S1B0E CF B6T SB) [RINIRR] PR IO[ Zd [
oo'o ooo noa oo oo oo dl Al e pnos| T
oo oo oo [ IEtFSLE IZECLE 5L £ B0 O BET S[ATL] WOT} SUNISSITy aAljlen| [
oo oo oo £6 19- 2650 A T B 9L 0 ol [T
[ i & 08 LT oro- ST 0T & 0T TE 1 BLFRIFE 20 EFE FE SI04335 N0 F VT
ETI- 87 ILE I6 CLE oS00 6E SO 67 COT £1n 65 IE1 6T 21 ¢80 67 podsier] | gy |
66" omcE 60 0F 610 o019 a3 noo 8T 838 IF 0F 622 IF WOT}T}SI0;) PR SELSIpU] SULm s e[ 7w T
gE 0 16 HFT 06 e [ 220 65 65 &0 60 i 0- ERFOE 1T alElg 1T SELENE] LS| Yl
540" 8L 6LE o1 Fac nro- 67 TEL 66 TEL I+ 0- FTO0S 95T L EFL T SALATIY WOTSOOUIns (20| [
0£°0- BL'GLS (TR 10°0- 0S'0LF T TE0LF F 00" 6T 808 D51 19°6EF LST ASxawy T
1o S6°EhS 9T BE'ELS 0T 10°0- TO6ET LT FOEFT LT £ TTOLE 65T 62 09 65T STEAGUIAY PAUCE SUOTSSUCT TEUOTIRR] TEL0,

o) (39) yuareamnba gy (o) (39) wareamba fg ) [ (39) yuareamnba ig
UWOTSFTULNE UOTSSTULN S UOTSSTUL{NE UOTSSTULNE UWOTSSTULNE UOTSSTULN S
(AT 1sae] et | (pP AT 1sape] SMOTABL] (p@ AT 1sae] et |

O™N "HD 00 SARIOOALY D MNIS ANV IDANO0S SV ASNOHNTTRED

0661 40/ D°§ 2]q [ UOUDINIIDIAY YD *S'LF 219V
‘uorssruqns snoraaxd ay} ur snjels [euolsiaoid oy 01 anp ‘pasIAdI ueaq ARy ()00 10J saIn3iy [[e ‘ordrourad ug
"0002-S661 poriad ayy 10J pue 0661 JO SO[1J BIep YD 91 WOLJ SJ9YS WOl uorjeuiojur smoys xipuadde siy |

L]

0002-S661 PU® 0661 10§ SA[qe ], ssaudjaiduio) pue uonendI[ENY 7°L

SHXANNY €00C ¥IN SpPUBLISYIaN LOOTOTELL HOdT WATY



v

arg- STFI00IE OF L8 1T oy V500 P SBE7) 8 []-PUET JUOVILA SHOLSSTATY Al fO0 o
oy LETRC B0E 6 576 807 1y TS8R0, TR 8B ) 5[ WiLn SROSSE Al 00 e,
(v6) (20) peareamba 7o )
(MR UOTSSTUINS 1537E] _ UOTSSTULNS STOMAL]
2 2 2 2 0o [T oo 71§ PUE 5) 1375).0H JO Wondumaio?) oy suotssTury [enalog
oo oo oo 10
oo 06981 06981 oo FOEE FIEL oo i i 45 pUe suoqreonfey jo uondumsuesy p7
0oo 0oo 000 8 15k ¥ PRIk !5 Ve SUOGEROCTRH JO NORINPALd| g7
oo oo 0136EL OT86ET T e e 4
Jooo 06081 06081 000 FLTER T PLTER T 000 FTER T P TEF F SUOTSSUI] [ENLIY [EO],
) (30) pareamba 1o ) (30) maeambaig ) (%) (20) pareamba 1o
UOTSSTUINS UOTSSTUINS UOTSSTUL{NS UOTSSTULNS UOTSSTUL{NS UOTSSTULNS
(oM 159pe] MOLL] (pPTIAE EE S MOLAAL] (pPTAE 15T MOLAL]
s 5)4d 5)4H SAMOOALY) JINIS ANV A)AN0S 5V ASNOHNITH)
2 ib'F6E £ IS L SSEULOL WIO] SuolssTury ’(Q);)
000 000 000 000 [T 000 00001 aN [T suogEId() TeINEMMmIY
Jooo 000 000 000 00 000 000 TSP 6E TSP 6E SIAYUN{ [ELOREUIAN]
HSural] OWALY
oo oo ogr oo Ta]R.s PUTLOLE IO Taje4 UL BulsseRar]
ooont O08LT T 0o 00o I8[Ri BORJS PO
oot 26T oot [l 00oar 170 s ponpead 1o P spaAog
Jooo 86081 1 86081 1 w0 S0k 0k 00°00T 70 0o {{fwads amwapd) IQ L
oooor- oo #00 oooor- oo 200 LO9L 60188 £ 05 T
al al Eil al Eil l OLRIAIN] B 8
oo £05TT £05TT 0o COLET SCLET T EETCr YT B )
0 0070z 11 BLFIR 11 oo oo oo PAE] vo Esodaig el P05 WD
Jroo- £6°521 LE5TI W 56'6E6 11 0F°Eke 11 L0eL 60188 £P'00§ aAsey "0
(44) (29) nuaeamba ig ) () (29) nuapesmba fg ) () (20) pwareamba 7o)
UOLSSTUWINS UOTSSTWNS UOTSSTULNS UOLSSTWINS UOTSSTULNS UOTSSTWNS
(MR 15ape] MOLAL] (PR eS| MOLAAL] (PR 15T MOLAL]
0N HD '0) SARIOIALY) MNIS NV D108 SV ISNOHNITIO
(panu1juod) 0661 40f ' 2]q [ UOUDINIIDIAY YD "S'L'Y 2]qv]
SHXANNY €00C ¥IN Spue[_ylaN LOOTOTELL HOdT WATY



v

PalspE BE (]  OpUOE0)E BN0E U afueld FHIFHD) asnh Janpold 3
[T £ W04} UOea0lle B2N0% ) afueya FHIFHD) 10| i
(RN PO NOTJRLITE] PRADIT] EHIFH) fUlIpueY Jajemalsepy| 9
paRERg OTH sllos |enynalifiy dr
panfE B ('™ ] waaly) wonRooe samas AR | FHE00) Sep [eINjEN PUe I [N
pajanpe BR (] ¥ Hodsue)| P
PalsTIER BiR OTRSLIILESR 0L MOS8 WL MOTHSTLO0 10TTg O $10)235 1910 i
SU0ISSINE 707 58]
0} BUIpEa] DAL Ak 311 S8 SSEW0Y JO LojeauIaR
AUy AN |) A0j0Es Aol sl paded Jead .
SN0 208k SUDISSILE S0, §i | PUE 18 | | paded pue B0 asey as
paILEp| 28k, J0}08T S}ZEA | Sjh) I550) JO UOIENGLOD
el R W04 SUNISFILT PRIBUILIENR UDISSIUGNE Snolaaud wod) S04 T
peape ER “TA] 0} WETJRa0[E AAMES T BB T 1ayi0 (¥
pajanpe BR (] ('] PR 5 835 WOTfR00[[e 320108 W 43R ) g $10)395 13RO FEI
PasTIEE B W35S UT WOTJISTL00 100g 700 uonINNsUeT pue sauysnpu) Bupnyoemuery JTyl
paslpR BR WONEON[[E 305 1 83 EMFH) UORINHSUO) pue SaLsnpu) BuLngoegnuegyy Tyl
PalsTIER BiR Ty T PR ) 298 MOTYRO[E S0ML08 WL 337 i salnsnpu) Alizaug Y1
4D SABUYD d2UH) WOUPICHD U] SERuDy2
SIT 0 BN B4 SARUPHD JGUI [ paccldu
51 janfong o uonpaLTHar! By] 40U
s4pad PauoHuan ay] J2AD HORBIOND
aify ut Apnuaofiun w Buynsas Lionana yomg
2iff 1 Sap02 HOYPICHD J0 §25 a2 B U0 Pashy
Pasiaad ugaq SO FOO7 PHP 0007 6667 B6E6T
peisnipn ving 667 D61 Jof woupioyy panes eyl 1007 W i TTV| TT¥
saTofaye) YuTs/aames Jo o BEP ALy gy FIOLIE] WOTSSTULY (p SPOPIIY
Tuauaseyda [eAbUIAIAONIDY NI STONVHD TPALIII0 AEY SAEU)SD
0L A0 NOLLVIN TV JTd 9H9 y saREyD A1, A03ayE YuTsaIMOs R T0j3as ap Appady

0661 104 48 2]gv |, uoypupdxsy UoNDINIII2Y HYD 9LV 21901

SAXAINNYV

€00C YIN SpuelIayiaN

LOOTOTELL MOodar WATI




Y-V

ooa 0o 0o oo 0o 0o 0o R ES
oo 105 V0L S[EACULEY PWE SUOLSSTTE 20| *(T'C
0o SPITE] PACRTEN] J0 FEUMOPEGY | G
oa [ [ oo i i 0o MOISIBANO,) PUR]SSRLE) PR Jsalng| S
(i) {20} ssULONg Apooy, JaH0) FUE J5a10,] W S| YQ
Jooo 00’0 00’0 0o 000 000 00’0 8TUTT STUTT (p @90 Ansatof pue aZwwy) as)puey °G
oa [ [ i oo oo T
ooa [ [ [ i i sanplsay PR jo g | At
ooa [ [ [ i i FIRARS J0 SUTLIG Pacuosald| T
ooa TG0 8 TG0 8 oo aoa aoa ao'a iy iy 1z MO8 EIUMALEY | 71
[ i i WALRALD) A0 U ‘G5
oa 0F 677 0F 677 [ TLR0TE TLR0TE B ] AR 0 4d
[ TITI6L TITI6L uanEpIEy mag| Vi
Jooo 05578 8 05578 8 000 FELI0OT FELI0OT 000 000 000 AMMILEY
[oro L6l L6l 00001 000 60 as[] LINpoL] T PUE IaAf0g °f
ooa 0o 0o 5 30 530 cTo 33 11% Wil G
00001 il oo uanapeid 0| dT
oa [ [ oo i i 0o £CH1 £CH1 wananpold BREI| 0T
ooa STE6R L STE6R L [ sTS sTS 0o oo oo Ansupu]Eamal)| T
ooa [ [ [ LT LT By 06E1T 1 BTFILT SPnpad | YT
Jooo 8TE6k L 8TE6k L 1010 085S 085S 00 £ 1 1Ter 1 53852000 TELOSNPU] 7
i) a0'd a0'd 100 ERBLCE 1000 E 320 ToolE G0°E0R g) BN B 0| T T
ooa 0o 0o oo i i i i T PIos| 1A T
ooa [ [ 100 ERRLSE 15958 380 o0 60508 SN, Mo Suctssry aantEng| g
ooa [ [ G R0 6 a1 ELEY e L Lg 01 w0 ¢Vl
9T [TifEa LT 9T 0T [T (i 16786 LE 09 3 stjaRs 10| 7Y T
£ 61209 o 509 [ el 28671 oo 9TE91 7% TEETL L podsm] | o]
Ea] 6L 9T 6L iy 62901 TEH0 G 79009 iy £3E30 AT} S0 PR S Supu] SUimyseEp | 7
] SLOCT P 0sT a0 09701 9101 600 LT0FS 96 2635 9¢ sapsnpu] A3taug | T |
i FElE 78S %Ll ST0LL 109 [ 09 0F7 691 00008 04T Sy uagsqRap | vl
(8 618 [TE 100 I0LbE WL 215 70080 OLT 0°E0T 1LT Adraug
1 TLLLT 8T 8TELT 8T 100 FIbLS BT 1008 bT T §8°T0F ZLI 10880 TLI T H PUE SUGTSSTUI] TEUOTIEN] TE10],
) (20) uageambs foy (i) (29) neageamba fg ) (1) (29) uapeamba fg )
UOTSSTWINS | UoTSSUIqRS TSI TS uolsspugns | uosspurqns
(PR 1saE] MOLRI] p? MR 1seT SnOLAL] [ i 15ae] MOLRI]
ON HD 0D SATIODALY) JNI§ ANV T2IN0S SV ISNOHNITI)

S661 40/ D' 21V [ UOHDINIIDIAY AYD "L'LV 219V,

SAXHINNYV

€002 YIN SPUe[I3YIdN

LOOTOTELL MOodar WATI




Sv-v

[ANE 6UETE £2T S1'809 £27 (o Tisa10,] PR Bumy) es[)-pre ] nonfiLe suctssmrg prapeamby 200 (210,
ALE 1C 180 222 LY CLE TET 1y AT15310,] PR SBRY ) 25[)-PE ] WILA SUCTSSTATE JuaMeAmbg 200 (0L
(1) (20 nuaesmba iy
(AR WOTSSTULNLS 1 SA1E] [ WOTSSTULNLS STLOMAL]
5] 5] 5] 5] 00001 000 01876 TS5 PUE 5).1d/5).1H JO U0QGUMSU0) W0T] SUOTSSTUL] [EHUalog
(i) (i) (i) 0
1LEE- TESLT 63098 oo 9919 9919 1081 SSUFT LG0T ' 45 P suoqreacrep] Jo uoydumsucn [ g7
oo oo 00 9000 € TTILC 45 PUE SUOGTRIOTRH JO MOUIMPOLd| HE
0oa 0oa 0T66L T 0T66L T WOINpad WM | £ 0T
162 TESLT 68°09¢ 000 0,998 1 0,998 1 100 1£°810 9 00°8.6 § SUOTSSTUIY BNy [E10],
(14) (29) nuareamba 1o (14) (39) (uareambain) (14) (39) juareamba to
TsSTuL TssTUIq UOIsSTUIQNs | WOISSTW{S UOLSSTWIQNS | UOISSTW(NS
oA 15wy MOl oA 15wy MOTAAL] oA 15 MOpAAL]
5 524d $)4H SAMODALY,) SINIS ANV IDUNO0S 5V ISNOHNITID
18T T6L6S € 08165 € SSEWLOT W] SUOTSSTU] 20)))
000 000 000 000 000 000 00°001- AN 000 suogerad() eI emMIy
000 000 000 000 000 000 000 00°982 + 00°982 ++ SIUm g EUogEWIan
T SULA)] ouagy
oo 0ooal [ oo 8fRA PUOTE TROY A8JEAULE BursseEac
0mont [ (i) (i) TaJR BORIMS PRIO]
0ooot 367 0000l [ [ [50] asm jonpord aajo P spasog
0070 867781 1 867781 1 0 bEEY S 00°001 SE0 000 =2 (Atoads asward] IR0 L
TF 785 81 3511 900 LOTE 100 A1) LEEDL 9T 206 LETIT o[ ao
0oa 0oa 0oa 0oa 0oa 0oa El El WOREI] S| e
BT SSEST 9 51 100 [ [ L b e I ]
£00 00080 01 947540 01 0oa ooa ooa P uo Eeodsi S1SEM 0S| W9
66°F £1H91 TE951 £00 99°011 01 £6°L01 01 LEEDL 97806 LETIT asEM "0
(1) (3n) ywapeamba 29y (1) (39) puereamba g ) (1) (39) puereamba g )
155 15T UoISSTUIQNS | UOTSSTWI{MS UoISSTUIQNS | UOISSTWIMS
(PR 1sapE SnOmAL] (PN 1sapE SnOmAL] (@MU 1saE SnopaLg
0N HD 0D SAMODALY) SINIS ANV IDUNO0S 5V ISNOHNITID

