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PREFACE

The study is carried out at the request of the Ministry of Economic Affairs, DG Energy (Project
no. 7047) and has the objective to analyze and evaluate the different energy scenarios devel-
oped in 1991 by the CEC, DG XVII and DG XIL.

Particularly the responsibilities of the Netherlands, during their Chairmanship of the Heads of
States in the EC, for the negotiations on the CO, reductions per EC country provided the back-
ground for getting more insights in the present and future CO, emissions and reduction possibi-
lities and costs of the EC countries.

The background papers and publications of these scenarios provided by DG XVII and DG XH
were an excellent basis for the present evaluation. An earlier version of this report,
ECN-C--92-009 in Dutch, was published in January this year.
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1. INTRODUCTION

1.1. Objective

During the past few years the discussion on limiting the CO, emissions has been intensified with
the view to curbing the greenhouse effect. Early 1992 the discussion within the European Com-
mission resulted in a statement that total CO, emissions will be stabilized at the 1990 level in
the year 2000 for the whole EC. Obviously this EC reduction objective necessitates further
analysis of the reduction potential per country. This requires knowledge of the present CO,
emissions and also insights in the CO, developments up to the year 2000 or 2010 in order to
calculate reduction burden sharing necessary within the EC. The reduction options and their
potential per country will be based on recently developed energy/CO, scenarios for the twelve
EC countries by the Commission.

1.2. Method

The energy scenarios developed for the EC will be used for a comparison of the different CO,

reduction options per EC country. More precisely it concerns the following EC scenarios:

1. The Energy 2010 scenarios (1990, [1]) developed by DG XVI (DG Energy).

2. CO, reduction scenarios developed by expert teams in the EC countries for DG Xl (DG
Research and Development) within the confines of the Cost-effectiveness Analysis of CO,
Reduction Options (1991, [2]).

Based on a selection from the scenarios mentioned above, an explanation will be given concer-
ning the differences between the countries with regard to CO, emissions and reduction options
by means of a number of relevant scenario parameters. These data should help to provide a
better insight into the CO, reduction options required per country for the achievement of the
CO, emission objective in 2000.

A wide range of criteria is deemed relevant in order to properly judge the CO, emissions and the
reduction options per country (see tables in appendix). Primarily it involves assumptions such
as growth in population, GDP, energy prices etc. which largely determine the energy consump-
tion and the fuel input and therefore also the CO, emissions for the EC as a whole and for a
country in particular. In addition to an analysis of assumptions (projections which form the basis
for the CO, emissions), the relevant results of the scenarios should also be analyzed. Note that
first the scenarios are not completely targeted at our specific requirements for data and second-
ly DG XVIl and DG XIl do not always provide similar data formats. A summary of the relevant
scenario data available can be found in the appendix. The next chapter gives a characterization
of the DG XVII and DG XIl scenarios. Chapter 3 provides information on the scenarios on EC
level. Chapter 4 analyzes the scenarios per country and gives implications for CO, reduction
targets per country, based on the use of several reduction criteria. Finally chapter 5 discusses
the results and provides an account of conclusions and recommendations.,







2. CHARACTERIZATION OF SCENARIO STUDIES

2.1. DG XVII scenarios

The four DG XVII scenarios (study Energy 2010, report Energy in Europe) were developed dur-
ing the years 1988-1990. Subsequently insights which were valid for 1990 are not always appli-
cable today 1991/92.

The construction of the scenarios was based on the "central' EC-wide economic projections
which were thereafter split up for each country. Therefore the economic projections are more or
less consistent between countries. These projections together with many assumptions concern-
ing conservation in energy end-use, conversion efficiencies of energy etc. are the starting point
for the MEDEE-model to calculate end-use and final consumption [4]. Subsequently, the pri-
mary energy consumption per EC country is derived with simple spreadsheets so that the result-
ing CO, emissions could then be calculated with the aid of CO, emission factors (Hector
accounting framework). So the applied simulation methodology specifically involves calcula-
tions, based on different economic factors and many energy conversion assumptions, finally
resulting in CO, emissions per sector and country. Costs considerations and/or comparisons do
not play an explicit role, but wherever possible their impacts are included in the assumptions.
See table 1 for a brief description of the DG XVII scenarios.

Scenario |, the so called "business as usual® scenario, portrays the possible developments in the
EC without exceptional policy measures other than today’s practices. It assumes (effects of) a
further economic integration, moderate energy price developments and extreme amounts of
energy savings. Therefore the authors call it the Conventional wisdom scenario, in which CQO,
emissions increase over the period of 1985-2010.

Scenario I, called Sustaining high economic growth, shows the effect of trying to combine a
relatively high economic growth with care of the environment. An attempt is made to restrict the
emissions by means of extra energy conservation measures, changes in behaviour and a sub-
stantial growth in the share of nuclear energy, all combined with an achievement of a slightly
higher economic growth than in scenario .

Finally, scenario IV, called High prices, outlines developments in energy supply and CO,
emissions, if a moderate (scenario I) economic growth is combined with very strict
environmental regulations, particularly with respect to CO, emissions. Emissions are not only
restrained by means of reductions in energy consumption (scenario Iil) but also by a carbon tax
on fossil fuels, a slight growth in nuclear capacity and more efficient production of energy.

Scenario I, Driving into tensions, is not taken into consideration in this evaluation because no
CO, emission reduction is achieved with respect to 1990,




Table 1. Description of DG XVil scenarios

Scenario I: Conventional wisdom I0: High growth IV: High prices
Energy prices
Oil 17.5 (1995) USD/bbl 20 (1995) USD/bbl As in scenario |
20 (2000) USD/bbl 25 (2000) USD/bbl
30 (2010) USD/bbt 20 (2010) USD/bbl
Gas Indexed to oil up to 2000, Decoupling with oil up to
to coal thereafter 2000, indexed to coal
thereafter
Coal 49 (1995) USD/tce 50 (1995) USD/tce
50 (2000} USD/tce 60 (2000) USD/tce
60 (2010) USD/tce 50 (2010} USD/tce
GDP-growth  2.7% per year (1990-2000)  3.5% per year (1990-2000)  As in scenario |
2.7% per year (2000-2010)  3.0% per year (2000-2010)
Sectors
Industry Production growth; but Substantial growth, but decr- Restricted
stabilization of growth in easing growth in growth due to
energy-intensive branches  energy-intensive branches  higher energy
prices
Tertiary Substantial growth of Substantial growth of Compensating
production production additional
growth up to
1995, then as
. scenario |
Households  Consumption growth Consumption growth 3.0%  As in scenario |
2.5% p.a. up to 2000, thereafter
2.5% p.a.
Transport Substantial growth Real substantial growth, As in scenario |
substitution by train
after 2000
Techno[ogy New technology leads tot Additional As in scenario Il
higher efficiency: 10% in efficiency-improvements
industry and household compared with scenario |
space heating
Policy
Energy According to market Extra oil substitution by gas  As in scenario Il
mechanisms and after 2000 nuclear
expanded
Environment EC legislation Extra environmental stan- As in scenario I

dards influence fuel mix and
energy efficiency

incl. carbon-tax
on fossil fuels




Table 2. Description of DG XIl scenarios

Scenario

Reference

Mure (savings)

X % CO, reduction

Energy prices
Oil

Gas

Coal

GDP-growth

Sectors

Industry
Tertiary
Households

Transport

Technology
Policy
Energy
Environment

CO, target

17.5 (1995) USD/bbl
20 (2000) USD/bbl
30 (2010) USD/bbl

Indexed to oil up to 2000,

then to coal

49 (1995) USD/ice
50 (2000) USD/tce
60 (2010) USD/tce

2.7% per year
(1990-2010)

Growth; stabilisation

energy-intensive branches

Substantial growth

As in Reference scenario

As in Reference scenario

As in Reference scenario

As in Reference scenario

Consumption growth 2.5% Additional technological

p.a.
Substantial growth

New technology leads to
higher efficiency

According to market
mechanisms

EC legislation

No CO, target

energy saving options

Additional technological
and behavioral energy
saving opticns

Additional energy saving

options

Government promotes
additional technical/
macro-economic saving
measures

As in Reference scenario

As in Reference scenario

As in Reference
scenario

As in Reference
scenario

As in Reference
scenario

As in Reference
scenario

As in Mure scenario

As in Mure scenario

As in Mure scenario

As in Mure scenario

As in Reference
scenario

CO, emission targets
at minimal national
costs by fuel switch
and application of new
technologies: in 2000
stabilization of CO,
emissions to 1988
level, in 2010 x%
reduction with respect
to 1988




2.2. DG XII scenarios

DG XII scenarios were drawn up in 1990 and implemented the economic and energy demand
developments as exercised in scenario | of DG XVII, Therefore, the Conventional wisdom scen-
ario was a key input for the energy demand projections used in the Reference scenario of the
DG XII study (see table 2 on page 9).

Subsequently final energy consumption in the Reference scenario is more or less, depending on
the country, equal to the final consumption in scenario [ of DG XVII. Furthermore the Reference
scenario includes the developments of the energy supply and emissions policy regulations
implemented in 1990. Policies include capacity expansion plans for the public electricity com-
panies and other public utilities in the EC countries.

Consequently the Reference scenario is an update of the DG XVII scenario | finished a year
before, in particular with respect to the energy and emissions related regulations and policies.
The Linear Programming model EFOM-ENV was used for development of the Reference, energy
saving scenario (Mure), and subsequent CO, reduction scenarios. The model minimizes national
costs for the energy system (supply and demand), given exogenous energy service demands,
considering yearly constraints on capacities and CO, emissions [3].

Within the context of the Cost-Effectiveness Analysis of CO, Reduction Options study, the dif-
ferent CO, reduction scenarios are derived as follows. Subsequent to the Reference scenario, the
so called Mure or Savings scenario is constructed by adding energy saving options to the
model, for the household and transport sectors, which, if cost-effective (from a national
standpoint), will contribute to meet energy demand. The contribution of the energy saving
options is calculated without specific CO, emission reduction objectives.

The second DG Xl scenario used for the present evaluation is defined by restricting the CO,
emissions in 2000 and 2010 relative to the CO, emissions levels in 1988, According to the
implementation of CO, targets for the year 2010, the third and fourth DG Xl scenario were sub-
jected to increasingly stricter CO, reductions, viz. 10 and 20% respectively, In both scenarios the
CO, emission target in the year 2000 is equal to the emission level in 1988. Furthermore the
CO, reduction percentage of 20% in 2010 was achieved by a limited number of EC countries.
Some country scenario calculations could achieve CO, reductions further than 20%. These
"extreme" reduction scenarios are presented in the CO, emission tables in the appendix.

The third DG XVII and fourth DG XIl scenario have been constructed by different methods and
assumptions, which has a heavy bearing on the scenarios of each country. The DG XVII scen-
arios portray different views of the future with respect to economy and energy technology and
indicate the consequences for the environment (CO, emissions), The DG XII scenarios on the
other hand originate from environmental objectives and calculate the most cost-effective
measures which should be implemented in order to achieve the emission objectives. Methodo-
logical differences explain clearly the differences in the CO, emissions per scenario for the dif-
ferent studies, and are presented in the tables 2.4 to 2.8 in appendix.

2.3. Definitions

The studies were carried out under responsibility of two different EC directorates which resulted
in substantial difference in definitions of key variables such as primary and final energy
consumption. Both the DG Xl and the DG XVII definition of a country’s primary energy con-
sumption exclude bunkers for international shipping (see figure 1, under the X-axis). In contrast
to DG XlI, the DG XVII scenarios do include bunkers for international flight traffic. This energy
demand category is not differentiated and therefore is implicitly included in the domestic energy
consumption. Both DG studies include feedstocks in the primary energy consumption.
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Figure 1. Definitions applied by DG Xil and DG XVH for primary and final energy consumption
illustrated with data for the Netherlands (1990), source Dutch Central Bureau of
Statistics (CBS)

In the final consumption however, DG XIi includes feedstocks whereas DG XVII does not. The
situation concerning bunkers in the final energy consumption is the same as that for the primary
consumption. Consequently, the definitions for the final consumption vary per sector and there-
fore are not directly comparable. Arising from these differences in definition, for DG XII it is
expected that the figures for industry are higher (inclusion of feedstocks) and lower for transport
(exclusion of international flight traffic) than those for DG XVIL. In figure 1 data from the Dutch
Central Bureau of Statistics (CBS) for 1990 in the Netherlands are used. In other EC countries
the differences in definitions are smaller.

Combined Heat and Power generation (CHP), solar energy and biomass are not differentiated in
the DG XVII study. However hydro-power, wind energy and geothermic energy are explicitly
incorporated in the scenarios. So the DG Xl study explicitly incorporates all the aforementioned
forms of generation. The DG XI study however has not included any additional energy savings
for the industry and the tertiary sector in the reduction scenarios compared with the Reference
scenario.

In neither the DG XII study nor in the DG XVII study, the CO, emissions resulting from bunkers
are incorporated in national emissions calculation. DG XVII accounts implicitly for international
flight traffic in primary energy, thus CO, emissions from international flight traffic are included in
their CO, emission calculations, which are not accounted for by DG XII. DG XVII CO, emissions
do not contain emissions resulting from feedstocks. In contrast, DG Xll CO, emissions contain
' emissions resulting from the processing of feedstocks although future emissions of the
feedstocks themselves (containing "fixed" carbon) are not included.
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3. SCENARIOS EC

3.1. General assumptions

The demographic developments are identical for all scenarios (table 1.1 appendix). The total
EC population grows at a low rate. The number of families rises slightly and there is a projected

decline in the average family size from 2.9 persons in 1980 to 2.4 persons per household in
2010.

Fuel prices, which influence energy consumption, are identical in DG XVII's scenarios 1 and IV
and rise moderately from 1990 (tables 1.2-1.4). However, in scenario lll there is an escalation of
fuel prices up to the year 2000 and afterwards a curtailment. At that moment, the demand for
fossil fuels declines primarily due to substantial energy savings and substitution to nuclear
energy in scenario il

Total GDP {Gross Domestic Product) for the EC rises annually in scenarios | and IV by 2.7%,
resulting in a growth of 70% from 1990 to 2010 (table 1.5). A greater GDP growth of 92% is
anticipated for scenario [ll during this period {annually 3.5% up to 2000, 3% after 2000},

The number of person-kilometres driven per private car (the total number of kilometres travelled
by citizens) grows by 25% in scenario | and [V over the period 1990 to 2010, whereas a reduc-
tion of 2% is achieved in scenario Il {table 1.7). The freight transport by road (in ton-kilometres)
depicts a similar case (table 1.9). For goods and passenger transport by rail, a growth of appro-
ximately 27% is anticipated in scenario | and IV, whereas in scenario Ill, the passenger transport
by rail grows by 250% and the goods transport by rail by 90% (tables 1.8 and 1.10). Scenario HI
depicts a shifting away from transport by road to rail transport. In addition, the demand for
transport kilometres is restricted by behavioral regulations. Evidently the impositions in scenario
IV do not have any influence on the modal-split or on the demand for transport kilometres.

From the value added table for industry {table 1.6}, it is clear that the rate of economic growth
in scenario Il is lower in comparison with scenario [. The greater economic growth for this scen-
ario is particularly achieved in the service sector. In scenario [V the rate of industrial growth is
less. But the total growth is still equal to that of scenario I, thus the service sector has a greater
growth of the value added than in scenario I, but not ag much as is obtained in scenario Iil {table
1.11).

3.2. Fuel supply

According to the DG XVI projections, the oil share in the primary energy consumption (accord-
ing to Eurostat definitions) shall decrease in favour of nuclear energy and gas (table 2.2). In
scenario I, oil consumption decreases from 45% in 19290 to 36% in 2010 in favour of nuclear,
coal and gas (in order of sequence). Renewable energy sources ("others") increase by less than
one percent to 2010. In the DG XVII study, a differentiation is made only between geothermic
energy, wind energy and hydro-power. In scenario lll, as a result of environmental restrictions,
the oil share in 2010 is even lower (circa 30%) and similarly the share of coal is reduced, viz.
from 20.5% in 1990 to 18.7% in 2010. This provides a transition in favour of gas (from 18.5% in
1990 to 25.8% in 2010} and nuclear energy {from 14% in 1990 to 22.7% in 2010). In compari-
son with scenario Ill, the nuclear energy share in scenario IV in 2010 is 3% smaller, in favour of
coal and renewable energy sources.

The Reference scenario of DG XII does not present exactly the same fuel shares for 1990 or for
2000 and 2010 as the Conventional wisdom scenario of DG XVII (table 2.3). This can be
explained by the fact that this scenario is developed in 1990 and thus includes recent policy
changes by governments and utilities. By comparison to the Conventional wisdom scenario, the
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Reference scenario foresees a larger gas share at the expense of the nuclear and coal shares in
2010. In addition, the share of renewable energy sources grows substantially in this scenario as
a result of incorporation of these options, from 2.7% in 1990 to 5.4% in 2010. The supposition
can be made that because the DG XII Reference scenaric was more recently developed, it has
been influenced more by the present interest for a sustainable energy supply.

