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Preface

During the preparation of the underlying reports the project team has received
significant input from a considerable number of experts. In particular, several
panels of experts in Brussels discussed draft versions of the sector reports on
November 24, 1999 and on March 29 and 30, 2000, and made a number of spe-
cific and more general comments and suggestions. Also after the workshop
many experts and industry organisations - such as Ceramunie, CEPI, CEFIC,
Eurofer, Europia, EISI, CPIU and others - gave the comments on the adapted
version of these reports. It was attempted to consider their suggestions wher-
ever possible.

The authors would like to thank all these people for their valuable inputs into
this project. For this summary it was attempted to consider their suggestions
wherever possible in the text. However, specific comments can be found in the
reports of the sector studies.

Due to a technical inaccuracy, section concerning methane emissions was in-
correct. In this version that section is changed (p. v), and marked inred colour.
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EXECUTIVE SUMMARY

This report summarises the results of a two year long study using the so-called
“bottom-up” methodology. The goal of this study is to identify a least-cost al-
location of objectives for different sectors and greenhouse gases so that the
European Union would meet its Kyoto target of –8% in 2008-2012 compared
with 1990. In a parallel report the results using a “top-down” methodology is
presented.1 The results of both studies are combined and compared in the main
report of the study.2.

The “bottom-up” methodology is the engineering-economic analysis of indi-
vidual emission reduction options. This approach consists of the following
steps:
• For each sector (or sub-sector) the various processes that cause greenhouse

gas emissions are identified.
• For the relevant processes an inventory is carried out of the technical emis-

sion reduction options that are available.
• The options that can make a contribution to emission reduction in the year

2010 are characterised on the following aspects: emission reduction poten-
tial; investment costs; operation and maintenance costs; operational benefits
(e.g. energy cost savings); lifetime.

The information on the individual options can be used to calculate total emis-
sion reduction potentials and associated mitigation costs by sector, by country
and by gas. The information is collected in a database called GENESIS. The
bottom-up analysis comprises all greenhouse gases that are subject to the Kyoto
Protocol, namely carbon dioxide (CO2), and the non-CO2 greenhouse gases
methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs), perfluoro-
carbons (PFCs) and sulphur hexafluoride (SF6). Furthermore the analysis cov-
ers all economic sectors with an identified emission reduction potential. The
classification of economic sectors is based on the Nomenclature des Activités
de la Communauté Européenne (NACE).

To determine the potential and costs of greenhouse gas emission reduction op-
tions in the EU15 in 2010, the following steps are taken:
1. Collection of base year emission data (1990/1995);
2. Preparation of a 2010 frozen technology reference level of emissions, i.e.

no change in emission level per unit of production compared to 1990;
3. Identification, definition and characterisation of technical emission reduc-

tion options.

1 P. Capros, N. Kouvaritakis, L. Mantzos (2001): Top-down Analysis of Greenhouse Gas Emis-
sion Reduction Possibilities in the EU, National Technical University of Athens, Athens, March
2001.
2 K. Blok, D.de Jager and C. Hendriks: Economic Evaluation of Sectoral Emission Reduction
Objectives for Climate Change – Summary Report for Policy Makers, ECOFYS, AEA Tech-
nology, NTUA, Utrecht, March 2001.
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In the bottom-up the frozen technology reference level (FTRL) is prepared for
the calculation of the emission reduction potential that could be realised during
2008-2012. The FTRL is a reference level in which no additional development
to reduce emissions from 1990 onwards are included. The use of a FTRL pro-
vides the opportunity to show the efforts that have been made in realising emis-
sion reductions from 1990 on. Using this bottom-up methodology it is possible
to identify the technical reduction potential on a sectoral basis and to include
those options where it is uncertain whether they will be implemented autono-
mously. Emissions shown in the frozen technology reference level are not a
forecast of 2010 emissions but constructed for analytical purposes only.

The database GENESIS contains technology and cost information on over 250
reduction options (56 for the energy supply sector, 24 for fuel related emis-
sions, 91 for industry, 17 for transport, 32 for households and services, 18 for
agriculture and 13 for the waste sector). It should be noted that even this level
of detail does not cover the full variety of options that are available. The poten-
tial and cost will often depend on local conditions that can not be covered in a
general database. However, differences between the Member States are taken
into account, if relevant. For instance, differences in climate makes building in-
sulation more effective in reducing emissions in Finland than in Spain. Doing
so, the study gives a reliable approximation of the emission reduction potentials
and associated costs on the sector, Member State and on the European Union
sector level.

The information is used to generate an overview of emission reduction options,
taking into account the following.
• The total potential of emission reduction compared to the FTRL is given.
• For the calculation of the specific mitigation it is necessary to choose a dis-

count rate. In our calculation a social discount rate is used. As a standard
value 4% is taken.

Overall Results
The total of emission reduction options identified equals 1953 Mt of CO2

equivalents compared to the frozen technology reference level. This results in
an attainable emission level of 3332 Mt, which is about 20% below the
1990/1995 emission level. The emission reduction by cost category is given in
Figure 1.

The figure shows that many options can be taken at net negative costs, i.e. the
monetary benefits of an option are larger than the costs. Most of these options
are energy efficiency improvement options in the end-use sectors. The category
of zero cost options mainly is made up of fuel switch in the electricity sector3.

3 The costs of fuel switch in the electricity sector, e.g. the switch from coal to natural gas, is
highly sensitive to local market situations and highly uncertain due to the ongoing liberalisation
and privatisation developments in the energy sector. The net costs may be slightly positive or
slightly negative. For that reason they are set to zero.
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Figure 1 How emissions can be brought down by 2010 from the frozen technology
reference level, i.e. the level at which no reduction options are imple-
mented at all since 1990. Arrows indicate the emission reductions in vari-
ous cost categories. For comparison, the 1990/1995 level and the 2010
target level are indicated.
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Options with negative or zero costs represent about 64% of the identified re-
duction potential.

Measures in the low-cost category (smaller than about 20 euro1990/tCO2

equivalents) comprise of emission reduction of nitrous oxide in the chemical
industry (nitric acid and adipic acid), renewable energy sources (some biomass
applications, wind energy (onshore), hydropower), improvements at vehicles
(both passenger and freight transport) and insulation of existing dwellings and
numerous energy efficiency improvement options in all energy demand sectors.
This category represents about 14% of the reduction potential.

Most important measures in the medium cost category (20 - 50 euro1990/tCO2

equivalents) comprise of insulation of services buildings, emission reduction of
methane through waste incineration and replacement of the grey cast-iron natu-
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ral gas distribution network, chemical vapour deposition in the semiconductor
industry (emission reduction of PFCs) and various measures for HFCs in all
sectors (e.g. cooling, air conditioning, foams). This group represents about 7%
of the reduction potential.

The remaining 15% comprises about 60 options in all sectors. The most im-
portant reduction option in this category is CO2 removal and storage, with an
assumed reduction potential of 50 Mt CO2 in 2010. This figure may actually
vary from 10 to 100 Mt CO2, depending on the acceptance of this option and
the success of demonstration projects for various emission sources and storage
concepts. The storage capacity in the European Union is estimated at about 950
GtCO2, which is equal to storage of all 1990 CO2 emissions over a more than
200 year period.

Results by sector

The energy industries sector
The energy industries sector includes the production of electricity and steam as
well as refineries. The energy industries sector is one of the important emitters
of carbon dioxide. In addition a relative small amount of nitrous oxide and
methane is emitted. Next to this, gas-insulated switch gears are a source of SF6.

By far the most important emission limitation option in this sector is fuel
switch - mainly from less efficient coal-fired plant to high efficient natural gas-
fired plants - in the electricity production sector. Compared to a situation in
which the fuel mix and efficiency level would remain the same as in the mid-
nineties, the switch makes a difference of 500 Mt of CO2.

Combined heat and power generation can also contribute significantly to
greenhouse gas emission reduction. If combined heat and power generation is
applied instead of combined cycle power plants, carbon dioxide emissions are
reduced by 64 Mt.4 Costs of carbon dioxide emission mitigation are in the
range between 10 and 150 euro1990 per tonne of CO2 (and higher if the plants
have to be built in a situation of excess capacity).

One more important option is the application of renewable energy sources. The
total emission reduction potential of these sources is 230 Mt5 of CO2. Biomass
energy is most important, followed by wind energy and hydropower. Some
biomass options occur with negative net costs; a substantial part (onshore wind
and hydropower) has low costs but also options with costs of 100 euro1990 per
tonne and higher are available.

4 If combined generation of heat and power is applied directly replacing the average fuel mix,
the effect is bigger, i.e. 350 Mt of CO2, and consequently the costs per tonne of CO2 are smaller.
5 If renewable energy is applied directly replacing the average fuel mix instead of natural gas-
fired combined-cycle power plants, the effect is bigger, i.e. emission reduction is about 315 to
335 Mt of CO2.
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Finally, carbon dioxide removal (recovery from an electricity production proc-
ess and subsequent subterranean storage) can be applied at costs of about 50
euro1990 per tonne of CO2 avoided. It is uncertain to what extent the option can
be harnessed until the year 2010, but a provisional estimate is 50 Mt of CO2.

Options outside the power and steam sector are energy efficiency improvement
options in refineries (23 Mt of CO2 equivalent) partly at zero or net negative
costs (e.g. application of improved catalysts in refineries). However, reduction
potential and costs are hard to determine as these options concern a limited
number of refineries with big mutual differences.

Fossil fuel extraction, transport and distribution
Methane emissions related to fossil fuel extraction, transport and distribution
occur at coal mining, the oil and natural gas upstream activities and the natural
gas transport and distribution.

In the reference level, these methane emissions are expected to decrease from
95 to 60 Mt of CO2 equivalent, mainly due to the expected decrease in coal
production in the EU.

In total, a reduction potential of over 34 Mt of CO2 equivalent is identified.
• Methane emission reduction from coal mining (almost 9 Mt of CO2

equivalent) at near zero costs.
• Methane emission reduction from the natural gas system.From this amount

about 1 Mt is inexpensive to implement. About 25 Mt (from which about 20
Mt in the distribution) is more expensive to implement (> Euro9950/tCO2).

Industry sector
The manufacturing industry consists of a variety of sectors. From the point-of-
view of greenhouse gas emissions, a number of energy-intensive sectors, in-
cluding iron and steel production, the chemical industry and the cement indus-
try are most important. Apart from energy-related CO2 some process related
emissions are relevant: e.g. carbon dioxide from cement production; nitrous
oxide from adipic acid and nitric acid production; and PFCs from aluminium
production.

A range of technologies that can improve energy efficiency is most important
for further reducing these emissions. Some important options are improved
pressing and heat recovery in pulp and paper production; vapour recompres-
sion; debottlenecking in the petrochemical industry; and the application of thin
slab casting techniques in the iron and steel production. The total potential for
reduction is 533 Mt of CO2 compared to the frozen technology reference
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level.6. Of the total amount of emission reduction potential 468 Mt has zero or
negative costs.

Important emission reduction options for non-CO2 greenhouse gases are:
• N2O emission reduction in the remaining adipic acid plants and in nitric

acid production. 66 Mt of CO2 equivalent, of which already 62 Mt has been
implemented before 2000.

• Emission reduction of HFC-23 in HCFC-22 production (7 Mt of CO2);
• PFC emission reduction in the aluminium industry (5 Mt of CO2) and in the

semiconductor industry (14 Mt of CO2).

Important policy consequences are:
• Industrial energy efficiency is an important source of low-cost emission re-

ductions; target setting for industrial energy efficiency is hard to attain on
the level of individual options but can be better set at the level of sub-
sectors.

• Emission standards can be set for a limited number of industrial sources of
non-CO2 greenhouse gases where relatively cheap emission reductions can
be attained.

• Further research is required to determine how adaptations in material pro-
duction and consumption systems can contribute to the reduction of green-
house gas emissions.

Transport sector
Passenger cars and freight vehicles account for over three-quarters of emis-
sions. Another main source of emissions is domestic and international avia-
tion.7 Minor sources of emission are rail, and inland and maritime navigation.
Besides emission originating from combustion of fuel, transportation also con-
tributes to emissions of industrial fluorinated greenhouse gases associated with
mobile air conditioning and nitrous oxide from the use of catalytic converters.
The sector study on transport considers options for reducing greenhouse gas
emissions from the two main sources of transport related emissions: passenger
cars and freight vehicles. Three types of options are identified: operational,
strategic and demand related options. The latter two generally rely on influ-
encing behaviour. Due to data unavailability and the influence of localised pa-
rameters on effectiveness estimates of costs and impacts across the EU could
not be made.

Total emission reduction is estimated at about 116 Mt of CO2 equivalent in
2010 from the frozen technology reference level. 62% of this amount can be

6 This includes emission reductions achieved in the energy sector through more energy efficient
production of electricity and steam.
7 Emissions from international aviation should not be taken into account both in the reported
emissions and in the emission reduction potential. However, due to the fact that no data exist
yet on the split between domestic and international air transport emissions, the split has not
been made.
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reduced from passenger cars, the remaining 27% from freight transport, and
about 11% from reducing emissions from air conditioning systems. The reduc-
tion from passenger cars is effectively the amount that is expected to be re-
duced due to the agreements with ACEA, JAMA and KAMA.

Household sector
The sector households is an important source of greenhouse gas emissions, both
directly through combustion of fossil fuels for heating purposes and indirectly
through its electricity consumption. There is also a small contribution to the
emission of fluorinated gases.

Options to be taken in households have in total a potential of 190 Mt of CO2

emission reduction compared to the frozen technology level. Nearly half of it
can be realised at low or net negative costs. These options include improved in-
sulation of existing dwellings, improved practices in new building construction,
and improved efficiency of lighting and household equipment. Also important,
but more expensive options are the application of better insulating windows,
condensing boilers, heat pumps and solar domestic hot water systems.

Services sector
In the services sector energy is mainly used for space heating, space condi-
tioning and lighting, causing both direct and indirect carbon dioxide emissions.
Next to this, some contribution is expected in the future from HFC emissions.
The building stock is expected to grow strongly.

For the services sector an emission reduction potential of 126 Mt of CO2

equivalent is identified, of which about two-thirds shows net negative costs. A
very important option is the improvement of energy management in buildings.
Also retrofitting of buildings with insulation is relevant for low-cost emission
reduction. More efficient lighting systems and office equipment are smaller
options.

An important, but more expensive (35 euro1990 per tonne of CO2) option is the
application of better insulating windows. Some options for non-CO2 emission
reduction have comparable costs, but are much smaller in size.
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Agriculture
In agricultural practices, emission of methane from enteric fermentation in ru-
minants, nitrous oxide from soil processes and both gases from animal manure
are most important. A decrease in emissions is expected partly related to the
Common Agricultural Policy reforms.

Emission reduction options in the agricultural sector minimise enteric methane
emissions from ruminants by improving feed conversion efficiency, by in-
creasing animal productivity and by improving rumen efficiency through the
use of feed additives. Options to reduce emissions from manure are changing
feed intake and digestibility and improved manure management systems. For
reducing emissions from soil various options are identified, but for most of
them the potential, applicability and costs could not be well identified. Mainly,
because the main ‘driving force’ for implementing these options is not to re-
duce greenhouse gas emissions.

Emission reductions for methane and nitrous oxide are possible through:
• increased animal productivity for ruminants;
• improving feed conversion efficiency for ruminants;
• application of feed additives for ruminants;
• changing manure management practices (e.g. anaerobic manure digestion).
The overall reduction potential is limited to 21 Mt or 4% of the baseline for
methane and nitrous oxide, of which about two-third shows net negative costs.

Emission reduction options for CO2 were not specifically analysed in this
study.

The waste sector
The main source of emission from waste is methane from landfills. In landfill
anaerobic methanogenic bacteria break down biodegradable carbon compounds
and produce methane. In the frozen technology reference level emissions are
about 2% higher in 2010 compared to 1990 level. However, emission from
landfills are expected to go down due to the recent approval of the Landfill Di-
rective requiring the amount of biodegradable waste going to landfill to be re-
duced, and methane emissions to be captured.

Emission reduction options are directed towards an alternative way to treat bio-
degradable waste, e.g. by composting, bio-mechanical pre-treatment, incinera-
tion and recycling of paper and cardboard. Alternatively, landfill gas can be
collected and combusted or oxidation of the landfill gas in the landfill gap can
be improved, thus avoiding the methane escaping to the atmosphere.

The overall emission reduction to the FTRL is estimated at 67 Mt of CO2

equivalent About 32 Mt will be obtained by currently implemented policies.
About 35 Mt of CO2 could be obtained by planned activities.
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Conclusion
The Kyoto target of 8% reduction in the 2008-2012 period compared to the
1990/1995 base year emission level relates to the emission sources as presented
in Table 0.1, i.e. the reduction target is 1480 Mt of CO2 (from the 5284 Mt of
CO2 equivalent in the frozen technology reference level). Compared to the
baseline emissions (based on the Primes baseline8 reference level this means a
reduction of 330 Mt of CO2 equivalent).

The results of this study show that the Kyoto target can be realised by a set of
options with specific costs up to almost 20 euro1990/tCO2. The sectoral break-
down of this reduction potential is presented in Table 0.1. The table shows the
emission reduction that can be obtained by options in the end-use sectors and
by options in the energy supply sector.

Table 0.1. Sectoral contribution to an emission reduction of over 8% in the first
budget period compared to base year emissions. All options with specific
costs lower than 20 euro1990/tCO2 equivalent are taken into account.

Emission breakdown per sector
Mt CO2-eq.

Emissions in
1990 or 1995

Emissions in
2010 FTRL

Emissions in 2010
FTRL (including

progress until
1998/2000)

Emissions in
2010 under
Kyoto target
conditions

Change from
1990 or 1995

Change from
2010 FTRL

Change from 2010
FTRL (including

progress 1998/2000)

Direct emisisons

Energy supply - CO2 fuel related 1/2/ 1268 1960 1551 1298 2% -34% -16%

Direct and indirect emisisons

Energy supply - other emissions 58 45 42 42 -1% 1% 0%

Fossil fuel emissions3/
95 61 43 51 -46% -16% 18%

Industry2/
1463 1984 1623 1113 -24% -44% -31%

Transport 4/
776 1134 1114 1069 38% -6% -4%

Households 749 843 759 567 -24% -33% -25%

Services 413 653 560 434 5% -34% -23%

Agriculture 417 396 407 382 -8% -4% -6%

Waste 166 169 124 144 -14% -15% 16%

Total 4138 5284 4672 3801 -8% -28% -19%

Breakdown per gas
Mt CO2-eq.

Emissions in
1990 or 1995

Emissions in
2010 FTRL

Emissions in 2010
FTRL (including

progress until
1998/2000)

Emissions in
2010 under
Kyoto target
conditions

Change from
1990 or 1995

Change from
2010 FTRL

Change from 2010
FTRL (including

progress 1998/2000)

Carbon dioxide - fuel related 3068 4194 3690 2893 -6% -31% -22%

Carbon dioxide - other 164 183 169 182 11% -1% 8%

Methane 462 412 343 370 -20% -10% 8%

Nitrous oxide 376 379 354 282 -25% -26% -20%

HFCs 52 84 84 53 1% -38% -38%

PFCs 10 25 25 19 87% -27% -27%

SF6 5 7 7 3 -41% -53% -53%

Total 4138 5285 4672 3801 -8% -28% -19%

Options in the energy supply sector have a contribution of 661 Mt of CO2

equivalent. Reduction options for non-CO2 greenhouse gases in the end-use
sectors contribute 181 Mt of CO2 equivalent, of which industry 123 Mt of CO2
equivalent. A substantial part of this potential (62 Mt of CO2 equivalent) is al-
ready realised by the implementation of the reduction options in the adipic acid
manufacture industry.

8 P. Capros, N. Kouvaritakis, L. Mantzos (2001): Top-down Analysis of Greenhouse Gas Emis-
sion Reduction Possibilities in the EU, National Technical University of Athens, Athens, March
2001.
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Implementation of the most cost-effective package of options to reach the
Kyoto target will reduce emissions of carbon dioxide by 5%; emission of non-
CO2 greenhouse gases will be reduced by 20%.