(ponuijuod) C661 40§ V'8 2]gu [ UOLDINIIVIY YD "/ 'LV IGP.L

SAXAINNYV €00C YIN SpuelIsyIoN LOOTOTELL MOodar WATI



or-v

poialge ER] £ OpLIEDE 3003 s B asnjnpold ¢
TGRSR £ TR R 6 1 ) Bpo L
TR PRI P hH) ey saemasen| @
T guaﬁ%g_ 048 715 PUe SU0GIRI0RY Jo uondunsuoy| 47
PR Tmnampani] — )qE presuoqiRa0Ry o voyanpulg| 37
TR (v ooy omos w e R0 SE0 JeENpUE O] 71
FalER] gty Ty podstel] Y1

VOIS0 31 32 SS0LIE 0 LRSS 34 SUoueL |

() s Buams sl pacegd el snaaaud s
DS A0S ), LB 8L e S PoIE BIShh A0S At L 330 B0 sew 19

el 550} J0 DRSNS ) SUDSIU elliee UOSSIATS SnajAcud o) 31003 T

poislgE ERQ (771 e ) DRane s 0 ) T SI0y38 Jau| e
TR {77 ) TR s 0 ) [ solnsi | 11

T

4% HEIR Je0 T SrR2c ot g o anp s 1o ag A7

SA BLAOTO) 2] T S SO Jo MO ) A0

S PAUCETIAN ) SAADUCKROCR ) 0 Ao,
L A8 LS 2T ) 900 YRR J0 35 AR U0 i asLec ™ m

psiEe R TR0 0T P 000 6 5651 661667 0y Wepoe amos 4 0 I
SATICEATR TS A0S 0 gss_p.é:_ ¢ SO UOISSUT] (o T

Juancaseqdat ARy N STONVHD S0 ) A1 SRV aca
OLTONOLVITOH I s s
S661 10/ q°8 21V | uoypuv]dxq UoyPInIIPIY YD "8°LV 219PL
SAXANNYV €00C YIN spue[IayioN LO0TOTELL MOAI NATY



Ly-V

] 000 ] ] 0o 0o 0o E
oo 105 WOl s[eADINg PUE SUOLSSIN T (7€
0o SPVET PEERVRLA JO PIUTIORYRGY | DG
o [ oo oo 0o 0o oo UDISIEANGT) PUE]SSRIE) B JSadg| ¢
oo 20} ssEmOrg Apooj, 20 PR Jsog W sBme)| e
000 000 000 000 00’0 000 000 80°LGE T 8OLGE T (o (190 AnisaTo g pure JFwm) as) P G
] 000 ] ] 0o 0o ol O
] 000 ] ON ON sanplewy FIMMAUEY Jo Mg platd| 4P
] [ ] ON ON FRaRS Jo Bimmg peauasatd| H¥
oo 10856 L 10856 ¢ oo 0o 0o 0o oo oo i 08 EUMAEY |
oo 0o 0o waRAm) ang| 0¥
o P EE e oo 56150T c6150T MR AR | T
] TIEseL TIEsaL uOIEpLaE] WA | T
000 SP'T81 8 P78 § 000 80°SEL 6 80°SEL 6 000 0o 000 MLy p
00 T T 00°001- 000 0 35[] INPOIF IAL() PUE JUA[0F 'f
oo [ ] Te Lt 261 LT LT6E Co05k 00003 R0 0T
oot al ] ummpAd 0| qT
o [ oo oo [ 0z'9 oot £0o ] uolmpold BRY| 0T
coer- 6TE05 L 00Lig 6 ] 0 601 0e 601 0o ] ] L] 0| @T
] 000 ] T e 04 600 a7 662 00006 spnpaid ]| WL
0T 6TE0S L 00°LZ8 6 P 60611 pE'021 88l PE'SE [ 00°00L T $2532000] TRLOSNPY] '
] [ oo ] [T§5313 0rcs6E oo 00D 1 0000 1 w0 RN PR T0] T 1
] 000 ] ] 0o 0o 1l il T Pes| 11
] 000 ] ] rsc6e 0r'sse 0o 0000 1 00E00 1 #[an,] Moy suglEs g adpEny| gl
oo 300 300 05PEg 1 8P o oo 0L LET izl 0[]
(o TE6L CE6E i CUEE L3E0 Lo0 BT ThL TF 0T 014 TF SI0495 TN0| B
1E0 60719 Tov19 e BECIT £Tsll aro L1978 36 603 7% podsmt] |0y ]
T ST PEHE PEE0 ] BESE 0E'sE 0gT 666 TF S 6E7 2 AT IO, P SALSUPM] SRl | 7Y T
G PLE Lie ] 0L 61T U611 i 19158 86 CLC0E 66 saLsnpu A2 | Y
91T 9 IEL 9I91L PTr L59LL 3ULLL 300 U663 91 69700 LLT SENLALIY UORSAE) [d| ]
7 9STEL roLL W 9IELY 8LTELY 80°0- T8 L §9°500 8LI Sy
1l PI'06 LT PE'LST 0T 500 I8P T LTUSEN T ££0 80°70£ 081 01°90L 6LI F[EAQW] PAE SUOTSSTUCT [PUOTEN] [EHOT
(1) (39)uspeamba ig) (1) (39y1uaeamba tg) (o) (39) nuspeamba ig;)
UOTSSTWIN.S UOTSSTUNS UOTSSTUINS LTSNS UOTSSTUIS UOTSSTWINS
i 15910 SOTIAL] (A 1501w STOTIALY PR 15970 SOTAAL]
o "HD 100 SAHOOALYD 3NIS ANY 10008 §¥9 ISNOHNITID
9661 40f D" 21qD.[ UONDINIIDIRY D '6°L 'V 219V
SAXANNY €00¢C ¥IN SpuelIaylaN LOOTOTELL MOdIT WA




8-V

960" ¢ 006 £E7 ST FED 1y T1sa10,] PR Eire;) as[)-pUE T IMOVILA SUOTSSTIT sk fO0 Al
900 LTEOS 15T 9L LTZEET 1oy 15810, PTe ABITE,) 85 [ P ] il SUOTSSTATE PaeAmb F00 (R0,
(15) (o) yuareammba ig )
(P MU WOTSSTULGNS J53)e] _ UOLSSTUIYNS SMOLAAL]
2 2 2 2 00001 000 06°556 T 71§ PUE 573 14/5,),1H J0 UOTLUMS107) WGI] SUDTSSTULT [eualog
000 oo 000 )
68 1T L3FST 1L%9E oo 1310 1310 6871 BTCRC £900¢ * 43 P SuoqreoofeH Jo nendnmaio)| g
000 oo 665 oS0l L 8L 80L 9 ? 45 PR SUOGEEIC[RH JO UCHINpaLd|  HT
000 oo 0EF96 1 0EF96 1 UONanpaL] SN | E) T
6871Z LBT8T LLF9E 000 TIZh0 ¢ TIZh0 ¢ LF9 S05L0 L F 607 L SUOTSSTU] [ENLIY [E10],
() (30) rwareambs Ig 5 () (30) uapeamba oy ) (o) yuareammba 1o
UOTSSTUIGNS UOTSSTULGNS UOTSSTUIGNS UOTSSTUIGNS WOTSSTULGNS UOTSSTUIgN &
(p? MR 153E] SnomAarg (p? MR 153E] SOEAaL] (p* MR 15aE SMOEAAL]
s 5344 £2.0H SARMOHILYD JINIS ANV ADUN0S SV ISNOHNITID
TLsl oL0T § 00°005 + SSEULOLE WXy SUOYsSTU Q)
000 000 000 00’0 000 000 00°00T- AN 000 swogeradq rezaremmpg
Jovo 000 000 000 000 000 000 00°SFE St 00SkF SF T L e
ssurayy owagy
000 oo 000
000 00BLI T O0RLT T oo 000 oo 000 T5JEA SOBFMS PAIIIOg
000 000 oo oo 0wz o0TF 000 BursseSag
fooo 00BLI T 008LT 1 00’0 00z 00z 000 000 000 (roeds ammapd) T L
000 oo oo oo oo oo 00001 1450 [ oo ol ae
000 oo oo oo oo oo il Al UOIAIN] SR 9
0EE- TF 3k 1 06 151 ENTEL OO LE1l R 1ejRRSE | D
oo oo 06766 6 06766 6 000 oo oo P U0 esodel] alsem P05 WO
Joez- TF$F1 06'TST 10 8610 01 LE'F00 01 00°001 T80 1 0o asepy o
(%) (39) nuareamba 2 (%) (3) yuarenmba 1oy (%) (3) yuarenmba Iy
UOTSSTUIGNS UOLSSTULGNS UOTSSTUIGNS UOTSSTUIGNS WOTSSTULGNS UOTSSTUIYN &
(oA 1se] SnoTAAL] (oA 1se] SOLAAL] (PRI 15 SMOLAAL]
0N *HD ‘0D SARIOHALYD JNIS ANV IDUNOS SV ASNOHNITID
(panu1juod) 966 40f ' 2]q.[ UOUDINIIDIAY YD 6L Y 219V
SAXANNY €00C YIN SpUelIRYIoN LOOTOTELL HOdT WATY




61~V

T g T oY RoIoLe Bamos W SEe TR asn Pnpoid B
aispuel
parenipe v 945 ‘f0dH SunIEaojey Jo uontwnsun)
815
pajsulpe e sD4H| PUE SUOgIE30jeY J0 UONINPoid) at
Pl e ] vodsuell| £91
pasulpe v UOUEOEDEL| | Bupuey 13)em 3)Sem Qg
PO
S} J0 SITE 9} WG PRFTHIFORE Sk UHSTGPIDa
MSIAL ' 55T Jo sst, e A[erosdsy pawardn
i, 91 5% SSTRICINJ0 UOTROWSET A UMK
(1) A0foes oo oy} W paoe
ol smapuaid] sve SHOSSIURS SO R PYE 18] W peaed )
PUE PAUTIAPT alakt 10]985 3] UT S[AN TISS0J J0 UOTSOERIOD JAthO [ NS as
paisnfpe e ot} SEOrSSTUIE PRV UOTSATRRS Suopaatd Wog S1oug ]
ORI Oz Anpsnpul ey ac
A1 55 BT23k00 Diia Pife UDHEO0[E 3308 1 S5 FHD T00)
A1 55 BT23k00 Dita Pire UDHEO0[E 3308 1 S5 OTH T
215tIER B O350 Z0Lta pil HGTEat 0mes Hl ey [a]
A1 55 (TIT 1 P § 835) UDTRa0 2308 10 40wy g S10)03s 10| kT
P
ata uorssTIERs suopand moy staus pre pascrden se
SUCTSSTUTS 352} JO WOBAO[E 2} A8 STy} ] ‘JE0Tta] apoades Arul| 71T
VUSURD Y} T PRI a5 SIS Oy SUCTSST ssa0oid
pejsnfpe eecy S} 0STY (| FUR § 05[e 28s) UOHRI0[e 33mas 1 4Bum)y ™
~pageqlca o 3R 130 PR SROTROT]E pasntdun
) 0} anp saBeyd tofent ) o sauy Rumonap an
W] “PaAntdlun s SSIIONG J0 UOTROLTINGPT A7) ATRUET ]
Stea panrII A ka0
WOTEOOE g} W Lo 1 Sl “Sopea R [ER p—
1 1T 53pO0 TONEICTTE Jo 135 431 B U0 [a5EG PASLAAT w338
Palsmipe e S J0E O S661 ‘066 ] 207 UoTiRanyE samos A} 2007 U] ikt
sau03a1ea YuTs/aammos fo (@R Ay ¢ SO0%F worssTU o PO :pazmao
resurase dar oA onTRRY NI STONVHD SAEY SATURE UF $O3UTY YA AL0Tap%I
0L 3N NOLLYIND TV DHD HUTS(3XM08 PUT 101335 3 AF1aadg

9661 40/ '8 219D L uoNPUDAXTT UOLIDINIIPIAY HHD 0] L'V 219V

SAXAINNYV

€00¢C YIN Spue[1otiaN

LOOTOTELL MOodar WATI




0S-v

0 [T [ [ [T [ S
000 IO WO SeANVITY PIE SUOISSTUEY FO| T
000 ] PERIRT J0 AMIORRTY | ¢
000 o [ [ [T [ MOISIBA0;) PUR[SSRIE) DI Jsat0d |
[ £{on}g st Apan) 1) PR JSH0T W SBE] YG
Jooro o 000 000 oo 000 eI ST (o 00 Insazng pre aBwe) asp e g
[T [T [ [ [T G
000 [T [ [ [T senprseg EOUMAGEY JoRmmg | 4y
000 [ [ [ [ SIRARS J0 ROUM pacptisaLd| A
000 B OpEL 000 oo 0o 000 ] oo 1 TTOS PRURLEY | (
[ 0o 00 ORI | Oy
000 £517 [ 056 DEh ] e e T
[ iy L b S0 L e
Joro |ovssn g wsE) g 000 08719 & 00196 000 000 o amysy ¥
Jooo T 0L 0000l 000 950 5[] JaNPOL] L) PUE JUAN0§ *f
00 [T oro gy £l T4 (5% T 555 G
7 0000 i oo wopmpaL 0| 07
0 [T [T [ [ [T oot [ oo wogonpo] BRY| 07
S ETR £Epe 0l 100 16 H 0000 [ AT Ay panag)| g7
000 [ 15 167 b6T el ELERDT L1801 spuig EA| Y'Y
S50E- £LEb8 01 %Y LS i 0L ST FRLT 52552001 [ELGSPU]
00 0o [ BCRE 2T 000 991101 521101 0 BN PR IO( 7T
o o ] [ o i il 1P s T
000 [T [ woRTE e E [ 91101 350101 30 Woly AUCsE | g
000 0 0000t £t 0 [ [ [ ETEs A
0 uw 10 10 [ 010 B09CC  |63%ERCE S35 10| 771
A 83179 Wl £030 0,01 a0 WIEL  [sawliE st €]
401559 L3570 63 0T i (e (A SUI938C  [ronnge WOT}I S0, PSSP ] BRIl 7]
1960 %3¢ 0y 100 7 <07 0T 12081 i€ 10661 8¢ sectnpn] A5arg | ']
oy |cic 90739 (oo [¥RAT) 07319 (90 6906591 [90E3099] STy wonAqEe) [y v
05y |aislL 95180 070 EE05 [T 0wy PGSO [WIOLLT LHrauy |
bLsl- 8L LT 867601 12 S0 BTED  |THIIAT 8- SUB0089T | OKELG 8T STRADWLY U SULSSTUIY [EUOQEN [E}0]

(29) puareamha i) {14 (29) puapeamha i) {14) (29) puapeamha 7))

WOTSSTULGMS | UOTSSTULNS WOTSSTULGMS | UATSSTULNS WOTSSTUEGMS | UATSSTULNS

(N pae] mopay] | @¥UAIT | gsarey mopay] | @D | psarey snoLiaL]
oN H) 0 STO9ALY,) INIS ANY T)UN0S §¥9 ISNOHNITID