The differences in the fuel shares obtained in the DG XII scenarios have a totally different back-
ground as regards method, than the differences in the DG XVII study. Changes in DG XII fuel
shares occur simply because of a lower CO, emission constraint applied in the model. The
model selects the most cost-effective option. The Reference scenario is not the cheapest scen-
ario. A number of energy saving options were added to the model after running the Reference
scenario (the Mure-case). The changes in fuel shares depend on the options available in the
model. Experts determine these mostly on technological and economical grounds. Therefore,
the results of the DG X! scenarios can deviate from those of the DG XVII scenarios. In the 20%
reduction scenario, the gas share for 2010 has grown enormously (to 34%), almost completely
at the expense of coal. Renewable energy sources increase in 2010 to 7.6%. Because it is
expected that most EC countries will impose a nuclear moratorium nuclear energy rises hardly.

3.3. CO, emissions

Coincidently the Conventional wisdom scenario and the Reference scenario provide an identical
picture concerning CO, emissions relative to energy, despite the use of different methods, Co,
emission factors, fuel input etc. The primary energy categories, corrected for feedstocks and
bunkers, were the starting point for DG XVII calculations of CO, emissions. DG Xl calculates the
actual emission resulting from fuel and technology mix by the use of the EFOM-ENV model,
also excluding emissions from bunkers and feedstocks.

In the Conventional wisdom scenario, CO, emissions rise by 9% in the year 2000 (from 1990)
and by 14% in 2010 (tables 2.4 and 2.5}. In the more recently finished Reference scenario, the
emissions grow less rapidly, i.e. 7% in 2000 and 10% in 2010. This is predominantly caused by
a slightly higher average technology-efficiency resulting in a lower primary energy consumption.
As was already made apparent, the DG Xl scenario has also a slightly different fuel input. It
appears that instead of nuclear energy and coal, a higher share for natural gas and renewable
energy sources share result in practically equal CO, emissions,

In DG XVI scenario I, the CO, emissions will be reduced in 2010 by 12% with respect to 1990,
but there is still an estimation of a 13% growth in 2000 (greater than in the Conventional wis-
dom scenario). This results from the greater economic growth in scenario I, whereas the CO,
emissions will be addressed after the year 2000 only by means of greater efficiency and input of
nuclear energy and gas.

Scenario IV, however, envisages a stabilization of the CO, emissions in 2000 to the 1990 level,
resulting from the conjectured moderate economic growth (as in scenario 1) in combination with
the efficiency improvements of scenario lll. The changes in behaviour as a result of fuel taxes
are also conjectured. Resulting from this, and with a moderate increase of nuclear energy, a
24% reduction of CQ, emissions will be achieved for 2010 with respect to 1990 emissions.

All the DG XII reduction scenarios achieve a 5% reduction in 2000 with respect to the 1990 Co,
emission level. This is not surprising because, for the year 2000, the models for the countries
have been imposed with a higher CO, constraint which is equal to the 1988 emission level. A
continuing CO, reduction is evident from the Constant scenario to the Maximum reduction scen-
ario for 2010, The Constant scenario shows EC CO, emissions lower than the 1988 level
because some countries already reduce part of their CO, emissions by additional cost-effective
energy saving options in the Reference scenario, the so called Mure scenario. On the other
hand, the 20% reduction scenario for the EC as a whole does not achieve a 20% reduction
owing to the fact that most countries in the DG XII study do not attain this percentage.
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It is striking that the Maximum reduction scenario has calculated a CO, emission decline more
or less equal to the "environment scenario” IV of DG XVII, despite the differences in assumpt-
ions. The CO, reduction potential assigned to the studies is in the same range; However, the
method of achieving the CO, reduction is different. In the Maximum reduction scenario, the
amount of primary energy required in 2010 is greater than in scenario IV. The contribution of
energy savings is smaller here. It should be noted that the DG XII study did not assume any
energy saving measure for the industry and the tertiary sector. Nevertheless, the DG XII study
achieves a similar CO, reduction in 2010 by another fuel input. Contrary to scenario IV of DG
XV, in the DG Xl Maximum reduction scenario the nuclear energy share is much smaller, and
the coal share is substantially reduced in favour of gas and to a lesser extent renewable energy
sources.

For all scenarios, the CO, emissions per ECU-GDP are declining (table 2.6). Note that only
scenario lll has a higher GDP than the other scenarios.

Because population grows hardly in the EC and is similar for all scenarios the CO, emissions
per capita portray a similar development in time as the CQO, emissions as such.

CO, emission per TJ primary energy can be considered to be an average CO, emission factor
for the national energy supply. Effects of energy savings on the CO, emissions are not showing
in this indicator. For 1990 the DG XVIl CO, emission per TJ primary energy is 4 ton/TJ lower
than in the DG XII scenario (table 2.8). CO, emissions are almost the same in 1990 but the
primary energy input for DG XVII is higher, For illustration the present value (1990) of the CO,
emissions per TJ primary energy lies slightly above the CO, emission factor of gas. For nearly
all scenarios in 2000, the average CO, emission per TJ primary energy is similar to the Co,
emission factor for natural gas.
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4. ANALYSIS PER COUNTRY

4.1. General assumptions

For the time span given in the Energy in Europe report, the population of each country is
described as being "relatively stable". However very small yearly growth percentage differences
over a period of 25 years lead to large differences between the countries in population level. The
population of Germany, Belgium and Denmark decreases 6% in 2010 by comparison to 1990,
whereas Portugal, the Netherlands, Greece and Ireland rise 9% (tables 3.1 and 3.2). However in
the year 2000, the differences between the countries in population growth are within a margin of
7%. Although the population growth is often seen as indisputable for these type of studies,
results over a long period are extremely sensitive for this factor. Differences in energy consump-
tion and CO,; reduction possibilities per country in 2010 are to a large extent related to the dif-
ferences in population growth.

In scenario | and IV, GDP for Portugal and Spain have the highest growth with 132 and 88 index
points respectively in 2010 with respect to 1990 (tables 3.6 and 3.7). France, ltaly, the Nether-
lands and United Kingdom have the lowest increase (less than 70 index points in 2010). In the
other EC countries GDP projections are estimated between 70 and 80 index points. For the year
2000, the differences are once again small (within a margin of 10%) with the exception of Portu-
gal having an extreme GDP rise (20%). Note that the distribution of growth over the sectors in
scenario I and IV is different. Approximately there are three groups differentiated in scenario II:
"the extreme growers" such as Portugal and Spain (in 2010 approximately 170% increase by
comparison to 1990), the "substantial growers" Greece and Ireland with 120% and the rest with
an 80% growth in 2010 with respect to 1990. The same group division applies for the year 2000
but the difference between Greece and Ireland and the rest is negligible.

Clearly it is not possible to place a direct relationship between growth of the GDP and the
growth of CO, emissions. Nevertheless, in comparing CO, emissions between countries it is
important that the differences in economic growth between the EC countries in scenario [ and IV
are relatively small (certainly in 2000) so that their effects on CO, emission ratios of the coun-
tries are also relatively small. The fact that differences in GDP growth per country also lead to
differences in CO, emission growth per country should be considered in scenario 1l

Obviously GDP per capita is an important indicator of the affluence of a country (tables 3.8 and
3.9). This factor plays a part in the comparison in paragraph 4.4. Remarkably, the Netherlands
has the lowest increase in GDP per capita of the EC countries in all scenarios for 2000 and
2010. It is also striking that despite a substantial GDP growth for Portugal and Greece, GDP per
capita of these countries remains substantially behind the rest of the EC, also in 2010.

4.2. Final energy consumption

The final energy consumption for industry appears to be greater for DG Xl than for DG XVII
scenarios because of the inclusion of feedstocks (tables 4.1 and 4.2). In the DG Xll scenarios,
there is a lack of data concerning industrial energy consumption for a number of countries.
Therefore, a DG XVII estimate corrected for feedstocks is used in order to derive other reference
figures.

Important energy saving effects in industry are projected in the DG XVII scenarios Il and 1V,
which of course result in CO, reductions. In comparison to scenario [, scenario IV of DG XVI
assumes an approximate 30% decrease of final energy consumption for industry in 2010. This is
not caused by an increase in electrification. Unfortunately DG Xil has not investigated the scope
of additional (to the Reference scenario) energy saving options in industry. Furthermore for the
(nited Kingdom it is not clear why the 10% and 20% reduction scenarios give a higher final
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consumption than in the Reference scenario. Switching from electricity to combined heat and
power generation can only partly explain this phenomena.

Tables 4.3 and 4.4 show the energy consumption for transport. The 1990 final consumption for
transport is different for DG Xli and DG XVII for France, the Netherlands, Portugal and United
Kingdom. These differences cannot be completely explained by the inclusion of international
flight traffic by DG XVII. The effects of energy saving options in transport in the DG XVII scen-
arios (45% reduction with respect to 1990) appear to be greater than for the DG XII scenarios
(3% with respect to 1990). This extreme difference can only be explained by a drastic change in
transport behaviour, of which a restricted number of measures are also included in the DG Xl
scenarios,

For a number of countries, the final consumption of the tertiary and domestic sectors is different
for DG XVIl and DG XII (tables 4.5 and 4.6). The consumption of Denmark, Portugal, Spain and
the Netherlands is higher in the DG XVII study while the consumption for France and Greece is
lower than in the DG XII study, But it is unclear why. Note that additional reduction options in
the tertiary sector are not included in the DG XII scenarios. This explains why the consumption
in the DG XII reduction scenarios remains slightly higher than in the DG XVII scenarios.

4.3. CO, emissions

As already mentioned, both studies have used different methods to calculate CO, emission. CO,
emission factors in ton CO, per Terajoule fuel can be calculated exactly from the fuels carbon
content and heating value. However there exist two definitions for the heating value. According
to the European convention, the lower heating value is used, according the American conven-
tion the higher heating value is applied. See table 8.1 for an impression of the CO, emission
factors used in the studies. The difference in factors between ECN and ETSU can be explained
by the use of the different conventions.

There has been intensive consultation between the experts from the different EC countries con-
cerning the use of emission factors in the DG Xl study. It was finally decided that there are
grounds for variation between countries in the CO, emission factor of a fuel. Therefore, coun-
tries have sometimes used slightly different emission factors. But also the separate execution of
the scenario calculations is a source of "unexplained" differences in CQ, emission factors (see
the Greek emission factors for steam coal and lignite) per country. DG XVII used equal CO,
emission factors for all countries. This is in essence a less reliable method.

The differences in emission factors partially explain why the calculated CO, emissions for 1990
in the DG XVII and DG XII study, which are in fact projections, differ in comparison to the 1985
data. But if the overall CO, emissions per study and per country (therefore per set of CO, fact-
ors) are interpreted relative to 1990, the effect of the use of different CO, emission factors is
negligible. This is important because different emission factors for fuels lead to different CO,
reduction potentials. But in general differences in technological, economical or political assump-
tions used for the scenarios are the overriding factors in estimating the CO, emissions and their
reduction potential.

Next, the twelve EC countries will be dealt with individually to obtain an impression of the CO,
emission development and CO, reduction options per country, which is important to discuss and
assess the reduction targets among EC countries. National CO, emissions in 1990, 2000, and
2010 of both studies {chapter 7 appendix) are compared with one another and particular atten-
tion is payed to the differences between countries, For the years 2000 and 2010, the different
CO; reduction scenarios per study are examined and compared with one another and tested for
consistency.

As already explained earlier the Reference scenario of the DG XII study is almost similar with
respect to the energy end use as the "business as usual" scenario of DG XVII. The first reduction
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(Constant) scenario contains all, including the additional saving options. Almost all these
options are also incorporated, because they are cost-effective from a national cost minimization
standpoint. As a result the primary energy consumption is substantially lower than in the Refer-
ence scenario. Remember that the results of the reduction scenarios for the DG XII study for the
year 2000 were achieved using a similar CO, ceiling, viz. the 1988 emission level, for all reduc-
tion scenarios. Therefore, the Maximum reduction scenario does not obtain the maximum
reduction potential for the year 2000. Once more, the DG Xl scenarios are aimed at CoO,
emission reduction whereas the DG XVII scenarios provide data on the CO, implications for
different energy and environmental policies. Note that in the next paragraphs all references to
rise of emission reduction are made with reference to 1990 values.

Belgium (B)

The DG XVII and DG XII studies have the same view concerning the 1990 CO, emission of Bel-
gium. Scenario | and the Reference scenario are also similar with a rise of the emissions in 2000
and 2010 of approximately 11% and 5% respectively. The relative decline in 2010 is primarily
caused by a decline in the number of inhabitants and an increase of the gas and nuclear energy
share in the energy supply. According to the extreme scenarios in both studies, a restricted CO,
reduction (5%) is already possible in 2000. DG XVII attains this due to a combination of energy
savings and an increase of the gas input. DG Xl attains this reduction by means of a moderate
penetration of energy saving options and an increase in both the gas share and the nuciear
share. According to the DG XII study, the maximum CO, reduction in 2010 is approximately
18% and according to DG XVII (scenario 1IV) 27%. This difference is explained by a substantial
amount of energy saving projected in the industry (lacking in the DG XII study) and in transport.
But the reductions in the transport sector included in the DG Xl study are estimated lower than
by DG XVI, especially with respect to the measures concerning limiting the transport
kilometres. But these small differences are slightly obscured by more substantial impacts from
substitution of gas and nuclear energy for coal in the DG XII study.

Denmark (DK)

The DG XVII emissions of 1990 are slightly higher than the DG XII emissions. Probably this is
explained by the substantial amount of combined heat and power generation in Denmark, which
is not explicitly modelled in the DG XVII study. In the DG XII study, however, using EFOM-ENV
so that in particular in the tertiary and domestic sectors, the energy production is substantially
more efficient. On the other hand, the fuel mix in the DG XII study contains more coal, but the
final energy consumption is lower, "Business as usual" scenario | foresees an even more sub-
stantial rise (20%) up to 2010, whereas in the Reference scenario CO, emissions both in 2000
and 2010 are nearly stabilized. less intensive increase of energy consumption as compared with
DG XVH together with slight substitution of coal by gas and renewable energy sources are the
main reason. Scenario IV projects CO, stabilization for 2000, whereas the reduction scenario of
DG XIi attains 10% reduction, again due to lower energy end-use. In the extreme reduction
scenarios for 2010, a reduction of 30% has been calculated by DG XII which is also 10% more
than the DG XVII figure, but attained in a similar manner, viz. with substitution of coal by gas
and renewable energy.

France (F)

The calculated CO, emissions of both studies for 1990 for France are reasonably similar, The
same holds for the Reference scenario and DG XVII scenario |, even if the first gives slightly
higher emissions in 2010, although less fossil fuels are used. Emissions have risen by 5% in
2000, by 8% in the Reference scenario in 2010 and by 5% in scenario [ in 2010, while the popu-
lation has also increased by 5% in 2010. In the DG XVII scenario it is attained with increased
application of nuclear energy (47% in 2010), and in the DG Xil scenario with a combination of
renewable energy sources (principally biomass) of 8% of the primary energy in 2010, gas and
nuclear energy. It is certainly possible to reduce CQO, emissions in 2000 with respect to 1990.
Both studies achieve this through energy savings and nuclear energy, DG XVII slightly more
than DG XIl. In the reduction scenarios, the "maximum™ reduction calculated by DG Xl of more
than 20% is equal to that of scenario Uil for 2010. This is attained for DG XVII by energy savings
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and nuclear energy. In the DG Xl study this is combined once more with biomass. Scenario IV
(DG XVII) attains an extra 16% CO, reduction by means of additional energy savings through
changes in behaviour. Of course for a relatively low CO, level country, substitution provides a
reduction percentage if the coal share (although small) is decreased. In contrast, clearly
extreme reductions are attained by means of savings. Probably these savings are not
cost-effective with respect to CO, reduction, since CO, emissions per TJ primary energy are
relatively low.

Germany (D)

In the Conventional wisdom scenario, (former West) Germany can stabilize emissions for 2000
and 2010. But 5% CO, is already reduced in the Reference scenario in 2010 (due to assumed
more efficient conversion). A 6% decline in population, together with a slight increased use of
gas and nuclear energy, number among the causes. By comparison to scenario 1, there is a
remarkable increase in emissions in scenario Il for 2000, because coal is utilized for additional
electricity production. The reasons for this are unclear. However in scenario IV a 10% reduction
is achieved for 2000 by means of energy savings and a moderate fuel switch. Reduction scen-
arios of DG XII appear to confirm this. A 6% reduction is already achieved without substitution
of fuels, without imposing a CO, ceiling in 2000. For the year 2010, the Maximum reduction
scenario of the DG XII study gives the highest CO, reduction in the study, namely more than
30%. Thus it is possible to attain large reductions in Germany by means of fuel substitution. The
DG Xl Maximum reduction scenario uses more gas, renewable energy sources and nuclear
energy (substituted for coal and oil) than scenario IV, while slightly less energy is saved.

Greece (GR)

The CO, emissions of the Reference scenario are not similar to those of scenario | (DG XVII).
The reason is that the CO, emission factors of lignite and coal such as used in the DG XII study
(see table 8.1 in appendix) are too high (123, 110 ton/TJ respectively). These fuels are partially
substituted in the scenarios thereby giving unreliable results which are not easy to correct after-
wards. Subsequently, the present evaluation concenirates on the DG XVII figures. CO, emissions
rise severely in scenario I, with 33% in 2000 and 72% in 2010. Of course the most important
reason for this is the substantial economic growth (120% in 2010), but also the population
grows by 6%. Reduction of CO, is not attainable within the short term (year 2000) in scenario IV
(18% rise). Stabilization can be attained in scenario IV in the year 2010 by means of huge
energy savings, through the introduction of West European efficient technologies. Greece does
not intend to use nuclear energy in any of the scenarios.