Also an attempt is made to show the emission reduction obtained in the period
1990 to 2000. In the table (see column “Emissions in 2010 FTRL (including
progress until 1998/2000))” it can be seen that the FTRL level in 2010 would
be lowered by 612 Mt of CO2 equivalent if the year 1998 (for process-related
CO2 non-CO2) and 2000 (for fuel-related CO2) would have been the base year.
It should be noted that these numbers are indicative only.
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1. INTRODUCTION
In the Kyoto Protocol the European Union agreed to reduce its greenhouse gas
emissions9 in the period 2008-2012 to 8% below 1990 levels10. These green-
house gases are carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O),
hydrofluorocarbons (HFC), perfluorocarbons (PFC) and sulphur hexafluoride
(SF6). The EU Member States have agreed on a differentiation for burden
sharing. During the Environmental Council of June 1998 the percentage reduc-
tion for each Member State was agreed.

One possible way to meet the target would be to develop cost-effective policies
and measures across all sectors and gases. Indicative objectives for sectors, de-
rived from the combination of the most cost-effective options would help de-
fine the responsibility for each sector to reduce its greenhouse gas emissions.
This would also provide a useful yardstick to monitor progress and to identify
which type of policies and measures could be undertaken.

According to the terms of reference for this study, the objective is:
• to identify the most cost effective distribution of emissions reductions be-

tween different sectors and gases to meet the EU quantitative reduction ob-
jective for greenhouse gases under the Kyoto protocol; and

• to determine a package of cost-effective policies and measures for all sec-
tors and gases towards meeting the goals.

The purpose of this report is to combine the technical and economical identifi-
cation and analysis of emission reduction options that were identified in the
sectoral reports using a ’bottom-up approach’11). As part of the study project,
an analysis was also carried out using an integrated energy-economic model,
i.e. PRIMES. The results of this ‘top-down approach’ are presented in a sepa-
rate report12. The main results of both this “bottom-up” study and the “top-
down” analysis are pooled together with an attempt to make the results as com-
parable as possible. This “Summary Report for Policy Maker” is published in
March 200113.

In this report a consistent technical and economic evaluation of the control op-
tions has been made to identify the least-cost solution to meet the climate ob-
jectives. The results of this study, reported in draft versions of sectoral reports

9 Except the fluorinated gases already controlled by the Montreal Protocol.
10 In the case of the fluorinated gases HFCs, PFCs and SF6 alternatively also 1995 can be used
as a reference year.
11 This is also sometimes referred to as “engineering/economic” approach.
12 P. Capros, N. Kouvaritakis, L. Mantzos (2001): Top-down Analysis of Greenhouse Gas
Emission Reduction Possibilities in the EU, National Technical University of Athens, Athens,
March 2001.
13 K. Blok, D.de Jager and C. Hendriks: Economic Evaluation of Sectoral Emission Reduction
Objectives for Climate Change – Summary Report for Policy Makers, ECOFYS, AEA Tech-
nology, NTUA, Utrecht, March 2001.
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have been reviewed by experts from industry, academia, non-governmental or-
ganisations and the European Commission and were presented in seven work-
shops which were organised in November 1999 and March 2000. As a result of
learning from this process, the information, assumptions, and the reporting of
the data documents have been updated and improved. The details of summa-
rised information reported here can be found in the sector reports, which are
available at:

http://europa.eu.int/comm/environment/enveco/climate_change/sectoral_objectives.htm

See Annex 3 for an overview of all project related documents.

This report is structured in the following way: The methodological approach is
described in chapter 2, the main results of the study are presented in chapter 3.
The conclusions and recommendations are given in chapter 4.

http://europa.eu.int/comm/environment/enveco/climate_change/sectoral_obj\ectives.htm
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2. METHODOLOGY OF THE 'BOTTOM-UP' ANALYSIS
In bottom-up analysis, the technical emission reduction potential of greenhouse
gases for the European Union in 2010 is first assessed. Then the associated
cost-effectiveness of each emission reduction option is determined. This is
done using an engineering/economic analysis or ‘bottom-up’ approach, which
is incorporated in the GENESIS database14 that is created for this study. The
bottom-up methodology consists of the identification and characterisation of
emission reduction options in terms of potential and economics. For all of the
identified options the maximum contribution to emission reduction in 2010 is
determined taking into account a realistically attainable implementation scheme
for the years preceding 2010.

The bottom-up analysis of this study comprises all greenhouse gases that are
subject of the Kyoto Protocol: both carbon dioxide (CO2) and the non-CO2
greenhouse gases methane (CH4), nitrous oxide (N2O), hydrofluorocarbons
(HFCs), perfluorocarbons (PFCs) and sulphur hexafluoride (SF6). Furthermore
the analysis covers all economic sectors with an identified emission reduction
potential. The sectoral classification in this report is identical to the structure
used in the PRIMES model [Capros, 1999] (which in turn is fully compatible
with Eurostat). This allows a transparent comparison of the results both be-
tween the bottom-up approach and the top-down approach, and between this
study and Eurostat statistics. The classification is based on the Nomenclature
des Activités de la Communauté Européenne (NACE) and is presented in An-
nex 4.

To determine the potential and costs of greenhouse gas emission reduction op-
tions in the EU15 in 2010, the following steps are taken:

1. Collection of base year emission data (1990/1995);
2. Preparation of a 2010 frozen technology reference level;
3. Identification, definition and characterisation of technical emission reduc-

tion options.

2.1 BASE YEAR EMISSION DATA (1990/1995)
The base year in the Kyoto Protocol is 1990 for all greenhouse gases except for
fluorinated gases for which 1995 may be used. The base year emission data
used for the analysis in this report are taken from the following references:

• Data on energy related CO2 emissions are taken from the input data for
PRIMES database, which is calibrated to be consistent with the Eurostat Si-
rene database in 1995.

14 The GENESIS database comprises data on greenhouse gas emissions (1990-1998); reduction
options (about 250 options), emission scenarios for 2010, emission reduction potential for 2010
and cost information on the reduction options.
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• Data on non-energy related CO2 emissions as well as emission data for
methane and nitrous oxide are taken from the UNFCCC [1999] database
and are in accordance with the national communications of the Member
States.

• Emission data on fluorinated gases are taken from an emission inventory
methodology which Ecofys developed as part of this study.

It should be noted that these emission data differ from those reported by the
Member States to the UNFCCC in their National Communications. Energy re-
lated emissions are taken from the PRIMES/Eurostat database which allocates
CO2 emissions differently from the National communications.15 One reasons
for choosing PRIMES model and Eurostat as the reference point is the fact that
in the evaluation and monitoring of European climate policy, the European
Commission uses these sources extensively. Also, National Communications
give only historic emissions, no projections. Furthermore, the sectoral break-
down used in National Communications is not detailed enough for a meaning-
ful sectoral analysis. Finally, in order to compare the results of the bottom-up
approach with the top-down approach of the PRIMES model, the same base
year data are used for the energy related CO2 emissions.

2.2 ALLOCATION OF EMISSIONS AND EMISSION REDUCTIONS
The emissions reported in the bottom-up analysis for each sector comprises of
direct andindirect emissions. Indirect emissions originate from electricity and
steam production and refineries (the so-called energy supply sector). The (di-
rect) emissions of the energy supply sector are allocated as indirect emissions
to the energy demand sectors based on their use of electricity and heat. The en-
ergy demand sectors with the main indirect emissions are industry, households
and commercial and public services16.

Indirect emissions (emissions from energy supply sector) can be reduced by
using less energy (i.e. improving the production processes in the energy de-
mand sectors) or by improving the energy conversion efficiencies in the energy
supply sector, i.e. using less fossil fuel to produce the same amount of electric-
ity, steam and (converted) fuel. In this report, emission reduction that is ob-
tained by improving the production process of energy demand sectors is allo-
cated to the energy demand sector, regardless whether the option reduces the
direct and/or the indirect emissions of the sector. The total reduction potential
can therefore only be expressed as a fraction of thetotal emissions.

15 An important difference is the classification of the autoproduction. Under Eurostat defini-
tions, CO2 emissions from industrial boilers are allocated to the industry where the boiling oc-
curs. However, PRIMES model treats these emissions as those arising from power supply. The
reason for this is the fact that industrial boilers compete often with other power generation.
16 Indirect emissions from transport sector are very small (some due to electric locomotives).
Also the in direct emissions of agriculture and waste sectors are insignificant.



5

This approach differs from the approach followed by PRIMES which allocates
the total emission reduction from both improved use and improved generation
of electricity and steam to the energy supply sector, regardless the activity takes
place on the industrial site or not.

Table 2.1 gives an overview of the 1990/1995 base year emissions.

2.3 FROZEN TECHNOLOGY REFERENCE LEVEL FOR 2010
In the bottom-up methodology, a frozen technology reference level (FTRL) of
2010 greenhouse gas emissions needs to be prepared. This reference level is re-
quired for the calculation of the emission reduction potential that could be re-
alised during 2008-2012. In this bottom-up analysis, a reference level is defined
which does not include any additional development to reduce emissions from
1990 onwards. This ‘frozen technology reference level’ (FTRL)17 results in
much higher emission figures than ‘Business-as-Usual’ baselines. The reason
for this is that FTRL does not include autonomous energy efficiency improve-
ments, technological progress, changes in the production structure of the soci-
ety, or the effects of current policies. The use of a frozen technology reference
level provides the opportunity to show the real efforts that have to be made in
realising emission reductions. Using this bottom-up methodology it is possible
to identify the technical reduction potential on a sectoral basis and to include
those options where it is uncertain whether they will be implemented autono-
mously.

Emissions shown in the frozen technology reference level arenot a forecast
of 2010 emissions but constructed for analytical purposes only.

In the FTRL emissions differ from the base year emissions because of changes
in activity level. In other words, anx% change of production in a sector will re-
sult in anx% change in emissions of this sector. For most emission sources, the
changes in activity level between 2010 and 1990 are taken from the PRIMES
model. As a consequence, changes in the economic structure (intersectoral
changes) incorporated in the PRIMES model are taken into account (e.g. a shift
from steel to plastic production). However, shifts within sectors and subsectors
(intrasectoral changes) are not taken into account in the frozen technology ref-
erence level (e.g. a shift from primary to secondary steel).

The 2010 emission level of CO2 is based on the output of the sectors taken
from PRIMES. For sectoral non-CO2 emissions, growth is calculated on the ba-
sis of various indicators that are described in the sector reports (see Annex 3),
but in various cases on indicators that are also used in the PRIMES model.

17
Exception is the projection of the emissions of fluorinated gases. Many of these gases are used as substitutes for

other fluorinated gases which use is banned under the Montreal Protocol. Under these circumstances projection on basis
of growth in activity is not adequate to establish a frozen technology reference level based on 1990 data. For the power
and steam generation we assumed that new capacity has the same emission factor as the 1990 conventional production
stock based on fossil fuel (thus without CHP, renewable and nuclear power plants).
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It should be noted that the 2010-emission level for the fluorinated gases is not a
real frozen technology level based on activity growth. This is because the base
year emission level of these gases was too low for meaningful extrapolation. In
this study, a separate emission reference level for fluorinated gases was pre-
pared.

Emission reductions obtained by specific policies implemented after 1990 and
effective before 2010 are in generalnot incorporated in the frozen technology
reference level. Doing so, the reduction efforts, which have to be taken in this
time span, are made visible. Major emission reductions which are already
achieved by the year 2000 will be separately identified and presented in the de-
scription of the emission reduction options and/or in the description of the
emission reduction potential for a sector or subsector.

Table 2.1. Total greenhouse gas emissions (direct and indirect emissions) of sectors
in the base year 1990/1995 and the frozen technology reference level
emissions in 2010 (in Mt of CO2 equivalent

Mt CO2-eq. Base year emissions Frozen technology reference level
1990 1990 1990 1995 '90/'95 2010 2010 2010 2010 2010
CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total

Emissions
Energy supply 1.268 12 42 4 1.327 1.898 12 29 4 1.943

Direct and indirect emissions
Fossil fuel extraction
-solid - 62 - - 62 - 27 - - 27
-other - 33 0 - 33 - 33 0 - 34
Industry 1.287 3 143 63 1.495 1.789 3 135 81 2.007
Transport 757 5 12 1 776 1.068 3 38 25 1.134
Households 749 0 0 - 750 841 0 0 2 843
Services 413 10 11 - 435 647 10 8 6 671
Agriculture 17 - - - 17 24 - - - 24
-enteric - 141 - - 141 - 126 - - 126
-manure - 43 13 - 56 - 42 12 - 54
-soils - 7 192 - 199 - 7 182 - 188
-other - 3 1 - 4 - 3 1 - 4
Waste 8 155 4 - 166 8 158 4 - 169
Total 3.232 462 376 68 4.138 4.377 412 379 117 5.284

Notes:
(1) In this table the emissions of the energy supply sector (electricity and steam supply) are distributed to the sectors

which use energy, based on the fuel mix in each Member State (with an exemption for the emissions of fluori-
nated gases).

(2) F-gases stands for the group of fluorinated gases (HFCs, PFCs and SF6).
(3) The emission reduction measures taken by the adipic acid industry will already result in 62 Mt CO2 lower emis-

sions of N2O in 2010 (industry sector.
(4) Emissions of changes in land use are not included in the table (net emissions of -150 Mt for CO2 and 19 Mt of

non-CO2 greenhouse gas emissions in 1990 [UNFCCC, 1999]), because in this study there are no options identi-
fied specifically directed to changes in land use and the position of these emission sources/sinks in the realisation
of the targets of the Kyoto Protocol is not clear yet.

Source: This study, based on National Communications of Member States to UNFCCC (1999), PRIMES (1999) and
own estimates.

Table 2.1 shows the 1990/1995 base year emissions and the 2010 frozen tech-
nology reference level for the greenhouse gases for all sectors. From this table
it can be seen that total greenhouse gas emissions are 4140 Mt of CO2 equiva-
lent in 1990/1995. The frozen technology reference level in 2010 is 5280 Mt of
CO2 equivalent.
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2.4 IDENTIFICATION, DEFINITION AND CHARACTERISATION OF
EMISSION REDUCTION OPTIONS

In this bottom-up study, greenhouse gas emissions are broken down into emis-
sion sources located in the following seven economic sectors18 (see Annex 4):

• Energy supply (power and steam production)
• Fossil fuel extraction, transport and distribution
• Industry
• Transport
• Households
• Services
• Agriculture
• Waste

Emission reduction options are identified for each specific emission source in
these sectors. As a first step a list of possible reduction options is constructed.
For these options the following information was collected:
• reduction potential against frozen technology level;
• reduction costs and/or cost savings
• availability;
• implementation in 1990 and 2010;
• barriers and constraints; and
• other relevant information on implementation aspects.

This information was obtained by literature searches, and by contacts with in-
dustry, international associations and from in-house knowledge. If part of this
information is not (publicly) available expert opinions were used to obtain
likely values. The underlying assumptions and range of uncertainty in these
data are described in the sector specific reports that form the basis of this report
(see Annex 3). The data for the bottom-up analysis were collected and managed
in the database called GENESIS.

The emission reduction potential and costs are as much as possible determined
at Member State level. For each option the following characteristics are in-
cluded in the database: percentage of emission reduction; financial parameters
(investment, operation and maintenance, savings and lifetime) expressed in
euro per tonne of CO2 equivalent and the level of implementation of the option
in 1990 and 2010.

18 The reader would be helped if a paragraph or two are dedicated here to explain how sectoral
borders have been drawn. You could e.g. describe a couple of typical borderline cases. I was
e.g. asking myself where the energy for heating and cooling of an office building attached to a
chemical factory would be allocated to – services or industry.
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The costs expressed in the bottom-up approach aredirect costs: the additional
resources that are directly used up to implement an emission reduction option.
Where possible, direct project based (additional) investment costs (for equip-
ment and adaptations) and installation costs are identified.Indirect costs - the
costs arising when a measure induces behavioural change - are not included in
the bottom-up approach due to paucity of data. Possible cost savings or ancil-
lary benefits from reduced environmental damage are also not taken into ac-
count.

Specific costs are calculated by summing annualised investment costs, opera-
tion and maintenance costs and savings ("negative costs") per tonne of CO2

equivalent mitigated. Note that the specific costs can be negative if the benefits
associated with the measure are sufficiently large. The costs calculated this way
are life-cycle costs: i.e. the total costs taking into account the technical life span
of the equipment required for the measure.

The prices used are market prices. Taxes and levies are not included19 (e.g.
value added tax or excise duties on fuel). In this study a discount rate of 4% is
used for all economic sectors, based on the guidelines of DG Environment. For
sensitivity analysis two other discount rates have been applied: 2% and 6%. For
comparison with the PRIMES model results, calculation of specific costs with
sector specific discount rates that are used in the PRIMES model are made.

The cost calculation methodology of the bottom-up approach can be found in
Annex 1.

19 An exception are the taxes on labour which are usually incorporated in the estimate of the operation and maintenance
costs.
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3. SECTORAL EMISSIONS AND EMISSION REDUCTION
ACCORDING TO BOTTOM-UP ANALYSIS
In this chapter the results of the bottom-up analysis of emission reduction op-
tions are presented. For each sector, an overview of the base year emissions and
the 2010 frozen technology reference level are given. Then, the results of the
inventory of the emission reduction options are summarised. The sector spe-
cific reports (see Annex 3) give further details of the emission reduction op-
tions and the assumptions used. .

3.1 ENERGY SUPPLY

3.1.1 Description of the sector
The energy supply sector comprises the production of electricity and steam as
well as refineries. In the EU15, about 2300 TWh of electricity and about 1066
TWh of steam were produced in 1995. The production of electricity is pro-
jected to increase by 30% to over 3000 TWh by 2010. The growth of steam
production is more moderate and projected at about 1300 TWh (increase of
22%).

Electricity and steam are supplied by conventional fossil fuel power plants,
combined heat and power (CHP) plants, nuclear power plants, renewable en-
ergy sources and industrial and other steam boilers. Emissions of CO2 occur
during the production of electricity burning fossil fuels. Furthermore CO2 emis-
sions occur during refining of crude oil.

Table 3.1. Energy supply sector: 1990 emissions and 2010 frozen technology refer-
ence level (Mt of CO2 equivalent)

Energy supply sector 1990 2010

CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total
Austria AUT 18 0 0 0 18 30 0 0 0 31
Belgium BEL 31 0 2 0 32 66 0 2 0 68
Germany DEU 445 3 8 1 458 468 3 5 1 478
Denmark DNK 27 0 1 0 28 41 0 1 0 42
Spain ESP 83 1 6 0 90 190 1 4 0 195
Finland FIN 21 0 1 0 23 61 0 1 0 62
France FRA 78 3 3 1 85 150 3 2 1 156
United Kingdom GBR 265 2 4 1 272 358 2 3 1 364
Greece GRC 38 0 2 0 40 73 0 1 0 75
Ireland IRL 12 0 1 0 13 26 0 0 0 27
Italy ITA 154 1 13 0 168 232 1 9 0 242
Netherlands NLD 68 1 0 0 68 113 1 0 0 114
Portugal PRT 19 0 0 0 20 52 0 0 0 52
Sweden SWE 10 0 1 0 11 23 0 1 0 25
European Union EU 1268 12 41 4 1326 1884 12 29 4 1929

Source: This study, based on National Communications of Member States to UNFCCC (1999), PRIMES
(1999) and own estimates.
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Table 3.1 gives an overview of the total emissions of greenhouse gases in the
energy supply sector in 1990 and the frozen technology reference level in 2010.
The emissions of CO2 in the frozen technology reference level are about 50%
higher than the emissions in 1990. In the frozen technology reference level it is
assumed that the total production growth of electricity and steam is supplied by
conventional fossil fuelbased units (with an emission factor equal to the aver-
age of the fossil-fuel based energy production in each country in 1990). In other
words in the frozen technology reference case the energy supply in 2010 has
the same characteristics as in 1990.

For N2O a correction for the share of coal fired (fluidised bed) plants is taken
into account, which results in lower overall N2O emissions in the reference
case.