L661 40f'D°8 2]qD [ uoDINOII2Y YD [ 1LV 219V

SAXHINNYV

€002 YIN SPUe[I3YIdN

LOOTOTELL MOodar WATI



Is-v

W 67 678 0 FIC6E07 g 510 e S ) P g ey Y00 el
- 71 671610 BOLLTE | isaln U a7y a1 ] Yy Suostug et YO o
() () mapmha )
i wmusae] | wssus mopay
) ) ] ) o 00 05T 15 e $).131%).0H 30 UORGHTAU07) WO SUOIS ST PRI
i 00 00 i £
6l 6 Tt 1555 0o e 7@ w1 08 0 5 e SRR Jo a0y 4
00 o 0o woL fpewe 143 PR SIOGRATRH JOUTpY | g7
0o oo T UOmpOL VI )
[iHie #IE 1550 0 T L P T SIS [ O]
) (39) prapeamba’y) ) (39) peareambat(y) ) (39) papamba ‘)
UOTSSTULS UOLSSTUES UOISSTULNS | UBLSSTUCRS UOTSSTUIMS | WOTSSTUICRS
PR | s e e L monaly | "W gsaey S
s DM IH STOILLY) SN QY TIHN0S 572 IS NOHNETED
| _ _ 1§ oy et ST A SO )
[ T [T [T} [0 [T ot kT oo suogesad) [
Joro T} [T T} 00 oo w Wilse  [ovaser ST [UIREL]
*SuIN] owrafy
i 7 i i
g AN [ il il IR SORIS AT
100 000 [T ul 1z [ 000 L gnpond )0 R syeAgog
Jooo Il Jorsl i 00z LETF 0 oI 000 = (1 oeds eyl 3oy
ook o 3] - o {0 530 [T EOET
100 0o [ 0o o il i il WA AR 09
] wl 15941 6 8- w0 1TiL e e
000 XELG[3TETLG oD (i il P Fsda] g TS| 9
171 [ 6591 1 BGELG  [pOStG  |e9dsl e S L Ay, 9
) (39) maeimha iy ) (29) mapemba 1)) ) (39) prapamba )
UOTSSTUGNS UOISSTULNS UOISSTULS | UOISFTUC{MS UOTSTWQNS | WOTSSUGRS
oD | s mopay | R0 | s mopy | 0| s g
ON i) 0) STOITLY) NS QN ADAN0S §¥9 ASNOHAITH)

(panuiuo2) /66 404 0§ 219D I UOHDINOIIY FYD “[[°LV 219V

€00C YIN SpuelIayiaN

LOOTOTELL MOodar WATI




v

s i Aoy 0 o o e e e ggs ‘soqp 45 PUP SUOWIRINRUIO UONMSUG)) T
el R 71 OFWOLBa0[pe 30Mo0s 58wy yHY) 709 $assad0ud eLsnpu)| 07
parslpe ER WON3L109 10013 [ UOJEI0[[E S3MOs W aauey)| 700 unIINp0I [e)aly ot
‘palsTlTE B 0T} 381103 T0IT3 PITE NOTfEa0]e S3M0s I Sgiw;)| 700 Asnpul [eaiuay) q%
parslpe ER WON23L09 1003 fE UOTRI0[E samos W e[ $HO 700 spnpoid elaul| w7
el B 1k Wodsuel)| £y
7% 285 T 59553001d [e1Shpu| 3
‘PaLSpE BR UOTJELRIAL i fulpuey 1ajem ajsem qy
“SJUMCNTITE 2}SE4 J0 S(560 A} 10|
POTEILIRST St WOTJSTIGAD A STAL W SSEMI0Ng J0 sem ey} ATraadsg)
PaADIEhuT SR 2Ty 5% SSRULOLG 0 UOTJROLJTERI 1) AlOUUIn]
(1) 200085 BUOLL
ay w paze]d teasl snorsard stas SUOISSTINS SWIOS R PUE [B] WT )
paecl FITe PRTIISPT 1ak 10}98 858 UL S[30 ISS0F JO WONSnpA0D iaposasen  I9
palspe wR g WIDF SUOSSTICY “PaJRITIE]S WOTSSTACRs snovsstd wog stotrg hid
PaLSpE BR (ZAT' T TG 0 3a8) WOJROC]TE S0 WL S3ey )| i $101038 BYIO| SHE]
POYEMINS s UOTSSTUGRS snotaard WOy stots pue
panauchin Seih SAOISSTS asa) Jo WoRan]E &) e SIg) U] JRNLIOY fiag| 71y
spoacdel AL Sy} U P Al TSP WOIf SCISSs
palspe wR g sssantd ) OS[ ([ PUR 5 05T 29) MOTYRO0E 20mos t sBmy hid
“pereychis are sEEMELD 1110 PR SUOTEOOTE
pannactu )} o} anp saBurefo tofeut i ATu0 s Suusoo
) ] A0l Sei SSELLONG J0 MOLBALTGET &) SOV I
TR pamCnuEnT
4]} 1340 WOLRIOTTE S} WL LINALIOMTIL W1 BMTySaT AT asmT i ] | 1w
SIf} WL Sa)I00 NOTJBIONE JO J35 AN & W0 Pashi PasLAst Waaq 2 |7
palslpE R TR (1007, 6661 5661 (661 D661 109 UOUBI0E 33m0s 43 707 U] 1k
SALI0TATE) YUIS{IM0S J0 (B Aoy ¢y SOMVE] WOLSSTUCY (p PN
Tuawraoe[dar fesnwALOnTppY NI STONVHD $PALINI0 AEY SAYBUMISA UT SARUEYD LM
01200 NOLLVINDTVOR gHD | (fAMBIREIISaNmOs P dogass g Apnady

L661 40/ q°8 2190 [ uonpUp]dXs UoypInoII2Y JYD T1°L'V 21901

SAXHINNYV

€00Z JIN SPUB[I_YISN

LOOTOTELL MOodar WATI




eV

o 0o [ [ [ [ [ R
oo TI0g w0y STEAMNISY PR SUCLSSTE )| (T
[T SR PAEIR] JO PPy G
o o 00 [ [ o [ UOISIaADY) PUR{sSRL) PR Jsatg| G
[ 2015 ST APoOg TAI0) IR S0 W SeBmL) | y'C
Jooo o oo o oo 0o 000 LEBLET- LSHLET (o (490 Ansano ] pue ey as)-puv] °g
0 00 010 [ 010 [ [y B0l o
o [ [ [T [ [ ] senplsTy EMICEY J0 U fa| - qy
[ [T [ [ [ [ [T SEIEARS J0 BT paiasad| A
oo 6119 L 119 L oo [ oo oo 0oa oo 173 08 BIIMAEY| -7
[ [ [ [T ORI L[
[ 6 307 6 307 [ TR T TLECE T [T T ] =
[T 616011 616011 o UIEREE | UL YR
Jooo WL 8020 L [TY] 1651 6 16871 6 [TH] [TX] 11 ammaLEy
Joro 05081 08091 ool 000 o0 28] 1NPOI INL() PUE JUBN0S
o 0o [ [ 301 807 [ [T B LT Bya| o7
i a naApL 0| (a7
o [ [ [ [ [ [T 0o o Napa FRL| 0T
- WipL L [ e T [ ] [ LnmprEomaeg)| g7
[ [T [ [ 207 307 [ Eal oot SMIROLY Y| YT
i WL (00 L [T T [TA [T B60IE T B69IE T 53553001 [ELTISMPY]
0 00 010 [ WLIOE LLOE [ EET EET =0 RN PR IO T
o 0o 00 [ 00 [ il Al [ R
[ [T [ [ WLOE L0 [ ECECCT ECECCT A0 0y SuotseTAry aAEng | g
o [ [ T 10¢ 30T [T e 01 6 01 TR A
H 304 0 600 [ S0y 100 PP EENpE LA TE 8101935 B0 B T
o 7] 26600 W £CH0T 5090 00 o7 CRLEE LUER6EE yodsmi]| £
T [T L e v 3L 131 R IF 9L £ WO A0 P SeLT} SO ] BRIV | 7 |
7T 1671 Ky 3% 1576 8768 A3 LTG61 09 065 8LE 09 sejenp] Z3ang| Ty T
130 ] 17873 160 [ 0D 00 oLl [eRerelil S Ao g Y
80 [Tt 17808 00 wWeiLL SLTILE L0 SUEIZLL  [OBLALL AUy [
Jso1- 10670 LT T Ll w0 6808 77 8056 TT wir SULBLELT 8R0S0l STEAOUERY DU SUOTSSTUIY [BUONEN] (R0,
(i) (30) nuaeamba i) (i) (39) peareamba i) (i) (39) yareamba 1y
UOISSTULGNS |  MOTSSTUL(NS WOISSTULQNS |  WOTSSTUL(NS OISSTWQNS |  WOTSSTWI(nS
(PN Jsaye] mopary | PRI 1saye momary | PR 1s9pe] moLial]
O "H) 0D STOHALY,) JNIS ANY TIUN0S S¥9 TSNOHNITIO

8661 40/ 0°8 21qD [ UOUDINOIDIY AYD E1°L'V

SAXAINNYV €00C YIN SpuelIsyIoN LOOTOTELL MOodar WATI



125904

190 95T 578 FOEES 572 1oy TS0 P aBiey) 98 U O SuosSTA pramamb FO0 0L
190 TE0LL £2T IEST $TT 1oy 1530, AT SETEN) 08 )T WYL SUCTSSTAY JameATb F00 TR0
() (39) nereamba 7o)
(M 15a1E] [ wopssMnS SnopaL]
D B B D 00001 000 02106 T THS PUE 5),1d/5,) IH 0 WOR GUMSW0 ) VL0 SUOFSSTULY TeRUal0d
000 000 000 W0
5102 36T 17698 i) 06701 0601 STIL 690501 i 15 P suoqreace jo wendumauo) | gy
0o 0o 550 7L60E 8 310503 ? 5 PR SUOGIRIOIEH JouOUanpoig| gy
000 [iiy TORTe 1 BCHTH 1 MOTMpEE VI | ‘£ 0T
510z [T 11698 000 TELLL oFLiLl P 9L 6 £9°002 § SUOLSSTUL [PY9Y TR0,
[05) (2p) puaeamba 7o) T3] (39) puageambaig)) 5 (39) uaeamba fp
LOTSSTULGN 3 WOTSSTULNS WOTSSTULNS WOTSSTWINS UOTSSTULNS LOTSSTULGN 3
(PRI 1sapEy i | [ s SoATg cpP AT 1sapE] snopiaIg
S 524 8)H SAMODALY D JNIS ANV TIHN0S §¥9 ASNOHNITID
ol LIG9ES 0£'650 ¥ SSTULOT( WOXy SUOTSSTUIY 20))
000 000 00°0 000 0o 000 007001 AN 000 ArogeLadQ TeIaE@MIY
000 000 000 000 000 000 000 00°TES 6F 00°TES 6F SIUN [ MO EUIIU]
TFULa)] LA
000 00 000
oo Q03T T RSl 1 [iiy [ii 000 000 ZalRi STRIMS PEOOL
00007 [ 000 iy Loow L5OF [ Lo Lo aen jmpard 1o e sprasog
000 P LT P HBI T 000 Looh LOTF 00°00T [ 000 = (Wosds vaqd) IO "L
00001~ [Ty 500 00001 [T 0o 6E81 09k LSS ST
[T [Ty 00 i3 [T} 0 El El MOTRIAIN] S| 09
550 COCHT TR 05%" T95E iFeL T ¢
000 61SEE6 6ICEE 6 000 0o 0o puE U0 Esode ajmp pog | WR
£80 §9°891 52191 100 08°T1F 6 LV G 6881 09°Fst LSS aAsep "9
(15 (20) meareamba o3 (14) (29) nwareamba i) 15 (39) 1uareamba tg )
UoTssTuIS UoyssTuI(ns UoyssuIns | uoyssTurgns UOISSTUNS | uossyurns
p@ MBI FEL oA cp AT 1] snoalg o MUATaga ] SMOTAI
ON HD 0D SAMODILYD JNIS ANV TIN0S SV ASNOHNITID

(ponu1juod) 966 40f 0°8 2]qV.J UOUDINIDIY AN €] L'V 219V

SAXHINNYV

€002 YIN SPUe[I3YIdN

LOOTOTELL MOodar WATI




ce-v

ToAelEe e e e e o A Vg ) FUIpuCY TaeAafseRy [
[ e £ DAY WORRaOTe W S [ig 0 i
[ BE T £ 0] OTJEOC][E W1 SEEAqD) | ST LMPOL]| e
PEISIEE B 945 "$0AH] 945 pue suoyIe3I0|EY J0 UDHAWNSUD) it
PEISIEE B 504H] 045 pue SU0QIE30[EH JO UORINPOId iT
PalsipE B v Modsue. || EYT
SPMLONIITE ]Sk [0 SISe0) ]} 10 pajRmaEdal|
SR UOT)STUGUIOD A% STA] UT SSENI0T0) J0 250 A} Aeroadsy|
pasotdun s (30 Se SSRUIOTG JO UOGBILIPLAPT A} SOVLTATIL]
(1) £og29s Suota A
paserd teas snotamd stam SUOISSTULY SWOG HRY PUE TE] I padeqd) 1OUI0 / 31SEAA ae
P PRUMIIMSRT a1a/ 0]048 8154 I S[40] (5807 JO UOT)SmOIa0
el B VIOYF SUDISSTURY “pBTLE[a UOSSTUICRS Snolsatdl wiay stoug g
PATRUTVAT] alad MOISSITGNE STOLAATd
WIOT] ST0A18 PTG PaA0clon st SUOISSTITS aSf) J0 NOT|RACTE fhiaul Tyt
pajsipe By A} AR ST U] (" | B G OS[E a35) WOTJEO0[E 3008 WL ABEN ) ™
‘panrE)cixa arB SAREa 14110 e SUOTEICTE
paacrdun sy of snp saSmeya 1ofenr sy Ao ssun Sunaogog)
iy w “paacadull sem SSRWOTG 0 UORILLIUEPT 91} SI0ULIS L]
“steas paLonEn
[} TA0 MATEIC(E Af) W Amuammm w Smmsar Ko yamn |
&y W[ S8p02 WONROO[E J0 185 46U B WD Pasen pasTASl Waaq S8 [0 T T
PalsE B B 0007 6661 ‘3661 "C661 "0661 207 WOTRace 30mos &} 2007 U1 v
satroFapes yursaaamos yo (o TR ATy (p FTOMIE] WOTSETULY (o SPOIIY
Juaurasejdar reacuraruonIppy NI STINYHD FPALINII0 ANTY SIEUTS
0L AN0 NOLLVIND TV ITd SHO up saueya araym . LroSayen Yursaamos pure Topaas i AJady

8661 104 q°8 219v |, uoypuv|dxsy UoNDINOII2Y HYD t1 L'V 21901

SAXAINNYV

€00¢C YIN Spue[1otiaN

LOOTOTELL MOodar WATI




9¢-v

oon oo oo [T ] ] ] T ET
0 U0 VI STeA0MEY] UE SUOLsSur 1070 (TS
] SPUE PABRMR[ JO FAMOPWRGY| ¢
] oo oo ] o ] ] WOISIANe;) PR(SERLD) YR sand| T
] {2035 SR Ap00g TAf0 PR Jsaod Wl sw| g
|ooro 000 000 000 00°0 iy} 000 LESETT- LESETT (o () msatog pure 5wy asPnv g
oon oo oo [T ] ] o ¥
] oo oo ik 0N sanplss] RIOIMAEY Jo Smmg pratd| I
] oo oo 0N 0N TEARG J0 UMM paciasal]| T
oon 8CES L 8079 L a il ] oo oo 1 08 MY | -7y
0N 0N ORI 8| O
] TR TR 100 TCEIAT ETEIA T ] amEp| T
] 631104 6CTI0L ORI M| P
[ooo S8 L SR8 L 000 17526 8 17526 8 00 000 [T amMuILEy
[ooo LOss1 L8l 00°001- 000 L0 5[] KINPOLT IAR) PUE A0S °{
] Tl Tl ] 6.1 6.1 PO S FE 09 Oz wo| 0T
0wl i ] wapnpol W0| d7
] 0o [ ] o ] ] [T ] noRnpaLI RN 0T
£ COURRT L IR ] 1res 1TES ] o ] g pma| g
] [T oo ] 67 7 ] L6FiG LEFLE spnpord ]| Yl
00 LOT0Z L 067861 L 000 1505 15705 00 SrSIL 1 LESIE T 52552201] [ELLSNPU] 7
oon oo oo £00 S9ED 8L G0 E £t CCCIC T 05 i8¢ 1 SO RILEN PR 0| T |
oon oo oo [T omn ] Al Al T pIog| 1T T
] oo oo £00 3F0E0E 3LGI0E 5t 01T [ 5o, Waly sy | ]
] oo oo 1LP1T (43 7 o [ [ W0| ¢Vl
] (24 (A28 110 b3 66E TT 6L ] TP 90 5L 9T 18675 stopas 10| BT
By LG9 plEes [ 7100 [ A PECALYE CCERIFE vodsm] | oy ]
i tLOE [ e 1659 9793 51 CUBEL T 0Tt e O SUO;) P SALTSEN | SRRy | 7 |
611 L9 0F 11 150 091 [ P 90LD 9 EO0IGLS sattjsnpu] KB | [y |
801 8LC1% GRS ] 60968 TR T C17E3 501 LEFTL 301 ST U (AL Y
[so0- 8518 L5028 800 LU0LE 05 EILE I 0L'LFE 891 89162 0L 4Brauy '
€00 SE°L0E LT 68108 L1 800 08°08L 12 EFERL 1T 30 85680 0L1 U090 L1 STEAOULaY PUE SUOTSSTUT] TRUOTIEN] E10],
(1) (29) neagesmba g ) (1) (29) nuageamba g ) (1) (39) nuapeamba o)
UOTSSTUIGNE UOTSSTUIGnE UOISSTWNS UOISSTUIGNS UOTSSTUI{NE UOTSSTU(NS
¥R 153 smopalg (MR 5] mopary | R 15 SmomaL]
o H) 10D SAMODLLY SINIS NV T0a108§ V9 ISNOHNITIO
6661 40f D°8 2]qv [ UOUDINIDIZY N S,V 219D
SHXANNY €00C ¥IN Spue[_ylaN LOOTOTELL MOdIT WA