Ireland (IRL)

The DG XH study on Ireland was not yet available, which means that here the DG XVII study will
be dealt with, CO, emissions for Ireland grow substantially in scenario 1, a rise of 19% in 2000
and 43% in 2010, which is partly due to a population increase of 6% up to 2010 and a reason-
able GDP rise of 75% in 2010. This increase is mainly occurring in industrial energy consumpt-
ion, Together with the Netherlands, Portugal, United Kingdom and Spain, Ireland is not capable
of stabilizing the industrial CO, emissions in scenario [ in 2010. Generally the coal share in pri-
mary energy for Ireland increases from 37% in 1990 to 45% in 2010. In the reduction scenarios,
moderate substitution (oil, gas and a small quantity of renewable energy sources for coal) and
energy savings in the tertiary and domestic sectors in particular cannot stabilize the emissions in
2000 to the 1990 level. Although in 2010 by comparison to scenario I, considerable reductions
are possible in scenario [V: CO, emission level of +43% to -22% compared to the 1990 CO,
emissions. The most extreme reduction is attained in scenario IV, through enormous energy
savings in all sectors. Furthermore the coal share is stabilized on the 1990 level.

ftaly (IT)

CO, emissions for 1990 differ in both studies, namely 389 and 420 Mton CO, in DG XVII and
DG XII scenarios respectively, The DG XII study gives a CO, emission whereby all primary
energy is converted to CQO,. The figures in the DG XVl study are lower because a correction is
made for feedstocks, which therefore seems more exact. The emissions rise in both scenario |
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and the Reference scenario, by approximately 15% in 2000 and 25% in 2010. The coal share
doubles from approximately 10% in 1990 to 20% in 2010, The gas share grows by a few per-
centage points. There is a slight growth in population. According to the alternative scenarios,
Italy can already stabilize its emissions in 2000, even if that is the maximum level attainable
according to the DG XVII scenario IV. Emissions in the DG XII study stabilize at 1988 level (and
can decrease perhaps even more). This is reached by considerable fuel switch and more energy
saving. The reductions for both studies are equal for 2010, approximately 15%. DG XVl
achieves this principally through energy savings whereas in the DG XII scenario the gas share
raises until hardly using any more coal. Nuclear energy is not incorporated in both studies, but a
significant amount (9%) of renewable energy sources is projected.

Luxembourg (LUX)

Only in the DG XVI study material is available for Luxembourg. In scenario I, Luxembourg can
already stabilize its emissions for 2000 and 2010. The population size also remains stable dur-
ing this period. It is remarkable that although the increase in energy consumption is partially
supplied for by additional gas input, while the input of other fuels remains the same, the
emissions even decrease slightly. In scenario Il and IV, the CO, reduction of 28% is attained by
means of energy savings, significantly in the electricity sector, while the fuel mix remains the
same (see table 5.4).

The Netherlands (NL)

For the Netherlands, the 1990 CO, emissions of both studies are not completely similar. This is
particularly a result of differences in energy consumption in the tertiary, domestic, and transport
sectors. The DG XVII final energy consumption and primary energy consumption seem to be on
the high side. It is remarkable that in 2000, the Netherlands has the greatest population rise of
the EC (5%). From 1990 to 2010, the population increases by 8%. For the year 2000, the
emissions in the Reference scenario increase by 6%, while scenario I shows an increase of 15%.
In the DG XVII scenario I, mainly coal is substituted for gas. The DG XII Reference scenario does
the opposite. Both scenarios for 2010 show an emission rise of approximately 15%. Neverthe-
less the primary energy consumption for DG XVII is at least 350 PJ greater than in the DG Xl
study. This difference cannot be explained completely by the fact that DG XVl incorporates
international flight traffic in the primary energy. Nuclear energy is used for a substantial part of
the 350 PJ whereas this is not used in the DG Xl study. Furthermore the amount of coal and oil
incorporated by DG XVII is considerably greater. The alternative reduction scenarios of both
studies show that it is relatively difficult for the Netherlands to reduce CO, emissions. The DG
XIl study is more optimistic for the year 2000, with a stabilization of the emissions., Scenario IV
in DG XVII shows a 5% rise. Once again, this is a result of a lower gas input and a higher energy
consumption, But for 2010, both extreme reduction scenarios give a similar emission reduction
of 10%. However, there are still substantial differences in fuel input. Due to considerable energy
savings in the DG XVII scenarios, the primary energy consumption is comparable with that of
DG XIL.

Portugal (P)

The CO, emissions for 1990 for Portugal amount to 34 Mton in both studies. The rise of
emissions is greater both in scenario I and the Reference scenario than in the other EC count-
ries, namely 80% in 2010. Substantial economic growth and, to a lesser extent, population
growth are the main causes of the rise. The coal share rises to approximately 25%. Reduction is
possible by end-use savings. Due to high emission increases both in the Reference scenario and
scenario 1, stabilization is not attained in the DG XII scenarios (remember energy saving poten-
tial is not complete), but is achieved in the DG XVII scenario IV.

Spain (ES)

Spanish 1990 CO, emissions are very different for both studies. In particular CO, emissions
from industry are higher in the DG XII study. Furthermore the DG XII study shows a 400 PJ
lower nuclear energy input. The emissions in the base-cases of both studies rise by
approximately 20% in 2000 and 30% in 2010, but the emissions of the DG Xl study remain
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structurally higher owing to a much lower nuclear energy input. In scenario IV, Spain can sub-
stantially reduce CO, (35% with respect to 1990) in 2010, certainly given the substantial growth
in energy demand in scenario I. This can be achieved through considerable energy savings
(approximately 45% of final energy consumption) which restricts the oil and coal inputs. The
DG Xl Maximum reduction scenario restricts the emissions by 18% in 2010, because the energy
consumption is not reduced sufficiently and the nuclear energy share is lower than in the DG
XVII study Is assumed. According to the DG XVII scenarios, these reduction options cannot be
utilized for the year 2000 (9% rise of CO,)}. In contrast, according to DG XII, 9% CO, reduction is
attainable, namely by means of greater energy savings, a lower coal share and a higher gas
share. The emissions from the electricity sector in the DG XII study are questionably low.

United Kingdom (UK)

The CO, emission for 1990 for the United Kingdom given in the DG XII study is lower than the
emission given in the DG XVII study, primarily owing to a 1000 PJ lower primary energy cons-
umption. DG XVII incorporates 470 PJ more nuclear energy, which does not fully explain the
difference. The same holds for 2000 and 2010. Furthermore, gas is substituted for coal in the
Reference scenario. The input of nuclear and renewable energy sources in the DG XIi study is
exactly the opposite to DG XVII. Therefore in 2010, DG XII emissions (stabilized to DG XII 1990
value) are 100 Mton lower than DG XVII emissions. In the DG XII reduction scenario, 33% COo,
can be reduced in 2010, 23% in scenario IV. DG XVII reduces more, but DG XII restricts the coal
share to 13% by incorporating more gas and renewable energy sources. According to the DG
XVl scenarios, CO, emissions could hardly be stabilized for the year 2000, because the fuel
input is not changed. According to DG XII, CO, emissions can be reduced by a higher gas input
and input of renewable energy sources with respect to 1990.

4.4. CO, reduction criteria

If the Community is intending to agree upon specific CO, reduction targets per country, a wide
range of criteria can be used to draw up and to support this CO, emission reduction policy
objective. Presently a number of criteria can be selected which facilitates comparison of the
different EC countries with respect to the implementation of these policies. These criteria link
CO, emissions to a specific factor, such as GDP or population size, which influences the
emission and the scope for reduction. Furthermore these criteria can be used as a basis for
negotiations between countries concerning agreements on CO, emission reductions in the EC.

CO, emission per GDP

The CO, emission per ECU GDP is a measure of the CO, intensity of the national economy. The
figures in tables 7.9-7.12 show large differences between the countries. Having a heavy industry
which is energy intensive and a less developed service sector, a large coal share in primary
energy consumption, or an inefficient energy system all play an important role, particularly for
countries in the south, such as Greece and Portugal which expect high GDP growth rates in the
future. In general for all EC countries in the Conventional wisdom scenario the economy
becomes less CO, intensive to 2010. The emission per GDP indexed to the EC average shows
that the relationship between the countries changes in time. In the DG XVII table, ltaly and the
Netherlands increase their CO, emission per GDP because they already use a relatively low
carbon fuel mix in 1990, Economic growth for the United Kingdom is low and therefore the
United Kingdom maintains a relatively high CO, emission per GDP. For Portugal and Spain the
emissions decrease correspondingly due to a high economic growth. In contrast, Greece has a
reasonably high economical growth but reduces relatively less CO,. France, Germany and Bel-
gium reduce substantially. However, the reduction for Denmark is small in contrast with the
economic growth. The DG XIl table presents a different picture because the GDP is the same for
the scenarios and consequently the emission per GDP can only be lowered by means of CO,
reduction. As a result of this, the relationship between the countries in the maximum reduction
scenarios remain almost the same as that for 1990. Only Portugal, Italy and the Netherlands
appear to have a relatively small reduction potential (compared to economic growth) at their
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disposal (N.B. the data for Greece are not correct), whereas the opposite holds for Spain and
Germany.

CO, emission per capila

The CO, emission per capita differs greatly among the countries (tables 7.13 and 7.14}. Luxem-
bourg has a CO, emission per capita which is 10 times greater than Portugal due to difference
in affluence and CO, intensity. All the countries are capable of reducing the CO, emission per
capita, except in scenario 1. In countries which have a substantial population growth (such as
the Netherlands) the emissions per capita appear to decrease considerably,

CO, reduction costs

In the DG XII study, the CO, reduction costs are estimated for each country. Since it was
derived with a Linear Programming model, the model calculated the least-cost-mix of the
options to realize a particular CO, objective. In table 7.17, the Mure-case, the Reference scen-
ario augmented by additional saving options in the household and transport sectors, presents
lower costs than the Reference scenario. From a national standpoint, a large part of the energy
saving measures is cost-effective. On the other hand, it is still not determined if it is worthwhile
for the consumer to install, for example, a high efficiency boiler. If this is the case, then it is not
yet certain that the consumer will actually make these investments. Costs of stimulating policy
and/or measures are not included in the costs under analysis here. CO, reductions due to sav-
ings are quite different per country, whereas the averted costs rank closely to each other. It does
not make much sense because roughly speaking a small country introduces less energy savings
and therefore averts less costs.

The extra costs over the period of 1985-2010 with respect to the Mure scenario of the Constant
scenario (stabilization CO, emissions to 1990 level) differ considerably per country, The Nether-
lands, Greece, ltaly, Spain and Belgium must invest in reduction, while the other countries can
simply stabilize emissions (stabilization is not possible for Portugal). This is somewhat more
difficult for 10% reduction. The costs per ton of avoided CO, for the Netherlands and Spain in
this scenario are by far the highest. The costs per ton of avoided CQO, for Denmark and United
Kingdom do not even amount to a tenth of this. Therefore from the EC point of view, an equal
emission objective for all EC countries is not a cost-effective method of reducing CO, emissions.

Table 7.18 shows the amount of avoided CO, expressed in 1990 CO, emission percentages
since emission negotiations often utilize these terms. To be able to compare the costs per coun-
try over the period 1985 to 2010, they are expressed as a percentage of the 1990 GDP of the
country. This does not present a picture of the cost-effectiveness of emission reduction but
rather gives an impression of the effort made by a country to attain a comparable emission
reduction percentage. It appears that by comparison the Netherlands once more must pay the
greatest GDP-percentage for a two percent emission reduction (figures for Greece are not reli-
able}. In the 10% reduction scenario, there are even greater differences in effort per country. By
comparison to the other countries, Spain, the Netherlands and ltaly consign a significant part of
the GDP.

Criteria concept

The equation below provides an impression of CO, emission developments based on 4 standard
indicators which play a role in CO, emission (reduction). The CO, emission per TJ Primary
Energy Requirement is a standard for the average CO, emission from the fuels consumed. The
amount of primary energy used is also dependent on the economy. The quotient TJ TPER per
GDP demonstrates the extent of the performance of a country with regard to energy efficiency
or wastefulness. The GDP per capita is a measurement of the affluence of the population. These
factors are multiplied by the number of inhabitants to calculate the total emission for the coun-
try.

CO, emission = CO, / TJ TPER x TJ TPER / GDP x GDP / capita x capita
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The fuel mix of the different countries for 1990 in tables 7.14 and 7.15 is very important
because with the exception of energy savings, the reduction potential depends on this factor. If
this factor is already low (the Netherlands and France) then substantial CO, reduction should
not be expected from substitution. Noticeably for the EC as a whole, only 11% cleaner fuels are
incorporated in the most vigorous reduction scenario IV of DG XVII. The greatest part of the 24%
emission reduction occurs therefore at the expense of efficiency and energy demand reduction
measures, In the DG XII study, the change of the fuel input actually amounts to 19% in the 20%
reduction scenario (compared with 1988),

Tables 6.5 and 6.6 provide an indication of the energy efficiency/intensity of the EC countries.
There are large differences for every country for 1990, for instance due to differences in struc-
ture (heavy industry or services) or conversion efficiency. This indicator decreases with time for
all EC countries. An important difference between the extreme CO, reduction scenarios in the

DG XVII and DG Xl studies results from larger restriction of the primary energy consumption in
the DG XVII study.

The affluence indicator GDP/capita is given in table 3.8. There are again large differences
between the countries. The indexed table shows that the growth of the income per capita for the
Netherlands is the lowest. The countries in the south are at the top with respect to the growth in
personal incomes, unexpectedly Ireland too.

The development of the population is already dealt with in paragraph 4.1.

The comparison made above must be handled with the necessary caution. In particular, the
GDP does not have a steady link with CO, emissions. GDP per capita is more an indicator for
financial and economical possibilities for attaining CO, reduction options. On inserting results
from the various scenarios into the equation, even a slightly negative development concerning
one of the factors (for example the growth in population or efficiency) can have considerable
impact on the achievement of the CO, reduction objectives. Take the following for example: The
introduction of the energy saving measures is not as successful as expected and a slightly
higher economic growth is realized (both scenario Ill) whereas substitution does not surpass the
level in the Conventional wisdom. Then CO, emissions will just about be stabilized in 2010. A
slightly greater growth in population can even be more radical for the attainment of the reduc-
tion objectives.

4.5. Implications for CO, reduction targets

In figure 2 the relative importance of factors related to CO, emissions are indicated. Clearly,
besides population growth, the development of CO, emissions is determined by a large increase
in GDP/capita on one hand, and by a decrease in carbon- and energy-intensity on the other
hand. In other words, if economic growth must be realized without emission growth, measures
must be taken in order to stabilize emissions. This can be attained by different policies such as
changing the fuel mix, decreasing energy-intensity etc.

Since economic and population growth in scenario | and IV are equal, scenario differences in
CO, emissions are caused by differences in carbon- and energy-intensity. CO, emissions in
2010 are much lower in scenario IV than in scenario 1, partly due to changes in fuel mix, but
largely due to a diminishing energy-intensity. Both factors overrule the impacts of economic
growth and population growth completely which results in almost 40% lower CO, emissions in
the EC. If GDP/capita in 2010 is equal to the 1990 value, CO, emissions would be 60% lower
than in the business as usual scenario.

Concluding one can say that in scenario IV emissions are primarily abated by improving conver-
sion efficiency, decreasing useful energy demand, and changing the economic structure. Next
fossil fuel switch, renewable energy, and nuclear energy are important reduction factors in scen-
ario IV,
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Figure 3a. TJ TPER/GDP related to CO,/TJ TPER, indexed to 1990 EC-12 average (index
change=0), in DG XVl scenario IV from 1990 to 2010
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Figure 3b. TJ TPER/GDP related to CO,/TJ TPER, indexed to 1990 EC-10 average (index
change=0), in DG XIf scenario Maximum CO, reduction from 1990 to 2010
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The development in time of the two "reducing factors" carbon- and energy-intensity are
explained in more detail below. For sharing the burden of CO, reductions among countries it is
necessary to compare country specific implications of emission targets in more detail. Figure 3a
shows the developments of carbon- and energy-intensity per country, which are indexed to the
EC 1990 averages since emission target negotiations refer to the EC 1990 emissions. In the
right part of the figure carbon-intensive, relative to the 1990 EC average, countries are located,
the upper part of the figure contains the energy-intensive relative to 1990 EC average countries.
This way four compartments with their property are created.

In 1990 Portugal, United Kingdom, Ireland, Greece, and Luxembourg are energy- and
carbon-intensive countries. Only France is energy- and carbon-extensive. The Netherlands and
Belgium are energy-intensive but also relatively carbon-exiensive. ltaly and Denmark are
carbon-intensive but not energy-intensive countries. Spain and Germany have more or less
similar to the EC average carbon- and energy-intensity levels. In the "environment scenario® IV
for the year 2010 all countries become energy-extensive countries with respect to 1990 EC
average level. But the carbon-intensive and carbon-extensive groups of the 1990 groups still
exists in 2010. Generally the carbon-intensity in most countries decreases somewhat. Also
country differences in carbon-intensity do not decline. Despite that France has already a low
average fuel CO, emission factor, it lowers its carbon-intensity more than any country by
increasing the nuclear electricity production, which option is not considered in most other coun-
tries.