3.1.2 Emission reduction options
In this report options to reduce carbon dioxide emissions, option to reduce SF6

from switch gears and options to reduce nitrous oxide emission from stationary
combustion are discussed.

One way to reduce carbon dioxide is by increasing the share of lower or zero
CO2 emission production units. This can be achieved via options such as com-
bined cycle power plants, renewable energy use, and combined heat and power
plants (CHP). In principle, the extension of the share of nuclear energy leads to
a reduction of CO2 emissions, but it is assumed that no additional nuclear
power is installed before 2010. Another way to reduce emissions is by stopping
CO2 being emitted into the atmosphere (i.e. by recovering CO2 from an (en-
ergy) conversion process and storing it underground in (depleted) oil and gas
fields or aquifers). In the bottom-up analysis, four basic options are distin-
guished:

(1) All new capacity (to compensate for growth in production and decommis-
sioned capacity) is replaced by efficient natural gas-fired combined cycle
power plants (NGCCs).

(2) Some added or replaced capacity is provided by renewables. The penetra-
tion of renewables depends on many factors and is described in the sector
report of the energy supply sector.

(3) Implementation of combined heat and power (CHP) instead of NGCCs.
It practise CHP units may replace steam boilers. In this case the emission
reduction will be obtained by adding up the effect of the options (1) and
option (3).

(4) Application of CO2 removal techniques.

Options to reduce nitrous oxide emissions from stationary combustion are lim-
ited to fluidised bed combustion. This type of combustion has a relatively high
emission factor compared to other type stationary combustion processes. Op-
tions to reduce SF6 are limited to the use in gas insulated switch gears.
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Table 3.2 and Table 3.3 give an overview of the average specific reduction
costs and the potential for options applicable in the energy supply sector. The
specific costs are calculated using a real discount rate of 2, 4, 6% and sector
specific rates, and using the technical lifetime of the equipment used to imple-
ment the option.

In 2010, renewable energy generation may contribute to an emission reduction
of about 230 Mt of CO2

20 compared to the frozen technology reference level. In
this figure it is assumed that renewables replace NGCCs. The potential would
look higher if renewables would be calculated to replace power production fa-
cilities with a higher CO2 emission rate, e.g. coal-fired power plants.

Table 3.2. Energy supply - Renewables: Sectoral emission reduction potential and
costs of using renewables in the EU in 2010 (per greenhouse gas, per
cost bracket)

Emission
reduction

Mt CO2 eq. 2% 4% 6%
Sector

specific
Biomass energy 3b: heat only on solid biomass 25 -42 -42 -41 -41
Biomass energy 1b: CHP on solid biomass 4 -38 -34 -30 -26
Biomass energy 2: CHP anearobic digestion 4 -28 -23 -17 -11
Subtotal: cost ran ge < 0 euro / t CO2 e q. 33
Wind energy - onshore 30 -6 3 13 24
Small hydropower (<10 MW) 2 -5 10 27 46
Large hydropower (>10 MW) 15 -4 11 29 48
Biomass energy 3a: heat only on solid biomass 64 15 15 16 17
Subtotal: cost ran ge 0 < 20 euro / t CO2 e q. 111
Biomass energy 1a: CHP on solid biomass 29 17 20 24 28
Subtotal: cost ran ge 20 < 50 euro / t CO2 e q. 29
Geothermal electricity production 2 36 53 71 92
Wind energy - offshore 18 69 88 109 131
Tidal energy 2 84 118 158 201
Biomass energy 4a: ethanol 9 228 236 246 256
Biomass energy 4b: biodiesel 24 287 299 312 326
Solar photovoltaic energy 1 235 308 388 475
Subtotal: cost ran ge > 50 euro / t CO2 e q. 56
Total emission reduction o ptions 229

Specific costs (euro/tCO2)
at discount rate

CO2

Pollutant Measure Name

Source: Sector report on energy supply
Note: Options Biomass 1a and 1b and Biomass 3a and 3b differ in the assumed costs of the biomass fuel: 3.2€/GJ for
1a/3a and 0 €/GJ for 1b/3b.

Based on projected steam demand in 2010, the maximum technical potential of
CHP units can cover about 90% of the required new capacity in the EU15, alt-
hough this percentage varies from country to country. CHP and NGCCs may
reduce about 564 Mt of CO2. It is estimated that 500 Mt of CO2 mitigation may
already be avoided by installing NGCCs thus replacing the ‘average power
plant’ based on fossil fuels.21 In addition, a further 64 Mt of CO2 can be avoi-

20 Another 8 Mt of CO2 equivalent might be avoided by application of geothermal heat and solar
thermal in residential areas.
21 214 Mt of CO2 can be avoided by replacement of depreciated power plants (fuelled by the
mix) by modern natural gas-fired combined cycle plants. 286 Mt of CO2 can be avoided by in-
stalling modern NGCC for the extra power production capacity required in 2010 instead of
power plants fired by the mix and having the average 1990 efficiency.
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ded by installing CHP units instead of NGCCs22, with costs ranging from 25 to
400 euro1990/tCO2.

Table 3.3. Energy supply (except renewables see Table 3.2): Sectoral emission re-
duction potential and costs in the EU in 2010 (per greenhouse gas, per
cost bracket)

Emission
reduction

Mt CO2 eq. 2% 4% 6%
Sector

specific
Refineries: Reflux overhead vapour recompression (distillation) 6 -66 -66 -65 -65
Refineries: Power recovery (e.g. at fluid catalytic cracker) 1 -53 -51 -49 -42
Refineries: Miscellaneous I (Low cost tranche) 6 -31 -29 -26 -17
NGCC: Replacement of capacity by natural gas-fired combined cycles 214 <0 <0 <0 <0
NGCC: New capacity by natural gas-fired combined cycles 286 <0 <0 <0 <0
Subtotal: Cost range < 0 euro / t CO2 eq. 513
Refineries: Improved catalysts (catalytic reforming) 4 0 0 0 0
CHP - Food, drink and tobacco 1 -3 12 28 46
Subtotal: Cost range for 0 < 20 euro/ t CO2 eq. 5
CHP - Refineries 6 6 25 44 65
CHP - Residential - Small 5 5 27 49 74
CHP - Non-ferrous metals 0.1 5 27 49 74
CHP - Engineering goods 0.5 5 27 49 74
CHP - Other industries 0.3 5 27 49 74
CHP - Paper and pulp 3 5 27 49 74
CHP - Tertiary - Large 1 5 27 49 74
CHP - Textiles 0.1 5 27 49 74
Subtotal: Cost range for 20 < 50 euro / t CO2 eq. 17
CO2 removal and storage 50 46 50 54 59
Refineries: Miscellaneous II (High cost tranche) 6 52 60 69 98
CHP - Tertiary - Small 3 50 63 76 90
CHP - Food, drink and tobacco (implemented in situation of overcapacity) 3 108 123 140 157
CHP - Iron and Steel 1 113 131 150 171
CHP - Chemicals 3 113 131 150 171
CHP - Building materials 0.1 113 131 150 171
CHP - Residential - Large 5 113 131 150 171
CHP - Tertiary - Small (implemented in situation of overcapacity) 3 140 152 166 180
CHP - Tertiary - Large (implemented in situation of overcapacity) 1 180 201 224 248
CHP - Engineering goods (implemented in situation of overcapacity) 1 180 201 224 248
CHP - Paper and pulp (implemented in situation of overcapacity) 3 180 201 224 248
CHP - Textiles (implemented in situation of overcapacity) 1 180 201 224 248
CHP - Residential - Small (implemented in situation of overcapacity) 5 180 201 224 248
CHP - Non-ferrous metals (implemented in situation of overcapacity) 0.3 180 201 224 248
CHP - Other industries (implemented in situation of overcapacity) 1 180 201 224 248
CHP - Building materials (implemented in situation of overcapacity) 0.2 200 218 238 258
CHP - Residential - Large (implemented in situation of overcapacity) 5 200 218 238 258
CHP - Chemicals (implemented in situation of overcapacity) 7 200 218 238 258
CHP - Iron and Steel (overcapacity) 2 200 218 238 258
CHP - Tertiary - Medium 1 190 227 267 310
CHP - Tertiary - Medium (implemented in situation of overcapacity) 1 361 398 438 481

Subtotal: Cost ran ge > 50 euro/ t CO2 e q. 101
SF6 Recovery from gas insulated switchgears 1 3 3 3 3

N2O Combustion processes Fluisidised bed after burner 1 2 3 3 4

N2O Combustion processes Fluisidised bed reversed air staging 1 4 4 4 4

Subtotal: Cost range 0 < 20 euro/ t CO2 eq. 3
Cost range < 0 euro / t CO2 eq. 513

Cost range 0 < 20 euro / t CO2 eq. 8

Cost range 20 < 50 euro / t CO2 eq. 17

Cost range > 50 euro / t CO2 eq. 101

Total emission reduction potential 639

Non CO2

Measure Name

Specific costs (euro/tCO2)
at discount ratePollutant

CO2

Source: Sector report on energy supply

22 The ‘overall reduction potential’ of CHP is in the order of 350 Mt CO2 if we take coal fired
power plants as a reference (instead of natural gas fired combined cycle plants).
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An adequate estimate of the potential of CO2 removal is difficult to make. CO2
removal is a technically feasible but economically relatively expensive23 option
to date. Additional research and development efforts are required to bring down
the economic costs as well as better understand the impact, environmental con-
sequences and risks of underground storage. In this study, an EU-wide potential
of 50 Mt of CO2 is assumed to be feasible until the year 2010, but the actual
potential may prove to be much higher. The total technical emission reduction
potential in the energy supply sector is estimated at more than 869 Mt of CO2,
about 45% of the frozen technology reference level in 2010.

Figure 3.1 shows the share in emission reduction by the energy supply sector
categorised in four costs brackets.

Figure 3.1. Energy supply: 1990/1995 base year emissions per greenhouse gas (left),
2010 frozen technology reference level and reduction potentials per cost
bracket (right)
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Source: Sector report on energy supply

23 The costs are estimated conservatively at 50 euro1990/tCO2. In some cases, e.g. CO2 removal
from ammonia production cost may go down to 10 euro1990/tCO2.



14

3.2 FOSSIL FUEL EXTRACTION, TRANSPORT AND
DISTRIBUTION

3.2.1 Description of the sector
In the bottom-up analysis, fossil fuel extraction, transport and distribution sec-
tor comprises the exploration, transport and distribution of oil, natural gas (to-
gether the oil and gas sector) and coal. The total EUoil production amounted to
about 114 million tonnes in 1990. In 1998, the total production had increased to
159 million tonnes. Oil production is estimated to have grown by 40% by the
year 2000 compared to 1990. After 2000 production is expected to steadily de-
crease to a level which is about 10% higher than the production in 1990
[PRIMES, 1999].

Natural gasproduction amounted to about 5.6 EJ in 1990, and gradually in-
creased to 7.5 EJ in 1998. After 2000 the production is expected to increase to
8 EJ. The consumption of natural gas will increase from 8.6 EJ in 1990 to over
15 EJ in 2010.

Between 1971 and 1992 world production ofhard coalgrew at 2 to 2.5% per
year. Since then, production volumes have remained approximately the same.
Production in the EU has declined sharply due to the import of cheaper coal
from overseas, in turn a consequence of a decline of subsidies for coal and the
gradual liberalisation of the energy (i.e. electricity and gas) markets. In 1998,
the EU coal production amounted to about 5 EJ. The production is projected to
decline to 3.6 EJ by 2010 [PRIMES, 1999].

Table 3.4. Fossil fuel extraction, transport and distribution sector: 1990 emissions
and 2010 frozen technology reference level for methane (Mt of CO2

equivalent)

Fossil fuel extraction, transport and distribution sector:
Solid fuels and Oil & Gas 1990 2010

CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total
Austria AUT 0 0 0 0 0 0 0 0 0 0
Belgium BEL 0 1 0 0 1 0 1 0 0 2
Germany DEU 0 33 0 0 33 0 17 0 0 17
Denmark DNK 0 0 0 0 0 0 0 0 0 0
Spain ESP 0 14 0 0 14 0 12 0 0 12
Finland FIN 0 0 0 0 0 0 0 0 0 0
France FRA 0 7 0 0 7 0 3 0 0 3
United Kingdom GBR 0 28 0 0 28 0 15 0 0 15
Greece GRC 0 1 0 0 1 0 1 0 0 1
Ireland IRL 0 0 0 0 0 0 0 0 0 0
Italy ITA 0 6 0 0 6 0 6 0 0 6
Netherlands NLD 0 4 0 0 4 0 4 0 0 4
Portugal PRT 0 0 0 0 0 0 0 0 0 0
Sweden SWE 0 0 0 0 0 0 0 0 0 0
European Union EU 0 95 0 0 95 0 60 0 0 61

Source: This study, based on National Communications of Member States to UNFCCC (1999), PRIMES (1999) and
own estimates.
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Table 3.4 shows the emissions in 1990 [UNFCCC, 1999] for the fossil fuel ex-
traction, transport and distribution sector. Methane is the most important green-
house gas emission in this sector. It is estimated that about 75% of methane
emissions stem from fugitive emissions, which is leakage from transportation
and notably distribution pipelines for gas. The main emission source during
extraction of solid fuels is underground ventilation air from coal mining.

Based on activity data, the 2010 reference level of emissions in the fossil fuel
extraction, transport and distribution sector will decrease from 95 Mt of CO2

equivalent in 1990 to 61 Mt of CO2 equivalent in 2010. This reduction is
mainly due to the decrease in coal production. The frozen technology reference
level of emissions from oil and natural production, transport and distribution is
projected to be slightly higher than in 1990.

Table 3.5. Fossil fuel extraction, transport and distribution: Sectoral emission reduc-
tion potential and costs in the EU in 2010 (per greenhouse gas, per cost
bracket)!

Emission
reduction

Mt CO2 eq. 2% 4% 6%
Sector

specific
Oil & Gas: Recompressing of gas during maintenance compressors 0.1 -4 -4 -4 -4
Oil & Gas: Altering start-up procedure during maintenance compressors 0.02 -4 -4 -4 -4
Oil & Gas: No/reduced flusing at start-up compressors 0.03 -4 -4 -4 -4
Oil & Gas: Electrical start-up (new) compressors 0.01 -4 -4 -4 -4
Oil & Gas: Improved sealing compressors 0.03 -4 -4 -4 -4
Oil & Gas: Inspection and maintenance compressors 0.2 -4 -4 -4 -4
Oil & Gas: Inspection and maintenance power equipment 0.1 -4 -4 -4 -4
Coal mining degasification (low recovery rate) 3 -2 -2 -1 0.001
Oil & Gas: Increased gas utilisation 0.1 -2 -1 -1 0.3
Coal mining degasification (medium recovery rate) 3 -1 -1 -0.2 2
Subtotal : Cost ran ges for < 0 euro / t CO2 6
Coal mining degasification (high recovery rate) 2 -0.5 0.1 1 3
Oil & Gas: Associated gas (vented) mix other options 0.1 0.3 1 1 4
Coal mining abatement from ventilation air 1 1 1 2 2
Oil & Gas: Further increased gas utilisation 0.2 1 2 2 5
Oil & Gas: Associated gas (flared) mix other options 0.1 2 3 3 6
Oil & Gas: Flaring instead of venting (onshore) of unused associated gas 0.02 3 3 4 5
Oil & Gas: Use of gas turbines instead of reciprocating engines 0.02 16 18 20 26
Subtotal : Cost ran ge for 0 < 20 euro / t CO2 3
Oil & Gas: Offshore flaring instead of venting of process vents 0.1 19 21 24 32
Oil & Gas: Replacement grey cast iron network low 10 22 36 52 106
Subtotal : Cost ran ges for 20 < 50 euro / t CO2 10
Oil & Gas: Electrical start-up (retrofit) compressors 0.02 65 76 87 128
Oil & Gas: Increasing the pipeline examination frequency 4 77 77 77 77
Oil & Gas: Replacement grey cast iron network high 10 52 80 112 221
Oil & Gas: Flaring instead of venting (offshore) of unused associated gas 0.04 77 86 95 126
Oil & Gas: Inspection and maintenance system 0.3 91 91 91 91
Subtotal : Cost ran ge for < 50 euro / t CO2 14
Total emission reduction potential 34

Specific costs (euro/tCO2)
at discount ratePollutant Measure Name

CH4

Source: Sector report on fossil fuel extraction, transport and distribution
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Figure 3.2. Fossil fuel extraction, transport and distribution: 1990/1995 base year di-
rect and indirect emissions per greenhouse gas (left), 2010 frozen tech-
nology reference level and reduction potentials per cost bracket (right)
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3.2.2 Emission reduction options
Emission reduction options in the oil and gas sector minimise emissions from
associated gas, process vents and flares, engines, turbines, compressors and
pumps, system upsets, and transmission and distribution activities. In coal pro-
duction emission reduction options are directly related to minimising methane
emissions associated with mining activities.

Table 3.5 gives an overview of average specific reduction costs and the poten-
tial for options applicable in the fossil fuel extraction, transport and distribution
sector. The technical potential is estimated at 34 Mt of CO2 equivalent or al-
most 60% of the total projected emissions for 2010. Major emission reductions
can be achieved by improving the natural gas distribution grid as well as by
coalmine degasification measures.

Figure 3.2 shows the share in emission reduction categorised in four costs
brackets.
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3.3 INDUSTRY

3.3.1 Description of the sector
In this study the sector industry is subdivided according to the subsectors used
in the PRIMES model (see Table 3.6 and Annex 4): iron and steel industries,
non-ferrous metal industry, the chemical industry, the non-metallic minerals
(building materials), the pulp and paper industry, and the food, beverage and
tobacco industries. In 1990, the directand indirect emissions of CO2 emissions
in industry of the EU amounted to about 1290 Mt. 581 Mt are direct energy re-
lated emissions and process emissions (excluding electricity and steam produc-
tion), and 706 Mt are related to steam and power production onsite and emis-
sions from the public energy supply sector that are allocated to industry, based
on their energy use.

The frozen technology reference level of CO2 emission would be about 1790
Mt of CO2.

Table 3.6. 1990 energy use, and direct and indirect emissions (power and steam
related) of CO2 (in Mt CO2), and 2010 frozen technology reference level,
thus excluding effects by efficiency improvements, fuel shift and intrasub-
sectoral product shifts.

(Sub)sector
1990 Fuel

use
Direct CO2
emission

Indirect CO2
emission

1990 total
CO2

emissions

2010 frozen
technology

reference level

EJ Mt Mt Mt Mt

Iron and Steel 2.3 198 48 246 266

Non-ferrous metals 0.5 16 33 50 68

Chemicals 2.0 38 217 254 420

Building materials 1.5 204 28 232 276

Paper, pulp and printing 1.0 10 124 135 218

Food, drink, tobaco 0.9 11 96 107 166

Others 1.0 104 160 264 374

Total 9.3 581 706 1287 1789

Note: 1 EJ = 1000 PJ
Source: Primes [1999]

Besides emission of CO2, a number of industrial activities produce emissions of
other greenhouse gases such as nitrous oxide (nitric acid and adipic acid indus-
try) and fluorinated gases (aluminium production, magnesium production, pro-
duction of HFCs), and to a lesser extent of methane.

Table 3.7 gives an overview of the total emissions of greenhouse gases in the
industry in 1990 and the frozen technology reference emission level in 2010.
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Table 3.7. Industry sector: 1990 direct and indirect1) emissions and 2010 frozen
technology reference level (Mt of CO2 equivalent)

Industry sector 1990 2010

CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total
Austria AUT 33 0 1 1 34 45 0 1 2 47
Belgium BEL 52 0 5 1 58 71 0 4 2 76
Germany DEU 402 0 34 16 451 510 0 33 23 566
Denmark DNK 20 0 1 0 21 24 0 1 1 26
Spain ESP 96 0 8 9 113 146 0 6 10 162
Finland FIN 22 0 2 0 24 42 0 1 1 44
France FRA 125 0 29 9 163 196 0 29 12 237
United Kingdom GBR 219 0 33 10 262 326 0 34 12 372
Greece GRC 37 0 2 1 40 49 0 1 1 52
Ireland IRL 12 0 2 0 14 21 0 1 0 23
Italy ITA 174 0 16 7 198 214 0 14 8 236
Netherlands NLD 57 0 10 8 75 81 0 9 5 95
Portugal PRT 20 0 1 0 21 33 0 1 1 35
Sweden SWE 19 0 2 1 21 31 0 1 3 35
European Union EU 1287 3 143 63 1495 1789 3 135 81 2007

1) Including steam and power related emissions
Source: This study, based on National Communications of Member States to UNFCCC (1999), PRIMES (1999)

and own estimates.