LGV

£o0 609 917 17528 LIT 1oy L1880, P BWE ) 28([]-PURT JLOYILG SUOTSSTAE PAEAIEE (00 0L
oo TCOITSIT O L3S BTE 01810, e SBVE ) 281 -PUT WL SUOISSIALE PaMRATi B0 [P0
(15) (39) mapesmba p)
(A TssTurqns 1sare] [ uopsSTUIqRS SMOLALg
B D D B 00001 d TAS PUE 5175, IH J0 UORMUm w0,y W03y SUCTSSRULE [FFUalog
000 [iif] [ 000 [{i] [iif] 000 W0
611z £069 iT9EE [ 9£'811 9E 811 1£9 el L8001 15 P suogreaceH] Jo uoydumauog | gy
oo o 310 TORESE 0LLISE ? 45 P SUOGEEI0[RH JO uoanpatd| gy
000 [ii] E0BEE 1 EOBEE T WO pOL] MY | €0
6112 20502 L858 000 SUHRF 1 SEFHF L 00 8T L 99°0FZ L SUOLSSTUT [eRIIY [E10],
) (39) yuageamba f0 95) (30) uapeamba gy [} (30) ruaeamba ig;)
UOTSSTULNE UOTSSTULNE WOTSSTUL.S UOTSSTULNE UWOTSSTULNS WOTSSTULGNS
cp PRI 15 smoparg (PN 1sape] snoparg (PR 1sape] snoparg
ES 524d 5)0H SARMONALY. JNIS ANV ADUN0S SV ASNOHNITID
Ll oL T 0LZ68 + SSEMIOT] WO SUCTSSTULY F0)
000 000 000 AN AN 00'001 AN 000 swoprIady EIaE@mMI
000 000 000 AN N 000 EXitaty E9EIZ IS STaum ff [PUORRWIagu]
iSWay] owrapy
000 000 [ii] 000 [ii] 000
200 O0ELT T COBEI T 00001 [ [ii] 12BN BIRIILS PRIOS
00001 i i) T066" o 5L 0% 00001 50 0o a5 yonpord 10 PR SpaA0g
000 SO'9BT T S0'98T T 50 0607 g 00001 150 00D = (oads #0a1d) TR0 L
68210 61 S601 500 00001 i [ 1L05TT 55 120 1 7L TSR wpol @9
il Edl Eil il il il e T o]
BT T GECLT TriLT FELT (g EETC (i) BApUR ek T
i) CE66 3 COEEE 8 i) i) 0o pE uo Esodsi sy, pUog) W9
86 7E981 8L 110 10480 6 65010 6 10821 08201 bLTSH asem 9
(143 2y nuareamba fg ) [ (39) apeamba Ipy 5) (30) apeamba p)
uorssTUIAMS uorssTuIqS UoISSTUIQRs | uo[ssTWqmS uorsSTUnS uorsSTUInS
P NATAT 15w smorarg (p@ AT 15 SnomaIg (p@ MR 15 SmOLARI]
ON "H) 0D SAMMOHALYD JNIS ANV ADUNOS SV TSN OHNTTID

(ponuiuos) 6661 40f 0°8 2]qV.J UOUDINIIDIY AN S L'V 219V

SAXAINNYV €00C YIN SpuelIsyIoN LOOTOTELL MOodar WATI




8C-V

peislpE R £ WAL VRO T S T w0 [
R | CpuctROuE L T asmmpuuy] {
[EElEET PO R Pl (NP Farpirey saena ey [
eI 345 K] P suoqreaney Jo wondimsue) I
g
FeilpreR] SJH P SOy Jovanmpary i1
FEiER R ik e XK
SO

2|58t J0 S1580) ) W0 PAJBRIB0 SRt MOS0
AT ot o s oy Aty paacitiy
it [41] 58 SERANOL J0 UOHJRALFINISRT o) ALORLIA O]

(1) Auyas B, ) W packyd

el suovsand stait SUOLSSTVES #WI0S o] W Te] WL packyd
P pALTRS ST 104048 815 030 TISS0) J0 MULSAME:
[RaERE WOl SRS PRI WSS Sl o sioig [ TR0 J A 1s

"DAIRITA 3 Sl MOTS TGRS SoLAard wiot SIoms

A PRACHEIN S5, SUCISETHA S540) J0 WORICTE ) AR
peialpe e STV e ) BaO[e s 0 ) [ | 1yl
"TAE[ 2 4% SSENR 1430 U SUCTYROE acichim

A, o s 20 g Ao s B

W] DA SR SSRANONG J0 KRS A AIDRIIAI|
"k AP 2} o U2 ) Aymtepm

T myusan A0 o o) VT 90 UCTJRIOR

J0325 a0 Page pastAst v Y (7 P (07

elpesa 6661 ‘3561 S48 861 Koy uonea0e samas ) 7 I0E ] Ik TV il
saLrodape) Yursiaamos o (D iy {p SO WOLSSTULY i PR
i o a4 ‘NI SENVH) BTN TR
0L NOLY IO 0T 49 0 SSBIEL AT ANGSafEd YULS 408 U X135 g g

6661 104 q°8 2]19v |, uoypup|dxsy UONDINOIDIAY HHD 9] LV 219V

SAXHINNYV €00C YIN SpuelI_RyIaN LOOTOTELL MOodar WATI




65V

[ o o [ 0o 0o [ R RS
oo 105 WO SEACMAY VR SUOSSIE 200 | (¢
o SR PRRRRLA JO ARRIOPMR | G
o oo oo o [ oo o TSI/, PUESSRLE) P Jsany | G
o F[20}5 SAa Ap0oj, 130 PYE Jsata W saem)| W g
oo 000 000 o 000 00 00 AL T 9TLIF T (p (910 Amsazo,] pue drwy) asp-pue °G
o oo oo o oo oo w0 o
ON ON ON oM SaUpSEY FANMINEY JO MMM FlEl | A
OH OH ON ON RIS J0 Sanmg paquasaL]| AE
[ 07666 9 CUICEL Edl Al oo 0o oo 1 08 PR |
OH OH MR |
60T 0T 761 0z C6T i el 1 CECCR ey amel]| T
[ E0'30L D EUR0L D WOEMEE] SR Y
oo 00°Z61 L SiObS L 100 £1129 8 BE'E95 8 000 000 0o ammLEy ¥
L6l 90°LET $8FST 00°001- 000 i as(] JNPOI] I PUE JUAN05 °f
[ oo oo PFOCE T ] [T w9 2 058 [T o] o7
oot i [T P W0| (qT
[ oo oo 0oool- oo LoD oot o [ uonmpotd BRI 0T
Ta0 WOETL PRI L [ 6380 BTG o [ [T Ay )| CFT
[T oo oo UL FIE 73T Tl Trics 02136 Smpold B W
00 90T1 L FSI1 L s SETE BL8S 00 19LET T 0009 1 52552000 RLRSNPY] T
[ oo oo 0zo- TTSLT 196607 [ LA T LT O RLEN PRIQ| 71
[ [T [T [ oo 0oo i Al Ty pas| 1T
[T oo oo 0zo- TTCLT 196607 i CLOAC T WUCT sfan vaoy suatssparg aanBng| gy
[ [T [T 62 00% 599 591 oot [ (] 0| ¢V
339 [ £2 T I38 0361 Eif 6% 06 67C e EICERTE 5103385 30| T T
20 ETATD o0 IED 5T 16 573 w0 0CTIE 6 LCATTSE podsm]| ¢y ]
B3 TLOE E2 D [ 2338 oig L ELOLI 6E ST &R WO} SU0;) AT SALLSIEU] BULTRREL| 7
Rl U051 CUTET 620 [ FLFTI e LTTET I S0 Er samjsnpu] A3tang| 1y ]
[T SR 0ER LEL6L 6T CTi0L CCiR9 1£0 6199 0L OETFT OLT SNLY NORAqHe) [ | Y]
i 95°0E8 Li°L6L [Ta1 L0°8St £ LTEFt £ 1£0 0I5 oLl STFLL LT ABIa [
[Tis 050 91 60516 91 SO0 £§°LFD 02 LULED 0T 810 8L0%h TL 80T TLT STEAOUIFY P SUOTSSTUI [PUOTEN [EI0L
() (29) uareamba !0 ) ) (29) wereamba fg) () (29) nereamha 7o)
UOTSSTUINS UOTSSTUL(NS UOTSSTULNS UOTSSTULNS UOTSSTUL(NS
ARG 159 SOpalg PPRRRd | wotssruqs sapeT smopalg AR 1sae] SOpaLg
0N H) 0D SAMOIALY)D JINIS ANV TIAN0S SV ASNOHNATIY
0007 40f v°8 2]qv.J UOUDINIIDIZY D "L'L'V 219D
SAXANNY €00¢C ¥IN SpuelIaylaN LOOTOTELL MOdIT WA




09-V

pu 0 RN B 016 917 g ATESI0,] 08 SBE) 85T IO SuotseTarg e 1) (R0
iy BT 1T 0 L 1T 1oy RS0 VB BB 28 |- YjLte USSR JiaTemnbe P00 (R0,
(i) (S9)puareamba ')
PRI wsuEspsaE] | uopsus sopag
b b b ] - o Waks T TS P 5,),175).0H J0 WORGUMSUD) Wioay SUOTsSTUI [RRuaKeg
[ ] ] W0
2Ll y0r (6L o 801 % e Tt 16801 15 PR SoRROTR jouapdimana)| g7
0o o 310 FEERT 3EERT 145 P SUOGRAOEH JORCIMpL]| Ty
o o 06t 1 B 6E WONpOl ] VIR | )7
Ll 50907 $50%E o #zs 1 wgs 1 B SSRLEE LTGE SUOLSSTUIY TENJY [RI0]
(1) (39 nuareamba gy () (39)uaeimba’p;) (1) (39)uareamba ')
UGTSSTULS UOISSTULS UGTSSTULS UOTSSTULMS UOTSSTULMS UGTSSTUNS
i Jsape] SonAL i Jsape] sopary | "D 1s9E] oL
'8 504d IH SAROHALY) NS ANV AIAN0S S ASNOHNITID
o LS L5305+ SSRULGT WIOT) SUBLSSTUTY 7))
N N N N 0o [IT] 0o suogEIAl) TEAREIY
Joro 00 00 00001 196 0o 0o 0005 £5 11005 £§ ST [FUORELI]
*SUCA)] ouragy
000 000t 1965 0o TaJR41 PUILCAE WK TajeciLp Bsseda
00001 008L11 oot oo 3R S0RFILS TRITO
0ot 05¢ T [ 0000t B a5t mpatd 194} [ spaAo;
Joro 05681 1 [T L [ e 00001 i o = (oads mvad) 1pg
oo [l 500 BL 66 0o 10 i [T L TCF T
il il il i il il O] Ry 00
B ETRal LU LT 60 & 51 F13 T = )
o 6L R LW6iF 3 oo [ [T P e Esod sy pros| v
| [T £Ih61 8L £ 886t 8 19758 T [ bLTSF A5 1
(1) (B0) puapeamba 1) (1) (39) wareamba to;y () (39) wareamba 1oy
uOISSUGNS | WOIsSTWIqNS uoissUns | uolsspugns UnsSUGnS [ WOLSSTUIS
TR 153pe] MOERL] [ 11 153y MOLAL] (I 1590E] SOTAAL]
0N H) 0) SAROHALY. MNIS ANV 1008 §¥9 TSI0HNTTID
(panuuos) 007 410§ 1" 2]q.L UONDINILINY HYD LI L'V 219V
SHXANNY €00C ¥IN Spue[_ylaN LOOTOTELL MOdIT WA




19-v

fulipuey Jajema)jseny a9
pajsuipe e POfjmmMOnEIe pasnicu] OTHIFHD
(105 [esnynayfiy ar
pajsuipe e R TR U0 Pragen UOLEMAEIE (7H
94§ pue suogieaojey jo uondwinsuoy| g7
paiupe ve 945 SD4H
94§ pue SU0gIeJ0[eH Jo uonanpoxd| 7
paislpe Be SdH]
ssaontd noesTE $82IN0S [RIySnpu| pue ABIBUA IIY| £
A0V FasT 218 st [ sy paBrea o uoTEIO[E Af) sattcBagea ssap)  Aeradag ik
AERIAFLIND
sarEny ALOTSSTIL [0 WaTyRace i) ssaonnd ang) ] o) ¥
(SETOA YL $9p03 3308 9 9} O} Pau] ataui SSm3y
4401 AT o SamBy (g Ty 91, “PoSTIEIG 400 812 (I 10 B¥ep uctspsond ag Iy
saLr0aye) uTs/23ames jo (o HEp-Amnay () ¥LOLDE] WOTSSTUC] (o TN
Tuawaredal erowaIonIppy NI STONVH) FPALII0 AAEY SATUSI UL
OL 110 NOLLYID TV Oqd 9H9 safuelfa araym . LraZape) Jurs/aammos pue Toaas ap Afraady

000Z 404 q°8 219v |, uoypuvdxsy UonnnoII2y JyD "§1°L V21901

SAXAINNYV €00C YIN SpuelIsyIoN LOOTOTELL MOodar WATI




(a4

‘ba-tpD ur sa11089380 90IN0S pue SAsET [[V -
24S pue sDAd SOJIH -

ON -

YHD -

0y -

:A19Anoadsar ‘103 pajudsaid are s399ysg

‘Areuruwirjoxd are (00 10J BIEp [[B Jey) Aj0u sed|d

‘(£ Uo1122g 33S) SUOISSIWS Y} IO}
PalRWINISS AJUTR1IooUN Y} JuasaIdal Jou Sa0p UMOoys SHSIP JO Joquunu Y[, ‘SaIn31y papunotun Surjuasaid ‘soqiy eiep YD 9y1 woyy s199ys Jo Adoo e smoys xrpuadde siy .