In figure 3b, 1990 and 2010 data from the DG XIl Maximum reduction scenario are presented.
Maximum reduction scenario energy-intensity improved less than in scenario IV, which can be
explained by the fact that structural changes are not easy to translate in reduction options for a
LP-optimization model. Therefore structural changes are more or less neglected in the model
and thus the scenario. Furthermore, extra energy saving options in industry other than already
perceived in the Reference scenarios were not considered in the DG XII study. However chang-
ing the carbon-intensity is treated extensively in this type of models. All countries changed their
fuel mix to less carbon containing fuels. So almost all countries become more carbon- and
energy-extensive, compared to EC 1990 average. Portugal and the Netherlands do not seem to
be able to change their fuel mix in that direction. Unlike Belgium these countries did or could
not use relatively more fuels with a lower carbon content (i.e. uranium) in the next twenty years.
The potentials for renewables have been considered relatively small in these small, densely
populated countries.
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Figure 4a. TJ TPER/GDP as a function of CO,/TJ TPER, indexed to EC-12 averages of year and
scenario (index change=0), in DG XVH scenario [ and IV from 1990 to 2010
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Figure 4b. TJ TPER/GDP as a function of CO,/TJ TPER, indexed to EC-10 year averages (index
change=0), in DG Xl scenario Maximum CO, reduction from 1990 to 2010
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For reaching a common opinion among countries it is essential to show that emission reduction
targets are set in such a way that each country feels to be treated "fairly”. Therefore, criteria
have to be compared per country relative to each other over a period of time. So implicitly a set
of CO, emission targets must guarantee equal opportunities for improving economic standards
of living in each country compared to the current situation. In the next figures energy- and
carbon-intensity for each country are indexed to the EC average of the same year and scenario.
Subsequently the figures portray the development of the criteria proportions between countries.

In figure 4a data of 1990 and 2010 for scenario | and IV show that the ranges of the criteria
between countries do not alter over time nor per scenario. It seems that the differences are not
completely fixed over time, but a carbon-intensive country such as Ireland becomes more inten-
sive instead of less intensive. In the "environment scenario” IV one expects that country differ-
ences will become smaller, amazingly the opposite is occurring.

Carbon- and energy-intensity proportions between countries in the Maximum reduction scenario
of DG XII (figure 4b) do vary. But the country carbon-intensities do not approach EC average
and neither do the country energy-intensities. In general it can be concluded that country differ-
ences with respect to energy- and carbon-intensity are preserved in all scenarios.
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Figure 5a. TJ GDP/capita as a function of CO,/capita, indexed to 1990 EC-12 average (index
change=0), in DG XVl scenario I and IV from 1990 to 2010
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Figure 5b. TJ GDP/capita as a function of CO,/capita, indexed to EC-12 averages of year and
scenario (index change=0), in DG XVIl scenario | and IV from 1990 to 2010
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The figures 5a and 5b present an overview of the major background factor at which CO, reduc-
tion takes place, viz. GDP/capita, in relation to the CO, reduction expressed in CO,/capita. Both
indicators represent the two main policy goals of society in scenario IV, which has been devel-
oped to answer the question whether it is possible to combine economic growth with sufficient
protection of the environment in terms of CO,/capita. Only the DG XVII study will be analyzed
since it concerned economic projections, in contrast with the DG XII study which did not use
alternative GDP-projections for deriving energy demand forecasts.

In figure 5a the developments of CO,/capita and GDP/capita per country from 1990 to 2010 for
scenario [ and IV are indexed to 1990 EC averages. Clearly both in scenario 1 and IV GDP/capita
increases are large for the relative rich countries and small for the relative poor countries
(explained by the fact that a low growth percentage of a large amount is more than a high
growth percentage of a small amount). Furthermore in the business as usual scenario I from
1990 to 2010 all countries increase their CO,/capita. Of course in scenario IV all countries
decrease the CO,/capita, but the Netherlands, Belgium, Germany, and Denmark maintain still
higher CO,/capita values than the EC 1990 average. Apparently their measures for lowering the
energy- and carbon-intensity do not compensate for their economic growth. But Portugal, Spain,
and Greece can lower their CO,/capita although it is already under 1990 EC average. Notably,
CO,/capita is relatively low due to their lower GDP/capita, and it can be further lowered in the
next decades due to their presently high energy- and carbon-intensity. However, an exception is
Spain, which has already a relatively low carbon-intensity in scenario 1.

Indexing on EC average values for every year and scenario results in figure 5b, shows the differ-
ences of the criteria between countries. Again it can be seen that proportions do not really
change. Relatively rich countries can become relatively richer and some high CO, emitting
countries become relatively higher emitters.

Conclusions and discussion

It can be concluded that in 2010 substantial (circa 20%) EC CO, emission reductions with
respect to 1990 are possible, if projected moderate economic growth is combined with
measures to reduce the carbon- and energy-intensity of EC economies. All countries can con-
tribute to these CO, emission reduction and in all countries the energy-intensity can be lower
than the 1990 EC average energy-intensity (DG XVII). Also the carbon-intensity can decrease
below the 1990 EC average carbon-intensity in almost all countries (DG XlI), which generally
provides a cost-effective way of reducing CO, emissions.

However, relative differences in carbon-, energy-intensity, and economic living standard
between countries will be preserved or grow larger over time in both the "environment scenario”
IV (DG XVII) and Maximum reduction scenario (DG XIl) compared with 1990 or business as
usual scenario. A reason for persistence of the relative differences between countries is the rela-
tively short scenario horizon. According to the DG XVII study a period of 20 years is too limited
for substantial structural economic changes that have impact on CO, emissions. It is obvious
that longer term CO, emission targets, based on decreasing differences between countries, can
provide more easily a common economic interest for all countries involved in the negotiations.

Given the limited flexibility for changes of the energy system, short term cost-effective CO,
reduction (DG XlI) results in different reduction possibilities for different energy systems in dif-
ferent countries, herewith preserving relative differences. However, CO, emission reduction
measures involving changes in the fuel mix are not entirely caused by structural changes of the
energy economy. These measures will decrease the carbon-intensity differences between coun-
tries.

The results of the studies clearly show that relative differences between countries in carbon-,
energy-intensity and economic living standard are preserved or even enlarged. Therefore the
results confirm the current difficulties of deriving a common European-wide opinion on reduc-
tion targets on the basis of short term scenario research.
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5. CONCLUSIONS AND RECOMMENDATIONS

For the year 2010, according to both the DG XVII and the DG XlI studies, it is possible to stabil-
ize or even reduce the CO, emissions in the EC with respect to the 1990 CO, emission level.
This already occurs in the Conventional wisdom scenario for countries such as Germany and
Luxembourg. Furthermore this also holds for the United Kingdom in the Reference scenarioc and
approximately for Denmark and Belgium. In 2010, all countries can reduce their CO, emissions
to below the 1990 level in the CO, reduction scenarios. However, the extent and the effort
involved differs considerably per country. These differences are largely determined by differ-
ences in population growth, economic growth, fuel input and energy saving potential. It is nece-
ssary for efficient and effective CO, reduction policies that all countries contribute equally or
have an equal burden sharing. The DG XlI study shows that many CO, reduction options (in
particular energy savings) are cost-effective. Furthermore, with an almost equal effort with
respect to costs, each country can realize a considerable, but different, CO, reduction potential.

The CO, reduction potential of the EC countries for 2010 is quite similar for both studies. How-
ever the DG XVII study puts strong emphasis on energy saving (in conversion and final cons-
umption} but little on fuel input changes. Great uncertainty exists as to how these substantial
energy savings can be realized. DG Xl has not incorporated savings in all sectors. Therefore
smaller percentages are used than in the DG XVII study (mostly technological measures). On
the other hand, in the DG Xil study, substitution by low-carbon fuels are carried out to the
extreme in some cases, so that the coal consumption in the EC for example, is halved in 2010.
Furthermore effects of the radical changes in the fuel consumption on the fuel prices are not
included.

Nevertheless it can be concluded that, with respect to 1990, a CO, reduction for the EC in 2010
of approximately 20% seems to be possible with measures, in the form of a realistic combina-
tion of DG XVIl and DG XII reduction options from various scenarios.

For the year 2000, in both studies, the CO, emissions per country are relatively more different.
Only the extreme scenario IV of the DG XVII scenarios attains stabilization of EC CO, emissions
in 2000. Of the EC countries, only Belgium, Denmark, France, Germany and Luxembourg
achieve a CO, reduction with respect to 1990 in 2000. In the DG Xl study all countries except
Portugal achieve in 2000 a CO, reduction with respect to 1990. Understandable since the DG
XII study is more oriented towards technological measures, so that it can respond more flexibly
towards the emission objectives, without behavioral and other delays. One could argue that
technological measures are needed to attain moderate CO, emission objectives in the short term
and that long run structural changes such as demand reductions are necessary and attainable
for the realisation of long term emission reduction objectives. On the other hand the methodol-
ogy used by DG XII is limited with respect to observation and implementation of structural
changes. These were analyzed more deeply in the DG XVII study.

According to the scenarios, CO, stabilization at 1990 level is possible in the year 2000 by the
EC as a whole and by nearly all countries individually. Nevertheless, it should be taken into
account that the efforts required per country for this type of objective differ considerably. Moreo-
ver, burden sharing on equal CO, emission targets for all EC countries is certainly not a
cost-effective way of reducing EC CO, emissions from a EC point of view.

Furthermore this study clearly shows that in both DG XIl and DG XVII studies relative differences
between countries in carbon-, energy-intensity and economic living standard are preserved or
even enlarged. This confirms the current difficulties of deriving a common Furopean-wide opin-
ion on reduction targets on the basis of short term scenario research. It is obvious that longer
term CO, emission targets, based on converging criteria differences between countries, can
provide more easily a common economic interest for all countries involved in the negotiations.
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1. GENERAL EC-12 DATA OF DG XVII SCENARIOS I,III and IV

Table 1.1 Demographic developments EC-12 for all

scenarios
Year 1980 1985 1990 1995 2000 2010
[ million ]
population 317.9 321.8 325.8 328.7 330.8 331.3
households 110.4 117.1 122.9 127.8 132.1 136.8
av.hsh.size 2.9 2.7 2.7 2.6 2.5 2.4
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Table 1.2 0il price for DG XVII scenarios I,III and IV

Year 1685 1990 1995 2000 2010
Scenario [ UsD-87/bbl ]

scdgl? I 29.2 15.5 17.5 20.0 30.0
scdgly ITITI 29.2 15.5 20.0 25.0 20.0
scdgl? IV 29.2 15.5 17.5 20,0 30.0

Table 1.3 Coal price for DG XVII scenarios I,III and IV

Year 1985 1990 1995 2000 2010
Scenario [ USD-87/tce ]

scdgl7? I 48.8 44,6 49.0 50.0 60.0
scdgl7 III 48.8 44,6 50.0 60.0 50.0
scdgl7 IV 48.8 44 .6 49.0 50.0 60.0

Table 1.4 Gas price for DG XVII scenarios I,ITI and IV

Year 1985 1990 1995 2000 2010
Scenario [ USD-87/MBtu ]

scdgl? I 4.1 2.0 2.5 2.7 3.5
scdgl7 IIT .1 2.0 2.6 3.2 2.7
scdgl7 IV b1 2.0 2.5 2.7 3.5
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Table 1.5 Total GDP EC-12 for DG XVII scenarios I,III and IV

Year 1985 19990 1995 2000 2010
Scenario [ billion ECU-87 ]

sc I and IV 3470 L4107 4701 5367 6997
sc III 3470 4107 4904 5868 7869

Table 1.6 Value added industrial sector EC-12
for DG XVII scenarios I,III and IV

Year 1985 1990 1995 2000 2010
Scenario [ billion ECU-87 ]

scdgl7 I 790 934 1067 1219 1591
scdgl7? YIII 790 934 1093 1213 1493
scdgl7? IV 790 934 996 1089 1302

Table 1.7 Number of passenger-km associated with private cars
EC-12 for DG XVII scenarios I,IIT and IV

Year 1985 1990 1995 2000 2010
Scenario [ billion p=km ]

scdgl? I 2304 3022 3381 3598 3766
scdgl7 III 2304 3022 3424 3698 2969
scdgl7? IV 2304 3022 3381 3598 3766

Table 1.8 Number of passenger-km railway EC-12
for DG XVII scenarios I,III and IV

Year 1985 1990 1995 2000 2010
Scenario [ billion p-km ]

scdgl7 I 232 248 266 283 315
scdgl7 III 232 248 252 299 859
scdgl? IV 232 248 266 283 315
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Table 1.9 Number of ton-km by road EC-12
for DG XVII scenarios I,III and IV

Year 1985 1990 1995 2000 2010
Scenario [ billion t-km ]

scdgl7 I 643 805 895 975 1139
scdgl7 III 643 805 993 1048 879
scdgl? 1V 643 805 895 975 1139

Table 1.10 Number of ton-km railway EC-12
for DG XVII scenarios I,III and IV

Year 1985 1990 1995 2000 2010
Scenario { billion t=km ]

scdgl7 I 183 198 211 224 254
scdgl7 TII1I 183 198 210 232 380
scdgl7? IV 183 198 211 224 254

Table 1.11 Value added service sector EC-12
for DG XVII scenarios I,III and IV

Year 1985 1990 1995 2000 2010
Scenario [ billion ECU-87 ]

scdgl7 I 1940 2270 2657 3095 4159
scdgl7 III 1940 2270 2762 3312 4763
scdgl7 IV 1649 2270 2788 3248 4408
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2. EC ENERGY CONSUMPTION AND CO, EMISSIONS PER SCENARIO

Table 2.1 Share by fuel final energy consumption EC~-12
for DG XVII scenarios I,III and IV

Year 1990 2000 2010
Scenario I I1T IV I III Iv
Fuel [ %]
Coal 7.1 6.0 5.3 4.9 5.7 h,2 3.9
0il 50.4 7.4 hy.7 4e.6 h4.3 37.3 34.8
Nat. Gas 24 .1 25.0 25.7 25.9 25.8 31.4 32.4
Electrici 17.4 20.2 19.8 21.0 22.6 24,7 26.0
Heat 6.9 1.3 1.3 1.4 1.4 1.5 1.9
Renewable 0.0 0.2 0.2 0.2 0.3 0.8 c.9
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Table 2.2 Share by fuel primary energy consumption EC-12

for DG XVII scenarios I,III and IV
Year 1990 2000 2010
Scenario I IX1 IV I I11 Iv
Fuel [ %]
Solids 20.5 21.5 20.5 20.1 23.4 18.7 21.3
0il 45.0 k1.5 41,3 41.0 35.9 30.1 3G6.1
Nat. Gas 18.5 19.5 21.1 20.1 20.1 25.8 25.4
Nuclear 14.0 15.3 15.0 16.4 18.3 22.7 19.7
Others 2.0 2.1 2.1 2.4 2.3 2.7 3.5
Total 100.0 100.0 100.0 100.0 160.0 100.0 100.0

Table 2.3 Share by fuel primary energy consumption EC-10
for DG XII scenarios REF, CON, 10% and 20%

Year 1990 20060 2010

Scen. ail REF CON 10% 20% REF CON 10% 20%
Fuel [ %]

coal 23.0 21.3 19.3 19.0 18.8 20.3 16.1 13.9 9.6
oil 42.6 39.3 39.3 38.9 39.¢ 36.6 37.3 34.7 34.2
gas 19.6 21.9 22.8 23.6 23.8 25.4 28.0 31.3 34.1
nuclear 12.2 12.7 13.7 13.4 13.4 12.3 12.6 13.6 14.4
renew 2.7 4.6 4.9 5.0 5.0 5.4 5.9 6.5 7.6

Total 100.¢ 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
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Table 2.4 CO, emissions EC-12 for DG XVII and EC-10 for
DG XII scenarios

Year 1990 1995 2000 2010
Scenario [ Mton ]

scdgl7 I 2765 2930 3026 3143
scdgl7 III 2765 3136 3121 2426
scdgl7 IV 2765 2813 2702 2098
scdgl2 REF 2781 2956 2963 3064
scdgl2 CON 2773 2819 2644 2581
scdgl2 10% 2775 2823 2634 2418
scdgl2 20% 2775 2823 2627 2244
scdgl2 MAX 2775 2823 2630 2111

Table 2.5 CO, emissions index EC-12 for DG XVII and EC-10 for
DG XII scenarios

Year 1990 1995 2000 2010
Scenario [ 1990=100 ]

scdgl? I 100 106 109 114
scdgl?7 III 100 113 113 a8
scdgl7 IV 100 102 98 76
scdgl?2 REF 100 106 107 110
scdgl2 CON 100 1062 95 93
scdgl2 10% 100 102 95 87
scdgl2 20% 100 102 95 81
scdgl2 MAX 100 162 95 76

Table 2.6 €O, emissions per GDP EC-12 for DG XVII and EC-10 for
DG XII scenarios

Year 1990 1995 2000 2010
Scenario [ kg/ECU-87 ]

scdgl7 I 0.673 0.623 0.564 0.449
scdgl7 III 0.673 0.639 0.532 0.308
scdgl? IV 0.673 0.598 0.503 0.300
scdgl2 REF 0.683 0.634 0.557 0.442
scdgl2 CON 0.681 0.605 0.497 0.372
scdgl2 10% 0.681 0.606 0.495 0.349
scdgl2 20% 0.681 0.606 o0.494 0.324