3.3.2 Emission reduction options
In the bottom-up analysis, the potential for energy efficiency improvements is
determined at the industrial subsector level. Only emission reduction options
are included that have a high probability of being commercially available be-
fore 2010. Options regarding implementation of new capacity are defined based
on technologies with an efficiency level equal to the best practice value of
1995. These options, however, are not considered in this bottom-up study.
Some important options are improved pressing and heat recovery in pulp and
paper production; vapour recompression; debottlenecking in the petrochemical
industry24; and the application of thin slab casting techniques in the iron and
steel production. Capacity expansion and replacement of existing plants (which
may occur more or less autonomously) may lead to additional reductions. In
many cases, shifts to other product mixes (e.g. primary steel to secondary steel)
may provide the potential to reduce emissions further.

Table 3.8 gives an overview of the average specific reduction costs and poten-
tial for options applicable in the industry sector.

It should be noted that since 1990 the adipic acid industry already achieved a
significant emission reduction which will result in 62 Mt CO2 equivalent lower
emissions in 2010 compared to the frozen technology reference level.

Table 3.8. Industry: Sectoral emission reduction potential and costs in the EU in
2010 (per greenhouse gas, per cost bracket)

(the table is presented on the next two pages)

24 It should be noted that debottlenecking does not in all cases result in energy efficiency im-
provements.
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Emission
reduction

Mt CO2 eq. 2% 4% 6%
Sector

specific
Integrated iron and steel plant Application of continuous casting 1 -237 -230 -223 -198
Minimills Improved process control 2 -77 -76 -74 -71
Petrochemicals Miscellaneous 0.5 -77 -75 -73 -64
Petrochemicals Debottlenecking 6 -77 -75 -73 -64
Pulp Miscellaneous I (Low cost tranche) 2 -70 -67 -63 -51
Pulp Micellaneous II (High cost tranche) 2 -67 -58 -47 -11
Petrochemicals Process integration, e.g. by applying pinch technology 0.3 -61 -56 -51 -35
Ceramics Ceramics - new capacity 3 -54 -54 -54 -54
Other industry Miscellaneous I (Low cost tranche) 54 -55 -53 -51 -45
Glass Electricity savings 0.2 -52 -50 -48 -41
Petrochemicals Fractionation - various options 0.3 -55 -50 -44 -23
Other Chemicals Miscellaneous I (Low cost tranche) 38 -52 -49 -46 -34
Other Food Food, beverages and tobacco - micellaneuous I (Low cost tranche) 20 -52 -49 -45 -34
Ceramics Miscellaneous 11 -49 -47 -44 -37
Glass Glass - new capacity 0.4 -45 -45 -45 -45
Other Building materials Miscelleneous - building materials 6 -46 -44 -42 -34
Glass Raising cullet percentage in raw material 1 -44 -44 -44 -44
Paper Paper - New capacity 8 -43 -43 -43 -43
Cement Electricity savings 1 -43 -39 -36 -24
Cement Cement - new capacity 5 -38 -38 -38 -38
Fertilisers Process integration, e.g. by applying pinch technology 0.1 -40 -37 -35 -27
Other Food Food, beverages and tobacco - micellaneuous II (High cost tranche) 28 -44 -35 -26 1
Paper Miscellaneous I (Low cost tranche) 14 -38 -35 -33 -24
Cement Reduce clinker content of cement 1 -34 -34 -34 -34
Cement Improving wet process kilns 2 -34 -34 -34 -34
Cement Use of waste derived fuels 3 -33 -33 -33 -33
Cement Optimisation of heat recovery of clinker cooler 1 -32 -31 -31 -30
Integrated iron and steel plant Pulverised coal injection up to 30% in the blast furnace (primary steel) 1 -32 -30 -27 -19
Fertilisers Efficient CO2-separation (e.g. by using membranes) 0.03 -32 -29 -25 -13
Paper Improved drying, e.g. condensing belt drying 0.7 -29 -28 -27 -24
Paper Miscellaneous II (High costtranche) 11 -37 -26 -15 19
Petrochemicals Cracking furnace - variuous options 0.2 -32 -23 -13 20
Other industry Miscellaneous II (High costtranche) 54 -25 -22 -19 -10
Sugar Miscellaneous 4 -20 -12 -4 21
Other non-ferro Other non-ferro metals - miscellaneuous 10 -16 -11 -6 10
Glass Batch and cullet preheating 1 -14 -11 -8 4
Other Chemicals Miscellaneous II (High costtranche) 33 -17 -11 -3 21
Cement Application of multi-stage preheaters and pre-calciners 0.2 -18 -10 -1 28
Paper Pressing to higher consistency, e.g. by extended nip press (paper making) 5 -13 -9 -4 12
Dairy Application of efficient evaporation processes (dairy) 1 -19 -8 3 37
Paper Reduced air requirements, e.g. by humidity control in paper machine drying

hoods
6 -12 -6 1 23

Subtotal: Cost ran ge < 0 euro / t CO2 e q. 334
Integrated iron and steel plant Integrated mills - new capacity 2 0 0 0 0
Minimills Scrap preheating in electric arc furnaces (secondary steel) 0.3 0 0 0 0
Minimills Oxygen en fuel injection in electric arc furnaces (secondary steel) 1 0 0 0 0
Minimills Minimills - new capacity 15 0 0 0 0
Other chemicals Replacement of mercury and diaphragm processes by membrane

electrolysis (chlorine)
6 0 0 0 0

Iron and steel Miscellaneous I (Low cost tranche) 12 -1 2 5 16
Pulp Refiner improvements 1 -2 2 7 22
Glass Improved melting technique and furnace design 0.8 -1 4 8 24
Fertilisers Low pressure ammonia synthesis 0.01 -1 5 11 31
Fertilisers Fertilisers - new capacity 0.2 -1 5 11 31
Fertilisers Gas turbine integration 0.2 2 11 21 54

Subtotal: Cost ran ge 0 < 20 euro / t CO2 e q. 38
Pulp Heat recovery in TMP 7 30 31 32 36
Iron and steel Thin slab casting techniques 1 23 33 43 78
Integrated iron and steel plant Recovery of process gas from coke ovens, blast furnaces and basic oxygen

furnaces (primary steel)
1 32 36 41 56

Iron and steel Miscellaneous II (High costtranche) 11 41 47 53 74
Subtotal: Cost ran ge 20 < 50 euro / t CO2 e q. 20

Fertilisers Advanced reforming 0.1 50 65 81 134
Aluminium Retrofit existing Hall-Héroult process (e.g. alumina point-feeding, computer

control)
0.5 53 72 92 159

Integrated iron and steel plant Efficient production of low-temperature heat (heat recovery from high-
temperature processes)

2.5 114 135 157 231

Aluminium Wettable cathode 0.4 275 328 386 578
Subtotal: Cost ran ge > 50 euro / t CO2 e q. 3

Subsector / application

Specific costs (euro/tCO2)
at discount ratePollutant Measure Name

CO2
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Other industry Industrial processes Adipic acid 66 0.1 0.1 0.2 0.2
Other industry Industrial processes Nitric acid 22 0.4 0.4 0.4 0.5

Subtotal: Cost ran ge 0 < 20 euro / t CO2 e q. 89
Other Food Industrial refrigeration: hydrocarbons and NH3 1 -9 -9 -8 -7

Subtotal: Cost ran ge < 0 euro / t CO2 e q. 1
Other light industry Oxidation of HFC-23 7 0.2 0.2 0.2 0.3
Food, Drink & Tobacco Foam PU-one component: hydrocarbons 3 0.3 0.4 0.4 1
Non-ferrous Metals Foam PU-pipe in pipe: pentane 0.1 2 2 3 4
Other industry Industrial food refrig.: hydrocarbons and NH3 2 1 3 5 12
Chemical industry Foams XPS: carbon dioxide 6 6 6 6 7
Chemical industry Aerosols: hydrocarbons 2 9 10 11 15
Non-ferrous Metals Foam PU-spray: water 1 18 18 19 19

Subtotal: Cost ran ge 0 < 20 euro / t CO2 e q. 23
Chemical industry Foam PU-flexible faced laminate: pentane 1 21 21 21 22
Non-ferrous Metals Foam PU-discontinuous panels: pentane 1 26 27 28 30
Food, Drink & Tobacco Foam PU-blocks: pentane 1 26 27 29 33
Other industry Foam PU-continuous panels: pentane 0.2 32 32 33 33

Subtotal: Cost ran ge 20 < 50 euro / t CO2 e q. 3
Other industry Foam PU-appliances: pentane 0.2 62 63 65 69

Subtotal: Cost ran ge > 50 euro / t CO2 e q. 0.2
Other industry Aluminium: Side worked pre-baked anode cell (SWPB) conversion 5 -3 -2 -2 0.1
Other industry Semiconductors: etch - alternative chemicals 1 0 0 0 0.0
Other industry Aluminium: Vertical stud Soderberg anode (VSS) retrofit 0.3 0 1 1 2.7
Other industry Semiconductors: Chemical vapour deposition (CVD), NF3 10 27 28 28 30.3
Other industry Semiconductors: etching - oxidation 3 78 79 80 83.1

Subtotal: All cost ran ges 20
Other industry Magnesium production: use of SO2 as protection gas 3 0.3 0.3 0.4 0.5

Subtotal: Cost ran ge 0 < 20 euro / t CO2 e q. 3
Cost range < 0 euro / t CO2 eq. 340
Cost range 0 < 20 euro / t CO2 eq. 153
Cost range 20 < 50 euro / t CO2 eq. 33
Cost range > 50 euro / t CO2 eq. 6
Total emission reduction potential 533

PFC

SF6

HFC

N2O

Source: Sector report on industry

Figure 3.3. Industry: 1990/1995 base year direct and indirect emissions per green-
house gas (left), 2010 frozen technology reference level and reduction
potentials per cost bracket (right)
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The technical reduction potential of all greenhouse gases is estimated at about
533 Mt of CO2 equivalent. The table shows that over 90% of the potential can
be attained at costs below 20 euro per tonne of CO2 equivalent.

The reduction amounts to 1008 Mt of CO2 equivalent or about 50% of total di-
rect and indirect industrial frozen technology reference level emissions if the
technical emission reduction potential of the energy supply sector that is allo-
cated to the industry sector is included in the calculation of the reduction po-
tential.

Figure 3.3 shows the share in emission reduction categorised in four cost
brackets.
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3.4 TRANSPORT

3.4.1 Description of the sector
Transport demand is projected to grow significantly by 2010. In the PRIMES
model, passenger transport grows from 4.6 trillion (1012) passenger kilometres
in 1995 to 5.8 trillion in 2010 (+26%). Transport of goods is projected to grow
by over 30% from 1.6 trillion tonne-km in 1995 to 2.1 trillion tonne-km in
2010. Passenger cars and freight vehicles account for over three-quarters of
emissions. Another main source of emissions is domestic and international
aviation25. Minor sources of emission are rail, and inland and maritime naviga-
tion.

Besides emission originating from combustion of fuel, transportation also con-
tributes to emissions of industrial fluorinated greenhouse gases associated with
mobile air conditioning and nitrous oxide from the use of catalytic converters.

Table 3.9 shows the emissions in 1990 for the transport sector. Carbon dioxide
forms the greatest portion of the emissions. In the frozen technology reference
level, emissions rise by 40% from 1990 to 2010. The emissions of fluorinated
gases rise in relatively substantially amounts (from 2 to 24 Mt of CO2–equiva-
lent), but form 2% of total emissions. Because of extended use of catalysts,
emissions of nitrous oxide grow from 12 to 38 Mt of CO2 equivalent.

Table 3.9. Transport sector: 1990 direct and indirect emissions and 2010 frozen
technology reference level (Mt of CO2 equivalent)

Transport sector 1990 2010
CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total

Austria AUT 16 0 0 0 16 23 0 1 1 25
Belgium BEL 35 0 1 1 36 33 0 1 1 34
Germany DEU 177 1 3 0 182 235 1 10 7 253
Denmark DNK 14 0 0 0 14 18 0 0 0 19
Spain ESP 67 0 1 0 68 108 0 3 2 113
Finland FIN 13 0 1 0 14 17 0 2 0 19
France FRA 123 1 1 0 125 160 0 3 4 168
United Kingdom GBR 137 1 1 0 139 178 0 3 4 186
Greece GRC 18 0 0 0 18 50 0 1 0 50
Ireland IRL 6 0 0 0 6 10 0 0 0 11
Italy ITA 100 1 1 0 103 138 1 5 4 147
Netherlands NLD 31 0 2 0 33 48 0 5 1 54
Portugal PRT 11 0 0 0 12 22 0 1 0 23
Sweden SWE 21 0 1 0 22 27 0 3 0 31
European Union EU 769 5 12 2 788 1067 3 38 24 1132

Source: This study and sector report on transport, based on National Communications of Member States to
UNFCCC (1999), PRIMES (1999) and own estimates.

25 Emissions from international aviation should not be taken into account both in the reported
emissions and in the emission reduction potential. However, due to the fact that no data exist
yet on the split between domestic and international air transport emissions, total emission are
reported.
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The voluntary agreements reached with European (ACEA), Japanese (JAMA)
and Korean (KAMA) car manufacturers to reduce the average CO2 emissions
for all new cars is not incorporated in the frozen technology reference level.
The full implementation of the these agreements would reduce CO2 emissions
by about 75 Mt CO2 in 2010 [PRIMES, 1999].

3.4.2 Emission reduction options
The sector study on transport considers options for reducing greenhouse gas
emissions from the two main sources of transport related emissions: passenger
cars and freight vehicles. Three types of options are identified: operational,
strategic and demand related options. The latter two generally rely on influ-
encing behaviour. Due to data unavailability and the influence of localised pa-
rameters on effectiveness estimates of costs and impacts across the EU could
not be made. An overview of such measures is given in the sector report on
transport.

Table 3.10. Transport: Sectoral emission reduction potential and costs in the EU in
2010 (per greenhouse gas, per cost bracket)

Emission
reduction

Mt CO2 eq. 2% 4% 6%
Sector

specific
Rolling Resistance Improvement 11 -72 -72 -72 -72
Engine improvement 4 -65 -64 -63 -60
Aerodynamics - Cab Roof Fairing 3 -54 -51 -48 -37
Aerodynamics - Cab Roof Deflector 2 -51 -47 -44 -32
Subtotal: Cost ran ge for < 0 euro / t CO2 e q. 19
Lightweight Interior components - Petrol cars 1 -2 8 18 84
Variable Valve Lift Timing + Cylinder Deactivation 23 8 19 30 105
Driver Training - Heavy Goods Vehicles (HGV) Drivers 11 19 19 19 19
Subtotal: Cost ran ge for 0 < 20 euro / t CO2 e q. 35
Basic package - Diesel cars 2 28 41 55 145
Subtotal: Cost ran ge for 20< 50 euro / t CO2 e q. 2
Lightweight Interior components - Diesel cars 0.2 63 81 100 228
Petrol to Diesel shift 8 65 82 101 226
Advanced Gasoline Direct Injection (advanced: "DISC") 19 74 92 112 246
Basic package - Petrol cars 9 100 122 145 303
Lightweight structure - Petrol cars 10 184 217 252 485
Lightweight structure - Diesel cars 2 282 327 375 695
Subtotal: Cost ran ge for > 50 euro / t CO2 e q. 48
Mobile air conditioning: leakage red. 7 5 6 7 13
Subtotal: Cost ran ge for 0 < 20 euro / t CO2 e q. 7
Transport refrigeration: leakage reduction 3 29 29 30 32
Mobile air conditioning: recovery of HFCs 4 31 31 32 39
Subtotal: Cost ran ge for 20 < 50 euro / t CO2 e q. 6
Cost range < 0 euro / t CO2 eq. 19
Cost range 0 < 20 euro / t CO2 eq. 41
Cost range 20 < 50 euro / t CO2 eq. 8
Cost range > 50 euro / t CO2 eq. 48
Total emission reduction 116

HFC

Specific costs (euro/tCO2)
at discount ratePollutant Measure Name

CO2

Note: Interaction between options is not accounted for. The effect on yearly costs is calculated using fuel prices
excluding taxes.

Source: Sector report on transport.

Table 3.10 gives an overview of the average specific reduction costs and po-
tential for options applicable in the transport sector.
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Total emission reduction is estimated at about 116 Mt in 2010 from the frozen
technology reference level. 62% of this amount can be reduced from passenger
cars, the remaining 27% from freight transport, and about 11% from reducing
emissions from air conditioning systems. The reduction from passenger cars is
effectively the amount that is expected to be reduced due to the agreements
with ACEA, JAMA and KAMA.
Figure 3.4 show the share in emission reduction in the transport sector catego-
rised in four costs brackets.

Figure 3.4. Transport: 1990/1995 base year direct and indirect emissions per green-
house gas (left), 2010 frozen technology reference level and reduction
potentials per cost bracket (right)
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3.5 HOUSEHOLDS

3.5.1 Description of the sector
Almost 20% of energy in the EU is consumed by households. There were about
140 million dwellings in the EU in 1995. It is expected that the number of
dwellings will rise to 156 million in 2010. The average energy consumption of
a dwelling in a country depends on many country specific circumstances. Of
most importance are factors of the climate, local building construction, national
building regulations and the age distribution profile of dwellings.

Table 3.11 gives an overview of the direct and indirect emission of greenhouse
gases in the household sector in 1990 and the frozen technology reference level
in 2010. The frozen technology reference emission level of the household sec-
tor in 2010 is about 843 Mt compared to 750 Mt of CO2 in 1990. The growth is
caused by the projected increase in the living area as well as the number of
households in the EU, assuming that there are no improvements in the thermal
efficiencies in new buildings and household appliances.

Table 3.11. 1990 direct and indirect emissions and 2010 frozen technology reference
level in the household sector (Mt of CO2 equivalent).

Household sector 1990 2010

CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total
Austria AUT 13 0 0 0 13 15 0 0 0 16
Belgium BEL 26 0 0 0 26 29 0 0 0 29
Germany DEU 236 0 0 0 236 233 0 0 0 233
Denmark DNK 12 0 0 0 12 13 0 0 0 13
Spain ESP 33 0 0 0 33 42 0 0 0 42
Finland FIN 11 0 0 0 12 17 0 0 0 17
France FRA 90 0 0 0 90 112 0 0 0 112
United Kingdom GBR 151 0 0 0 151 171 0 0 0 171
Greece GRC 14 0 0 0 14 18 0 0 0 18
Ireland IRL 9 0 0 0 9 11 0 0 0 11
Italy ITA 106 0 0 0 106 116 0 0 0 116
Netherlands NLD 35 0 0 0 35 45 0 0 0 45
Portugal PRT 6 0 0 0 6 10 0 0 0 10
Sweden SWE 7 0 0 0 7 9 0 0 0 9
European Union EU 749 0 0 0 750 841 0 0 2 843

Source: This study, based on National Communications of Member States to UNFCCC (1999), PRIMES (1999) and
own estimates.

3.5.2 Emission reduction options
There are numerous options to reduce emissions in households. The most im-
portant options, in terms of reduction potential, are identified and characterised.
The remaining ‘small’ options are grouped in one option under the title ‘mis-
cellaneous’.

The main household emission reduction option categories are insulation of ex-
isting buildings, energy-efficiency improvements in new buildings, advanced
heating systems and energy efficient electric appliances. Improved refrigeration
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systems and the use of alternative foams are options to reduce emissions of
fluorinated gases.

Table 3.12 gives an overview of the average specific reduction costs and po-
tential for options applicable in the household sector.