SOSB3 ASNOYUIIIS 10J ()] SI[qeL PURIL JAD €L

SAXHINNYV €00C YIN SpuelI_RyIaN LOOTOTELL MOodar WATI



FhL S WS LG 0E S £009 80 865 € 005 £ 00E £ 0097 00L T ¥6E £ ¥6E € SSEULOL WO SUOTSSTULY 70))
AN AN AN N AN AN AN AN AN AN N AN AN suoexad( eraremMIY
R LT T A A A A A A A A A A AME[]
92 6 10001 (0001 [60id 6L68 6T 8 505 { 0z o 00g 8 i3 096 Ler ¥ LR WATELAY
9PSLS |9GFES  |PITIS  |I656F  |60S8F  |Skrsk  |98TFF  (098TF  |08TEF  |00FTF  (06TIF  |S9L6f  [SOLGE SISuNg [PUOHEWIA]
1SuLa)] ouray
SSBGLL  [OPBELT  [9800LT  [88LELT  [699891  [POCOSL  [ZOP Ll  |OLL 89T  [PEGLOL |E£LSOT  [IZSL91  [0LZ6ST  |OLE 6SL (LI MOYILM SUOLsSTUCY [e10],
ThF8LT  |LTFILT  [0SP 691 (80 TLL  |88FLOT  [9068L1 |60 LLL [TPBOOT  [6Z1 091 |9bZ#01  [e66S91 |BPELST 848 LSI () DT M STEAOWISHSUOTSSTUIY TE1O]
0 0 0 0 0 0 0 0 0 0 0 18] B0RINS PAj]0]
0 0 T 0 0 0 0 0 0 0 0 0 0 e jonpad 1a3o i JueAog
0 0 1 0 0 0 0 0 0 0 0 0 0 [ (imaads aseayd) 1pg 7L
0k 0k Ten 1 5% SR T 501 306 0 0 0 0 182 182 =0 d
0 0 0 0 0 0 0 0 0 0 0 0 0 ORI 216 ) )
0 0 0 0 0 0 0 0 0 0 0 0 0 WP TefRm-alea g
0 0 0 0 0 0 0 0 0 0 0 0 0 PUET uo Esodsi] alsem pos ¥
53 53 w1 SSF SHL 1 9501 806 0 0 0 0 188 188 ASER 9
AN AN AN AN AN AN AN AN AN AN E ET AN I
AN AN AN AN AN AN AN AN AN AN AN AN AN TI05 W04} S[EANUIEY] PE SUOISSITE 700 '
AN AN AN 3N AN AN AN AN AN AN AN AN AN SpUE] PARIE]] JO TISUTOPWEY )
aH aH aH aH 3N aH aH aH aH aH aH aH aH UCSIaAI0;) PARSSRLE) IR 15810, '
T L 2 S [ S 3 S - S = A i [ 2 S L S - i - i - i [ 20} ST AP0 110 PR 15810 W SR Y
EIF1- |EFI- [9¢1-  [0861- 0811 [86E1-  |e¢c - [6e61- (9081~ |LBF1-  [82§1-  |eeb - |eeb L (§) Lnsato pue aduwey ) a5 P '
0 0 0 0 0 0 0 0 0 0 0 0 0 W0 D
0 0 0 0 0 0 0 0 0 0 0 0 0 SApISEY] [FIYMAEY J0 BUMLG Fla 4
AN AN AN 3N AN AN AN AN AN AN aH AN AN SEIIEAES J0 I paruosal]
0 0 0 0 0 0 0 0 0 0 0 0 0 () amog ey
0 0 0 0 0 0 0 0 0 0 0 0 0 WONEAIND) 80 )
0 0 0 0 0 0 0 0 0 0 0 0 0 WaMEERE L] SIUE]] g
0 0 0 0 0 0 0 0 0 0 0 0 0 UONEENLa,] U
0 0 0 0 0 0 0 0 0 0 0 0 0 AMMILEY
0 0 0 0 0 0 0 0 0 001 001 0 0 25[) NPULY I Q PUE JUAOS °f
s1E [ e [i54 TrE 13k [G 3 0ot i3 002 ik ik W0 D
545 PUE SUDGERA0[EY JO uondumsIo)
945 PE SUOGIEOD[EH JO MOHINpOL] g
Al Al Al 4 Al Al Al Al Al Al dl Al Al UOHINpOLd 180 (]
0 0 0 0 £ 0 i1 0 0 0 0 0 0 WOHIROL] R D)
0 0 0 0 0 0 0 0 0 0 0 0 0 Anpspu] Eamia g
c0g ic8 cib 5l e | 662 FIT T o0 1 o0 1 0ct, 0oL PEL T PELT SJNpOL] RIEAG Y
FILL 862 1 SIE [T 8Tr 1 98¢ 1 T [ OFF [ 01z 1 [T 005 1 1851 1851 5955000 [PISIPU] T
999 1 165 1 oI5 1 [} 8I0 T £001 oig 0§t 0sE Ot 0% 80% 80E SO RLE PEIQ T
0 0 0 0 0 0 0 0 0 0 0 0 0 S04 POE |
999 1 165 1 915 1 FES T 8I0T £001 018 061 0sE Ot 0% 80E 80E S[an.{ V0L SUCTSSTUL 3430 '
0 0 0 11 0 g2l [ [ e 1 [ 0ot 1 T w0 ¢
PETOE  (0SCPE  [900EE  |gEOPE  [IBECE  |gpig  [eE6LE  |90FRE  |0O0DF  |OEELE  |06EDF  |CRIFE  |CBIFE SLOJ38E T8I0 7
8095E  |EIESE  [SALPE  [SBLEL  |49DEE  |TF9CE  |e91FE  |vRIIE  |Wp60E  |E6EDE  [IST6C  |ZCI6C  |CEIGE vodswe], g
i610F  |ii8éE  [00ETF  [iskOy  |3083C  |000sk  |109%F  [0C60F  |0fs6c (OISR (099FF  [238TF (338 1F OIS0 FITE SALSTEM] SMUTRIEI 7
BP0 |FTE19  [100r  [CA100  [1214C  [8REC  |Opc0C  [0B6CC  [00REC  [DEIRC  [061EC  [SOEIS  [COEIC Sajanpu] ARAr |
SILOLl |1990L1 (763991  [09W 0L [Gi6¥DT (658901 |WWC 691 ORI DT [PLE9ST  [EGEEPT ISP BT [00S9ST  [OOS 95T (yerorddy [Eiopag] uonsnqpn [o0g
1868L1  zezoil  [sregol  [PT0Zil  sees0T  [708el  [1sooul  [ofee1  [pzioor  [e0e#d1 (16691  [8089ST (808 051 ARy [
@) SATMODALY) JINIS ANV U108 S¥I ASIOHNTTID
1002 0002 [ 6661 [8561 [ LasT [ [s661 [Fa61 [£661 [ [1861 [ [ (Dreal aseg

200 01 219V pUdLL JY) SPUn]IdYIaN Y] Ul SISDS aSNOYU?aA3 JO SUOISSTUT "6/ V 219V

SAXHINNYV

€002 YIN SPUe[I3YIdN

LOOTOTELL MOodar WATI




v9-V

SSTWOL W} SUOTSSNT 207
00 Jooo__ [ooo o0a ooo___[ooo 000 000 000 000 il 000 i suogErl() (aareHmIY
w0 [ooo_ [ooe i oo Jooo i i i i i 000 ouo e
T (I [T il oro__|ooo il il i i il il oro Y
AN AN [N a a N N N a N a N N ST EHORETa
I IE
1 [el el 161 (51 oot i i i i3 00T i i3 TR pAGTS T 1A AT FsEe
il i oro__|ooo il il i (il i 0o ono oA SRS PRI
0 |eoo_ [eoo £00 Tro___[od0 500 BED i il i il < S5 Tonpial S0 P STEADS
161 [t61__ [s61 Vo 86100t 90T IET T3 007 (T3 S0t s el smearh 190 L
o0 Jooo__Jooo o0a oo [o0o 00 i 00 o0 il il ouo =00 a
w0 [ooo_ [ooe i oo Jooo i i i i i 000 ouo e
R X e s0_ Tt o1 S TED gt B o s O T
R I P s N [ [T - e S [~ < Az < [ [ o RN
06 [igt0v  [scoeb  [svmeb  [omeor  [qrub [ovieb [sgeis  [03@zs  [éccks  [ETdds  [seess  [svms a7
ET T T TH N TH IH TH N T TH IH N =00 1
oro__|ooo [odo i oro___|ooo il il i (il il o0 ono TEoS Wi SR R SESSRE T00 'd
om0 |ooo_[odo i oro___|ono il il i i or i oro S ] PR J0 TSNPy D)
ET T T TN N T T T N T T TN T TCTSEARE) PUE(Eeee TR 19800
I (I [ i org__|ooo il il i i or 000 oro anyg sewwRag Aponjy A0 P 1590, ST
T O [T 000 00|00 000 o0 000 000 000 000 000 nisate] pue By 99 PEET S
OH__[oN___[ON ol oH o’ ol oH ol ol oH on OH RS
On__ [oN__ [oN ol on___Jon on on o ol o on OH SEUTSo [PLIALEY 30 SNET PR
on__ [oN__ [oN ol on___Jon on on ol ol ol on o T T
T (I [T i org__|ono il il i i1 il il i SIog BTy q
on__ [oN _ [oN o on___|oR ol ol ol ol o o ol TOHERTS ST D
o [ T A T < A A T Y- % T N [ T = O o R I = O [ 1 7 e T
Tl T A L e A A A T - I A O A T A T RO e Y
50 _[es0Ty _[10Ser _ [TLvsv  [0BShr (859 [bOiib  [eTesb [e8usb [8LS0S  [G0ils  [f6S0S  |ECSS STIIEEY
w0000 [o0e 000 00|00 0w W00 000 000 w00 w00 oo 351 1IRPOLT T PUT FUOMOS E
P o il cro_Jeuo (] TE ek B TeE Gl £ ERRRS
515 P SUOGTRONEE 30 eIy "
G.I5 P SUOGEIOEH J0 NOHATpOL g
oro_ |ooo [ooo i oro__|ooo i i i i or il oro WOnnpd 0
I (I [ i oro_ Joeo il il i i il il om0 TP TR D
AN e w7 |ies e il i (i ono T ze Tompr ey g
I I 3] £TD ¥T0 170 0T il i il i 120 TTo Sionpiag R Y
i o S T e T IS £t IE'S T 5 05 e T F95s900L] TOITenPY
R A e o W o - i T [ [ M - T T T S [V SOEREN PR I0 T
or0__|oo__ [oon 000 000|000 i i 000 o0 o il ou0 SN PIoS 1
EEbel 960l [cewpl  [ocori  |avoci  [pesar [seoit [ucest  oosel [ovest  |orssl [wieil |riwidl S{AL V] SHBISSTTg SAIENE
I A A ] &T0__ |ozo 1 il i (i or £00 £ =00 ¢
Wt |oger  |soel  [ccar  [moe [dise e e |wi [coe |iree seme [ SR B0 7
N 26 s Jeve I £To o ZLo 0§ £ R I
gec  |we  [coe o1 g50__ |ext Ol o5 3 0gF neE 162 16t IO AN T S]] g
I A [ o AT &5F 3 e [ i TEc ZEt sertnp AR |
A LA R A [ A A - 1 | A [ = [ Teeoiddy eckoeg) Nonname) 1o Y
LT O S ™ S VO = - e - N 7 A T 3 A [ s g T
9T5i6 |c0eBs |AVLEOT 199901 |TUOOTT |CLELTT |020C0T_ |98G021  |vesial  |60%scl  |coBel  |962ecl  |9LTecl oS HOL
(#9)
Tooz 000 [eeel (61 [Lss1  [9661  |s661  [Feel T TTeet 0g61 (Dl aseg|  SWAODALY.) ANIS ANV IDANOS S5 ISNOHNITID

YHD 01 219D PUSLL J YD) ‘SpUD]YIAN Y] Ul SISO 2SNOYU243 JO SUOISSIUT 07 LV ]9V

SAXHINNYV

€002 YIN SPUe[I3YIdN

LOOTOTELL MOodar WATI




S9-v

SSUWIOTE Wioay SMULSSTWE 7073
oo [o00 Jovo  Joo0 (w0 |ov0 (000 |ov0  [oo0  [ovD  [uo0  |ow0  |ow0 suopEzalp earE R
o0 |ooo Jooo  Jooo Jooo Jooo |ooo |ooo oo [ooo  fooo |ooo |ooo B
o0 |ooo oo oo Jooo Jooo |ooo |ooo (oo [ooo  fooo |ooo Jooo ey
) N [aN AN AN AN [aN |aN  [aN  [aN  [aN [aN  |an Stmpung eupEa
swra owapy
et |0s¢ (08¢ |08t |oEt  |oec |05 |0SE 08¢ [0St |GEt  |mEE  |oBE TR SRS PRI
T I - N 000 [z00_ Jooo oo ooo  Jooo |0 [0 S g e i JHaA0g
wee  [eer  lewe et (owe  Jewe  [zee  [owe  [owe  owt  [ost |t [1g¢€ (als st 500 L
I [ I [T N R N N (W [t [ T 5 el
oo Jooo  Jooo  Jono  Jovo Jooo |ooo |ooo  ooo  [ooo  Jodo  Jooo  Jooo WO S )
T I I o O - N - O N O = O [ [ R eI
oo Jooo  Jooo  Jono  Jovo  Joso |ooo |ogo  ooo  [ooo  Jodo  |ooo  Jodo T W (esnclel B1R POS Y
zo0 [so0 Joso  [tso [es0|er0 (550 [ir0_ [iv0_[sv0 [oF0 |ev0 [or0 ET]
T ETT T T T TS T S F S F TR T T T =0 1
00 |ooo jooo oo Jooo Joo0 |oo0 |ooo oo ooo  fooo  |ooo |ooo IO vk Spe0vaR P SUORSTHE £00 0
o0 |ooo Jooo oo Jooo Joo0 |oo0 |ooo (oo ooo  fooo  |ooo Jooo ST PR JO PO )
i N |aN |aN_ |aW__ |aN _ |an |aW  [aM  [aN  [an__ |aN__ |an WOTSLaI) PSS P 15904
00 |ooo jooo oo Joo Jooo |o0o |ooo oo [ooo  fooo |ooo |ooo OBYG SSHAUIG ApOny, A0 FUY 15810 WL SEATD
oo 000 oo Jooo__Jove _|ovo_ [o00__[ov0__[oo0 oo (oo |owo |ow0 Amsato g pus oFweyy o PUvT 5
ol O [o__[oN __[OH__JON _|ON__JoR__ o |oR oK |OH__ |ON 0 D
ol ol _[oi__[oN (oM __JoN _Jon__Jon o |oN_[oR_ [oN oM SenpTSA (R J0 B g o
an ol _[oi__[oN (oM __JoN _Jon__Jon o |oN_[oR_ [oN oM SEnRASE 30 BT FeCAd
e Jscrr Jeewt lowe |ersc |eoce [N liger e |wer |es1r |1z |eit T8 Emmay
o070 |ooo  Jooo  Jooo  Jooo  Jooo  |ovo  |ooo  ooo  [ooo  Jooo |ooo  |ooo ORI ST D)
0 |e0 Jeo0  |ev0 690 |ee0 w0 [0s0 |oE0 |oc0 Joco [se0 [ov0 TR AT g
o070 |ooo  Jooo  Jooo  Jooo Jooo |odo |ooo  ooo  [ooo  Jooo  |ooo [odo orE e AN
trec [ozez vest |sest [essc |ob9r |se9c [0z [ecor [tese [swer [erze |elec AmyOLEY T
w0 [rr0 (050 |es0 |sS0 |90 190 [0s0_ [os0 [es0  [e50 |00 |50 391 1ML TGO P NSRS T
o0 |ooo ko0 Jooo Jooo Jooo |ooo |ooo Jooo oo oo [ooo [ooo @00 D
G5 P SHOREIORH o uondumenoy g
G415 S SKOGEIOPH JO NOHONpOi T
000|000 oo Jooo [ooo |00 |ooo |ooo (w00 ooo  jooo |ooo |ooo WP 0
o0 |ooo Jooo oo Jooo Joo0 |oo0 |ooo (oo ooo  fooo  |ooo Jooo WIEpOLg PRI D
(Uie_ |i6ec elec |ovve |sive |oevr  |iive |0ssc 0.9 [w6ve |wve |isve |ieve Tmpe] eom g
00 |ooo oo oo Jooo  Jooo  |ooo |ooo  [ooo  [ooo  fooo  |ooo  |ooo SionpoIg ALY
P A A [T I P A A T P s95s9901 [CLISTPUT T
I ([ [T T N I ([t [ X 5 SO EREL TR0 T
7o |ooo  Jooo  Jooo  Jooo Jooo |ooo |ooo  ooo  [ooo  Jooo |ooo |odo A PIoE 1
o000 |ooo  [ooo  Jooo Jooo |ooo |odo |or0 [ooo  [ooo  Jooo  |ooo [odo e Wy Setssg AR T
o070 |ooo Jooo  Jooo Jooo oo |ooo |ooo  [ooo  [ooo  Jooo |ooo |odo 0 S
00 |s00  |so0  |so0 |suo_ |eno |00 |vT0_ [oro_[oro [oro |éoo_ |eno SIOYRE IO
N (A A A [ A S e W = N (T N [=< N [ W A I [ Vol ¢
to oo oo Joro [ie0 Jeco |eto [oro [oro  oro Joro |ito [it0 WORRHO7) BT Semfonpi] B PRTei] 2
w0 |ev0 |0 |ovo  Jemo 100 |eP0 |oco  oco g0 [ocn |0 |ebD Serrjsnpi] A |
(A A A A A A A A [ A [ A [ A - P Tamoaddy eEm}oaG) WornepIny (B
TS A A A A A [ - = VW P Ao T
R T e P T i P e [T e T T oTseW TR0,
=9)
Tooc  |000C |oool [8ssT  |ie6l  |966l [s661 |vesl |tesl %66l |lesl  |uesl | (Dmakasmeq T e S N DHET