L e L L L T Ty ——
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Table 2.7 CO, emigsions per capita EC-12 for
DG XVII and EC-10 for DG XII scenarios

Year 1990 1995 2000 2010
Scenario [ ton/capita ]

scdgl7 I 8.49 8.92 9.15 9.49
scdgl7 III 8.49 o9.54 9.4 7.32
scdgl7 IV 8.49 8.56 8.17 6.33
scdgl?2 REF 8.64 9,10 9.07 9.36
scdgl2 CON 8.62 8.68 8.09 7.89
scdgl2 10% 8.62 8.69 8.06 7.39
scdgl2 20% 8.62 8.69 8.04 6.86

Table 2.8 CO; emissions per TJ primary energy consumption
EC-12 for DG XVII and EC-10 for DG XII scenarios

Year 1990 1995 2000 2010
Scenario [ ton/TJ TPER ]

scdgl? 1 57.51 57.07 56.53 54.53
scdgl7 III 57.51 57.24 56.53 49,15
scdgl7 IV 57.51 56.46 55.19 51.34

scdgl2 REF 61.48 61.15 59.44 59,19
scdgl2 CON 61.53 60.94 56.62 54.97
scdgl2 10% 61.53 61.06 56.75 53.20
scdgl2 20% 61.53 60.95 56.70 50.01
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3. GENERAL DATA PER COUNTRY DG XVII SCENARIOS

Table 3.1 Population per country for all scenarios

Year 1980 1985 1990 1995 2000 2010
Country [ million ]

B 9.85 9.86 9.73 9.78 9.62 9.37
DK 5.12 5.11 5.14 5.16 5.16 5.06
F 53.88 55.17 56.106 57.10 57.90 58.80
D 61.57 61.02 62.00 61.55 61.05 58.30
GR 9.64 9.93 10.08 10.11 10.35 10.65
IRE 3.40 3.58 3.5 3.60 3.67 3.75
IT 56.43 57.14 57.33 57.76 57.96 58.30
LUX 0.36 0.37 0.37 0.37 0.37 0.37
NL 14,15 14,49 14,93 15.28 15.70 16.10
P 9.77 10.16 10.34 10.45 10.57 11,22
ES 37.39 38.60 39.30 40.10 40.50 41.20
UK 56.31 56.35 56.90 57.40 57.90 58.20

EC-12 317.9 321.8 325.8 328.7 330.8 331.3

Table 3.2 Population index per country for all scenarios

Year 1980 1985 1990 1995 2000 2010
Country [ 19906=100 ]

B 101 101 100 101 99 96
DK 100 99 100 100 100 98
F 96 98 100 102 103 105
D 99 98 100 99 98 94
GR 96 99 100 100 103 106
IRE 96 101 100 102 104 106
IT 98 100 100 101 101 102
LUX 97 100 100 100 100 100
NL 95 97 100 102 105 108
P o4 98 100 101 102 109
ES 95 98 100 102 103 105
UK 99 99 100 101 102 102
EC~12 08 99 100 101 102 102
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Table 3.3 Number of households per country for
all scenarios

Year 1980 1985 1990 1995 2000 2010
Country [ million ]
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EC-12  110.4 117.2 122.9 127.8 132.2 136.
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Table 3.4 Number of households index per country for
all scenarios

Year 1980 1985 1990 1995 2000 2010

Country [ 1990=100 ]

B 94 100 100 103 106 108
DK 91 96 100 100 100 100
F 88 9l 100 105 109 115
D 91 96 100 100 100 96
GR 88 ol 100 106 115 118
IRE 90 90 100 100 110 120
IT 88 92 100 107 112 114
LUX 86 93 100 100 107 107
NL 91 96 100 107 112 118
P 91 gl 100 106 109 124
ES 86 97 100 104 112 126
UK 93 97 100 105 108 112
EC-12 90 95 100 104 108 111

49




Table 3.5 Average household size per country for
all scenarios

Year 1980 1985 1990 1995 2000 2010
Country [ capita/household ]
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Table 3.6 GDP per country for DG XVII gcenarios
I, IIT and IV

Year 1990 2000 2010
Scenario all T&IV 11T J&IV III
Country [ billion ECU-87 ]

B 134 176 185 233 ah7
DK 92 118 124 155 162
F 840 1081 1163 1397 1548
D 1078 1414 1514 1864 1995
GR 45 59 70 79 99
IRE 29 39 49 51 65
IT 729 956 1028 1224 1369
LUX 6 8 8 10 11
NL 203 258 274 341 365
P 36 56 66 84 98
ES 286 396 513 538 759
UK 629 805 875 1021 1153
EC-12 4107 5367 5868 6997 7869
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Table 3.7 GDP index per country for DG XVII scenarios
I, IIT and IV

Year 1990 2000 2010
Scenario all &IV I11 I&IV IIT
Country [ 1990=100 ]

B 100 132 138 174 184
DK 100 129 136 170 177
F 100 129 138 166 184
D 100 131 140 173 185
GR 100 131 156 176 220
IRE 100 134 168 175 224
IT 100 131 i 168 188
LUX 100 133 138 175 184
NL 100 127 135 168 180
P 100 154 182 232 271
ES 100 138 179 188 265
UK 100 128 139 162 183
EC-12 100 131 143 170 192

Table 3.8 GDP per capita per country for DG XVII
scenarios I, III and IV

Year 1990 2000 2010

Scenario all  I&IV IIT  I&IV III
Country [ thousand ECU-87/capita ]

B 13.76 18.35 19.26 24.83 26.31
DK 17.82 22.84 24.09 30.69 32.07
F 14,98 18.67 20.08 23.77 26.32
D 17.39 23.16 24.79 31.97 34.22
GR h.hs 5.68 6.76 7.42 9,26
IRE 8.19 10.56 13.30 13.49 17.32
IT 12.72 16.50 17.74 21.00 23.48
LUX 15,89 21.14 21.98 27.87 29.25
NL 13.58 16.45 17.44 21.15 22.64
P 3.50 5.26 6.21 7.48 8.75
ES 7.29 §.78 12.66 13.05 18.42
UK 11.06 13.91 15.11 17.54 19.81
EC-12 12.61 16.23 17.74 21.12 23.75
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Table 3.9 GDP per capita index per country for DG XVII
scenarios I, III and IV

Year 1990 2000 2010
Scenario all I&IV I1T I&IV IIT
Country [ 1990=100 ]

B 100 133 140 180 191
DK 100 128 135 172 180
F 100 125 134 159 176
D 100 133 143 184 197
GR 100 128 152 167 208
IRE 100 129 162 165 212
IT 100 130 140 165 185
LUX 100 133 138 175 184
NL 100 121 128 156 167
p 100 150 178 214 250
ES 100 134 174 179 253
UK 100 126 137 159 179
EC-12 100 129 141 167 188

Table 3.10 Crude steel production for DG XVII scenarios I,III and IV

Year 1990 1995 2010

Scenario all I III Iv I iIr Iv
Country [ million ton ]

B 11.8 12.2 12.2 11.0 12.2 10.9 10.9
DK 0.6 0.6 0.6 0.5 0.6 0.5 0.5
F 18.9 19.1 19.5 18.0 19.7 17.1 17.1
D 39.9 hp.2 41.5 37.9 40.8 35.1 35.1
GR 1.0 1.1 1.1 1.1 1.3 1.2 1.2
IRE 0.3 0.3 0.3 0.3 0.3 0.3 6.3
iT 24.8 24,2 25.0 22.8 23.1 21.2 21.2
LUX 3.7 3.8 3.9 3.7 3.8 3.8 3.8
NL 5.7 5.9 5.9 5.5 6.1 5.4 5.4
P 0.8 0.9 0.9 0.9 0.9 0.9 0.9
ES 15.4 15.7 16.2 15.0 17.9 17.4 17.4
UK 16.6 17.0 17.4 16.1 17.4 15.6 15.6
EC-12 139.5 141.0 144 .5 132.8 144 .1 129.4 129.5
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Table 3.11 Energy consumption for crude steel production for
DG XVII scenarios I,IIT and IV

Year 1990 2000 2010

Scenario all I IIT Y I IIT v
Country [ toe/ton ]

B 0.39 0.37 0.36 0.37 0.36 0.30 0.36
DK 0.24 0.23 0.23 0.23 0.22 0.21 0.22
F 0.42 0.38 0.36 0.38 0.35 0.29 G.35
D 0.40 6.37 0.36 0.37 0.34 0.29 0.34
GR 0.29 0.28 0.28 0.28 0.27 0.26 G.27
IRE 0.19 0.18 0.18 0.18 0.17 0.17 0.17
IT 0.31 0.29 0.26 0.29 0.27 0.24 0.27
LUX 0.36 0.35 0.34 0.35 0.33 0.32 0.33
NL 0.39 0.37 0.36 0.37 0.37 0.30 0.37
P 0.37 0.32 0.3 G.32 G6.30 0.27 0.30
ES 0.30 0.26 0.25 0.26 0.24 0.20 0.24
UK 0.41 0.39 0.37 0.39 0.36 0.31 0.36
EC-12 0.37 0.34 0.33 0.34 0.31 0.28 0.31

Table 3.12 Energy consumption index for crude steel production for
DG XVII scenarios I,III and 1V

Year 1990 2000 2010
Scenario all I IIT IV I ITT Iv
Country [ 1990=1090 ]

B 100 95 92 95 92 77 92
DK 100 96 96 96 92 88 92
F 100 90 86 90 83 69 83
D 100 93 90 93 85 73 85
GR 100 97 97 o7 93 90 93
IRE 100 95 95 95 89 89 89
IT 100 9l 84 94 87 77 87
LUX 100 97 9l 97 92 89 92
NL 100 95 92 95 95 77 95
P 100 86 84 86 81 73 81
ES 100 87 83 87 80 67 80
UK 100 95 90 95 88 76 88
EC-12 100 92 89 92 84 76 84
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4. FINAL ENERGY CONSUMPTION PER COUNTRY

Table 4.1 Final energy consumption industry per country
DG XVII scenarios I,III and IV

Year 1990 2000 2010

Scenario all I ITT IV I ITT Iv
Country L PJ ]

B 4ol .5 527.6 530.5 480.7 573.6 475.2 412.4
DK 122.7 138.2 139.4 123.5 170.0 133.6 118.5
F 1551.3  1654.3 1593.6 1479.7 1791.2 1435.7 1314.7
D 2516.8 2507.6 2611.9 2263.1 2538.6 2351.8 2050.0
GR 173.3 236.6 263.8 208.5 288.1 272.6 173.3
IRE 93.8 120.2 142.4 108.9 136.5 126.9 79.6
IT 1416.0 1494.3 1537.9 1354.5 1616.6 1408.9 1239.8
LUX 73.3 77.9 79.6 68.7 81.6 72.9 63.3
NL 617.6 692.1 685.8 635.2 784.2 653.2 611.7
P 137.8 194.7 213.1 173.3 253.3 209.8 149.1
ES 769.2 860.4 9l45.0 769.6 942.9 918. 527.1
UK 1504.0 1644.2 1659.3 1492.7 1787.0 1529.9 1258.6
EC-12 9470.2 10148.0 10402.2 9158.2 10963.7 9589.1 7998.1

Table 4.2 Final energy consumption industry per country
DG XII scenarios REF, CON, 10% and 20%

Year 1990 2000 2010

Scen. all REF CON 10% 20% REF CON 10% 20%
Country [ PT ]

B 626 668 669 667 667 728 729 738 731
DK 118 130 130 130 130 154 153 153 153
F 2068 2268 2261 2259 2264 2440 244D 2436 2432
D * 3313 3289 3289 3289 3289 3316 3316 3316 3316
GR 181 242 2hk2 2u2 242 296 292 292 292
IRE n.a.

IT * 1791 1906 1906 1906 1906 2077 2057 2057 2057
LUX n.a.

NL 962 1013 1012 1014 1014 1106 1162 1101 1101
P * 201 266 266 266 266 329 329 329 329
ES * 1002 1114 1114 2114 1114 1233 1233 1233 1233
UK 2048 2176 2172 2352 2352 2341 2336 2530 2528

EC-10 12310 13072 13061 13239 13244 14000 13987 14185 14172

* = D@ XVII figures

54



Table 4.3 Final energy consumption transport per country
DG XVII scenarios I,III and IV

Year 1990 2000 2010
Scenario all I I1I Iv I I1I v
Country [ PJ ]
B 309.0 337.5 338.7 292.7 323.2 216.9 178.8
DK 184.6 202.2 200.1 183.0 230.3 127.7 112.6
F 1671.5 1828.9 1933.6 1563.0 1881.6 1213.8 900.2
D 2058.7 2037.8 2030.7 1841.0 1926.0 1246.9 1060.6
GR 229.0 335.8 360.5 294.8 375.2 324.1 213.1
IRE 79.6 92.1 100.9 83.3 108.0 80.0 46.9
IT 1417.3 1559.7 1609.5 1387.2 1614.9 978.5 758.7
LUX 32.7 35.2 33.5 30.1 34.3 23.0 19.3
NL 451.4 482.8 490,.3 437.5 h468.1 302.3 254.6
P 155.3 190.5 213.1 169.2 211.0 162.0 109.7
ES 801.0 1019.5 1171.9 908.6 1157.7 899.8 499,1
UK 1922,7 2166.4 2200.3 1942.3 2294.9 1328.5 1040.9
EC-12 9312.7 10288.3 10683.1 9132.7 10625.3 6903.5 5194.4
Table 4.4 Final energy consumption transport per country

DG XII scenarios REF, CON, 10% and 20%
Year 1990 2000 2010
Scenario all REF CON 10% 20% REF CON 10% 20%
Country [ PT ]
B 311 353 289 289 289 345 277 277 271
DK 152 178 160 160 160 211 191 191 191
F 1523 1676 1401 1401 1401 1721 1416 1416 1416
D 2043 2019 1823 1823 1823 1909 1717 1717 1677
GR 231 338 298 297 297 379 323 317 317
IRE n.a
IT 1421 1569 1497 1496 1489 1575 1380 1204 1195
LUX n.a
NL 361 h17 349 349 349 493 395 367 367
P 134 171 161 161 161 200 172 172 172
ES 811 1157 1147 1144 1144 1k2h 1271 1168 1168
UK 1718 1982 1627 1627 1627 2138 1705 1705 1705
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Table 4.5 Final energy consumption tertiary-domestic per country
DG XVII scenarios I,III and IV

Year 1990 2000 2010

Scenario all I ITT v I ITT Iv
Country [ PT ]

B 569.4 611.7 630.6 520.9 599,2 561.5 459.3
DK 331.2 346.7 358.4 322.8 356.7 318.6 293.9
F 2368.6 2554.5 2625.2 2322.5 2632.8 2420.1 2024.0
D 3375.6  3413.7 3623.4 3009.6 3330.3 3238.6 2677.6
GR 146.1 193.0 224.8 178.4 24h8.3 244 .1 157.0
IRE 126.9 138.6 147.8 87.9 148.2 135.2 79.6
IT 1594.8 1783.7 1843.5 1671.9 1878.3 1741.8 1591.5
LUX 26.8 30.1 34.3 25.1 31.4 37.3 20.9
NL 923.7 982.3  1038.4 916.5 1014.9 974.3 847.4
P 85.0 116.8 136.5 109.7 159.9 169.6 117.7
ES 535.5 647.7 745.3 599.2 737.7 803.5 469.8
UK 2652.0 2807.0 2947.6 2487.5 2855.1 2694.8 2128.3

EC-12 12735.6 13625.8 14356.0 12252.0 13993.0 13339.4% 10866.

pte]

Table 4.6 Final energy consumption tertiary-domestic sector per
country DG XII scenarios REF, CON, 10% and 20%

Year 1990 2000 2016

Scenario all REF CON 10% 20% REF CON 10% 20%
Country L T

B 583 621 565 565 565 601 546 560 557
DK 267 281 276 275 275 297 290 278 278
F 2692 2945 2728 2728 2651 3048 2640 2505 2437
D 3323 3515 3475 3475 3475 3577 3469 3469 3471
GR 165 209 169 169 169 255 202 200 200
IRE n.a.

IT 1572 1790 1640 1640 1640 1925 1758 1755 1753
LUX n.a.

NL 807 834 786 784 784 833 693 658 658
P 64 92 77 77 77 128 108 108 108
ES 325 402 353 353 353 439 384 364 364
UK 2627 2793 2413 2413 2413 2835 2458 2411 2353

EC-10 12425 13482 12482 12479 12402 13938 12548 12308 12179
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Table 4.7 Total final energy consumption per country
DG XVII scenarios I,IIT and 1V

Year 1990 2000 2010
Scenario all I IIT Iv I III IV
Country [ PT ]

B 1373 1477 1500 1294 1496 1254 1051
DK 639 687 698 629 757 580 525
F 5591 6038 6152 5365 6306 5070 4239
D 7951 7959 8266 7114 7795 6837 5788
GR 548 765 849 682 912 841 543
IRE 300 351 391 280 393 342 206
IT 4428 4838 4991 hhih 5110 4129 3590
LUX 133 143 147 124 147 133 104
NL 1993 2157 2215 1989 2267 1930 1714
P 378 502 563 452 624 5h1 376
ES 2106 2528 2862 2277 2838 2622 1496
UK 6079 6618 6807 5923 6937 5553 4428
EC-12 31518 34062 35441 30543 35582 29832 24059

Table 4.8 Total final energy consumption per country
DG XITI scenarios REF, CON, 10% and 20%

Year 1990 2000 2010
Scenario all REF CON 10% 20% REF CON 10% 20%
Country [ PT ]

B 1520 1642 1523 1521 1521 1674 1552 1575 1559
DK 537 589 566 565 565 662 634 622 622
F 6283 6889 6390 6388 6316 7209 6496 6357 6285
D¥ 8679 8823 8587 8587 8587 8802 8502 8502 8heh
GR 577 789 709 708 708 930 817 809 809
IRE n.a.