Table 3.12. Households: Sectoral emission reduction potential and costs in the EU in
2010 (per greenhouse gas, per cost bracket)

Emiss io n
reduct io n

M t C O2 eq. 2% 4% 6%
Secto r

specif ic

Energy efficient TV and video equipment 1 -194 -194 -194 -194

Very energy efficient refrigerators and freezers 0.5 -187 -187 -187 -187

Efficient lighting: Best Practice (partly implemented) 1 -182 -181 -181 -178

Efficient lighting: Best Practice (fully implemented) 2 -178 -178 -177 -175

M iscellaneous options (cheap tranche) 11 -165 -165 -165 -165

M iscellaneous options (moderate costs tranche) 11 -157 -156 -155 -146

Efficient refrigerators and freezers: Best Practice 3 -75 -57 -38 94

Retro fit houses: wall insulation 28 -70 -42 -11 198

Retro fit houses: roof insulation 26 -46 -29 -10 119

Subto ta l: C o st range < 0 euro / t C O2 eq. 83

New energy efficient residential houses: Best Practice 12 -32 -11 11 167

Subto ta l: C o st range 0 < 20 euro / t C O2 eq. 12

Efficient washing machines, clothes dryers, dishwashers: Best Practice 1 -19 7 34 223

Retro fit houses: (highly) insulated windows 49 -14 10 36 216

Advanced heating systems: condensing boilers 15 29 50 73 229

Subto ta l: C o st range 20 < 50 euro / t C O2 eq. 66

Geothermal heat production 0.2 46 58 71 85

New very energy efficient residential houses: Zero Energy 3 37 71 109 371

Solar thermal 8 0 272 319 369

Advanced heating systems: heat pumps / 1 16 383 432 483 839

Subto ta l: C o st range > 50 euro / t C O2 eq. 28

Domestic refrigeration: hydrocarbons 1 3 3 3 5

Subto ta l: C o st range: 0 < 20 euro / t C O2 eq. 1

T o ta l po tent ia l emiss io n reduct io n 190

H F C

C O2

M easure N ame

Specif ic co s ts (euro / t C O2)
at disco unt rate

P o llutant

/ 1 based on averagy fuel/electricity use, replacing electric heating systems may reduce costs down to zero costs fo r the 4%
discount case

Source: Sector report on households and services

In 2010, an emission reduction potential of almost 190 Mt of CO2 is identified
compared with the frozen technology reference level. Improving energy per-
formance of existing houses has a large reduction potential.

Figure 3.5 show the share of emission reduction in the household sector catego-
rised in four costs brackets.
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Figure 3.5. Households: 1990/1995 base year direct and indirect emissions per
greenhouse gas (left), 2010 frozen technology reference level and reduc-
tion potentials per cost bracket (right)).
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Source: Sector report on households and services.

3.6 SERVICES

3.6.1 Description of the sector
About 12% of energy in the EU is consumed by commercial and public serv-
ices. The energy consumption of a services sector depends greatly on the con-
ditions required to provide a good indoor-climate and on the equipment used to
satisfy specific comfort requirements. The five most important energy-
functions are heating, cooling, transport of air, heat and cold, lighting and of-
fice equipment.
Table 3.13 gives an overview of the total emission of greenhouse gases in the
services sectors in 1990 and the frozen technology reference level in 2010. The
frozen technology reference level is almost 687 Mt CO2 equivalent in 2010 in
the services sector while the base year emissions were 438 Mt of CO2 equiva-
lent. The increase is due to the projected growth of the services sector (e.g.
more office space and retail outlets) in of the EU as well as the increased de-
mand for cooling and increased use of appliances.
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Table 3.13. Services sector: 1990 direct and indirect emissions and 2010 frozen tech-
nology reference level (Mt of CO2 equivalent)

Services sector 1990 2010

CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total
Austria AUT 6 0 0 0 7 9 0 0 0 10
Belgium BEL 13 0 1 0 14 21 0 1 0 22
Germany DEU 163 3 2 0 167 173 3 1 2 178
Denmark DNK 8 0 0 0 8 10 0 0 0 10
Spain ESP 23 1 1 0 25 52 1 1 0 54
Finland FIN 6 0 0 0 6 11 0 0 0 12
France FRA 37 3 1 0 41 71 3 1 1 76
United Kingdom GBR 73 1 1 0 75 131 1 0 1 134
Greece GRC 9 0 1 0 10 26 0 0 0 26
Ireland IRL 4 0 0 0 4 9 0 0 0 9
Italy ITA 37 0 4 0 41 69 0 2 1 73
Netherlands NLD 21 0 0 0 21 36 0 0 0 37
Portugal PRT 5 0 0 0 6 17 0 0 0 18
Sweden SWE 7 0 0 0 8 11 0 0 0 11
European Union EU 413 10 11 0 435 647 10 8 6 671

Source: This study, based on National Communications of Member States to UNFCCC (1999), PRIMES (1999) and
own estimates.

3.6.2 Emission reduction options
There are numerous options to reduce emissions in the services sector. The
most important options, in terms of reduction potential, are identified and char-
acterised. The remaining ‘small’ options are grouped in one option under the
title ‘miscellaneous’. The main emission reduction option categories in the
services sector are improved building shells, more energy efficient new build-
ings, improved cooling systems, energy management systems in buildings, im-
proved lighting systems and improved electric office appliances. Improved re-
frigeration systems and the use of alternative foams are options to reduce emis-
sions of fluorinated gases.

Table 3.14 gives an overview of the average specific reduction costs and po-
tential for options applicable in the services sector.

In 2010, an emission reduction potential of 126 Mt of CO2 is identified com-
pared with the frozen technology reference level. Improving energy perform-
ance of existing buildings has a large reduction potential. Also improved cool-
ing systems have a large emission reduction potential.

Figure 3.6 shows the share of emission reduction in the services sector catego-
rised in four costs brackets.
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Table 3.14. Services: Sectoral emission reduction potential and costs in the EU in
2010 (per greenhouse gas, per cost bracket)

Emission
reduction

Mt CO2 eq. 2% 4% 6%
Sector

spec ifi c

Office equipment: Best Practice 3 -178 -178 -178 -178

Building Energy Management Systems (BEMS): electricity 3 -178 -178 -178 -178

Efficient space cooling equipment 1 -172 -172 -171 -167

Lighting: Best Practice level 1 2 -161 -159 -158 -153

Lighting: Best Practice level 2 1 -147 -144 -141 -132

Building Energy Management Systems (BEMS): space heating and cooling 42 -129 -129 -129 -129

Retrofit services buildings: improving building shell: wall insulation 14 -59 -26 12 140

Retrofit services buildings: improving building shell: roof insulation 13 -28 -8 15 93

Subtotal: Cost range < 0 euro / t CO2 eq. 80

Retrofit services buildings: improving building shell: windows 31 7 35 66 171

New services buildings: Energy efficiency level 1 9 100 146 197 372

New services buildings: Energy efficiency level 2 3 237 312 393 673

Subtotal: Cost range 20 < 50 euro / t CO2 eq. 43

Stationary air conditioning DX (distributed technology): leak reduction 1 37 37 38 40

Stationary air conditioning chiller: HC and NH3 1 39 42 45 54

Commercial refrigeration: leakage reduction 2 48 49 50 54

Subtotal: Cost range 20 < 50 euro / t CO2 eq. 3

Total potential emission reduction 126

Measure Name

Specific costs (euro/tCO2)
at discount rate

CO2

Pollutant

HFC

Source: Sector report on households and services

Figure 3.6. Services: 1990/1995 base year direct and indirect emissions per green-
house gas (left), 2010 frozen technology reference level and reduction
potentials per cost bracket (right)
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3.7 AGRICULTURE

3.7.1 Description of the sector
Within the agricultural sector two ‘subsectors’ are distinguished:Livestock, i.e.
methane and nitrous oxide emissions resulting from fermentation and manure
management and nitrous oxide emissions fromSoils. The 1992 Common Agri-
cultural Policy (CAP) reforms had an impact on a number of parameters that
affect both methane and nitrous oxide emissions. On the livestock side there
have been changes in types and number of livestock, and an enhancement of
the trend towards improved livestock productivity. On the arable side, the shift
from production based support mechanisms to direct area based payments, has
led to pressure to optimise the use of inputs economically, and a general reduc-
tion in fertiliser use. The increasing emphasis on environmental protection, e.g.
from nitrate leaching, has also led to more careful use of both organic and inor-
ganic fertilisers. In assessing emission reduction options and projecting emis-
sions from this sector, it is important that the continuation of these trends that
are expected to be brought about by the most recent CAP reforms, are taken
into account. Several other points are also relevant for the agricultural sector:
• Agricultural practices vary significantly, not just within the EU, but within

individual Member States and within a single region of a Member State.
This makes definition of typical savings or applicability of an option diffi-
cult.

• An integrated approach to the assessment of reduction options is necessary;
both CH4 and N2O are emitted and care must be taken that options which
reduce emissions of one while possibly increasing emissions of another,
still lead to a net decrease in Global Warming Potential (GWP) weighted
emissions.

• A number of other pollutants are of concern; particularly ammonia and ni-
trates, and again care must be taken that emission reduction options do not
increase releases of these pollutants.

There are three main sources of emissions of greenhouse gas emissions from
agriculture:
• N2O emissions from soils;
• CH4 emissions from enteric fermentation;
• CH4 and N2O emissions from manure management.

Table 3.15 gives an overview of the total emissions of greenhouse gases in the
agricultural sector in 1990 and the frozen technology reference level in 2010.
One of the main influences on agricultural emissions is livestock numbers and a
projection of livestock numbers in 2010 was therefore made to provide a basis
for estimating future agricultural emissions. The frozen technology reference
level does not include the effect of the emission reduction options discussed in
Section 3.7.2.
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Table 3.15. Agricultural sector: 1990 direct emissions and 2010 frozen technology
reference level (Mt of CO2 equivalent).

Agricultural sector 1990 2010

CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total
Austria AUT 0 4 1 0 5 0 4 1 0 5
Belgium BEL 0 9 3 0 12 0 7 3 0 10
Germany DEU 2 40 30 0 72 2 29 27 0 58
Denmark DNK 0 7 10 0 17 0 6 9 0 15
Spain ESP 1 19 20 0 40 1 22 20 0 43
Finland FIN 0 2 3 0 5 0 2 3 0 4
France FRA 1 34 56 0 92 1 32 55 0 88
United Kingdom GBR 0 22 31 0 53 1 20 28 0 49
Greece GRC 1 6 7 0 13 1 5 5 0 11
Ireland IRL 0 13 7 0 21 0 16 8 0 24
Italy ITA 1 19 23 0 43 1 17 22 0 40
Netherlands NLD 11 11 7 0 28 17 9 6 0 32
Portugal PRT 0 4 2 0 7 0 4 2 0 7
Sweden SWE 0 3 5 0 9 0 3 5 0 9
European Union EU 17 194 206 0 417 24 178 194 0 396

Source: This study, based on National Communications of Member States to UNFCCC (1999), PRIMES (1999) and
own estimates.

3.7.2 Emission reduction options
Emission reduction options in the agricultural sector minimise enteric methane
emissions from ruminants by improving feed conversion efficiency, by in-
creasing animal productivity and by improving rumen efficiency through the
use of feed additives. Options to reduce emissions from manure are changing
feed intake and digestibility and improved manure management systems. For
reducing emissions from soil various options are identified, but for most of
them the potential, applicability and costs could not be well identified. Mainly,
because the ‘driving force’ of most for implementing these options is not to re-
duce emissions. Table 3.16 gives an overview average of specific reduction
costs and potentials for options applicable in the agricultural sector.

The total technical reduction potential is estimated at 21 Mt of CO2 equivalent,
about 6% of 2010 frozen technology reference level. The main reduction is in
methane emissions, which could decrease by about 8% from the 2010 frozen
technology reference level. The reduction potential given assumes that all
measures can be implemented in full and that there are no interactions between
measures. For some measures, these assumptions remain uncertain.

Note that (energy related) CO2 emissions from the agricultural sector were not
analysed in the bottom-up study mainly because they are fairly small.

Figure 3.7 shows the share in emission reduction categorised in four costs
brackets.
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Table 3.16. Agriculture: Sectoral emission reduction potential and costs in the EU in
2010 (per greenhouse gas, per cost bracket)

Emission
reduction

Mt CO2 eq. 2% 4% 6%
Sector

specific
Enteric fermentation: replace roughage by concentrates - dairy 0.3 -212 -212 -212 -212
Enteric fermentation: replace roughage by concentrates - non-dairy 0.4 -212 -212 -212 -212
Enteric fermentation: change composition concentrates by extra fat -
dairy 0.2 -70 -70 -70 -70
Enteric fermentation: change composition concentrates by extra fat -
non-dairy 0.1 -70 -70 -70 -70
Enteric fermentation: improved level feed intake - non-dairy 3 -49 -49 -49 -49
Enteric fermentation: improved level feed intake - dairy 2 -49 -49 -49 -49

Manure: farm scale anaerobic digestion cooler countries (heat&power) 1 -59 -46 -31 17
Enteric fermentation: change composition concentrates by Non
Structural Carbohydrates - non-dairy 0.2 -16 -16 -16 -16
Enteric fermentation: change composition concentrates by Non
Structural Carbohydrates - dairy 0.4 -16 -16 -16 -16
Manure: centralised anaerobic digestion - cooler countries 1 -9 -6 -2 12
Common Agricultural Policy Reforms Set-Aside 6 0 0 0 0
Manure: slowing down anaerobic decomposition 1 0 0 0 0
Subtotal : Cost ran ge < 0 euro / t CO2 14
Manure: farm scale anaerobic digestion - warmer countries
(heat&power) 1 18 23 29 48
Enteric fermentation: propionate precursors - dairy 1 32 32 32 32

Manure: farm scale anaerobic digestion - warmer countries (heat only) 3 35 38 42 54
Subtotal : Cost ran ge 20 < 50 euro / t CO2 4
Enteric fermentation: proprionate precursors - non dairy 0.3 67 67 67 67

Manure: farm scale anaerobic digestion - cooler countries (heat only) 2 131 143 157 202
Subtotal : Cost ran ge > 50 euro / t CO2 2
Total emission reduction o ptions 21

Pollutant Measure Name

Specific costs (euro/tCO2)
at discount rate

CH4 & N2O

Source: Sector report on agriculture

Figure 3.7. Agriculture: 1990/1995 base year direct and indirect emissions per green-
house gas (left), 2010 frozen technology reference level and reduction
potentials per cost bracket (right).
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3.8 WASTE

3.8.1 Description of the sector
Waste is recycled, composted, landfilled or incinerated. The extent to which
landfills are currently deployed as a waste management option in Member
States varies significantly, but for many, it is still a major route for treatment of
disposal of solid wastes. During the mid-90s, the total amount of solid waste in
the EU amounted to about 158 Mt. About 65% of this was landfilled, 18% in-
cinerated, 10% recycled, and 6% composted.

The recent approval of the Landfill Directive requires the amount of biodegrad-
able waste going to landfill to be reduced, and methane emissions to be cap-
tured. The directive is thus likely to bring about substantial changes in waste
management practices.

In landfills anaerobic methanogenic bacteria break down biodegradable carbon
compounds and produce methane. The main factor affecting landfill gas gen-
eration is the composition of the waste. In engineered landfill sites methane
may be (i) recovered and combusted; (ii) emitted from the landfill through
pipes and vented to the atmosphere; (iii) oxidised as it passes aerobic regions,
or (iv) stored in the landfill. The Landfill Directive requires the installation of
gas recovery at all new sites in the future.

Between 1990 and 1995 emissions fell by 1.3% across the EU15 as a whole.
Estimates of landfill emissions generally have a fairly high level of uncertainty,
mainly because of difficulties in estimating accurately emissions from what is a
complex mechanism.

Table 3.17 shows the emissions in 1990 [UNFCCC, 1999] for the waste sector.
Methane forms the major part of the emissions. Emissions of CO2 by waste in-
cineration are reported under energy supply. The emissions for 2010 in the ta-
ble are based on the frozen technology reference level26. Under this assump-
tion, landfill emissions in the EU rise slightly (by 2%) by 2010. In practice
emissions are expected to be considerably lower than this, due to the imple-
mentation of both the landfill directive and national policies.

26 Reference level assumptions waste generation per capita, proportion of waste disposed of to
landfill and landfill gas recovery rates are all assumed to remain constant. The Landfill Direc-
tive is not taken into account.
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Table 3.17. Waste sector: 1990 direct emissions and 2010 frozen technology refer-
ence level (Mt of CO2 equivalent).

Waste sector 1990 2010

CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total
Austria AUT 0 5 0 0 5 0 5 0 0 5
Belgium BEL 1 4 0 0 5 1 4 0 0 5
Germany DEU 0 40 1 0 41 0 41 1 0 42
Denmark DNK 0 1 0 0 1 0 1 0 0 1
Spain ESP 0 10 0 0 10 0 10 0 0 10
Finland FIN 0 5 0 0 5 0 4 0 0 4
France FRA 3 17 1 0 22 3 18 1 0 22
United Kingdom GBR 1 24 0 0 25 1 25 0 0 26
Greece GRC 0 2 0 0 2 0 2 0 0 2
Ireland IRL 0 3 0 0 3 0 3 0 0 3
Italy ITA 1 18 0 0 18 1 18 0 0 19
Netherlands NLD 2 12 0 0 13 2 12 0 0 13
Portugal PRT 0 12 1 0 13 0 12 1 0 13
Sweden SWE 0 2 0 0 2 0 2 0 0 2
European Union EU 8 155 4 0 166 8 158 4 0 169

Source: This study, based on National Communications of Member States to UNFCCC (1999), PRIMES (1999) and
own estimates.

3.8.2 Emission reduction options
By treating biodegradable waste by other means, rather than disposing of it to
landfill, methane emissions from landfilling are avoided. Alternatives include:
• composting of biodegradable components of waste;
• anaerobic digestion of biodegradable components of waste;
• bio-mechanical pre-treatment of whole waste;
• incineration of whole waste;
• recycling of paper and cardboard.

Alternatively, landfill gas can be collected and combusted or oxidation of the
landfill gas in the landfill gap can be improved, thus avoiding the methane es-
caping to the atmosphere.

Table 3.18 gives an overview of average specific reduction costs and potentials
for options applicable in the waste sector. Total emission reduction, compared
to the frozen technology reference level, is estimated at 67 Mt of CO2. About
32 Mt is currently obtained. About 35 Mt of CO2 could be obtained by planned
activities related to the Landfill Directive.

Figure 3.8 shows the share in emission reduction categorised in four costs
brackets.
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Table 3.18. Waste: Sectoral emission reduction potential and costs in the EU in 2010
(per greenhouse gas, per cost bracket)

Emission
reduction

Mt CO2 eq. 2% 4% 6%
Sector

specific
Landfill diversion: Paper recycling 1 -40 -35 -30 -13
Landfill: Heat production 1 -16 -16 -16 -15
Landfill: Electricity generation 5 -2 -2 -2 -0.3
Landfill: Upgrade to SNG (synthetic natural gas) 0.4 -0.4 -0.1 0.2 1
Subtotal : Cost ran ge for < 0 euro / t CO2 7
Landfill: Flaring 6 1 1 1 1
Landfill: Increased oxidation 11 5 5 6 10
Landfill diversion: Anaerobic digestion (1) 2 9 15 20 39
Subtotal : Cost ran ge for 0 < 20 euro / t CO2 19
Landfill diversion: Incineration (1) 23 23 29 36 60
Landfill diversion: Composting (1) 2 45 49 53 68
Subtotal : Cost ran ge for 20 < 50 euro / t CO2 24
Landfill diversion: Composting (2) 1 59 63 68 85
Landfill diversion: mechanical-biological pretreatment (MBT) 7 75 79 83 98
Landfill diversion: Anaerobic digestion (2) 1 87 93 99 121
Landfill diversion: Incineration (2) 10 84 99 115 169
Subtotal : Cost ran ge for > 50 euro / t CO2 18
Total emission reduction potential 67

Specific costs (euro/tCO2)
at discount ratePollutant Measure Name

CH4

Source : Sector report on waste.