O°N ‘01 219V pUaLL J YD ‘Spup]idyjoN ayj Ul sasn3 asnoyuaa43 JO SUOISSIUT “[7°/ V d]1GD]

SAXHINNYV €00C YIN SpuelI_RyIaN LOOTOTELL MOodar WATI



99-v

006eT 543
00r paiaadam 0
i p1a%)
gt )
L 2
[ 01
i 8420
00t 5D
¢ i)
804d
00 pastsif] )44
03¢ w7040
05 wET-0dH
06z w7040
i3 %p1-04H
g ir1-04H
i1 ¥(1-04H
00eT wel-0dH
o007 BE1DdH
[ G1-04H
i ST 04H
01 1040
59 TE-0dH
oL {04
$4H
9 Teonay)

[ A T T T A T S T [ &r [ BL o Jwn 045

. . . . . . . . . . . (30) Puareamba 7))

60952 ST (WU (BRET  [6ETIE  |iOWBT  [d0SE (REURD[PGGOL  |OCOOD (BCOOD (06T (WS R DAL

9] T A T T ms |00y g 056 19% my [w08 PRl )4

b9

745

Bp?

IS

32D

0%t T A T A A A T T T T 04t

TifSA] e [oeest  |weer v oot oo [wosw  [oow  Joose [ Jwwe g 74

. . . . . . . . . . . . (30) Puareamba 7))

QUL [PFUST  |eWT |2 O6OSTT  [IUTP0T  [OUBT |SF0GBT \OCOLIT (GO0 |BUUPT  [RLUTORT (9981 e et e

r et P A A T T T 0o I W[50 paaadsi(] J4H

[ 0o 000 00 00 i oo oo g 0o 000 wo_ |wo HGR4H

[ 0o 000 [ 00 00 wo_ oo g 0o 000 Wy oo WETDdH

00 wiTLdH

1o T o A A T A Pyt 0o 000 wo Jul w5 ]-04H

i 100 100 [ 100 I T a0 100 100 wo_ oo £17dH

169 T I I T A A T I wo %Ll w5 1-04H

106 T A T I G i T T T %2 ]-04H

00 0o I I I I TN [T oo 0o I wo__ o 71 -0dH

193 wn Jow  Jew  Jog [ EA 000 0o 000 Wy st CIdH

000 1o 000 00 00 070 oo oo I 1o 000 Wy oo S)]-g0dH

[ 1o 000 [ 00 00 wo oo I 1o 000 Wy oo Tr-dH

il 090 000 Wi (I3 00 e oo g 0o 000 Wy |wr IE0dH

3L A A I T e R e T L A £0dH

. . . . . . . . . . . (o)yuareimha 7))

0TPOST  [s6RBE (b0 (PN |LSO0ER  |SUSLOL  (IEWIOY [6UOY  |bUBGEF  [ECLPP  (ISTSPE  [WOTERD  |I€3109 e e
39)

SAODALY) JNIS NV

100 w0z | 666l | 8l | i661 | %60 | Se60 | b6l | 66l | o6l | 660 | Og6l | (Ireakomg | A)UNOS SV ASNOHATD

‘ba-tpD ur jou ‘syun ssew ur a1oy papiodar are (papeys jou) spunodwod [enpIAIPUl JO SUOISSIWS A ], :3ION
9,918 PUD ST ‘SIAH 01 219V pUdLL JY SpUnjiayjoN ayj ul sasns asnoyusa.id Jo suoisstuy 7z /v 2]qu.L

SAXHINNYV

€002 YIN SPUe[I3YIdN

LOOTOTELL MOodar WATI




L9V

PEL 1 P 82T 1 97T 1 0eL 1 0EZ LT 1 9T 1 0eT 1 0EZ 0eT 1 Iz [ Iz 1 WG L
i g 0r0 6 SPCO1  [2E0DT  [FOTIT  [FEE 1T [£81 11 |65801 15T 11 FESTT  |OEGTT  [SF6 il 6 T T
£ 1 £IF 1 A A I A A S a0z 1- i 1- [seer fezwr- Ty 1 1o ATISEI0,] P SRR 9S[1FET ¢
6L 51 £18¢1 BL01  |95691  [LTRLT  [SI6LT  [IPEST  |LEE 8T 9EC 81 EcoEl  [osgil 1w Ll Tek LT AMIMAEY
Tzl 8l 5T 091 1Ll i 61 91 9l 187 64T 57T [ 2s[] KMPOL] 1) PUE UaA0g §
S0 11 090 F1 O81CT  |€ECOE  |Ewi6l  [ZI06L [ISTLT |186L1 SIE01 [T AT C AT FOE L 53552001 [BUSURU] ¢
0 231 Wweorl  |ossgel  [09¢9il  |pT9oel  |oreesl [e1gcil [eeegil  [otenil [teEeol licztel  [comier  [Cog 191 AZruy

(39 yageamba g SA-ODALYD
0z 0002 _ma I __wa I _E.m I _ma I _ma I __é I _2_: _Na I _;_: __a_: _ (pTe3% aseq JNIS NV IDUN0S SYH ASNOHNITID
P69 61T (O18OTC  |OWbOIC (951507 |0££0Z¢ |I06ZEC |PILEET  |60BOZT [é9561C  |1$091 (S6LiTT  |BOOOIZ  |FIITIZ ey CIDNT WOI 20 ) IOTM) [E0],
182812 [£0FSIZ  [102SI2  |iit€e  [ebleld  [€0STEC |2B0CZc |6E6 817  [f9iilz  [e91sIz (892917 285807  |z69 602 (STEAUIAX;SUOTSSTULa £)]) 191 \PLM) [E)O],
96T 697 o7 6T g 5T SiT 1 oIt a01 oot izl LT A5
Bk 1 976 1 Tt T 2L 1 FE1T 0T (L9381 063 1 BIIT 660 LEP T TEF T L9 1 50dd
785 1 SL8E 163 F 092 6 028 BgL [8109 L3 O 866 1 U ¥ ESr TEr b 00 SD4H
990 31 65991 19 el lemell  [ssii1 [swsLT [siTs1 [f1EEt £99 31 S R s 91 P
9Er 0T 0 0T A A A LA LA [ StL ST A A A OFT LT I
ccg6ll  |opEEil 989041 [3BLEL1 (699891  [pOE 01 |EovEel  |oeees1  rees9l  |emrcen |12cs91  |mizect |0zt 13 (AT ML) SUCISSTRE 200
Trr el [tTPTil |OSK 69T |BORELT |B8RLOT  [9068LT [691 T |TPROST  |6CT991  |9REROT  |£66<91  |BFRICT  |SFRICT STEAOUISYSUDISSIULS £07) 18R]

(3p) ruapenmba 7o 5
00z 000z im&_ T..a_ T..a_ i...mz T..a_ 79.: _:..ﬂ ium..: _:..ﬂ ___...ﬂ TE% aseq SNOISSING S¥2 ISNOHNITED

ba-cD U1 $211032)00 224n0S pup SaSV3 J1 (0] 2]GDJ PUDLL YD) SPUDLIdYIdN Y} Ul SISD3 dSNOYU2LS O SUOISSIUT "€ /Y 2]gP ]

SAXHINNYV €00C YIN SpuelI_RyIaN LOOTOTELL MOodar WATI



89-V

"1002-0661 10309s DD] 1od suoissiwe (S Ul Spual) pue saieys "[€° L'V
"1002-0661 101998 DI Jod SUOISSIWS JOAJAIN Ul SPUS pue sareys "0€'L'V
"1002-0661 10393s DDJ] Jod suoissiwe ) Ul SpUaI) pue saIeys "67'L'V
"1002-0661 101095 DD] Jod suoissiwe *QN Ul Spuas) pue sateys ‘§7°L'V

yeurioy ydeis ur payuasaid are 100Z-0661 PoMad ayy 10§ Z0S pue DOANN ‘0D “ON Ul SPUAI} 3t} UONIPPE U]

‘oS
JOANN
010)

*ON

:A[9AN2adsar ‘10§ pajuasaid are $109ys
‘Kreurwirjaxd are 10(z 10§ BIRp [[€ 1B} dJ0U Ised|d

‘(' UOI1193 93S) SUOISSIWA A} J0J PAjeWNSd AJurelIddun Ay} Judsaidar jou saop
umoys SH3Ip Jo dquinu Y| ‘saunSy papunotun Junuasaid pue jewiof 91qel puar) ur pajudsaxd ‘saiy vlep YD Yl WO SIAYS WOy uoneuLiojul smoys xipuadde siyj,

ZOS pue sds83 10sandd.ad 10J Sd[qe L PUdILL 'L

SAXHINNYV €00C YIN SpuelI_RyIaN LOOTOTELL MOodar WATI



69-V

STEULOT WOy suofssTur 207)
ET El ET ET K ET ET ET ET el ET ET suogerady [eraremmIy
EM E EN EN ar EN HH EN EN HH EN EN TEL
ER e ET ET L ET N ET ET e ET ET wenEAY
00’0 00’0 00’0 00’ 000 00’0 00’0 00’0 00’0 000 00’0 00’ ST [EMORPUIIU]
(o) SWIAN DAY
oo i) oo oo ] oo (i) oo oo [T oo 0o 3R PUNOLE WIOL 19§RAMIp BssEEe]
oo o0 oo oo i) oo oo oo oo ooa oo 000 TayR S05FIS PRIIO]
Lo E] 0o a0 B 0o ] oo oo ara oo 600 a5 jonpoad 1810 pUE SUasog
L0D 800 800 800 800 800 800 oo oo oo oo 60°0 (waeds awapd) IO L
0oo 00o 80 v0'0 [ 1 LT 0z0 0z0 [ 0z0 T6E R0 ad
El 1 1 1 a1 1 1 1 1 1 1 Eil VOS] 3158, D)
oo [iia] oo oo i) oo oo oo oo oo oo oo PR AT T
oo oo oo oo i) oo oo oo oo oo oo oo PUE U0 [esodsl] 31se PIOS W
[T 000 s80 ¥O0 WL [T} i£7 [T [T e [T I6E Asem 9
E HH HH HH ETS HH ET HH HH K HH HH W0 H
oo'o 00o oo'o oo [ oo'o oo oo'o oo'o oo oo'o oo TIOS WIOLY SRACWE] PUE SUOLSSTY “O0 "d
oo 00o oo oo oo oo oo oo oo [ii] oo oo SPUE] PASEURIA JO MAUMOUERY )
E K HH HH TS HH HH HH HH K HH HH [ weorstanatos puersseag pue 3eei0d
; . ; ; ; ; . ; ; ; ; ; SO0} SFEMOT £POO,
oo ooo oo oo (| oo oo oo oo oo oo oo T B I o ) <
0o 00'n 0o [TX1 [T 0o 0o 0o 0o 0o 0o 0o Amsazeq pue sSuey ;) as) PUeT 'S
OR O OR OR OH OR O OR OR OH OR OR WO D
OR O OR OR Ot OR O OR OR O OR OR SampLEa [MMILEY J0 BAMm Platd "o
oo [iia] oo oo i) oo oo oo oo oo oo oo SEMMEARS J0 SN PaqUIsald g
ooo 0oo ooo oo 0o ooo oo ooo ooo [ii] ooo oo SIOS FULIEY O
ooo 00o ooo oon 0o ooo oo ooo ooo oo ooo oon MOUBAITL) 3900 )
oo oo oo oo i) oo oo oo oo i) oo 000 D e DU
oo oo oo oo i) oo oo oo oo oo oo oo OTRREULLS,] ST
oo oo oo oo i) oo oo oo oo [iin] oo 000 amymoudy
00’0 00’0 00’0 00’ 0o 00’0 00’0 00’0 00’0 0o 00’0 00’0 | esnampod Ia@Q pue juaios g
0o'o 20 E ion vl v 120 07 07 [ [ [ E WO D
'S PUE suoqEEoceH Jo vopdumsioy) 4
45 PE SUOREIC[H JO WOTnpotd “H
oo (] oo oo [ oo (i) oo oo oo oo oo oy WOHETERA T30
oo 00o oo 0oo ] oo oo oo oo i) oo oo WOTNPOTd BRI D)
oo [iin] oo oo oo Lo A1) oo oo oo oo 000 Anspu] IR g
00 0] o0 6610 £21 911 121 oo oo oo oo il SI9NpOLd ISR Y
060 $51 800 [T 05T 827 SUT [T el 0Lzl (13} [Ty 52552000 [ELOSMPUL T
[ [ T6E 120 1 60 60 0gn 001 0E'1 [ £10 520 FIEN PR IO E
oo 00o oo 0oo [ oo oo oo oo i) oo oo SEen PHOS 1
6210 [i0] 162 120 [543 60 660 0gn [iT} [iE 0z1 £ STaT ] VIO SUCTSSTUY ATHEN '
Lg1 761 1 290 Len 6E0 091 oo oo oo oo SEN 0 ¢
25 60 £ e It 1298 Pe9E iy 9o 0 e 06 &t 0 Tt 05+ 68 O SIOYIEE TAHO
T119C 2E25T 60 ELT i T3 PEEET 28 TAT 09 L6 s 0% 11 gz 07 9EF PECrE vodswer] ¢
WSE 1792 07 i i s w19 [ [ 055 07 19 (i) ETLL WOHIMI}SI0,) PWE SILSUPM] BT ¢
9199 519 789 618 079 6E T8 1213 0 18 08 16 0656 096 1986 sySIpu] A3y |
i 6 o111 81T 0T 02 CL6EY P 60F 0TZ8k 06 T8t 0TH05 09%25 04956 76795 1 1R [Eooag]
ﬂs:qunE¢ mu:mnm.ﬂm.m_ WOTYSMUIO,) a0
Fa-60r 95 TIF 60782 L6902 (TRt £E0LF 69°78F 078 00 06§28 06°LES S0E95 Aoy -1
18°01F SUEIY 162 SI8ZF 18T 60FiF 68°98F 0Z £6 057815 006ES [t SL695 T A PU SUOLSSPWIY | N [E10L
@) SATHODALYD
1002 0002 6661 8661 L66T 9661 | sS661 | w661 | €661 | 661 | 661 | 0661 SINIS (INYV 3DUN0S SV ISNOHNITID