IT* h784 5265 5043 5042 5035 5557 5195 5016 5005
LUX n.a

NL 2130 2264 2147 2147 2147 2432 2190 2126 2126
p* 399 529 504 504 504 657 609 609 609
ES¥* 2138 2673 2614 2611 2611 3006 2888 2765 2765
UK 6393 6951 6212 6392 6392 7314 6499 6646 6586

EC-10 33440 36414 34295 34465 34386 38333 35382 135027 34830

* = figures for industrial sector are from DG XVII
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Table 4.9 Final energy consumption industry per value added
per country DG XVII scenarios I,III and IV

Year 1990 2000 2010
Scenario all I IIT IV I I1T1 IV
Country [ Mtoe/billion ECU-87 }

B 0.50 0.43 0.42 0.41 0.38 0.31 0.30
DK 0.21 0.18 0.19 0.18 0.16 0.15 0.14
F 0.23 0.20 0.19 0.19 0.18 0.14 0.14
D 0.22 0.18 0.18 0.18 0.15 0.14 G.13
GR 0.52 0.54 0.52 0.49 0.48 0.37 0.30
IRE 0.27 0.24 0.25 0.25 0.21 0.15 0.14
IT 0.22 0.19 0.19 0.18 0.17 0.14 0.14
LUX 1.03 0.83 0.87 0.82 0.73 0.66 0.63
NL 0.48 0.42 0.42 0.43 0.35 0.33 0.34
P 0.34 0.33 D.33 0.31 0.32 0.23 0.20
ES 0.29 G.24 0.21 0.23 0.21 0.14 0.12
UK 0.24 0.21 0.20 0.20 0.20 0.15 0.15
EC-12 0.25 0.22 0.21 0.21 0.19 0.16 0.15

Table 4.10 Final energy demand passenger transportation per p-km
per country DG XVII scenario I

Year 1990 2000 2010
Country [ toe/million p-km ]
B h2.20 40.50 38.70
DK 45.50 42.40 39.80
F 35.00 31.70 30.60
D 47.80 b4 20 h1.00
GR 51.80 44 .00 4o.20
IRE 46.30 45.40 41.50
IT 36.30 33.60 30.80
LUX n.a.

NL 38.30 37.60 36.20
p 41.70 38.20 36.20
ES 43,40 39.60 36.30
UK 50.30 47.80 h6.80
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Table 4.11 Final energy demand freight transportation per t-km
per country DG XVII scenario I

Year 1990 2000 2010
Country [ toe/million t-km ]
B 53.00 50.30 47.70
DK 84,20 72.00 65.00
F 67.20 67.30 64.40
D 36.30 37.40 34.60
GR 138.90 144.00 131.60
IRE 48.70 45.60 42.40
IT 46.30 41.90 43.10
LUX n.a.

NL 85.20 74 .80 66.70
P 82.90 69.20 63.40
ES 74.00 37.00 36.30
UK 60.00 59.40 60.30
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5. ELECTRICITY PER COUNTRY

Table 5.1 Electricity demand {incl. transportation losses and own use)
DG XVITI scenarios I,ITI and IV

Year 1990 2000 2010

Scenario all I IIT IV I I1T IV
Country [ TWh ]

B 61.8 81.4 79.2 77.0 98.9 84.0 70.1
DK 30.9 38.1 37.9 35.1 45,1 37.0 34,2
F 358.5 472.5 457.7 45,3 574.2 493.0 451.6
D 427.6 480.5 504.8 h48.5 517.6 489.0 430.5
GR 32.7 48.1 51.0 kh .o 69.6 61.0 42.4
IRE 13.1 17.7 20.6 16.8 23.0 23.4 16.6
IT 236.7 309.0 304.8 285.6 367.7 325.9 304.5
LUX b.8 5.9 6.0 5.4 6.9 6.0 5.2
NL 75.6 91.0 93.3 84.4 110.6 97.1 86.7
P 26.7 38.0 4z2.7 35.4 52.2 50.3 36.6
ES 134.3 175.2 210.3 162.5 216.3 242.1 135.3
UK 317.3 382.0 376.0 358.0 425.3 387.7 338.9
EC-12 1720.0 2139.4 2184.3 1998.0 2507.4 2296.5 1952.6

Table 5.2 Electricity demand per GDP DG XVII scenarios I,ITYI and IV

Year 1990 2000 2010
Scenario all I I1T IV I I1T IV
Country [ Mwh/ECU-87 ]

B 0.46 0.46 0.43 0.44 0.43 0.34 0.30
DK 0.34 0.32 0.30 0.30 0.29 0.23 0.22
F 0.43 0.44 0.39 0.41 0.41 0.32 0.32
D 0.40 0.34 0.33 0.32 0.28 0.25 0.23
GR 0.73 0.82 0.73 0.75 0.88 0.62 0.54
IRE 0.45 0.46 0.42 0.43 0.45 0.36 0.33
IT 0.32 0.32 0.30 0.30 0.30 0.24 0.25
LUX 0.82 0.75 0.74 0.69 0.67 0.55 0.50
NL 0.37 0.35 0.34 0.33 0.32 0.27 0.25
P 0.74 0.68 0.65 0.64 0.62 0.51 0.44
ES 0.47 0.44 0.41 0.41 0.40 0.32 0.25
UK 0.50 0.47 0.43 0.44 0.42 0.34 0.33
EC-12 0.42 0.40 0.37 0.37 D.34 0.29 0.28
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Table 5.3 Electricity demand per capita DG XVII scenarios I,III and IV

Year 1990 2000 2010
Scenario all I III IV I I1I v
Country [ MWh/capita ]

B 6.35 8.46 8.23 8.00 10.55 8.96 7.48
DK 6.01 7.38 7.34 6.80 8.91 7.31 6.76
F 6.39 8.16 7.91 7.69 9,77 8.38 7.68
D 6.90 7.87 8.27 7.35 8.88 8.39 7.38
GR 3.24 4.65 4,93 4,25 6.54 5.73 3,98
IRE 3.70 4.82 5.61 4,58 6.13 6.24 4 43
IT h.13 5.33 5.26 4 .93 6.31 5.59 5.22
LUX 12.97 15.95 16.22 14.59 18.65 16.22 14.05
NL 5.06 5.80 5.94 5.38 6.87 6.03 5.39
P 2.58 3.60 4. o4 3.35 h.65 4.48 3.26
ES 3.42 b .33 5.19 .01 5.25 5.88 3.28
UK 5.58 6.60 6.49 6.18 7.31 6.66 5.82
EC-12 5.28 6.47 6.60 6.04 7.57 6.93 5.89
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Table 5.4a Electricity production by fuel DG XVII scenarios I, IIIL, IV
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Table 5.4b Electricity production by fuel DG XVII scenarios I, II1I, IV
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Table 5.7a Electricity production by fuel shares DG XII

scenarios REF, CON, 10% and 20%

2010

2000

1990

Year

REF CON 10% 20% REF CON 10% 20%

all

Scenario

L %]

Country/fuel

cccccc

oooooo

------

oooooo

oooooo

cccccc

oooooo

oooooo

o pVe) o
—
ol
]
O 3=
— — 0 @
T Ogw
o830 O
Qo Wwao KK
m

oooooo

oooooo

------

oooooo

oooooo

------

------

oooooo

o o
—
H
o
¢ =~
— — Q o
EEELE:
VoME QB
et
[}

------

------

oooooo

------

oooooo

......

oooooo

— M~ o
—
H
«
Q=T
—~ ~ QO @
o=~ 0w O gL
O+ @30 O
OO Mg HE
R

oooooo

oooooo

oooooo

nnnnnn

oooooo

oooooo

oooooo

D

......

------

cccccc

oooooo

------

oooooo

I~ i - O
i
o]
o
[V
— — @ @
818565
OoWwg N
fu
o

IRE

oooooo

------

oooooo

------

------

------

AN N O
L]
[ ]
@
0z
— - O o
Trd Q& &
O @300
OCWE LE
-
=

LUX

68



20%

2010
10%

REF CON

2000
10%  20%
[ %1

CON

REF

all

scenarios REF, CON, 10% and 20%
1990
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Table 5.8 Electricity production per capita per country
DG XVII scenarios I, III and IV

Year 199¢ 2000 2010
Scenario all I IT1 iv I III IV
Country { MWh/capita ]

B 6.60 8.3% 8.17 7.89 10.43 9.02 7.35
DK 5.8 7.29 7.25 6.72 8.81 17.21 6.66
F 7.04 9,28 9,22 8.81 11.12 10.04 9,04
D 6.8 7.7 8.13 7.23 8.76 8.31 7.26
GR 3.22 4,53 4.81 4,14 6.43 5.62 3.89
IRE 3.87 4.96 5.75 4.74 6.32 6.43 4.59
IT 3.74  4.79 4.66 4.39 5.80 5.09 4,72
LUX 3.24 3,51 3.51 3.51 3.51 3.51 3.51
NL 4,49 5,03 5.18 4.62 6.52 5.68 5,02
P 2.33 3.12 3.51 2.89 4.03 3.8 2.65
ES 3.58 4.49 5.33 4,17 5.44 6.07 3.48
UK 5.44  6.44 6,38 6.03 6.94 6.38 5.46
EC-12 5.27 6.47 6.63 6.04 7.60 7.04 5.93

Table 5.9 Electricity production per capita per country
DG XII scenarios REF, CON, 10% and 20%

Year 1990 2000 2010

Scenario all REF CON 10% 20% REF CON 10% 20%
Country [ MWh/capita ]

B 6.11 7.46 6,87 6.87 6.87 9.52 8.8 8.48 8.48
DK 6.28 5.98 5.64 5,51 5.63 6.98 6.8 6.99 6.61
F 6.34 8.07 7.68 7.66 7.62 8.71 7.81 7.69 7.71
D 7.49 8.47 8.06 8.05 7.96 8.70 8.41 8.20 7.32
GR 3.12 4.59 3.96 4.05 4,05 5.98 5.11 5.02 5.02
IRE n.a.

IT 3.63  L.oh 425 4,23 4,23 5.78 5.19 5.23 5.25
LUX n.a.

NL 5.03 5.74 5.43 545 8545 6.70 6.30 6.24 6.24
P 2.50 3.18 2.8 2.86 2.86 3.76 3.29 3.29 3.29
ES 3.6 4,51 3.95 3.98 3.98 5.28 4.63 3.25 4,02
UK 5.36 6.22 5.91 5.90 5.91 6.82 6.42 6.41 6.38
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Table 5.10 Electricity production per GDP per country
DG XVII scenarios I, III and IV

Year 1990 2000 2010
Scenario all I IIT IV I I1T iv
Country [ kWh/ECU-87 ]

B 0.48 0.45 0.42 0.43 0.42 0.3% 0.30
DK 0.33 0.32 0.30 0.29 0.29 0.22 0.22
F 0.47 0.50 o0.46 0.47 0.47 0.38 0.38
D 0.39 0.33 0.33 0.31 0.27 0.24% 0.23
GR 0.72 0.8 0.71 0.73 0.87 0.61 0.52
IRE c.47 0.47 0.43 0.45 0.47 0.37 0.34
IT 6.29 0.29 0.26 0.27 0.28 0.22 0.22
LUX 6.20 0,17 0.16 0.17 0.13 0.12 0.13
NL 0.33 0.31 0.30 0.28 ©0.31 0.25 0.24
P 0.67 0.59 0.56 0.55 0.54 0.44 0.35
ES 0.49 0.46 0.42 0.43 0.42 0©0.33 0.27
UK 0.49 o0.46 0.42 0.43 0.40 0.32 0.31

Table 5.11 Electricity production per GDP per country
DG XII scenarios REF, CON, 10% and 20%

Year 1990 2000 2010

Scenario all REF CON 10% 20% REF CON 10% 20%
Country [ kWh/ECU-87 ]

B 0.44% o©.41 0.37 0.37 0.37 0.38 0.36 0.3% 0.34
DK 0.35 0.26 0.25 0.24% 0.25 0.23 0.22 0.23 0.22
F 0.42 0.43 041 o0.42 0.1 0.37 0.33 0.32 0.3
D 0.43 0.36 0.35 0.35 0.3% 0.27 0.26 0.26 0.23
GR 0.70 0.8 0.70 0.71 0.71 0.81 0.69 0.68 (.68
IRE n.a.

IT c.28 0.30 0.26 0.26 D0.26 0.28 0.25 0.25 0.25
LUX n.a.

NL - 0.37 0.3 0.33 0.33 0.33 0.32 0.30 0.29 0.29
P 0.71 0.60 0.54 o0.54% 0.54 0.50 O.44% o0.44 0.44
ES 0.47 o046 0.40 o0.41 o0.41 o0.40 0.35 0.38 0.38
UK 0.48 o0.45 0.43 0.42 0.43 0.39 0.37 0.36 0.36
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6. PRIMARY ENERGY CONSUMPTION PER COUNTRY

Table 6.la Primary energy consumption by fuel DG XVII scenarios I, 111, IV

Year 1990 2000 2010
Scenario all I III IV I III 1v
Country/fuel [ PT ]
B solids 418.7 498.3 443.8 406.1 548.5 322.4 309.8
oil 858.3 879.3 912.8 762.0 762.0 594 .6 hol 1
gas 364.3 464.8 485.7 452.2 506.6 519.2 489.9
nuclear 418.7 418.7 418.7 418.7 586.2 586.2 389.4
others 0.0 16.7 16.7 20.9 20.9 16.7 29.3
Total 2060.0 2277.7 2277.7 2060.0 2424.3  2039.1 1712.5
DK solids 322.4 360.1 355.9 322.4 397.8 288.9 259.6
oil 448.0 443.8 448.0 410.3 473.1 318.2 293.1
gas 75 .4 129.8 138.2 125.6 163.3 188.4 167.5
nuclear 0.0 G.0 0.0 0.0 0.0 0.0 0.0
others 4,2 16.7 16.7 16.7 33.5 37.7 37.7
Total 850.0 950.4 958.8 875.1 1067.7 833.2 757.8
F  solids 799.7 850.0 753.7 632.2 1218.4 535.9 477.3
oil 3680.4 3772.5 3806.0 3286.8 3429.2 2378.2 1930.2
gas 1193.3 1411.0 1561.8 1318.9 1658.1 1741.8 1448.7
nuclear 3324.5 4630.8 4702.0 4522.0 5639.9 5418.0 4769.0
others 146.5 62.8 29.3 71.2 29.3 -20.9 41.9
Total oth44 .4 10727.1 10852.7 9831.1 11974.8 10053.0 8667.1
D solids 3106.8 3291.0 3433.3 2822.0 3475.2 2709.0 2575.0
oil 5217.0 4882.0 4911.4 4408.9 4459.2 3173.7 2805.3
gas 1896.7 2252.6 2503.8 2110.2 2261.0 2679.7 2340.5
nuclear 1683.2 1662.2 1662.2 1662.2 1938.6 2093.5 1519.9
others 117.2 146.5 150.7 154.9 167.5 192.6 213.5
Total 12020.9 12234.4 12661.5 11158.4 12301.4 10848.5 o454.2
GR solids 318.2 456.4 452.2 389.4 690.9 502.4 339.1
oil 527.6 598.7 644 .8 540.1 623.9 544 .3 376.8
gas 4,2 83.7 146.5 92.1 104.7 205.2 100.5
nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0
others 16.7 58.6 62.8 58.6 87.9 96.3 92.1
Total 866.7 1197.5 1306.3 1080.2 1507.3 1348.2 908.6
IRE solids 159.1 184.2 201.0 121.4 268.0 221.9 129.8
oil 192.6 238.7 255.4 217.7 226.1 180.0 121.4
gas 71.2 87.9 108.9 92.1 96.3 125.6 87.9
nuclear G.0D 0.0 0.0 0.0 0.0 0.0 0.0
others 4,2 L) 4,2 4,2 4.2 4,2 4,2
Total 427.1 515.0 569.4 435.4 594 .6 531.7 343.3
IT solids 661.5 1130.5 917.0 908.6 1808.8 1071.9 1159.8
oil 3835.3 3588.3 3764.1 3316.1 3228.2 2344.7 2039.1
gas 1465.5 1892.5 2055.8 1800.4 2127.0 2353.1 1917.6
nuclear 0.0 0.0 6.0 0.0 0.0 0.0 0.0
others 376.8 477.3 4ol 1 481.5 502. 4 510.8 510.8
Total 6339.1 7088.6 7230.9 6506.6 7666.4 6280.5 5627.3
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Table 6.1b Primary energy consumption by fuel DG XVII scenario I, III, 1Iv