Figure 3.8. Waste: 1990/1995 base year direct and indirect emissions per green-
house gas (left), 2010 frozen technology reference level and reduction
potentials per cost bracket (right)
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3.9 EMISSION REDUCTION AT THE EU LEVEL
In this section the overall results of the bottom-up analysis for the Member
States of the European Union is presented and discussed. Both emission reduc-
tion potentials per greenhouse gas and per sector will be presented and dis-
cussed. All specific costs for greenhouse gas emission reductions are calculated
with a discount rate of 4%/year, if not stated otherwise. All emissions and
emission reductions of greenhouse gases are presented in CO2 equivalents by
using global warming potentials with a time-horizon of 100 year.

3.9.1 Results per greenhouse gas

The 2010 cost curves for all gases, all economic sectors and all EU Member
States are depicted in Figure 3.9. The technical emission reduction potential
compared to the frozen technology reference level of 5284 Mt of CO2 equiva-
lent is 1959 Mt CO2 equivalent, which would result in an emission level of
3326 Mt CO2 equivalent in 2010. This is 20% below the 1990/1995 emission
level of 4138 Mt CO2 equivalent for the emission sources considered in this
study. The emission level after implementation of the technical potential of the
options with specific costs below 0 euro1990/ton CO2 equivalent is 4106 Mt CO2
equivalent. Realising this part of the potential would lead to an emission level
that is somewhat below the base year emissions. All options with specific costs
below 20 euro1990/ton CO2 equivalent could result in an emission level of 3783
Mt CO2 equivalent, i.e. almost -9% compared to base year emissions.

In Figure 3.10 and Figure 3.11 the cost curves for CO2 and non-CO2 green-
house gases are depicted separately. In Annex 6 the cost curves and reduction
tables are presented on the Member State level.

Table 3.19 and Figure 3.12 present a breakdown of the reduction potentials per
greenhouse gas and per cost bracket. About 85% of the achievable reduction of
greenhouse gas emissions can be obtained by implementation of options re-
ducing CO2 emissions. Almost 70% of this total potential may be covered by
CO2 mitigation measures at specific costs less than 20 euro1990/t CO2. Options
to reduce non-CO2 greenhouse gas emissions contribute 15% to the technical
reduction potential. About 10% of this potential can be achieved by measures
with specific costs of less than 20 euro1990/ton CO2 equivalent.
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Figure 3.9 Cost curve for emission reduction of all greenhouse gases in the EU15
(2010) (4% discount rate, all gases, all economic sectors, EU15)
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Figure 3.10 Cost curve for CO2 emission reduction in the EU15 (2010) (4% discount
rate, all economic sectors, EU15).
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Figure 3.11 Cost curve for non-CO 2 greenhouse gas emission reduction in the EU15
(2010) (4% discount rate, all economic sectors, EU15)
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Figure 3.12 Greenhouse gas emission reduction in the EU15 (1990-2010), reduction
potential per greenhouse gas and per cost bracket (4% discount rate, all
gases, all economic sectors, EU15).
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Table 3.19. Greenhouse gas emission level in the EU15 resulting after implementa-
tion of all options in 2010 meeting a certain cost level. (4% discount rate,
all gases, all economic sectors, EU15).

Emissions of greenhouse gases per greenhouse gas for the EU-15

Mt CO2-eq. 1990/1995 2010
Emissions Emission level with implementation of measures
Base year FTRL2) at costs (Euro/ton CO2):

< 0 < 20 < 50
CO2 3232 4377 3276 3035 2951 2703
CH4 462 412 389 370 331 296
N2O 376 379 284 282 282 282
HFCs 52 84 73 53 41 41
PFCs 10 25 19 19 8 6
SF6 5 7 4 3 3 3
Total 4138 5284 4044 3761 3616 3331
Relative tob 0 28% -2% -9% -13% -19%

Technical
potential

1) FTRL: Frozen technology reference level: Emission level with no emission reduction efforts taken since
1990

Emission reduction potential for carbon dioxide
In total, 164 emission reduction options are incorporated in the GENESIS data-
base. The total technical reduction potential is almost 1700 Mt CO2. The largest
emission reduction potential compared to the frozen technology reference level
is in the energy supply sector, almost 870 Mt CO2, of which 215 Mt CO2 may
be achieved by replacing existing and depreciated capacity based on an average
fuel mix with natural gas fired combined cycle power plants (NGCCs), and 285
Mt by adding new capacity based on NGCCs. Combined heat and power (CHP)
production and renewable energy production (electric) add 64 and 230 Mt CO2

to this potential respectively. The latter figures seem to be low compared to es-
timates in other publications. However, it should be remembered that in this
study the reference technology for these options is the NGCC power plant with
high production efficiencies. Hence, a substantial part of the emission reduction
achieved by CHP and renewables is already covered by the transition from the
mix of fossil-fuelled power plants to natural gas-fired combined cycles.

The remaining 750 Mt CO2 of the reduction potential is achieved by energy
conservation options in industry, the household and services sector and the
transport sector.

Emission reduction potential for methane
For methane, 55 emission reduction options in total are taken into account. The
total technical reduction potential of the options amounts in 2010 to about 120
Mt CO2 equivalent. This corresponds with a reduction of almost 30% compared
to the 2010 frozen technology reference level. About 50 Mt CO2 equivalent of
this potential (10% reduction) can be reduced at costs below 20 euro1990/tonne
CO2 equivalent. Significant reductions can be realised in landfill management
(67 Mt CO2 equivalent: waste gas collection/utilisation and alternative waste
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treatment), the oil and natural gas industry (26 Mt CO2 equivalent: notably, op-
tions reducing fugitive emissions from natural gas distribution), the agricultural
sector (14 Mt CO2 equivalent: improvement of fodder, better treatment of ani-
mal manure) and coal mining (9 Mt CO2 equivalent).

Emission reduction potential for nitrous oxide
For nitrous oxide, 5 sets of options in total were taken into account: various
emission reduction options for nitrous oxide emissions in the adipic acid and
nitric acid industry, emission reduction of fluidised bed combustion, and a set
of options in agriculture. The total technical reduction potential in 2010 of the
options amounts to about 95 Mt CO2 equivalent. This corresponds to a reduc-
tion of 25% compared to the 2010 frozen technology reference level. The re-
duction costs for the industrial options are relatively low. The reduction poten-
tial of almost all European production plants of the adipic industry reduced
their emissions before 2000. This reduction has not been included in the frozen
technology reference level as such. In the overall analysis of this project this
will be done, however. Emissions of nitrous oxide in agriculture which origi-
nate from bacteriological processes in soils are harder to mitigate and further
research is needed to achieve a significant emission reduction.

Emission Reduction of Hydrofluorocarbons, Perfluorocarbons and Sul-
phur Hexafluoride
31 reduction options are taken into account for the industrial fluorinated gases.
The abatement options for HFCs, PFCs and SF6 can be subdivided into the
following categories: (1) reduction and prevention of leakage during use, in-
stallation, maintenance and refill; (2) recycling/reuse of discarded agents; (3)
application of alternative agents; (4) development of modified components of
installations, using less or no HFCs, PFCs or SF6; and (5) miscellaneous other
options such as incineration. The technical reduction potential is 68 Mt CO2

equivalent compared to the frozen technology reference level (equal to 58%).
Most options have specific costs less than 20 euro1990/tonne CO2 equivalent.

Table 3.20. Sectoral distribution of total emissions of greenhouse gases in 1990/1995
and in the most cost-effective solution for 2010 under Kyoto target condi-
tions.

Emission breakdown per sector
Mt CO2-eq.

Emissions in
1990 or 1995

Emissions in
2010 FTRL

Emissions in 2010
FTRL (including

progress until
1998/2000)

Emissions in
2010 under
Kyoto target
conditions

Change from
1990 or 1995

Change from
2010 FTRL

Change from 2010
FTRL (including

progress 1998/2000)

Direct emisisons

Energy supply - CO2 fuel related 1/2/ 1268 1960 1551 1298 2% -34% -16%

Direct and indirect emisisons

Energy supply - other emissions 58 45 42 42 -1% 1% 0%

Fossil fuel emissions3/ 95 61 43 51 -46% -16% 18%

Industry2/ 1463 1984 1623 1113 -24% -44% -31%

Transport 4/ 776 1134 1114 1069 38% -6% -4%

Households 749 843 759 567 -24% -33% -25%

Services 413 653 560 434 5% -34% -23%

Agriculture 417 396 407 382 -8% -4% -6%

Waste 166 169 124 144 -14% -15% 16%

Total 4138 5284 4672 3801 -8% -28% -19%
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3.9.2 Results per economic sector
Table 3.20 presents the potential per economic sector to reduce emissions of
greenhouse gases to comply with the Kyoto target under a least-cost assump-
tion. The table lists the emissions and emission reductions that can be ascribed
to the sector. The emission reductions occur both in the energy demand sectors
and the energy supply sector. On the energy demand side, the industry sector
has the largest contribution to the reduction, almost 60% of the reduction is
obtained in this sector. Emission reduction of nitrous oxide at adipic and nitric
acid production is important measures (see above), whereas a wide range of en-
ergy efficiency improvement options adds to this. Services and households
contributes with 15% and 19%, respectively.
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4. CONCLUSION AND RECOMMENDATIONS

4.1 CONCLUSION
In this study a consistent technical and economic evaluation of the control op-
tions has been made to identify the least-cost solution to meet the climate ob-
jectives of the EU-15 for the first budget period of the Kyoto Protocol 2008-
2012. In total, over 250 options were identified and characterised.

The Kyoto target of 8% reduction in the 2008-2012 period based on the
1990/1995 base year emission level of 4138 Mt CO2 equivalent (see Table 4.1)
amounts to 330 Mt CO2 equivalent. Compared to the frozen technology refer-
ence level of 5284 Mt CO2 equivalent this means a reduction of 1480 Mt CO2

equivalent.

The results of this study as depicted in the supply curve (in Figure 3.9) show
that this reduction potential can be realised by a set of options with specific
costs up to almost 20 euro1990/tCO2. The sectoral breakdown of this reduction
potential is presented in Table 4.1. The table shows the emission reduction that
can be obtained by options in the energy demand sectors and by options in the
energy supply sector.

Options in the energy supply sector have a contribution for reaching the Kyoto
target of 661 Mt CO2 equivalent. Reduction options for non-CO2 greenhouse
gases in the energy demand sectors contribute 183 Mt CO2 equivalent, of which
industry 123 Mt CO2 equivalent. A substantial part of this potential (62 Mt CO2

equivalent) is already realised by the implementation of the reduction options
in the adipic acid manufacture industry.

Implementation of the most cost-effective package of options to reach the
Kyoto target will reduce emissions of carbon dioxide by 5%; emission of non-
CO2 greenhouse gases will be reduced by 20%. Also an attempt is made to
show the emission reduction obtained in the period 1990 to 2000. In the table
(see column “Emissions in 2010 FTRL (including progress until 1998/2000))”
it can be seen that the FTRL level in 2010 would be lowered by about 610 Mt
of CO2 equivalent if the year 1998 (for process-related CO2 and non-CO2
greenhouse gases) and the year 2000 (for fuel-related CO2) would have been
the base year instead of 1990. It should be noted that these numbers are indica-
tive only.
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Table 4.1. Sectoral contribution to an emission reduction of over 8% in the first
budget period compared to base year emissions. All options with specific
costs lower than about 20 euro90/tCO2 equivalent are taken into account.
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4.2 RECOMMENDATIONS
This report is the first comprehensive techno-economic analysis of emission re-
duction options for the Kyoto greenhouse gases in the EU. Further elaboration
is needed of the techno-economic analysis. An important issue is to improve
the way differences from country to country are taken into account. This is es-
pecially relevant for the household and services sectors, but also for a number
of industrial sectors. Not for all sectors country specific data were available.
Next, a number of options should be added including material efficiency im-
provement (e.g. application of recycling, improved product design, use of re-
newable materials) and options in the navigation and aviation sectors. Finally,
it is important to add more detail on some options, e.g. carbon dioxide removal,
and options that are now referred to as ‘miscellaneous’.

The following policy recommendations can be made:

• Fuel switch in power generation (mainly from coal to natural gas) makes up
a big part of the potential in this sector. For a part this option has already
been implemented in some Member States since 1990. It is uncertain to
what extent further implementation of this option will take without addi-
tional policy interventions. Import of coal, life-time extension of existing
power plants and remaining coal subsidies can limit the shift away from
coal. It is important to monitor market developments and take appropriate
measures in case fuel shift develops slower than projected.

• Combined Heat and Power (CHP) can make an important additional contri-
bution. Although many applications of CHP are low cost it is clear that the
market climate for CHP is not very attractive, which restricts the imple-
mentation of this option in most Member States.

• Renewable energy sources only belong for a limited part to the low cost
package (about 140 Mt of CO2 at costs below 20 euro1990/tCO2). The total
potential for renewable energy sources is larger (230 Mt). In developing re-
newable energy policies it should however also be considered that the im-
portance for renewables is on the longer term. Important co-benefits of re-
newable energy policies are the learning effects that make renewable en-
ergy sources cheaper in the long term.

• Nitrous oxide emissions from industry can be reduced at very low costs. To
a large extent (mainly adipic acid production) this option has been imple-
mented already. It is important to note that for emission reduction in nitric
acid production further technology development is still necessary. The
Commission could play a stimulating role in this development.

• Options for emission reduction of nitrous oxide from catalytic converters in
the transport sector are not taken into account in the analysis of this study as
no technology is available yet. The Commission could support research and
development of low-N2O catalytic converters for road vehicles.

• The ACEA agreement aims at a significant emission reduction of CO2

emissions which covers about 75 Mt of CO2 of the reduction potential of
the 100 Mt of CO2 that could be reduced in the transport sector itself. The
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implementation of the ACEA agreement should therefore be closely moni-
tored.

• Retrofitting buildings in the household and services sector has a significant
reduction potential on the EU level. The development of EU policies and
measures with respect to insulation of houses could support an EU-wide
approach of this reduction potential. For the services sector the support of
building energy management systems (BEMS) could contribute signifi-
cantly.

• The reduction opportunities for (non-CO2) greenhouse gases in the agri-
cultural sector is relatively small in the EU Member States. Research and
development of new agricultural practices with minimal climate change and
other environmental effects could be stimulated on an EU level.

• For methane emissions of waste the implementation and effectiveness of
the Landfill Directive is of importance and should be closely monitored.
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ANNEX 1 METHODOLOGY TO CALCULATE COSTS OF
EMISSION REDUCTION OPTIONS

The specific net costs for each option E (euro/tonne avoided greenhouse gas)
are determined as follows:

Es = Cs - Ps

with Es = specific net costs of emission reduction of substance S (euro/tonne avoided)
Cs = specific costs of emission reduction of substance S (euro/tonne avoided)
Ps = specific cost savings of emission reduction of substance S (euro/tonne avoided)

The specific costs Cs is calculated by dividing the yearly costs of the option by
the yearly emission reduction of substance S.

Cs = (α * Cs
inv + Cs

O&M)/Rs

with Cs = specific costs of reduction of substance S (euro/tonne avoided)
Cs

inv = yearly (additional) investment costs (euro/year)
Cs

O&M = yearly operation and maintenance costs (euro/year)
α = annuity factor: r/(1-(1+r)-n)
r = discount rate (in %/year)
n = lifetime of the investment (i.e.depreciation period in years)
Rs = yearly avoided emission of substance S (tonne-avoided/year)

In the engineering/economic analysis of this study a 4% discount rate is as-
sumed. In the Primes model sectoral specific discount rates are assumed (see
table A1.1). As an alternative, these are also used in calculating specific costs.

For the sake of comparison the specific emission reduction costs are expressed
in specific net costs of GWP (global warming potential) reduction EGWP. In this
way, the costs to reduce the various greenhouse gases can directly be com-
pared.

EGWP = Es / βs

with EGWP = specific net costs global warming potential reduction (euro/tonne-avoided
CO2 equivalent.)

βs = global warming potential of substance S using the IPCC agreed 100 year
Global Warming Potential.

The costs in this study are expressed in euros with a 1990 price level. The
identified costs from industrial or literature sources are recalculated using the
deflation factors from table A1.2 When the costs were expressed in another
currency, the costs were first converted to euros (using conversion rates from
table A1.3) and then deflated to 1990-euros.
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Table A1.1. Sectoral discount rates used in the Primes model

Sector Discount rate
Industrial sectors 12%
Services and agriculture 12%
Households 17.5%
Cars and motorcycles 17.5%
Busses, train transports, bunkers 8%
Aviation, inland navigation, trucks 12%
Power and steam generation 8%

Table A1.2. Industrial producer price index (1990 = 100).

Year Index
1990 100.0
1991 102.0
1992 104.1
1993 106.1
1994 108.2
1995 112.4
1996 113.3
1997 114.2
1998 112.2
1999 112.0

Source: Eurostat

Table A1.3. Currency conversion rates.

Value euro in
local currency

Value local
currency in euro

AUT Sch 13.76 0.073
BEL Bfr 40.34 0.025
DEU DM 1.96 0.511
DNK DKK 7.50 0.133
ESP Pes 166.39 0.006
FIN Fm 5.95 0.168
FRA Ffr 6.56 0.152
GBR Pound 0.71 1.401
GRC GRD 330.73 0.003
IRL Pound 0.79 1.270
ITA Lire 1936.27 0.001
LUX Lfr 40.34 0.025
NLD Gld 2.20 0.454
PRT Esc 200.48 0.005
SWE SKK 39.54 0.025

USA Dollar 1.00 1.00
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ANNEX 2 LIST OF COUNTRY ABBREVIATIONS

Country abbreviation Country
AUT Austria
BEL Belgium
DEU Germany
DNK Denmark
ESP Spain
FIN Finland
FRA France
GBR United Kingdom
GRC Greece
IRL Ireland
ITA Italy
LUX Luxembourg
NLD Netherlands
PRT Portugal
SWE Sweden
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ANNEX 3 LIST OF STUDY REPORTS

Reports prepared in the framework of the project ‘Economic Evaluation
of Sectoral Emission Reduction Objectives for Climate Change’:

BOTTOM -UP METHODOLOGY GENESIS

Summary report

Chris Hendriks, David de Jager, Kornelis Blok et al.. 2001. ‘Economic Evaluation of
Sectoral Emission Reduction Objectives for Climate Change:Bottom-up Analysis of
Emission Reduction Potentials and Costs for Greenhouse Gases in the EU’, ECOFYS
Energy and Environment / AEA Technology, Utrecht, The Netherlands, March 2001.

Sector reports (engineering/economic analysis study)
• S. Joosen & K. Blok. 2001. ‘Economic Evaluation of Sectoral Emission Reduction

Objectives for Climate Change Economic Evaluation of Carbon Dioxide Emission
Reduction in theHousehold and ServicesSectors in the EU’. ECOFYS Energy
and Environment, The Netherlands, January 2001.

• J. de Beer, D. Phylipsen, & J. Bates. 2001. ‘Economic Evaluation of Sectoral
Emission Reduction Objectives for Climate Change. Economic Evaluation of Car-
bon Dioxide and Nitrous Oxide Emission Reductions inIndustry in the EU –
Bottom-up Analysis’. ECOFYS Energy and Environment, The Netherlands &
AEA Technology Environment, Culham, United Kingdom. January 2001.

• C. Hendriks, D. de Jager, J. de Beer, M. van Brummelen, K. Blok & M. Kersse-
meeckers. 2001. ‘Economic Evaluation of Sectoral Emission Reduction Objectives
for Climate Change. Economic Evaluation of Emission Reduction of Greenhouse
Gases in theEnergy Supply sector in the EU’. ECOFYS Energy and Environ-
ment, The Netherlands. March 2001.

• J. Bates, C. Brand, P. Davison & N. Hill. 2000. ‘Economic Evaluation of Sectoral
Emission Reduction Objectives for Climate Change. Economic Evaluation of
Emissions Reductions in theTransport Sector of the EU’. AEA Technology En-
vironment, Culham, United Kingdom. March 2001 (update).