XON 01 219D pUd.LL JYD ‘SpUDYIdN Y] Ul SISDI 2SNOYUIDLS JO SUOISSIUT “+7°/ 'V d]GD.[

SAXHINNYV

€002 YIN SPUe[I3YIdN

LOOTOTELL MOodar WATI




0L~V

sseuLorq Woxy suorsstury L0 )
AN HN N HN N HN N HN N HN N N suonerad(y [eraemmp
Ei HN AN HN AN HN AN HN AN HN AN AN AL
EiSS EL AN EL AN EL AN EL AN EL AN i HOLELAT.
oo 0o oo 0o oo 0o oo 0o oo 0o oo 0o SIAYUNY [EUORELLIAI]
() - FULEN] WALy
ooo 0ono ooo 0ono ooo 0ono ooo 0ono ooo 0ono ooo 000 o PUILOLE WA Lafe.ccf L Bulsseaar]
] oo ] oo ] oo ] oo ] oo ] oo TajRin SIBLILE P[0
361 B0T 1T FO'T FIT 061 STE ore ooe 0ET e T asm janpord 1a)0 pE spaAag
86T 80T 1% L i 06’1 1T e 1] 0T 1] 4 8T (Whoeds awvepd) spQ L
oo 1o 120 1o 050 S50 00 0F'1 01 0F'1 01 28 B0 d
EN HI Al HI Al HI Al HI Al HI Al HI MOTEINTI] 815R4, D
oo oo oo oo oo oo oo oo oo oo oo oo BPERH Rasiy g
oo oo oo oo oo oo oo oo oo oo oo ooo Fie] wa Eeoday] alsman PO W
o ' 1£0 ' 050 S50 L] 01 0T 01 0T £6°' AEL, 0
EiS EL AN EL AN EL AN EL AN EL AN AN =no H
oo oo oo oo oo oo oo oo oo oo oo oo TI05 Wog} seAGIEn] P suotssig 00 '
oo oo oo oo oo oo oo oo oo oo oo ] SPUR] PEBRMER] JO JUSUIOPWRGY (0
£ HN AN HN AN HN AN HN AN HN AN AN | WOISTaANO)) PURTSSRLE) PR 153104 g
. . . . . . . . . . . . F{D0}5 SSEUI0NG
oo oo oo oo oo oo oo oo oo oo oo oo POy, ) PR 98I0 T S
000 00’0 000 00’0 000 00’0 000 00’0 000 00’0 000 00°'0 Ansazo,] pue aSwey) as-pur] g
ON O ON O ON O ON O ON O ON QN ARG D
QN O QN O QN O QN O QN O QN Qb sanpiss] PIMAEY Jo Smmg platd o
oo oo oo oo oo oo oo oo oo oo oo ooo senrRARS J0 SuTime paquasatd f
oo oo oo oo oo oo oo oo oo oo oo oo o5 PImAEy g
oo oo oo oo oo oo oo oo oo oo oo oo UOURAIINY) 330 D
oo oo oo oo oo oo oo oo oo oo oo oo WETEEREA] SRR
oo oo oo oo oo oo oo oo oo oo oo ] WOWRRIENLE ] Y
000 000 000 000 000 000 000 000 000 000 000 000 AMIMILEY t
0o 000 0o 000 0o 000 0o 000 0o 000 0o 00°'0 | 5[] JINPOL] IN[G PUE JUIOG °f
0o BED 261 Lo 160 220 90 0L101 0T'66 0110l OFLil BF A0 D
0o oo 0o oo 0o oo 0o oo 0o oo 0o oo 'A% PR sungEacrey jo uogdumatn;
oo oo oo oo oo oo oo oo oo oo oo oo ? IS PUE SHOGIRIOTEH JO WOlmpold ‘o
oo ooo oo ooo oo ooo oo ooo oo ooo oo 000 (o MORIOROL 1930 (0
3L 0B6E 61E L 3E 6% e [N oo oo oo oo 1T¢cE MNP BRI D
oo'o oo oo'o oo oo'o oo oo'o oo oo'o oo oo'o ] Arjsp A
BET 9] 69T €1 £ 1 FE oo oo'o oo oo'o e SHOPOL] RIS 5
90°8¢ B IF 19°6¢ 1E0F oFLE THFE GEEL DLT0T 0166 01 10T 0¥ LTL LEEF 533530004 TELQSNU] T
LSF LET [ £C9 3TL 0r's SEL 0L e 0L 0Tg ore SO EMEN PWE D T
oo oo oo oo oo oo oo oo oo oo oo oo FAMAPIOS T
LSF LE¥ o £C9 3TL or's SEL 0L e 0i¢ 0Tg ore S[AT,] W0y SUOLSSTE aApEn] g
18L [t e 19¢ w1 651 g oo oo oo oo 6ET Lol
£ BF 09 9Tes 819 LTEY [ 129 01 Ior 0207 0E36 05Ld SETL S10403G I
LFEIF Q0'9EF [y LEERF £8EIS 68 0FS SEERS 06 655 DETES OF 928 O 859 BEFSL podamz], g
LRE6 687101 FLETT SFITE L8l SO39L FOOET OEFTE 0T8eT O8FTL 0£°80T HFFET WO PR SAUSp] BUmREL] f
P58 BTLT LT L1EE 20T 667 391 00T el oFo1 0681 SOFT st supu] ARag |
62919 LT EED 20799 L6169 PEEEL 118 0TS 0ET6L 0T 0FE 06 CC8 0T ERE 06990 1 1 Ry Eosmm_

S:SQQQ¢ muﬁ:&o.m_ WOTISOEMOD) T30
05°079 05°LED 61009 81°869 TSSFL FT6T8 68°818 06661 018 09198 0ET68 00°ELO T ARrarg '
00799 81182 CFIL FEOFL S0S8L 19008 £8F58 01506 09°8F6 0£'0%%6 05TT0 1 IS0 I STRAOULIY PUCE SULOTSSTULY [EUOTIEN] TEI0],

) SAMODALYD
100z 000z 6661 8661 Lo6T 9661 | S661 | Fe61 |  £661 To61 1661 0661 SIMIS NV IDU00S S¥D ISNOHNITID

0D 01 219V pUdLL J ¥y ‘SpuvjiayjoN ayj Ui sasn3 asnoyuaadd Jo SUOISSIy 7'/ 'V a]qn]

SAXHINNYV

€002 YIN SPUe[I3YIdN

LOOTOTELL MOodar WATI




LV

SERWOTH WL SUOTSSTUC] S0 )

AN AN AN AN AN N N AN N N N N suogeiadq reraemmMI
ET N T N N N N ET N N N ET SR
ET N N N N N T ET N N N ET UL
00°0 00°0 000 00°0 00°0 00°0 00°0 00°0 00°0 00°0 00°0 00°0 ST g [EUoREUIAI]
¢ PUIAN] OWEALY

0oo 0oo 0oo 0oo 0oo 0oo 0oo oo 0oo 0oo oo oo TaFR PURCEE W04 1apRsauUp Butssedac
ooo ooo ooo ooo ooo 000 000 000 000 000 000 000 3§ 30RPS PAHIO]
i) i) 000 i) i) i) 0oo oo i) i) oo 000 asm jonpoid 1940 pUE SpEAog
00°0 00°0 000 00°0 00°0 00°0 00°0 00°0 00°0 00°0 00°0 00°0 (dfads aswopd) spg L
o0 L0 <00 EED 00 €50 6F 0 0z 0 0z 0 0z 0 0z0 10 R0 d
En Eil Eil Eil Eil Eil Eil a1 Eil Eil Eil il e e )
000 000 000 000 000 000 000 000 000 000 000 000 BPIEH fainnal s, g
€90 990 040 L0 240 020 240 000 000 000 000 160 pue] wo esodarg 9158 PIOS W
0.0 L0 £L°0 80° L0 £6°1 LTl 0Z°0 0Z'0 0Z'0 070 w01 ATEM, "9
000 000 000 000 000 000 000 000 000 000 000 000 R0 3
000 000 0o 000 000 000 00 0o'o 000 000 0o 000 S L gl [P SR 5 @
oo oo ooo oo oo 000 000 000 000 000 000 000 SEUE] PRERMEIAL 30 MAUMORMRGY D)
e AN AN AN AN N N ET N N N ET | UOSIRANO]) PUR[SSRLO) PR 45100

; ; ; ; ; ; ; ; ; ; ; S{I0}5 SSEWATE
000 000 0o 000 000 000 00 0o'o 000 000 0o 000 R e R A R
00'0 00'0 00’ 00'0 00'0 00'0 00'0 00°0 00'0 00'0 000 00°0 Ansateq pue asuey ) s PueT g
OHN OHN ON OHN OHN OH ON ON OH OH O ON )
OH OH ON OH OH OH O [T OH OH OH [T sanplsag [ROMINEY Jo Bmung Pletd "4
000 000 000 000 000 000 000 000 000 000 000 000 SenIEARS J0 BMnumyg Paciosal] H
910 910 910 910 910 910 910 020 02 0 02 0 020 910 SHos RPImAEyY
O O ON O O O O ON O O O ON MOHRAGIY) 290 D)
000 000 000 000 000 000 000 000 000 000 oo 000 prautaBewR]] el g
000 000 000 000 000 000 000 000 000 000 000 000 UOTRIIAULE] JHANE
910 910 210 910 910 910 210 0z 0 0z 0 0z 0 0zo 910 ammonsy
LT'6L TE8L S8 6L6L FT9 0£°TL £0'06 0£'C8 08°6L 0828 0L'T6 LTl | 5[] JINPOLT TN PUE PUA[OS °E
[ ELET 09L1 BFET SCC i [ 0% 22 00001 OF <1l 05 021 97 3E R0 D
000 000 000 000 000 000 000 000 000 000 oo 00’0 * 45 PUE suoqreacey jo uondumsuoy
000 000 000 000 000 000 000 000 000 000 0o 00’0 * 45 PU® SUSqERAc[RH Jo uonanpold g
05¢ 99°¢ s 059 197 FT EEL oo 0o 0o oo 98 01 1o WONTPOI IS0 T
62T 62T Tt 9ET TET 61T 09e 000 000 000 000 STE voyenpoid BRI D
oozl 951 ECET ZETl ET91 Z08] 6801 oo i) i) oo 1ree Lusnpu] Eamg g
LT0 610 €20 L0 w0 0 SF 0 000 000 000 oo [ Sionpold RISy Y
TLSE £5°6E 98°6€ [ 90°sT LS62 0LES 0288 007001 OF'SII 067021 €08 535533004 [ELOSHpU] "7
LLLT ST LE T1°0% 191E CoeE E1Tr EE TR 0E TF 08 TF OF £F OF LF 36 TS o) BB PRE IO T
000 000 000 000 000 000 000 000 000 000 000 000 S[End PSS 1
LLLT ST LE 1rog 191E cogE e1ey £2EF [ 08 T OF £ 0F L 36FE S[8T.g WOY SUOTSSTATE aAliiEng g
280 280 240 620 LT0 210 L0 000 000 000 000 <To R0 ¢
cEel 62T 08 11 6LET el el CTET 0s Tt 0971 0011 0gTt i0¢T SRS IO
96 L0T L9Ell 731l 21Ee1 €061 95 LE] 0T 91 g gl 00291 oFELl 0£081 15002 vodsmei] ¢
621 161 Fo1 e 691 LET 98E 09e 05¢ 08¢ 0ET ¥E MOHIMYSUO,) PR SASTEN] BULIYIBIETA 7
£9% I 't FIE 0L 059 0z < 06E 05E i3 [il§2 isE ssujsupu] £21eug ]
TLLET LETET 07 LEl 15171 e 93091 90 691 05 FL 07 181 02761 02 002 [ yMamoididy Eaolag]

Q:uwn:mm4 muﬁﬁm.mm.m_ WMOTSTLCUTO) [0, %
6F'SS1 S5'6S1 1£'191 £UELT 99°281 85202 68112 08'91Z 00°£22 09°L£2 09°LFZ 69°LLT £Srauy
£T1LT 8T'8LE £I'162 09°10¢ 60°1LT £6°908 STE9E 0L'i8E 0T'E0F 098k 09°09F wTek T Y PUR SUOTSSTUCY [RUoneN] TR0

9) SATMODALYD
1002 0002 G661 | @66l | (660 | 9661 | S661 | o6l | £661 | o6l |  Le6l |  D6el HNIS ANV IDUN0S S¥I ISNOHNITID

DOAWN 01 219DL pUdLL J ¥y ‘SpupjioyjoN ayj Ui sasn3 asnoyuaadd JO SUOISSIUT ‘97 LV ]G0