Year 1990 2000 2010
Scenario all I I1T v I III Y
Country/fuel [ BT ]
LUX solids 50.2 50.2 50.2 41.9 50.2 h1.9 37.7
oil 58.6 62.8 62.8 54.4 58.6 h1.9 37.7
gas 16.7 20.9 25.1 20.9 29.3 25.1 25.1
nuclear 0.0 0.0 .0 0.0 0.0 0.0 0.0
others 16.7 20.9 25.1 20.9 25.1 33.5 20.9
Total 142.4 154.9 163.3 138.2 163.3 142.4 121.4
NL solids 326.6 540.1 4o 1 489.9 552.7 330.8 443.8
oil 1067.7 1164.0 1159.8 1067.7 1105.4 787.2 745.3
gas 1444 .5 1377.5 1503.1 1310.5 1494.8 1448.7 1318.9
nuclear 37.7 33.5 33.5 33.5 280.5 364.3 92.1
others 37.7 50.2 50.2 50.2 29.3 7.7 7.7
Total 2014.2  3165.4 3240.7 2951.8 3462.6 2968.6 2637.8
P solids 96.3 138.2 163.3 121.4 326.6 226.1 125.6
oil 44 .5 485.7 515.0 435.4 hel.8 355.9 284.7
gas 0.0 544 62.8 50.2 83.7 129.8 71.2
nuclear 0.0 0.0 D.o 0.0 0.0 0.0 0.0
others 5h.4 71.2 79.6 71.2 87.9 100.5 92.1
Total 565.2 749.5 820.7 678.3 963.0 812.3 573.6
ES solids 778.8 921.1 1155.6 841.6 1038.4 929.5 523.4
oil 1750.2 2018.1 2214.9 1829.7 2097.7 1670.6 1030.0
gas 154.9 238.7 309.8 234.5 318.2 427.1 209.4

nuclear 535.9 699.2 699.2 619.7 1017.4 12%6.1 623.9
others 125.6 163.3 175.9 167.5 192.6 209.4 205.2

Total 3345.4  Boho.5  4555.5  3692.9  4664.3  4492,7  2591.8

UK solids 2805.3  3077.4 2863.9 2734.1 3119.3 2034.9 2340.5

oil 3617.6 4090.7 4128.4 3726.4 3806.0 2474.5 2131.2

gas 2219.1 2428.5 2763.4 2252.6 2742.5 - 2872.3 2219.1

nuclear 720.2 766.2 766.2 766.2 1067.7 1515.7 649.0

others 58.6 58.6 50.2 58.6 117.2 117.2 134.0

Total 9420.8 10421.4 10572.2 9538.0 10852.7 9014.6  7473.8
EC-12

solids 9843.6 11497.5 11284.0 9831.1 13494.7 0215.6 8721.5

oil 21667.7 22224.6 22823.3 20055.7 20734.0 14863.9 12288.8

gas 8905.7 10442.4 11665.0 9860.4 11585.4 12715.9 10396.3

nuclear 6720.1 8210.7 8281.9 8022.3 10530.3 11233.7 8043.2
others 958.8 1147.2 1155.6 1176.5 1298.0 1335.7 1419.4
Total 48096.1 53522.4 55209.8 48946.0 57642.4 49364,7 40869.3
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Table 6.2a Primary energy consumption by fuel DG XII
scenarios REF, CON, 10% and 20%

Year 1990 2000 2010

Scenario all REF CON 10% 20% REF CON 10% 20%

Country/fuel [ PT ]

B coal 459 453 339 336 342 338 314 216 209
oil 753 862 788 792 783 715 627 609 5614
gas 374 Lo6 ho6 46 ho6 701 644 662 684
nuclear 436 495 hgs 495 495 562 562 562 562
renew 2 3 8 8 8 3 8 85 97
Total 2024 2219 2036 2037 2034 2319 2155 2134 2116

DK coal 343 340 332 294 245 310 291 180 80
oil 251 245 228 229 230 280 259 247 244
gas T 101 102 105 151 122 128 230 301
nuclear 0 0 0 0 0 0 0 0 0
renew 30 31 29 45 45 42 43 54 62
Total 701 717 691 673 671 754 721 711 687

F coal 899 940 817 852 801 914 869 634 300
oil 3312 3420 3087 3110 3128 3203 2789 2758 2702
gas 1171 1340 1240 1265 1261 1958 1790 1653 1677

nuclear 2864 3703 3639 3506 3490 3660 3223 3476 3790
renew 637 786 760 766 737 814 750 794 806
Total 8883 10189 9543 9499 oli17 10549 Q421 9315 9275

D coal 3394 3198 3192 3081 3058 3268 3268 2840 1990
oil 4624 4300 4092 4092  H102 3612 3382 3288 3246
gas 2107 2591 2527 2607 2616 2683 2555 2861 3204
nuclear 1774 1772 1772 1772 1772 1748 1748 1748 1748
renew 147 213 213 213 213 257 257 273 552
Total 12046 12074 11796 11765 11761 11568 11210 11010 10740

GR coal 374 496 250 232 232 659 168 20 20
oil 470 584 551 586 586 582 575 599 599
gas 0 55 68 64 64 57 209 209 209
nuclear 0 0 0 ] 0 0 0 0 0
renew 15 30 LTs) U iy 39 71 98 98
Total 859 1165 918 926 926 1337 1023 926 926

IRE n.a.

IT coal 689 1202 425 Lgh holy 1597 277 279 199
0il 3613 3229 3361 3037 3029 3265 3774 2430 2350
gas 1627 2084 2149 2377 2368 2084 2084 3035 3152
nuclear 0 G 0 0 0 0 0 0 1]

renew 213 391 419 h17 417 510 549 549 549
Total 6142 6906 6354 6315 6308 7456 6684 6293 - 6250
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Table 6.2b Primary energy consumption by fuel DG XII
scenarios REF, CON, 10% and 20%

Year 1990 2000 2010

Scenario all REF CON 10% 20% REF CON 10% 20%

Country/fuel [ PJT ]

NL coal 323 361 319 321 321 371 140 123 123
oil g5 924 808 836 836 963 817 748 748
gas 1320 1435 1426 1400 1400 1693 1723 1684 1684
nuclear 37 39 39 39 39 0 0 0 0
renew 18 53 52 43 43 66 65 50 50
Total 2643 2812 2644 2639 2639 3093 2745 2605 2605

P coal 144 144 144 144 144 221 35 35 35
oil 381 b77 27 427 427 h71 415 415 415
gas 0 27 25 25 25 125 238 238 238
nuclear 0 0 0 0 0 1] 0 0 0
renew 96 114 114 114 114 125 125 125 125
Total 621 762 710 710 710 o942 813 813 813

ES coal 881 804 484 499 490 1053 Uiy 237 237
oil 1541 2039 1888 1885 1885 2119 1930 1723 1723
gas 198 421 479 482 482 12 686 660 660
nuclear 140 132 183 183 183 229 229 229 229
renew 53 91 95 95 95 122 133 117 117

Total 2813 3487 3129 3135 3135 3935 3422 2966 2966
UK coal 2874 2690 2645 2580 2561 1790 1759 1751 1114

oil 3367 3513 2999 3025 3025 3741 2962 2955 2752
gas 1985 2469 2168 2182 2206 3320 3093 2986 3497
nuclear 248 205 205 205 205 42 142 142 142
renew 15 591 521 591 591 791 791 822 965

Total 8489 9468 8538 8583 8588 9784 8747 8656 8470

coal 10380 10628 8947 8814 8688 10521 7565 6315 4307
oil 19257 19593 18229 18019 18031 18951 17530 15772 15343
gas 8859 10929 10590 10913 10979 13155 13150 14218 15306
nuclear 5499 6346 6333 6200 6184 6341 5904 6157 6471
renew 1226 2303 2260 2336 2307 2769 2792 2967 3421
Total 45221 49799 46359 546282 46189 51737 46941 4sh2g9 44848
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Table 6.4a Primary energy consumption by fuel shares DG XII
scenarios REF, CON, 10% and 20%

Year 199D 2000 2010

Scenario all REF CON 10% 204 REF CON 10% 20%

Country/fuel [ %]

B coal 23 20 17 16 17 15 15 10 10
oil 37 39 39 39 38 31 29 29 27
gas 18 18 20 20 20 30 30 31 32
nuclear 22 22 2 24 24 24 26 26 27
renew 0 0 0 0 0 0 0 4 5
Total 100 100 100 100 100 100 100 100 100

DK coal hg 47 48 4 37 41 4o 25 12
oil 36 34 33 34 34 37 36 35 36
gas 11 14 15 16 23 16 18 32 R
nuclear b 0 0 0 0 0 0 0 0
renew b 4 4 7 7 6 6 8 9
Total 100 100 100 100 100 100 100 100 100

F coal 10 9 9 9 9 9 9 7 3
oil 37 34 32 33 33 30 30 30 29
gas 13 13 13 13 i3 19 19 18 18
nuclear 32 36 38 37 37 35 34 37 41
renew 7 8 8 8 8 8 8 g 9
Total 100 100 100 100 100 100 100 100 100

D coal 28 26 27 26 26 28 29 26 19
oil 38 36 35 35 35 31 30 30 30
gas 17 21 21 22 22 23 23 26 30
nuclear 15 15 15 15 15 15 16 16 16
renew 1 2 2 2 2 2 2 2 5
Total 100 100 100 100 100 100 100 100 100

GR coal Uy 43 27 25 25 49 16 2 2
oil 55 50 60 63 63 bl 56 65 65
gas 0 5 7 7 7 b 20 23 23
nuclear 0 0 0 0 0 0 0 0 0
renew 2 3 5 5 5 3 7 11 11
Total 100 100 100 100 100 100 100 100 100

IRE n.a.

IT coal 11 17 7 8 8 21 4 4 3
oil 59 47 53 48 48 il 56 39 38
gas 26 30 34 38 38 28 31 48 50
nuclear 0 0 0 0 0 0 0 0 0
renew 3 6 7 7 7 7 8 9 9
Total 100 100 100 100 100 100 100 100 100

LUX n.a

T S A i e e e T P S ik o e e e Y R e . s o o o A Rt ks i v o
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Table 6.4b Primary energy consumption by fuel shares DG XII
scenarios REF, CON, 10% and 20%

Year 1990 2000 2010

Scenario all REF CON 10% 20% REF CON 10% 20%

Country/fuel [ %]

NL coal 12 13 12 12 12 12 5 5 o)
oil 36 33 31 32 32 31 30 29 29
gas 50 51 54 53 53 55 63 65 65
nuclear 1 1 1 1 1 o 0 0 0
renew 1 2 2 2 2 2 2 2 2
Total 100 100 100 100 106 100 100 100 100

P coal 23 19 20 20 20 23 y 4 4
oil 61 63 60 60 60 50 51 51 51
gas 0 4 4 i b 13 29 29 29
nuclear 0 0 0 0 0 0 0 0 0
renew 15 i5 16 16 16 13 15 15 15
Total 100 100 100 100 100 100 100 100 100

ES coal 31 23 15 16 16 27 13 8 8
oil 55 58 60 60 60 54 56 58 58
gas 7 12 15 15 i5 10 20 22 22
nuclear 5 Y 6 6 6 6 7 8 8
renew 2 3 3 3 3 3 U] Y h
Total 100 100 100 100 100 100 100 100 100

UK coal 34 28 31 30 30 18 20 20 13
oil 40 37 35 35 35 38 34 34 32
gas 23 26 25 25 26 34 35 34 b1
nuyclear 3 2 2 2 2 1 2 2 2
renew 0 6 6 7 7 8 9 9 11
Total 100 100 160 100 100 100 100 100 106

EC-10
coal 23 21 i9 19 19 20 16 14 10
oil 43 39 39 39 39 37 37 35 34
gas 20 22 23 24 24 25 28 31 34
nuclear 12 13 14 13 13 12 13 14 14
renew 3 5 5 5 5 5 6 7 8
Total 100 100 100 100 100 100 100 100 100
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7. CO, EMISSIONS PER COUNTRY

Table 7.1 CO; emigsions per country DG XVII scenarios
I, III and IV

Year 1990 2000 2010
Scenario all I III IV I I1T v
Country [ Mton ]

B 114 128 126 110 118 91 83
DK 66 72 72 65 79 59 53
F 379 397 397 335 397 287 236
D 725 725 768 654 727 589 534
GR 68 90 96 80 116 97 65
IRE 31 38 42 38 h5 39 25
IT 389 435 b3y 390 L8y 365 333
LUX 13 13 13 11 12 10 9
NL 155 178 179 163 179 136 140
P 34 46 51 40 64 50 33
ES 187 225 265 203 244 213 122
UK 604 681 677 612 679 488 ho6
EC-12 2765 3026 3121 2702 3143 2426 2098

Table 7.2 CO, emission index per country DG XVII scenarios
I, III and IV

Year 1990 2000 2010
Scenario all I I1I 1V I I1I IV
Country [ 1990=100 ]

B 100 112 110 96 104 80 73
DK 100 109 109 99 120 89 80
F 100 105 105 89 105 76 62
D 100 100 106 90 100 81 T4
GR 100 133 142 118 172 144 96
IRE 100 119 133 119 143 125 78
IT 100 112 112 100 124 9l 86
LUX 100 100 101 89 98 81 72
NL 100 115 116 105 115 88 90
P 100 133 149 118 186 146 97
ES 100 120 142 109 130 114 65
UK 100 113 112 101 112 81 77
EC-12 100 109 113 97 114 88 76
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Table 7.3 CO, emissions per country DG XII scenarios
REF, CON, 10%, 20% and MAX

Year 1990 2000

Scen., all REF CON 10% 20% MAX REF
Country [ Mton ]

B 115 126 109 109 109 109 121
DK 61 62 60 57 54 54 63
F 384 4o2 359 366 361 361 416
D 737 731 712 704 704 705 702
GR 88 115 84 84 84 84 137
IRE n.a

NL 150 159 146 146 146 146 177
p 34 45 42 i) 42 42 59
ES 208 239 190 190 190 190 279
UK 583 602 S5h4 538 538 539 577

Table 7.4 CO, emission index per country DG XII
scenarios REF, CON, 10%, 20% and MAX

Year 1990 2000

Scen. all REF CON 10% 20% MAX REF
Country [ 1990=100 ]

B 100 110 95 95 95 95 105
DK 100 102 98 93 89 89 103
F 100 105 93 95 ok 9l 108
D 100 99 97 96 96 96 95

P 100 132 124 124 124 124 174
ES 100 115 91 91 91 91 134
UK 100 103 93 92 92 92 99
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Table 7.5a CO, emissions per sector per country DG XVII
scenarios I, III and IV

Year 1990 2000 2010
Scenario all I I1T v I III Iv
Country/sector [ Mton ]
B Power 24.8 36.9 33.9 31.8 38.5 22,5 24.8
IndSup 35.8 35.9 35.2 32.7 29.6 27.9 26.1
Trans 22.4 24,3 24,3 21.0 23.1 14.8 12.2
TerbDom 31.0 30.5 32.1 24,5 27.3 26.1 19.8
Total 114.0 127.6 125.5 110.0 118.5 91.3 82.9
DK Power 30.7 36.2 35.8 33.1 41.3 31.6 28.9
IndSup 7.1 7.6 7.7 6.8 8.9 6.9 6.3
Trans 13.5 14.8 14,6 13.4 16.8 9.2 8.1
TerDom 14.4% 13,0 13.8 11.9 11.7 10.9 9.2
Total 65.7 71.6 71.9 65.2 78.7 58.6 52.5
F Power 35.7 56.5 50.8 38.8 56.5 38.0 35.8
IndSup 106.7 105.0 97.0 93.9 105.0 77.2 71.7
Trans 120.3 130.9 138.7 111.2 130.9 83.0 60.0
TerDom 115.9 104.8 111.0 91.6 104.8 89.1 68.7
Total 378.6 397.2 397.5 335.5 397.2 287.3 236.2
D Power 249.6 249.6 305.8 252.3 299.1 247.3 242.7
IndSup 155.7 155.7 145.2 133.8 142.1 113.7 107.1
Trans 147.8 147.8 145.1 130.9 136.6 84.3  70.7
TerDom 172.3 172.3 172.1 136.7 149.2 143.8 113.3
Total 725.4 725.4 768.2 653.7 727.0 5839.1 533.8
GR Power 32.4  43.8 45.0 35.0 63.7 50.4 34.1
IndSup 20.2 15.1 16.5 13.4 18.6 16.5 11.2
Trans 16.9 24,7 26.5 21.7 27.5 23.7 15.6
TerDom 6.4 6.4 8.1 5.8 6.0 6.7 3.6
Total 75.9 90.0 96.1 75.9 115.8 97.3 64.5
IRE Power 10.9 14.8 16.9 14.8 21.0 19.5 13.6
IndSup 5.9 7.1 8.3 7.1 7.6 6.7 4.3
Trans 5.9 6.8 7.4 6.8 7.9 5.9 3.4
TerDom 8.8 8.9 9.2 8.9 8.6 7.2 3.2
Total 31.5 37.6 41.8 37.6 45.1 39.3 24.5
IT Power 123.0 166.4 153.1 145.3 214.1 160.5 158.0
IndSup 87.9 82.4 85.6 75.9 82.2 68.5 62.7
Trans 101.6 111.4 114.9 98.6 114.8 67.0 51.3
TerDom 76.6 75.1 80.7 70.2 72.9 69.4 61.2
Total 389.1 435.3 434.3 390.0 484.0 365.4 333.2
LUX Power 1.6 1.5 1.5 1.5 1.4 1.3 1.3
IndSup 7.3 7.2 7.3 6.4 7.0 6.3 5.6
Trans 2.4 2.6 2.0 2.2 2.5 1.6 1.4
TerDom 1.4 1.5 1.5 1.2 1.4 1.1 0.9
Total 12.7 12.8 12.7 11.3 12,3 10.3 9.2
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Table 7.5b CO, emissions per sector per country DG XVII
scenarios 1, III and IV