• J. Bates. 2000. ‘Economic Evaluation of Sectoral Emission Reduction Objectives
for Climate Change. Economic Evaluation of Emission Reductions of Nitrous
Oxides and Methane inAgriculture in the EU’. AEA Technology Environment,
Culham, United Kingdom. February 2001 (update).

• J. Bates & A. Haworth. 2000. ‘Economic Evaluation of Sectoral Emission Reduc-
tion Objectives for Climate Change Economic Evaluation of Emission Reductions
of Methane in theWasteSector in the EU’. AEA Technology Environment, Cul-
ham, United Kingdom. March 2001 (update).

• C. Hendriks & D. de Jager. 2001. ‘Economic Evaluation of Sectoral Emission Re-
duction Objectives for Climate Change. Economic Evaluation of Methane Emis-
sion Reduction in theExtraction, Transport and Distribution of Fossil Fuels in
the EU’. ECOFYS Energy and Environment, The Netherlands. January 2001.
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• J. Harnisch & C. Hendriks. 2000. ‘Economic Evaluation of Sectoral Emission Re-
duction Objectives for Climate Change. Economic Evaluation of Emission Reduc-
tions of HFCs, PFCs and SF6in Europe’. ECOFYS Energy and Environment,
The Netherlands. April, 2000.

TOP-DOWN METHODOLOGY PRIMES

P. Capros, N. Kouvaritakis & L. Mantzos. 2001. ‘Economic Evaluation of Sectoral
Emission Reduction Objectives for Climate Change.Top-down Analysis of Green-
house Gas Emission Reduction Possibilities in the EU’, National Technical University
of Athens, Athens, March 2001.

GENERAL /OVERVIEW REPORTS

K. Blok, D.de Jager & C. Hendriks. 2001. ‘Economic Evaluation of Sectoral Emission
Reduction Objectives for Climate Change –Summary Report for Policy Makers,
ECOFYS Energy and Environment, AEA Technology, National Technical University
of Athens, Utrecht, March 2001.

K. Blok, D. de Jager, C. Hendriks, N. Kouvaritakis & L. Mantzos. 2001. ‘Comparison
of 'Top-down' and 'Bottom-up' Analysis of Emission Reduction Opportunities for
CO2 in the European Union’ (Memorandum), ECOFYS Energy and Environment /
National Technical University of Athens, Utrecht, January 2001.
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ANNEX 4 SECTOR DEFINITIONS

Definitions of sectors in terms of NACE categories.

Sector NACE category
Energy supply All gases: E40.1, E40.3, DF23,

CA12, CB13, CB14
CO2: E40.2, CA10, CA11

Fossil fuel extraction, transport and distribution CH4: E40.2, CA10, CA11
Industry

Iron and steel DJ27.1, DJ27.2, DJ27.3, DJ27.5, DJ28
Non-ferrous metals DJ27.4
Chemicals DG24
Non-metallic mineral products
("building materials")

DI26

Paper and Pulp DE21, DE22
Food, drink and tobacco DA15, DA16
Other industries DB17, DB18, DC19, DD20, DH25,

DK29, DK30, DK 31, DK32, DK33,
DM34, DM35, DN36, DN37, F45

Transport I60, I61, I62, I63, I64
Households P95
Services G50, G51, G52, H55, J65, J66, J67, K70, K71,

K72, K73, K74, L75, M80, N85, O90 (except CH4),
O91, O92, O93

Agriculture A1, A2, B5
Waste CH4: O90
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ANNEX 5 EXTENSION OF PRIMES BASELINE

As the top-down approach of the PRIMES model covers only the energy re-
lated CO2 emissions in the European Union Member States. In a so-called
meta-analysis the PRIMES model is extended with bottom-up data on emission
levels and reduction options for non-CO2 greenhouse gases and process emis-
sions of CO2 which are taken from this bottom-up analysis.

The baseline for this meta-analysis is constructed using the Shared Analysis
baseline for energy related CO2 emissions [PRIMES, 1999] and the develop-
ment of non-CO2 greenhouse gases and process emissions of CO2 in the frozen
technology reference level, with the following adaptations:
• For industrial activity, the emission reduction obtained in the adipic acid

industry are taken into account for all countries where emission reduction
technologies are applied (these are all countries except Italy, situation in
2000). The emission reduction compared to the FTRL is about 60 Mt of
CO2 equivalent.

• For the waste sector, it has been estimated that options have been imple-
mented to abate 34 out of 78 Mt of CO2 equivalent of the identified poten-
tial in this study (Landfill Directive).

• For process emissions of CO2 the emissions reported to the UNFCCC for
1990 were extrapolated in accordance with the (physical) growth rates as-
sumed in the PRIMES baseline.

• For all other sectors the ‘frozen technology’ reference level is taken as the
baseline development for non-CO2 emissions.

Furthermore, data on costs and reduction potentials of options that could be
implemented relative to the baseline are supplied to the top-down model.

The table on the next page shows the baseline information on non-CO2 green-
house gases and process emissions of CO2 that were used for the meta-analysis
(EU15).
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Baseline data for non-CO 2 greenhouse gases and process emissions of CO 2

EU15

Emission (Mt of CO2 equivalent)
Emissions in
1990 or 1995

Emissions in
2010 under

baseline
conditions Emission (Mt of CO2 equivalent)

Emissions in
1990 or 1995

Emissions in
2010 under

baseline
conditions

Energy industries
CO2 (other) 0.0 0.0
CH4 12.4 12.4
N2O 41.9 28.6
HFC 0.0 0.0
PFC 0.0 0.0
SF6 4.0 4.0

Sub-total 58.3 45.0
Fossil fuel extraction, transport and distribution

CO2 (other) 0.0 0.0
CH4 94.6 60.5
N2O 0.3 0.3
HFC 0.0 0.0
PFC 0.0 0.0
SF6 0.0 0.0

Sub-total 94.9 60.8 Industry (subsectors)
Industry Iron and steel

CO2 (other) 156.8 175.6 CO2 (other) 23.4 24.3
CH4 0.4 0.4 CH4 0.2 0.2
N2O 112.8 52.8 N2O 0.0 0.0
HFC 51.1 52.2 HFC 0.0 0.0
PFC 10.0 25.5 PFC 0.0 0.0
SF6 1.5 2.9 SF6 0.0 0.0

Sub-total 332.6 309.3 Sub-total 23.5 24.5
Transport Non-ferrous metals

CO2 (other) 0.0 0.0 CO2 (other) 0.0 0.0
CH4 5.2 3.1 CH4 0.0 0.0
N2O 11.8 37.8 N2O 0.0 0.0
HFC 1.2 24.6 HFC 0.0 0.0
PFC 0.0 0.0 PFC 7.7 6.5
SF6 0.0 0.0 SF6 1.5 2.9

Sub-total 18.3 65.5 Sub-total 9.1 9.4
Households Chemicals

CO2 (other) 0.0 0.0 CO2 (other) 11.4 14.2
CH4 0.0 0.0 CH4 0.1 0.1
N2O 0.0 0.0 N2O 108.2 48.2
HFC 0.0 1.7 HFC 26.5 7.2
PFC 0.0 0.0 PFC 0.0 0.0
SF6 0.0 0.0 SF6 0.0 0.0

Sub-total 0.0 1.7 Sub-total 146.2 69.7
Services Building Materials

CO2 (other) 0.0 0.0 CO2 (other) 105.8 119.6
CH4 0.0 0.0 CH4 0.0 0.0
N2O 0.0 0.0 N2O 0.0 0.0
HFC 0.0 5.7 HFC 0.0 0.0
PFC 0.0 0.0 PFC 0.0 0.0
SF6 0.0 0.0 SF6 0.0 0.0

Sub-total 0.0 5.7 Sub-total 105.8 119.6
Agriculture Paper and Pulp

CO2 (other) 0.0 0.0 CO2 (other) 0.0 0.0
CH4 193.8 177.7 CH4 0.0 0.0
N2O 205.8 193.9 N2O 0.0 0.0
HFC 0.0 0.0 HFC 0.0 0.0
PFC 0.0 0.0 PFC 0.0 0.0
SF6 0.0 0.0 SF6 0.0 0.0

Sub-total 399.6 371.6 Sub-total 0.0 0.0
Waste Food, drink and tobacco

CO2 (other) 7.6 7.6 CO2 (other) 0.0 0.0
CH4 155.1 126.0 CH4 0.0 0.0
N2O 3.7 3.7 N2O 0.0 0.0
HFC 0.0 0.0 HFC 0.0 3.8
PFC 0.0 0.0 PFC 0.0 0.0
SF6 0.0 0.0 SF6 0.0 0.0

Sub-total 166.4 137.3 Sub-total 0.0 3.8
All sectors Other industries

CO2 (other) 164.4 183.1 CO2 (other) 16.2 17.5
CH4 461.7 380.1 CH4 0.1 0.1
N2O 376.3 317.0 N2O 4.7 4.7
HFC 52.3 84.2 HFC 24.5 41.2
PFC 10.0 25.5 PFC 2.3 19.0
SF6 5.5 6.9 SF6 0.0 0.0

Direct emissions
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ANNEX 6 MEMBER STATE RESULTS OF THE
ENGINEERING/ECONOMIC ANALYSIS



Austria.  
All emission reduction options for all gases.  4% discount rate

-500

-400

-300

-200

-100

0

100

200

300

400

500

0 5 10 15 20 25 30 35

Abated emission (Mtonnes CO2-eq.)

Sp
ec

ifi
c 

ab
at

em
en

t c
os

ts
 (E

ur
o/

to
nn

e 
C

O
2-

eq
)



AUSTRIA

1990 1990 1990 1995 2010 2010 2010 2010 2010 2010 2010 2010

CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total

Energy supply 17.702     357      310     20             18.388     29.909      357      310     20             30.596      16.847     357      291     16             17.511    

Transport 15.632      63         310      28              16.033      23.053       36         1.029   566            24.684       20.197      36         1.029   271            21.533     

Households 13.466      -        -       -             13.466      15.470       -        -       42              15.513       7.448        -        -       6                7.454       

Services 6.311        336       310      -             6.957        9.244         336       310      144            10.035       4.619        336       310      79              5.344       

Fossil fuel extraction

-solid -            -        -       -             -            -            -        -       -             -            -            -        -       -             -          

-other -            84         -       -             84             -            87         -       -             87              -            17         -       -             17            

Industry 32.801      21         620      552            33.994      44.784       21         580      1.828         47.212       29.895      21         428      548            30.892     

Agriculture 0               -        -       -             0               0                -        -       -             0                0               -        -       -             0              

-enteric -            3.066    -       -             3.066        -            2.759    -       -             2.759         -            2.593    -       -             2.593       

-manure -            567       -       -             567           -            646       -       -             646            -            624       -       -             624          

-soils -            735       930      -             1.665        -            735       865      -             1.600         -            689       819      -             1.508       

-other -            -        -       -             -            -            -        -       -             -            -            -        -       -             -          

Waste 38             4.767    -       -             4.805        38              4.970    -       -             5.008         38             2.935    -       -             2.973       

Other -            -        -       -             -            -            -        -       -             -            -            -        -       -             -          

Total 68.247      9.639    2.170   600            80.656      92.589       9.590    2.784   2.600         107.563     62.196      7.252    2.586   920            72.955     

Frozen efficiency level minus all reduction optionsFrozen technology reference levelBase year emission

ktonne CO2-eq. ktonne CO2-eq. ktonne CO2-eq.



Belgium.  
All emission reduction options for all gases.  4% discount rate.
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BELGIUM

1990 1990 1990 1995 2010 2010 2010 2010 2010 2010 2010 2010

CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total

Energy supply 30.757      147       2.170     7               33.081     50.562      147      1.541    7               52.256      31.025     147     1.437     5               32.614     

Transport 23.169       189        310         39              23.707      34.735       123       1.491     773            37.122       31.374      123      1.491      366            33.354      

Households 25.980       -        -          -             25.980      29.007       -        -         52              29.059       15.029      -       -          8                15.037      

Services 13.016       84          930         -             14.030      20.956       84         660        177            21.878       12.429      84        660         98              13.271      

Fossil fuel extraction

-solid -            294        -          -             294           -            294       -         -             294            -            294      -          -             294           

-other -            819        310         -             1.129        -            855       310        -             1.165         -            171      310         -             481           

Industry 51.638       147        4.650      555            56.990      69.948       126       3.550     1.592         75.216       44.232      126      2.011      725            47.093      

Agriculture 137            -        -          -             137           156            -        -         -             156            156           -       -          -             156           

-enteric -            7.854     -          -             7.854        -            6.362    -         -             6.362         -            5.977   -          -             5.977        

-manure -            -        -          -             -            -            -        -         -             -            -            -       -          -             -            

-soils -            294        3.410      -             3.704        -            294       3.444     -             3.738         -            191      3.341      -             3.531        

-other -            -        -          -             -            -            -        -         -             -            -            -       -          -             -            

Waste 983            3.654     -          -             4.637        983            3.799    -         -             4.782         983           1.993   -          -             2.976        

Other -            -        -          -             -            -            -        -         -             -            -            -       -          -             -            

Total 114.922     13.335   9.610      600            138.467    155.786     11.937  9.456     2.600         179.779     104.203    8.959   7.813      1.201         122.176    

Frozen efficiency level minus all reduction optionsFrozen technology reference levelBase year emission

ktonne CO2-eq. ktonne CO2-eq. ktonne CO2-eq.



Germany.  
All emission reduction options for all gases.  4% discount rate
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GERMANY

1990 1990 1990 1995 2010 2010 2010 2010 2010 2010 2010 2010

CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total

Energy supply 445.323      3.150     8.370      1.184      458.026      467.795      3.150     5.441     1.184        477.570      259.473      3.150     5.023      947           268.593    

Transport 177.073       1.344      3.100       331          181.848       235.112       726         9.145      6.553         251.535       209.772       726         9.145       3.123         222.765     

Households 235.751       42           -          -          235.793       232.912       42           -          467            233.421       129.378       42           -          71              129.491     

Services 162.856       2.688      1.860       -          167.404       172.663       2.688      1.209      1.593         178.153       103.619       2.688      1.209       877            108.394     

Fossil fuel extraction

-solid -              25.767    -          -          25.767         -              10.307    -          -             10.307         -              5.463      -          -             5.463         

-other -              7.014      -          -          7.014           -              7.000      -          -             7.000           -              1.689      -          -             1.689         

Industry 401.533       420         33.790     15.585     451.327       509.903       168         31.879    22.603       564.552       283.888       168         8.115       10.449       302.620     

Agriculture 2.022           -          -          -          2.022           2.302           -          -          -             2.302           2.302           -          -          -             2.302         

-enteric -              26.208    -          -          26.208         -              18.608    -          -             18.608         -              17.454    -          -             17.454       

-manure -              13.230    3.410       -          16.640         -              9.923      2.864      -             12.787         -              8.563      2.864       -             11.428       

-soils -              504         26.350     -          26.854         -              504         23.715    -             24.219         -              397-         22.814     -             22.417       

-other -              -          -          -          -              -              -          -          -             -              -              -          -          -             -            

Waste -              39.774    1.240       -          41.014         -              40.934    1.240      -             42.174         -              18.065    1.240       -             19.305       

Other -              -          -          -          -              -              -          -          -             -              -              -          -          -             -            

Total 979.233       116.991  69.750     17.100     1.183.074    1.152.892    90.899    70.052    32.400       1.346.243    728.958       54.460    45.388     15.467       844.273     

Frozen efficiency level minus all reduction optionsFrozen technology reference levelBase year emission

ktonne CO2-eq. ktonne CO2-eq. ktonne CO2-eq.



Denmark.  
All emission reduction options for all gases.  4% discount rate
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DENMARK

1990 1990 1990 1995 2010 2010 2010 2010 2010 2010 2010 2010

CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total

Energy supply 27.256      168     620       6               28.050      41.381    168     620      6               42.175     20.902      168     572      5               21.647     

Transport 13.842       42        -        16              13.899       18.265     18        -        360            18.642      16.396       18        -        177            16.591      

Households 11.703       -       -        -             11.703       13.087     -       -        33              13.121      5.057         -       -        5                5.062        

Services 8.332         126      -        -             8.458         10.172     126      -        114            10.412      4.586         126      -        63              4.775        

Fossil fuel extraction

-solid -            63        -        -             63              -           63        -        -             63             -            63        -        -             63             

-other -            189      -        -             189            -           248      -        -             248           -            124      -        -             124           

Industry 19.901       42        620        379            20.942       24.179     21        620       988            25.808      7.063         21        620       466            8.170        

Agriculture 34              -       -        -             34              42            -       -        -             42             42              -       -        -             42             

-enteric -            3.507   -        -             3.507         -           2.876   -        -             2.876        -            2.698   -        -             2.698        

-manure -            3.381   -        -             3.381         -           3.111   -        -             3.111        -            2.451   -        -             2.451        

-soils -            -       10.230   -             10.230       -           -       9.105    -             9.105        -            373-      8.731    -             8.358        

-other -            21        -        -             21              -           21        -        -             21             -            21        -        -             21             

Waste -            1.491   -        -             1.491         -           1.446   -        -             1.446        -            659      -        -             659           

Other -            -       -        -             -            -           -       -        -             -            -            -       -        -             -            

Total 53.812       8.862   10.850   400            73.924       65.745     7.929   9.725    1.500         84.898      33.145       5.808   9.351    715            49.019      

Frozen efficiency level minus all reduction optionsFrozen technology reference levelBase year emission

ktonne CO2-eq. ktonne CO2-eq. ktonne CO2-eq.



Spain.  
All emission reduction options for all gases.  4% discount rate

-300

-200

-100

0

100

200

300

400

500

0 20 40 60 80 100 120 140 160 180

Abated emission (Mtonnes CO2-eq.)

Sp
ec

ifi
c 

ab
at

em
en

t c
os

ts
 (E

ur
o/

to
nn

e 
C

O
2-

eq
)



SPAIN

1990 1990 1990 1995 2010 2010 2010 2010 2010 2010 2010 2010

CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total

Energy supply 82.768      1.344     5.580      107           89.799      190.011    1.344     3.794      107           195.256     102.835     1.344     3.527      86             107.792     

Transport 67.120       252         620          101            68.092       107.965     164         3.323       1.986         113.438      96.325        164         3.323       929            100.740      

Households 32.549       -          -          -             32.549       41.782       -          -          117            41.899        16.426        -          -          18              16.444        

Services 23.005       945         930          -             24.880       52.367       945         632          398            54.343        27.695        945         632          219            29.492        

Fossil fuel extraction

-solid -            12.852    -          -             12.852       -            10.025    -          -             10.025        -              8.521      -          -             8.521          

-other -            1.575      -          -             1.575         -            1.916      -          -             1.916          -              410         -          -             410             

Industry 96.287       441         7.750       8.592         113.071     146.215     315         4.805       9.892         161.227      61.874        315         3.288       2.613         68.089        

Agriculture 607            -          -          -             607            748            -          -          -             748             748             -          -          -             748             

-enteric -            7.266      -          -             7.266         -            7.920      -          -             7.920          -              7.620      -          -             7.620          

-manure -            9.765      -          -             9.765         -            11.913    -          -             11.913        -              9.590      -          -             9.590          

-soils -            1.743      19.530     -             21.273       -            1.743      19.921     -             21.664        -              1.086      19.263     -             20.349        

-other -            672         310          -             982            -            672         310          -             982             -              672         310          -             982             

Waste -            10.311    -          -             10.311       -            10.212    -          -             10.212        -              6.452      -          -             6.452          

Other -            -          -          -             -            -            -          -          -             -              -              -          -          -             -              

Total 219.568     45.822    29.140     8.800         303.330     349.078     45.824    28.991     12.500       436.394      203.067      35.775    26.817     3.864         269.523      

Frozen efficiency level minus all reduction optionsFrozen technology reference levelBase year emission

ktonne CO2-eq. ktonne CO2-eq. ktonne CO2-eq.