SAXHINNYV €00C YIN SpuelI_RyIaN LOOTOTELL MOodar WATI




LV

SFRULOTE] WO Suofesury 20;)
AN AN N N N N AN aN N N IN AN suwonerady reraremmy
ER el e HH M HH el ER HH M HH el SULEIAT
El HH i i M EI HH M i M I i MRy
o' 00 oo oo LN oo’ 00 LU oo 00 o' o0 SIHUMY [FUOTEELISUY
o FUEAIT DUEST
oo oon oo aon oo oo oon oo aon oo oo oon 3R PUMOAE WOk TaRac{IUp Bulsseda
ooo oo ooa oo ooa oo oo ooa oo ooa ooo oo 18jRi SIRLME PANO]
zoo Z0n Lo Zon o zoo Z0n 0za oro oro ozo 10 85T anpoad 1840 PR sjas0g
<00 <00 £0°0 <0 <00 <00 <00 0 01’ 010 0z'o 100 (Mwads aapd) InpQ "L
0oo oon o 10 oro 910 L0 oo aon oo 0oo LTF 10 0
Ell Al Al a1 Al il Al Al a1 Al il N VOURININ] 3504 )
0oo oon oo aon oo 0oo oon oo aon oo 0oo oon BupueH Jmasisty g
ooo oo oo ooo oo ooo oo oo ooo oo ooo oo PUeT wo esodsi] aisep PIOS Y
00’ 000 0o 100 L1§1] or'n LT0 L] oo 000 00’ LIF ASEQR 0
ooo o0'o ooa oo oo'a oo o0'o ooa oo oo'a ooo oo 00 "
ooo oo ooa ooo oo ooo oo ooa ooo oo ooo oo TH05 ALY SRARMLEY U SHOTSSTIE 00 (0
ooo oo oo ooo oo oo oo oo ooo oo ooo oo SPUR PESRIRIALJO PMAUIOPIRAY [
0oo oo'n oo aon oo 0o'o oo'n oo aon oo 0oo ao'n _ WOLSTAANOT) PUB[SSRL) PUE 15810 g
. . . . . . . . . . FII0S SFEULOG
ooo oo ooa ooo oo ooo oo ooa ooo oo ooo oo SO0, T TR 183104 M Sy
00’ 000 00’ oo 000 00’ 000 L] oo 000 00’ 000 Ansazeg pue aBuey;) as)-pueT g
ooo o0'o ooa oo oo'a oo o0'o ooa oo oo'a ooo oo L]
0oo oo'n oo aon oo 0o'o oo'n oo aon oo 0oo ao'n Sanpse] EMIMIUEY Jo Bunumg platg o
ooo oo ooa ooo ooo ooo oo ooa ooo ooo ooo oo SEUTRARS, I BUTIMG Padfasal
ooo oo oo ooo oo oo oo oo ooo oo ooo oo oS FIEAEY
ooo oo oo'a oo oo'a ooo oo oo'a oo oo'a ooo oo MOHRALM 300 D
ooo oo oo ooo oo oo oo oo ooo oo ooo oo [ e D ) DR
0oo oon oo aon oo 0oo oon oo aon oo 0oo oon WOLEHENE ] ST 5
ooo 0o oo'a oo oo'a ooo 0o oo'a oo oo'a ooo 0g'o ammIpsy
oo oon oo aon oo oo oon oo aon oo oo oon _ 5[] IMPOL] INYL() PUE JUAA0F
ooo LED o LF0 0ya 150 L850 0z'e1 0491 0581 OF 28 301 R0 D
ooo oo oo ooo oo ooo oo oo ooo oo ooo oo 'AE PR SIOGEIOEH Jo uondumenn; f
ooo oo oo ooo oo oo oo oo ooo oo ooo oo * 5 PYE SWOQEIOEH JO WONnpold {
ooo oo o ooo oo'a oo oo ooo ooo oo'a ooo oo (oo WOHIOPOLS T[T (T
ooo oo'n ano aon ano 0o'o oo'n ano aon ano ooo ao'n uonEnpatd EIER D
ooo oo ooa oo ooa ooo oo ooa oo ooa ooo oo Arsupn] RO g
i) FOT [ FTT e ST LUT oo ooo oo ooo 1ee S|mpot] B T
o'l L4 &' LT WE 0E'E bE'E 02701 0Lo1 08781 [ BE°L §a§520004 [ELOSNPU] “7
159 058 90's FEL 3001 6507 [l 0501 011 0917 0L'g 190 S BIBN PR IO T
ooo oo ooa oo oo'a oo oo ooa oo oo'a ooo oo S PIOE T
159 0se 90'G FEL 3001 6507 1) 0501 0511 0917 0L'g 190 S[3T. ] Wolj SUCTSETA aAlyEn ] g
[4q) 200 o 200 Lo Loo 1rn oo aon oo ooo L) A0 C
w1 691 e 0571 T LET ooe 'S 08¢ 0ZF oy LT SI0REE D
[ 14 19°EC 0y ET CFET 6L ET 85'0C CCBT 0L 1z O£ 1E o' 12 00 1e GE 6T wodsea, g
FHE] el 139 0z 61 FIET ETLE BL8T 0797 0¥ il 000z 0541 STHF UOTIMI| S0y PR SASOE] BNMYRIER] F
E9t EUER 1908 O ES 9 5s CEER STED 0zee OF id orig 0983 90607 sewyanpu] AStaug |
TF 08 EEE (451 L6 CUEnT BCaTT 69 LET 05607 OrEet 04821 0z 1£1 12881 1y MRy E\EEmm_
:ESE@%«- muﬁ:o.wqm_ WOTSTLOILD,) T80
£0°L8 <l68 B2 501 £LTIL STDET I6°LET 0T702T DOEET DEBEL 06°0F1 <8061 ARy 1
06°88 95716 £0rgot T6 ST GOEET LENL 050ET 0F 051 0T LSD 05°E01 GETOT FTEAOUISY PUE SWOTSSTUL TELOTIEN] TEIOL
&) SAHOIALYD
o0 L1]1]114 6661 8661 L66T 9661 661 {118 _ £661 Fai1i1 _ Ta6T _ D61 JNIS ANV IDAN0S S¥I ISIOHNITED
NQ% 01 219V puai] J¥) .RQEQQN.\NN\\NN\( Yy ui sasp3 mwﬁ%&:mm&%.\b suorssty /v 2]9v]
SAXANNYV €00C YIN spue[IayioN LOOTOTELL MO NATY




€LV

T100Z-0661 101235 DD 42d suoiss1ua ()7 ul Spua.Ll pup savys 67"y an3L

%00}

%08

0661 uteleys @
0661-100C ouaigyigm

%09 %07 %0T %0 %02~ %0P- %09~ %08~

(oAnebny pue uonsnquoo) ABisug |1y *|
[EJ0}  UOIISNQUIO [aNd Y/
uopewlojsuely Abiaug |

Alsnpu g

Jodsuel] €

UO[SNQUIOD [[BWS

sas5900.d [elISNPU| T

asn10npod 13410 pUE JUSAOS €

aisem ‘9

0661 Ul S3IBYS pUBR SPUBJ} |RI0)IBS (0D

T100Z-0661 401925 DD 42d suoissiuta ~ON Ut spua.L pup says 97"/ v an31Ly

%004

0661 Ul eeys @
0661-100C douaseyiqm

%08 %09 %0F %02 %0 %02 %00~ %09~ %08~

{eAnjebn} pue uonsnquoo) Abreug |1y
B0} UCHSNGWOO [8n4

uonewlojsuel} Abrsug |

Ansnpu z

Jodsuel] ¢

uolSNqUIOD [lEWS §

sassaooud [euysnpy 'z

asn jonpoid Jayjo pue JusA|0S ¢

Q)sem 9

0661 Ul SaJeys pue spuaJj [e10}93s :XON

SAXAINNY

€00C MIN Spuel1RyIaN

LOOTOTELL MOdI WA



YLV

1002-066 [ 401928 D] 42d SUoiSsiua SOS Ul Spua.j puv Says "1/ Y 24n3Lq

066l Ul aleys@
0661-100Z @ouaieyiq m

%00l %08 %09  %0¥  %0C %0 %02 %07 %09  %08-

(a1ebny pue uonsnqwiod) ABisug Iy *|
[e10}  Uolsnguiod [eh4

uonewlojsuel} ABisug |

Aisnpul z

yodsuel| ¢

SsuoIssIWa jan} anbng g

(0IS1) sesseo0ud [euisnpu| g

aJseAN 9

0661 Ul SaJeys pue spuai} [el0}09s 208

100Z-0661 401295 DD 42d SUoIss1ud DOANN Ul SpUd.j pup sa.vys "0,y 24314

066} U 1eYS @
066}-100Z 90uasaiq @

%00} %08 %09 %0 %02 %0 %02~ %0%- %09~ %08~

(snyebny pue uonsnquwos) ABI1auz Iy *|
|eJ0) UORSNOWOD [3Nd

Hodsuel] g

suoissiws [an subnd g

$955900.d [BLASNPU 'Z

95N Jonpoud Jayjo PUE JUIAOS ‘g
alnnouby ¥

Ansslo) pue abueys asn pue g

S1SEM ‘9

0661 Ul S2JBYS pUB SPUdJ} [BI0}99S :DOANN

SAXHINNYV €00C YIN SpuelI_RyIaN LOOTOTELL MOdaI WA



RIVM report 773201007

Netherlands NIR 2003

ANNEXES

ANNEX 8: Chemical compounds, Units, Global

Warming Potentials, Other conversion
factors and Internet links

Chemical compounds

CF,
C,Fs
CH,4
CcO
CO,
HCFCs
HFCs
HNO;
NH;
NO,
N,O
NMVOC
PFCs
SF;
SO,
VOC

Global Warming Potentials for selected greenhouse gases !

Perfluoromethane (tetrafluoromethane)
Perfluoroethane (hexafluoroethane)

Methane

Carbon monoxide

Carbon dioxide

Hydrochlorofluorocarbons

Hydrofluorocarbons

Nitric Acid

Ammonia

Nitrogen oxide (NO and NO,), expressed as NO,
Nitrous oxide

Non-Methane Volatile Organic Compounds
Perfluorocarbons

Sulphur hexafluoride

Sulphur dioxide

Volatile Organic Compounds (may include or exclude methane)

)

Gas Atmospheric lifetime 20-year GWP 100-year GWP 500-year GWP
CO, variable (50-200) 1 1 1
CH,? 1243 56 21 6.5
N,O 120 280 310 170
HECs

HFC-23 264 9100 11700 9800
HFC-32 5.6 2100 650 200
HFC-125 32.6 4600 2800 920
HFC-134a 10.6 3400 1300 420
HFC-143a 48.3 5000 3800 1400
HFC-152a 1.5 460 140 42
HFC-227ea 36.5 4300 2900 950
HFC-236fa 209 5100 6300 4700
HFC-245ca 6.6 1800 560 170
PFCs ¥

CF, 50000 4400 6500 10000
CyFs 10000 6200 9200 14000
C;Fy 2600 4800 7000 10100
C.Fy 2600 4800 7000 10100
CoF 1y 3200 5000 7400 10700
SFs 3200 16300 23900 34900

Source: Second Assessment Report, [IPCC (1996)

Y GWP’s calculated with a 100-year time horizon (indicated in the shaded column) are used in this report, in compliance with
the UNFCCC Guidelines for reporting (UNFCCC, 1999). Gases indicated in italics are not emitted in the Netherlands.

2 The GWP of methane includes the direct effects and the indirect effects due to the production of tropospheric ozone and
stratospheric water vapour; the indirect effect due to the production of CO, is not included.

3 The average GWP-100 of emissions reported as ‘HFC unspecified’ and ‘PFC unspecified’ is 3000 and 8400, respectively.
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Units

Ml Mega Joule (10° Joule)

GJ Giga Joule (10’ Joule)

TJ Tera Joule (10" Joule)

PJ Peta Joule (10" Joule)

Mg Mega gramme (10° gramme)

Gg Giga gramme (10° gramme)

Tg Tera gramme (10'* gramme)

Pg Peta gramme (10"’ gramme)

ton metric ton (= 1 000 kilogramme = 1 Mg)
kton kiloton (= 1 000 metric ton = 1 Gg)
Mton Megaton (= 1 000 000 metric ton =1 Tg)
ha hectare (= 10* m?)

kha kilo hectare (= 1 000 hectare = 10" m? = 10 km?)
mln million (= 1063

mld milliard (= 107)

Other conversion factors for emissions

From element basis to full molecular mass: From full molecular mass to element basis:
C—>CO,: x44/12=3.67 CO, »C: x12/44=0.27
C—>CH;: x16/12=1.33 CH, »C: x12/16=0.75
C—>CO: x28/12=233 CO —»C: x12/28=0.43
N—->N,O: x44/28=1.57 N,O ->N: x28/44=0.64
N—->NO: x30/14=2.14 NO —»>N: x14/30=0.47
N —->NO,: x46/14=3.29 NO, »>N: x14/46=0.30
N—>NH;: x17/14=1.21 NH; ->N: x14/17=0.82
N — HNO; : x 63/14=4.50 HNO; »N : x 14/63 =0.22
S—>S0,: x64/32=2.00 SO, »S: x32/64=0.50

Internet links to UNFCCC and IPCC Guidelines used for this
report

UNFCCC guidelines on reporting and review
(Present guidelines; FCCC/CP/1999/7 of 16 February 2000)

Guidelines for the preparation of national communications by Parties included in Annex I to the
Convention, part I: UNFCCC reporting guidelines on annual inventories
(New guidelines into effect for reporting NIR 2004; FCCC/SBSTA/2002/L.5/Add.1 of 12 June 2002)

Revised IPCC 1996 Guidelines for National Greenhouse Gas Inventories (IPCC, 1997)

[PCC Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories
(IPCC, 2000)
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http://unfccc.int/resource/docs/cop5/07.pdf
http://unfccc.int/resource/docs/2002/sbsta/l05a01.pdf
http://unfccc.int/resource/docs/2002/sbsta/l05a01.pdf
http://www.ipcc-nggip.iges.or.jp/public/gl/invs1.htm
http://www.ipcc-nggip.iges.or.jp/public/gp/gpgaum.htm
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ANNEX 9: List of abbreviations

AD
BAK
BEES

BEK
BOD

C

CS

cap

CBS
CCDM
CDM
Protocol)
CLRTAP
CORINAIR
CRF
CRT
DLO

dm

DOC
EC-LNV
ECE
EEA

EF

EGR
EIT
EMEP

ENINA
EPA
ER
ER-I
ET
ETC/ACC
EU

EZ
FAO
F-gases
FOI
GIS
GWP
HBO
HDD
HFO
HOSP

IE

IEF
IPCC
KNMI
LEI
LHV

Activity Data

Monitoring report of gas consumption of small users

Order governing combustion plant emissions requirements (1992)
(in Dutch: ‘Besluit Emissie-Eisen Stookinstallaties”)

Monitoring report of electricity consumption of small users
Biological Oxygen Demand

Confidential (notation key in CRF)

Country-Specific (notation key in CRF)

capita (person)

Statistics Netherlands

Co-ordination Committee for Monitoring of Target Groups

Clean Development Mechanism (one of three so-called mechanisms of the Kyoto

Convention on Long-range Transboundary Air Pollution (UN-ECE)
CORe INventory AIR emissions

Common Reporting Format (of emission data files, annexed to a NIR)
Continuous Regeneration Trap

Legal name of Wageningen University and Research Centre (Wageningen UR)
dry matter

Degradable Organic Carbon

National Reference Centre for Agriculture

Economic Commission for Europe (UN)

European Environment Agency

Emission Factor

Exhaust Gas Recirculation

Economies-In-Transition (country group comprising the former SU and Eastern Europe)
European programme for Monitoring and Evaluation of long-range transmission of air
Pollutants

Task Group Energy, Industry and Waste Handling

US Environmental Protection Agency

Emission Registration

Emission Registration-Individual firms

Emissions Trading

European Topic Centre on Air and Climate Change

European Union

Ministry of Economic Affairs

Food and Agricultural Organisation (UN)

Group of fluorinated compounds comprising HFCs, PFCs and SF;
Facilitating Organisation for Industry

Gas Insulated Switchgear

Global Warming Potential

Heating oil

Heating-Degree Day

Heavy Fuel Oil

Timber Production Statistics and Forecast

(in Dutch: ‘Hout Oogst Statistiek en Prognose oogstbaar hout’)
Included Elsewhere (notation key in CRF)

Implied Emission Factor

Intergovernmental Panel on Climate Change

Royal Netherlands Meteorological Institute

Agricultural Economics Institute

Lower Heating Value
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LNV Ministry of Agriculture, Nature Conservation and Fishery

LPG Liquefied Petroleum Gas

LTO Landing and Take-Off

LUCF Land Use Change and Forestry

LULUCF Land Use, Land Use Change and Forestry

MCF Methane Conversion Factor

MEP TNO Environment, Energy and Process Innovation

MJV Annual Environmental Report

MSW Municipal Solid Waste

MW Mega Watt

NA Not Available; Not Applicable (notation key in CRF); also: National Approach
NB Nota Bene

ND No Data

NE Not Estimated (notation key in CRF)

NEAT Non-Energy CO, emissions Accounting Tables (model of NEU-CO, Group)
NEH Netherlands Energy Statistics

NIR National Inventory Report (annual greenhouse gas inventory report to the UNFCCC)
NLR National Aerospace Laboratory

NOGEPA  Netherlands Oil and Gas Exploration and Production Association

NOP-MLK  Dutch National research Programme on Global Air Pollution and Climate Change
OECD Organisation for Economic Cooperation and Development

PER Pollutant Emission Register

RA Reference Approach (vs. Sectoral or National Approach)

QA Quality Assurance

QC Quality Control

RIVM National Institute for Public Health and the Environment

RIZA National Institute of Water Management and Waste Treatment

ROB Reduction Programme non-CO, Greenhouse Gases

SA Sectoral Approach; also: National Approach (vs. Reference Approach)

SCR Selective Catalytic Reduction

SBSTA Subsidiary Body for Scientific and Technological Advice (of Parties to the UNFCCC)
SWDS Solid Waste Disposal Site

TNO Netherlands Organisation for Applied Scientific Research

TBFRA Temperate and Boreal Forest Resources Assessment (ECE-FAO)

UN United Nations

UNEP United Nations Environment Programme

UNFCCC United Nation’s Framework Convention on Climate Change

VI VROM Inspectorate

VROM Ministry of Housing, Spatial Planning and the Environment

V&W Ministry of Transport, Public Works and Water Management

WEB Working Group Emission Monitoring of Greenhouse Gases

WEM Working Group Emission Monitoring

WUR Wageningen University and Research Centre (or: Wageningen UR)

WWTP Waste Water Treatment Plant
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