Finland.  
All emission reduction options for all gases.  4% discount rate.
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FINLAND

1990 1990 1990 1995 2010 2010 2010 2010 2010 2010 2010 2010

CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total

Energy supply 21.080     336      1.240     12             22.668      60.847      336      930      12             62.126     39.838      336      879      10             41.062     

Transport 12.902      63         620         9                13.594       16.854       29         2.753    229            19.865      14.869       29         2.753    112            17.764      

Households 11.426      42         310         -             11.778       16.816       42         233       21              17.111      7.431         42         233       3                7.709        

Services 5.845        231       310         -             6.386         11.235       231       233       70              11.768      5.666         231       233       39              6.168        

Fossil fuel extraction

-solid -            21         -          -             21              -            17         -        -             17             -            17         -        -             17             

-other -            -        -          -             -            -            -        -        -             -            -            -        -        -             -            

Industry 22.186      147       1.550      278            24.162       41.897       105       1.163    668            43.832      19.837       105       1.163    372            21.476      

Agriculture 184           -        -          -             184            229            -        -        -             229           229            -        -        -             229           

-enteric -            1.743    -          -             1.743         -            1.429    -        -             1.429        -            1.346    -        -             1.346        

-manure -            231       -          -             231            -            166       -        -             166           -            162       -        -             162           

-soils -            -        3.100      -             3.100         -            -        2.635    -             2.635        -            116-       2.519    -             2.403        

-other -            -        -          -             -            -            -        -        -             -            -            -        -        -             -            

Waste -            5.040    -          -             5.040         -            4.364    -        -             4.364        -            2.619    -        -             2.619        

Other -            -        -          -             -            -            -        -        -             -            -            -        -        -             -            

Total 52.544      7.518    5.890      300            66.252       87.030       6.384    7.015    1.000         101.429    48.033       4.436    6.899    536            59.903      

Frozen efficiency level minus all reduction optionsFrozen technology reference levelBase year emission

ktonne CO2-eq. ktonne CO2-eq. ktonne CO2-eq.



France.  
All emission reduction options for all gases.  4% discount rate
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FRANCE

1990 1990 1990 1995 2010 2010 2010 2010 0 2010 2010 2010 2010 0

CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total

Energy supply 77.828      2.877      2.790      1.196        84.690      149.901    2.877      1.869     1.196        155.843     52.003      2.877      1.765     956           57.601     

Transport 123.460     504          1.240       207            125.411     159.908     262          6.510      4.066         170.746      141.399     262          6.510      1.949         150.121    

Households 89.614       -          -          -             89.614       111.609     -          -          306            111.915      56.751       -          -          46              56.797      

Services 37.021       2.730       1.240       -             40.991       71.288       2.730       831         1.044         75.892        36.863       2.730       831         575            40.999      

Fossil fuel extraction

-solid -            4.326       -          -             4.326         -             346          -          -             346             -            346          -          -             346           

-other -            2.205       -          -             2.205         -             2.267       -          -             2.267          -            453          -          -             453           

Industry 124.775     210          29.140     9.298         163.423     195.704     126          28.248    12.289       236.367      98.121       126          6.238      4.853         109.338    

Agriculture 953            -          -          -             953            1.096         -          -          -             1.096          1.096         -          -          -             1.096        

-enteric -            30.051     -          -             30.051       -             27.346     -          -             27.346        -            25.614     -          -             25.614      

-manure -            3.528       3.100       -             6.628         -             4.022       3.038      -             7.060          -            3.439       3.038      -             6.477        

-soils -            483          53.010     -             53.493       -             483          51.420    -             51.903        -            1.471-       49.466    -             47.995      

-other -            189          310          -             499            -             189          310         -             499             -            189          310         -             499           

Waste 3.485         17.199     930          -             21.614       3.485         17.854     930         -             22.269        3.485         9.405       930         -             13.820      

Other -            -          -          -             -            -             -          -          -             -              -            -          -          -             -            

Total 379.308     61.425     88.970     10.700       540.403     543.089     55.625     91.287    18.900       708.901      337.716     41.093     67.322    8.380         454.512    

Frozen efficiency level minus all reduction optionsFrozen technology reference levelBase year emission

0 ktonne CO2-eq. ktonne CO2-eq.



Great Britain.  
All emission reduction oprtions for all gases.  4% discount rate
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GREAT BRITAIN

1990 1990 1990 1995 2010 2010 2010 2010 2010 2010 2010 2010

CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total

Energy supply 265.403      1.869     4.030      869           272.171    358.149     1.869     2.781     869           363.668      206.032      1.869     2.572      695           211.168    

Transport 137.088       630         1.240       205            139.164     178.459      284         6.932      3.841         189.516       157.260       284         6.932       1.799         166.274     

Households 151.241       -          -          -             151.241     170.578      -          -          230            170.808       99.629         -          -          35              99.664       

Services 72.860         1.470      620          -             74.950       131.260      1.470      428         784            133.942       80.679         1.470      428          432            83.009       

Fossil fuel extraction

-solid -              17.409    -          -             17.409       -              4.875      -          -             4.875           -              2.583      -          -             2.583         

-other -              10.500    -          -             10.500       -              10.313    -          -             10.313         -              2.056      -          -             2.056         

Industry 219.260       420         32.860     9.525         262.065     326.220      168         33.009    11.875       371.273       164.031       168         5.172       4.555         173.925     

Agriculture 412              -          -          -             412            514             -          -          -             514              514              -          -          -             514            

-enteric -              19.173    -          -             19.173       -              18.214    -          -             18.214         -              17.311    -          -             17.311       

-manure -              2.331      1.550       -             3.881         -              1.935      1.442      -             3.376           -              1.397      1.442       -             2.838         

-soils -              -          29.450     -             29.450       -              -          26.800    -             26.800         -              724-         26.076     -             25.352       

-other -              273         -          -             273            -              273         -          -             273              -              273         -          -             273            

Waste 660              24.150    310          -             25.120       660             25.088    310         -             26.058         660              15.477    310          -             16.447       

Other -              -          -          -             -             -              -          -          -             -              -              -          -          -             -            

Total 581.521       76.356    66.030     10.600       734.507     807.692      62.619    68.919    17.600       956.830       502.773       40.295    40.359     7.516         590.942     

Frozen efficiency level minus all reduction optionsFrozen technology reference levelBase year emission

ktonne CO2-eq. ktonne CO2-eq. ktonne CO2-eq.



Greece.  
All emission reduction options for all gases.  4% discount rate
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GREECE

1990 1990 1990 1995 2010 2010 2010 2010 2010 2010 2010 2010

CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total

Energy supply 37.935      210     1.860     -            40.005      73.422      210     1.321    -            74.952      46.678      210     1.221    -            48.109     

Transport 17.885       63        310         13              18.272       49.520       60        1.705     271            51.557       47.511       60        1.705     128            49.404      

Households 14.140       -       -          -             14.140       18.092       -       -         18              18.110       8.080         -       -         3                8.083        

Services 9.266         168      620         -             10.054       25.742       168      440        61              26.412       15.681       168      440        34              16.323      

Fossil fuel extraction

-solid -            924      -          -             924            -            1.155   -         -             1.155         -            1.155   -         -             1.155        

-other -            -       -          -             -            -            -       -         -             -            -            -       -         -             -            

Industry 36.913       42        1.860      887            39.701       49.146       -       1.004     1.449         51.600       25.158       -       728        73-              25.814      

Agriculture 694            -       -          -             694            574            -       -         -             574            574            -       -         -             574           

-enteric -            2.940   -          -             2.940         -            2.381   -         -             2.381         -            2.312   -         -             2.312        

-manure -            504      -          -             504            -            640      -         -             640            -            563      -         -             563           

-soils -            2.037   6.200      -             8.237         -            2.037   4.898     -             6.935         -            2.013   4.874     -             6.886        

-other -            210      310         -             520            -            210      310        -             520            -            210      310        -             520           

Waste 103            2.289   -          -             2.392         103            2.396   -         -             2.499         103            1.548   -         -             1.651        

Other -            -       -          -             -            -            -       -         -             -            -            -       -         -             -            

Total 79.001       9.177   9.300      900            98.378       143.177     9.048   8.358     1.800         162.383     97.107       8.029   8.057     92              113.285    

Frozen efficiency level minus all reduction optionsFrozen technology reference levelBase year emission

ktonne CO2-eq. ktonne CO2-eq. ktonne CO2-eq.



Ireland.  
All emission reduction options for all gases.  4% discount rate
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IRELAND

1990 1990 1990 1995 2010 2010 2010 2010 2010 2010 2010 2010

CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total

Energy supply 11.550    84        930      12             12.576     26.497      84         465      12             27.058      14.334     84         432      10             14.859     

Transport 6.022       21        -        11              6.054        10.477       11          -        226            10.714       9.290        11          -        105            9.406        

Households 9.286       84        -        -             9.370        10.687       84          -        12              10.783       4.776        84          -        2                4.862        

Services 4.089       84        310       -             4.483        8.826         84          155       40              9.106         4.287        84          155       22              4.548        

Fossil fuel extraction

-solid -           -       -        -             -            -            -        -        -             -            -            -        -        -             -            

-other -           210      -        -             210           -            241        -        -             241            -            48          -        -             48             

Industry 12.084     84-        1.550    177            13.727      21.166       84-          1.240    409            22.732       8.956        84-          1.240    202            10.315      

Agriculture 199          -       -        -             199           258            -        -        -             258            258           -        -        -             258           

-enteric -           11.571 -        -             11.571      -            13.885   -        -             13.885       -            13.045   -        -             13.045      

-manure -           1.092   -        -             1.092        -            1.496     -        -             1.496         -            1.312     -        -             1.312        

-soils -           735      7.130    -             7.865        -            735        7.914    -             8.649         -            395        7.574    -             7.969        

-other -           42        -        -             42             -            42          -        -             42              -            42          -        -             42             

Waste 54            2.856   310       -             3.220        54              2.970     310       -             3.334         54             1.862     310       -             2.226        

Other -           -       -        -             -            -            -        -        -             -            -            -        -        -             -            

Total 31.734     16.611 9.300    200            57.845      51.468       19.464   9.619    700            81.252       27.621      16.799   9.279    341            54.040      

Frozen efficiency level minus all reduction optionsFrozen technology reference levelBase year emission

ktonne CO2-eq. ktonne CO2-eq. ktonne CO2-eq.



Italy.  
All emission reduction options for all gases.  4% discount rate
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ITALY

1990 1990 1990 1995 2010 2010 2010 2010 2010 2010 2010 2010

CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total

Energy supply 153.995     714       12.710    369           167.788     232.013     714       8.516     369           241.612    115.819    714       8.161    295           124.990     

Transport 99.873        1.302     1.240       186            102.601      137.728      937        6.795      3.740         149.201     120.428     937        6.795     1.765         129.926      

Households 105.577      -         -           -             105.577      116.239      -        -          242            116.482     70.085       -         -         37              70.121        

Services 37.333        441        3.720       -             41.494        69.119        441        2.492      827            72.879       34.618       441        2.492     455            38.007        

Fossil fuel extraction

-solid -              105        -           -             105             -              27          -          -             27              -            27          -         -             27               

-other -              6.384     -           -             6.384          -              6.344     -          -             6.344         -            1.696     -         -             1.696          

Industry 174.194      357        16.430     6.945         197.926      213.649      189        11.513    8.022         233.372     101.733     189        5.409     3.734         111.066      

Agriculture 544             -         -           -             544             663             -        -          -             663            663            -         -         -             663             

-enteric -              13.503   -           -             13.503        -              11.343   -          -             11.343       -            10.699   -         -             10.699        

-manure -              4.032     4.030       -             8.062          -              4.435     3.466      -             7.901         -            3.570     3.466     -             7.036          

-soils -              -         19.220     -             19.220        -              -        18.259    -             18.259       -            456-        17.803   -             17.346        

-other -              1.554     -           -             1.554          -              1.554     -          -             1.554         -            1.554     -         -             1.554          

Waste 688             17.682   -           -             18.370        688             17.872   -          -             18.560       688            14.606   -         -             15.294        

Other -              -         -           -             -              -              -        -          -             -             -            -         -         -             -              

Total 418.209      45.360   44.640     7.500         515.709      538.085      43.143   42.525    13.200       636.953     328.214     33.264   35.965   6.287         403.730      

Frozen efficiency level minus all reduction optionsFrozen technology reference levelBase year emission

ktonne CO2-eq. ktonne CO2-eq. ktonne CO2-eq.



Luxemburg.  
All emission reduction options for all gases.  4% discount rate
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LUXEMBURG

1990 1990 1990 1995 2010 2010 2010 2010 2010 2010 2010 2010

CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total

Energy supply -      21      -      -            21        29.298      21      -      -            29.319     29.298      21      -      -            29.319     

Transport -       -     -       3                3           -            -     -       55              55             -            -     -       26              26             

Households -       -     -       -             -        -            -     -       3                3               -            -     -       0                0               

Services -       21      -       -             21         -            21      -       11              32             -            21      -       6                27             

Fossil fuel extraction

-solid -       -     -       -             -        -            -     -       -             -            -            -     -       -             -            

-other -       42      -       -             42         -            42      -       -             42             -            8        -       -             8               

Industry 597      -     -       3-                594       597            -     -       131            728           597            -     -       75              672           

Agriculture -       -     -       -             -        -            -     -       -             -            -            -     -       -             -            

-enteric -       336    -       -             336       -            289    -       -             289           -            270    -       -             270           

-manure -       21      -       -             21         -            25      -       -             25             -            22      -       -             22             

-soils -       -     -       -             -        -            -     -       -             -            -            -     -       -             -            

-other -       21      -       -             21         -            21      -       -             21             -            21      -       -             21             

Waste 20        84      -       -             104       20              87      -       -             107           20              60      -       -             80             

Other -       -     -       -             -        -            -     -       -             -            -            -     -       -             -            

Total 617      525    -       -             1.142    617            485    -       200            1.302        617            402    -       107            1.126        

Frozen efficiency level minus all reduction optionsFrozen technology reference levelBase year emission

ktonne CO2-eq. ktonne CO2-eq. ktonne CO2-eq.



The Netherlands.  
All emission reduction options for all gases.  4% discount rate
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THE NETHERLANDS

1990 1990 1990 1995 2010 2010 2010 2010 2010 2010 2010 2010

CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total

Energy supply 67.703      567       -        161           68.431     113.010    567       -       161           113.738    65.071     567      -        129           65.767      

Transport 31.194       168        1.550     49              32.961      47.643       113        6.712    1.019         55.486       42.430      113       6.712     488            49.741       

Households 35.293       -         -        -             35.293      45.406       -        -        76              45.482       24.004      -        -        11              24.015       

Services 20.773       336        -        -             21.109      36.374       336        -        258            36.968       21.695      336       -        142            22.173       

Fossil fuel extraction

-solid -            -         -        -             -            -            -        -        -             -             -            -        -        -             -            

-other -            3.759     -        -             3.759        -            3.949     -        -             3.949         -            823       -        -             823            

Industry 56.708       294        9.920     8.490         75.412      81.299       210        8.809    4.987         95.305       34.424      210       4.151     1.267         40.051       

Agriculture 10.931       -         -        -             10.931      17.027       -        -        -             17.027       17.027      -        -        -             17.027       

-enteric -            8.442     -        -             8.442        -            7.260     -        -             7.260         -            6.798    -        -             6.798         

-manure -            2.163     310        -             2.473        -            2.012     285       -             2.297         -            1.658    285        -             1.943         

-soils -            -         6.820     -             6.820        -            -        5.865    -             5.865         -            217-       5.648     -             5.431         

-other -            -         310-        -             310-           -            -        310-       -             310-            -            -        310-        -             310-            

Waste 1.520         11.928   -        -             13.448      1.520         11.692   -        -             13.212       1.520        5.770    -        -             7.290         

Other -            -         -        -             -            -            -        -        -             -             -            -        -        -             -            

Total 156.420     27.090   18.290   8.700         210.500    229.269     25.571   21.361  6.500         282.701     141.099    15.491  16.486   2.037         175.112     

Frozen efficiency level minus all reduction optionsFrozen technology reference levelBase year emission

ktonne CO2-eq. ktonne CO2-eq. ktonne CO2-eq.



Portugal.  
All emission reduction options for all gases.  4% discount rate
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PORTUGAL

1990 1990 1990 1995 2010 2010 2010 2010 2010 2010 2010 2010

CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total

Energy supply 19.044     210       310     -            19.564     51.946     210       310     -            52.466      32.734      210       290      -            33.235      

Transport 11.373      105        310      27              11.814      21.841      76          2.186   479            24.581       19.564       76          2.186    219            22.044       

Households 6.166        -        -       -             6.166        9.828        -        -       21              9.849         3.700         -        -        3                3.703         

Services 5.094        147        310      -             5.551        17.453      147        310      72              17.982       10.731       147        310       39              11.228       

Fossil fuel extraction

-solid -            63          -       -             63             -            63          -       -             63              -            63          -        -             63              

-other -            21          -       -             21             -            21          -       -             21              -            21          -        -             21              

Industry 19.779      63          620      273            20.736      33.381      21          539      928            34.869       14.297       21          236       403            14.958       

Agriculture 328           -        -       -             328           435           -        -       -             435            435            -        -        -             435            

-enteric -            2.604     -       -             2.604        -            2.474     -       -             2.474         -            2.356     -        -             2.356         

-manure -            1.428     -       -             1.428        -            1.200     -       -             1.200         -            1.083     -        -             1.083         

-soils -            -        2.170   -             2.170        -            -        2.083   -             2.083         -            62-          2.021    -             1.958         

-other -            399        -       -             399           -            399        -       -             399            -            399        -        -             399            

Waste -            12.138   930      -             13.068      -            12.449   930      -             13.379       -            8.290     930       -             9.220         

Other -            -        -       -             -            -            -        -       -             -            -            -        -        -             -            

Total 42.739      16.968   4.340   300            64.347      82.938      16.849   6.048   1.500         107.335     48.728       12.393   5.682    665            67.467       

Frozen efficiency level minus all reduction optionsFrozen technology reference levelBase year emission

ktonne CO2-eq. ktonne CO2-eq. ktonne CO2-eq.



Sweden.
   All emission reduction options for all gases.  4% discount rate
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SWEDEN

1990 1990 1990 1995 2010 2010 2010 2010 2010 2010 2010 2010

CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total CO2 CH4 N2O F-gases Total

Energy supply 9.885      357      930      84             11.256    23.403      357      698      84             24.541     278-       357      675      67             821       

Transport 20.786     483       930       19              22.218     26.852       242       3.841    473            31.408      23.378   242       3.841    234            27.694   

Households 7.177       -        -        -             7.177       9.361         -        -        45              9.406        443        -        -        7                449        

Services 7.290       210       310       -             7.810       10.509       210       233       154            11.105      4.151     210       233       85              4.679     

Fossil fuel extraction

-solid -          -        -        -             -           -            -        -        -             -            -         -        -        -             -         

-other -          -        -        -             -           -            -        -        -             -            -         -        -        -             -         

Industry 18.635     147       1.550    998            21.330     30.711       42         818       2.844         34.416      10.610   42         376       964            11.992   

Agriculture 148          -        -        -             148          154            -        -        -             154           154        -        -        -             154        

-enteric -          3.087    -        -             3.087       -            2.871    -        -             2.871        -         2.692    -        -             2.692     

-manure -          273       620       -             893          -            268       620       -             888           -         245       620       -             865        

-soils -          -        4.650    -             4.650       -            -        4.604    -             4.604        -         221-       4.383    -             4.162     

-other -          -        -        -             -           -            -        -        -             -            -         -        -        -             -         

Waste -          1.785    -        -             1.785       -            1.607    -        -             1.607        -         810       -        -             810        

Other -          -        -        -             -           -            -        -        -             -            -         -        -        -             -         

Total 54.036     5.985    8.060    1.100         69.181     77.588       5.238    10.115  3.600         96.541      38.736   4.019    9.452    1.356         53.563   

Frozen efficiency level minus all reduction 
optionsFrozen technology reference levelBase year emission

ktonne CO2-eq. ktonne CO2-eq. ktonne CO2-eq.
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