Year 1990 2600 2010
Scenario all I I1X IV I 11T IV
Country/sector [ Mton ]
NL Power 42.8 59.2 57.7 53.9 58.7 38.5 51.7
IndSup 38.3 41.6 41.8 38.7 44.0 35.8 35.5
Trans 32.6 34.9 354 31.6 33.8 21.5 18.0
TerDom 41.4 41.8 44,2 38,9 42,1 4o.4 34.9
Total 155.1 177.5 179.1 163.1 178.6 136.2 140.1
P Power il.4  16.9 19.5 14.8 29.7 23.2 13.4
IndSup 8.4 11.2 11.7 9.9 14.0 10.4 8.5
Trans 1.4 13,9 15,6 12.3 15.4 11.7 7.9
TerDom 3.0 3.7 h.3 3.4 4.5 h.7 3.3
Total 34.2 45,7 s51.1 h4o.bh 63.6 50.0 33.1
ES Power 55.8 72.8 100.7 68.0 82.3 79.6 42,6
IndSup 49.7 52.8 51.8 47.0 52.8 44,0 30.1
Trans 58.2  T74.0 84.9 65.8 83.9 64.0 35.5
TerDom 23.6 25.0 27.8 22.6 24.8 25.5 13.8
Total 187.3 224.6 265.2 203.4 243.8 213.1 122.0
UK Power 238.9 291.9 279.2 268.4 284.3 199.9 233.6
IndSup 101.8 110.5 110.6 100.7 112.4% 88.4 80.3
Trans 140.1 157.4 159.5 140.8 166.1 93.5 73.2

TerDom 123.3 120.9 128.0 101.9 115.9 106.5 79.1
Total 604.1 680.7 677.3 611.8 678.7 U88.3 Uu66.2

TerDom 618.1 603.9 632.8 517.6 569.2 531.4 411.0
Total 2773.6 3026.0 3120.7 2697.9 3143.3 2426.2 2098.2
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Table 7.6a CO; emissions per sector per country DG XII
scenarios REF, CON, 10% and 20%

Year 1990 2000 2010

Scenario all REF CON 16% 20% REF CON 10% 20%

Country/sector [ Mton ]

B Power 18 2h 14 14 14 24 20 13 11
Trans 23 25 21 21 21 25 20 20 19

Total 115 126 109 109 109 121 110 98 9l
DK Power 32 32 21 28 25 29 28 23 17
Trans 11 13 iz 12 12 15 14 14 14
TerDom 6 5 5 5 5 5 5 4 4
IndSup 13 13 13 13 13 13 13 13 13
Total 62 63 61 58 h5 62 60 54 48
F Power 50 68 55 61 57 87 77 55 21
Trans 110 120 100 100 100 122 100 160 100

TerDom 117 104 g7 97 gl 95 83 79 76
IndSup 108 110 108 108 111 111 109 102 102
Total 385 402 360 366 362 415 369 336 299

D Power 262 266 273 266 265 275 267 237 174
Trans 139 136 122 122 122 131 117 117 114
TerDom 157 146 145 145 145 122 120 120 117
IndSup 179 184 172 172 172 175 174 173 169
Total 737 732 712 705 704 703 678 647 574

GR Power 43 55 29 29 29 69 20 15 15
Trans 17 25 22 22 22 28 25 22 22
TerDom 8 8 7 7 7 8 7 6 6
IndSup 20 27 26 26 26 33 32 32 32
Total 88 115 84 84 84 138 84 75 75

IRE n.a.

IT Power 116 171 102 103 103 227 110 93 92
Trans 102 112 107 107 107 111 97 84 84

TerDom 72 71 65 65 65 67 62 62 62
IndSup 130 128 126 124 125 128 130 121 118
Total 42p 482 400 399 490 533 399 360 356
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Table 7.6b C0O, emissions per sector per country DG XIT
scenarios REF, CON, 10% and 20%

Year 1990 2000 2010

Scenario all REF CON 10% 20% REF CON 10% 20%

Country/sector [ Mton ]

NL  Power 45 53 48 48 48 67 53 49 T
Trans 26 30 26 26 26 36 29 27 27

TerDom 38 36 35 35 35 34 27 26 26
IndSup h1 39 37 38 38 4o 37 35 35
Total 150 158 146 147 147 177 146 137 137

P Power 12 16 14 14 14 21 8 8 8
Trans 10 12 12 12 12 14 12 12 12
TerDom 1 2 2 2 2 3 3 3 3
IndSup 12 15 15 15 15 20 19 19 19
Total 35 45 43 43 43 58 42 42 42

ES  Power 61 57 16 16 16 78 11 10 10
Trans 61 86 86 85 85 106 95 87 87
TerDom 24 25 25 25 25 23 22 17 17

IndSup 63 71 63 63 63 72 63 57 57
Total 209 239 190 189 189 279 191 17 171

UK Power 223 221 210 207 206 179 159 156 121
Trans 126 145 119 119 119 156 124 124 124
TerDom 122 119 100 100 100 115 98 95 90
IndSup 113 118 115 113 112 127 123 123 113
Total 584 603 iy 539 537 577 504 hag 4u8

Power 862 963 792 786 777 1056 753 659 518
Trans 625 704 627 626 626 744 633 607 603
TerDom 578 548 511 511 508 500 453 435 4oh
IndSup 720 750 719 716 719 763 744 717 699
Total 2785 2965 2649 2639 2630 3063 2583 2418 2244

87



Table 7.7a CO, emissions per sector shares per country DG XVII
scenarios I, III and IV

Year 1990 2000 2010
Scenario all I I1T1 Iv I ITT v
Country/sector [ %]
B Power 21.8 28.9 27.0 28.9 32.5 24.6 29.9
IndSup 31.4 28,1 28.0 29.7 25.0 30.6 31.5
Trans 19.6 19.0 19.4 19.1 19.5 16.2 14.7
TerDom 27.2 23.9 25.6 22.3 23.0 28.6 23.9
Total 100.0 100.C 100.0 100.0 100.0 100.0 100.0
DK Power b6.7 50.6 49.8 50.8 52.5 53.9 55.0
IndSup 10.8 10.6 10.7 10.4 11.3 11.8 12.0
Trans 20.5 20.7 20.3 20.6 21.3 15.7 15.4
TerDom 21.9 18.2 19.2 18.3 14.9 18.6 17.5
Total 100.0 100.0 100.0 100.0 100.C 100.0 100.0
F Power 9.4 14.2 12,8 11.6 1i4.2 13.2 15.2
IndSup 28.2 26.4 24.4 28,0 26.4 26.9 30.4
Trans 31.8 33.0 34%.9 33.1 33.0 28.9 25.4
TerDom 30.6 26.4 27.9 27.3 26.4 31.0 29.1
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0
D Power 3.4 34,4 39.8 38,6 41.1 L42.0 45.5
IndSup 21.5 21.5 18.9 20.5 19.5 19.3 20.1
Trans 20.4 20.4 18.9 20.0 18.8 14.3 13.2
TerDom 23.8 23.8 22,4 20.9 20.5 24,4 21.2
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0
GR Power ba,7 48.7 46.8 46.1 55.0 51.8 52.9
IndSup 26.6 16.8 17.2 17.7 16.1 17.0 17.4
Trans 22,3 27.4 27.6 28.6 23.7 24.4 24.2
TerDom 8.4 7.1 8.4 7.6 5.2 6.9 5.6
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0
IRE Power 34.6  39.4 4o.4 394 46.6 49.6 55.5
IndSup 18.7 18.9 19.9 18.9 16.9 17.0 17.6
Trans 18.7 18.1 17.7 18.1 17.5 15.0 13.9
TerDom 27.9 23.7 22,0 23.7 19.1 18.3 13.1
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0
IT Power 31.6 38.2 35.3 37.3 44,2 43,9 47,4
IndSup 22.6 18.9 19.7 19.5 17.0 18.7 18.8
Trans 26.1 25.6 26.5 25.3 23.7 18.3 15.4
TerDom 19.7 17.3 18.6 18.0 15.1 19.0 18.4
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0
LUX Power 12.6 11.7 11.8 13.3 11.4 12.6 14.1
IndSup 57.5 56.3 57.5 56.6 56.9 61.2 60.9
Trans 18.9 20.3 18.9 19.5 20.3 15.5 15.2
TerDom 11.0 11.7 11.8 10.6 11.4 10.7 9.8
Total 100.C 100.0 100.0 100.0 100.0 10G.0 100.0
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Table 7.7b CO; emissions per sector shares per country DG XVIT
scenarios I, III and IV

Year 1990 2000 2010
Scenario all I IIT Iv I IIT IV
Country/sector L %1
NL Power 27.6  33.4 32.2 33.0 32.9 28.3 36.9
IndSup 24.7 23.4 23.3 23.7 24.6 26.3 25.3
Trans 21.0 19.7 19.8 19.4 18,9 15.8 12.8
TerDom 26.7 23.5 24,7 23.9 23.6 29.7 24.9
Total 100.¢ 100.0 100.C 100.0 100.0 100.0 100.0
P Power 33.3 37.0 38.2 36.6 46.7 46.4 4o.5
IndSup 24.6 24.5 22,9 245 22,0 20.8 25.7
Trans 33.3 30.4 30.5 30.4 24.2 23.4 23.9
TerDom 8.8 8.1 8.4 8.4 7.1 9.4 10.0
Total 100.0 100.0 100.0 100.0 1060.0 100.0 100.0
ES Power 29.8 32.4 38,0 33.4 33.8 37.4 34.9
IndSup 26.5 23.5 19.5 23.1 21.7 20.6 24.7
Trans 31.1 32.9 32.0 32.4 34,4 30.0 29.1
TerDom 12.6 11.1 10.5 11.1 10.2 12.0 11.3
Total 100.0 100.0 100.0 100.0 100.0 100.C 100.0
UK Power 39.5 42,9 41.2 43.9 W41.9 49.9 s50.1
IndSup 16.9 16.2 16,3 16.5 16.6 18.1 17.2
Trans 23.2  23.1 23.5 23.0 24.5 19.1 15.7
TerDom 20.4 17.8 18.9 16.7 17.1 21.8 17.0
Total 100.0 100.0 1060.0 100.0 100.0 100.0 100.0
EC-12 Power 30.9 34.6 35.2 35.5 37.9 37.6 42.0
IndSup 22.5 20.9 19.8 21.0 19.9 20.7 21.4
Trans 24,3 246 24,7 24.3 24.2 19,8 17.0
TerDom 22.3 20.0 20.3 19.2 18.1 21.9 19.6
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0
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Table 7.8a C0, emissions per sector shares per country DG XII
scenarios REF, CON, 10% and 20%

Year 1990 2000 2010

Scenario all REF CON 10% 20% REF CON 10% 20%

Country/sector L %]

B Power 15.7 19.0 12.8 12.8 12.8 19.8 18.2 13.3 1l1.7
Trans 20,0 19.8 19.3 19.3 19.3 20.7 18.2 20.4 20.2
TerDom 28.7 25.4 27.5 27.5 27.5 23.1 23.6 23.5 24.5
IndSup 35.7 35.7 4o.4 ho.4 b4o.b 36,4  Ho.0 42.9 43,6
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

DK  Power 51.6 50.8 50.8 48.3 U45.5 46.8 H6.7 42.6 35.4
Trans 17.7 206.6 19.7 20.7 21.8 24,2 23.3 25.9 29.2
TerDom 9.7 7.9 8.2 8.6 9.1 8.1 8.3 7.4 8.3
IndSup 21.0 20.6 21.3 22,4 23.6 21.0 21.7 24.1 27.1
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.C 100.0 100.0

F Power 13.0  16.9 15.3 16.7 15.7 21.0 20.9 16.4 7.0
Trans 28.6 29.9 27.8 27.3 27.6 29.4 27.1 29,8 33.4
TerDom 30.4 25.9 26,9 26.5 26.0 22.9 22,5 23.5 25.4
IndSup 28.1 27.4 30.0 29.5 30.7 26.7 29.5 30.4 34.1
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.C 1G0.0

D Power 35.5 36.3 38.3 37.7 37.6 39.1 39.4 36.6 30.3
Trans 18.9 18.6 17.1 17.3 17.3 18.6 17.3 18.1 19.9
TerDom 21.3 19.9 20.4 20.6 20.6 17.4 17.7 18.5 20.k
IndSup 24.3 25,1 24,2 244 244 24,9 25,7 26.7 29.4
Total 100.0 100.0 100.0 10G.0 100.0 100.0 100.0 100.0 100.0Q

GR Power 48.9 47.8 34,5 34,5 34.5 s50.0 23.8 20.0 20.0
Trans 19.3 21.7 26.2 26.2 26.2 20.3 29.8 29.3 29.3
TerDom 9.1 7.0 8.3 8.3 8.3 5.8 8.3 8.0 8.0
IndSup 22.7 23.5 31.0 31.0 31.0 23.9 38.1 42,7 42.7
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 10C.0 100.0

IRE n.a.

IT Power 27.6 35.5 25.5 25.8 25.8 42,6 27.6 25.8 25.8
Trans 2h.3  23.2 26.8 26.8 26.8 20.8 24.3 23.3 23.6
TerDom 17.1 14,7 16.3 16.3 16.3 12.6 15.5 17.2 17.h
IndSup 31.0 26.6 31.5 31.1 31.3 24,0 32.6 33.6 33.1
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.9 100.0
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Table 7.8b CO, emissions per sector shares per country DG XIT
scenarios REF, CON, 10% and 20%

Year 1990 2000 2010
Scenario all REF CON 10% 20% REF CON 10% 20%
Country/sector [ 4]

.

Trans 17.3

TerDom 25.3 2
IndSup 27.3 2
Total 100.0 10

o Froow
OwW =~1 0 O~1Ro\WN
L)

P Power 34.3 35 2.6 32,6 32.6 36.2 19.0 19.0 19.0
Trans 28.6  26. 27.9 27.9 27.9 24.1 28,6 28.6 28.6
TerDom 2.9 b, 4.7 .7 4.7 5.2 7.1 7.1 7.1
IndSup 34.3  33. 3.9 34,9 34,9 345 452 U452 45.2
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

ES Power 29.2 23.8 8.4 8.5 8.5 28.0 5.8 5.8 5.8
Trans 29.2 36.0 45.3 45.0 45.0 38.0 49.7 50.9 50.9
TerDom 11.5 10.5 13.2 13.2 13.2 8.2 11.5 9.9 9.9
IndSup 30.1 29.7 33.2 33.3 33.3 25.8 33.0 33.3 33.3
Total 100.0 1006.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

UK  Power 38.2 36,7 38.6 38.4 38.4 31.0 31.5 31.3 27.0
Trans 2.6 2h.0 21,9 22,1 22,2 27.0 24.6 24.9 27.7
TerDom 20.9 19.7 18.4 18.6 18.6 19.9 19.4 19.1 20.1
IndSup 19.3 19.6 21.1 21.0 20.9 22.0 24.4 24,7 25.2
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.Q¢ 100.0 100.0

Power 31.0 32.5 29.9 29.8 29.5 34.5 29.2 27.3 23.1
Trans 224 23.7 23.7 23.7 23.8 24.3 24,5 25,1 26.9
TerDom 20.8 18.5 19.3 19.4 19.3 16.3 17.5 18.0 18.9
IndSup 25.9 25.3 27.1 27.1 27.3 24.9 28,8 29.7 31.1
Total 100.0 100.0 100.0 100.0 100.C 100.0C 100.0 10G.0 1090.0
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Table 7.9 CO, emission per GDP per country DG XVII
scenarios I, III and IV

Year 1990 2000 2010
Secenario all I IIT Iv I I1T v
Country [ kg/ECU-87 ]

B 0.85 0.72 0.68 0.62 0.51 0.37 0.36
DK 0.72 0.61 0.58 0.55 0.51 0.36 0.34
F 0.45 0.37 0.3% 0.3t 0.28 0.19 0.17
D 0.67 0.5t 0.51 0.46 0.39 0.30 0.29
GR 1.51 1,53 1.38 1.36 1.47 0.99 0.82
IRE 1.08 0.97 0.8 0.97 0.89 0.60 0.49
IT 0.53 0©.46 0.42 o0.41 0.40 0.27 0.27
LUX 2,15 1.62 1.57 1.44 1,19 0.94% 0.88
NL 0.76 0.69 0.65 0.63 0.52 0.37 0.41
P 0.95 0.8 0.78 0.73 0.76 0.51 0.39
ES .0.65 0.57 0.52 0.51 0.45 0.28 0.23
UK 0.96 0.8 0.77 0.76 0.66 0.42 0.46

Table 7.10 CO, emission per GDP per country DG XII
scenarios REF, CON, 10% and 20%

Year 1990 2000 2010

Scenaric all REF CON 10% 204 REF CON 10% 20%
Country [ kg/ECU-87 ]

B 0.859 0.714 0.618 0.618 0.618 0.520 0.469 0.421 o0.404
DK 0.666 0.526 0.509 0.484 0.458 0.406 0.386 0.348 0.309
F 0.457 0.372 0.332 0.339 0.334 0.298 0.265 0.241 0.214
D 0.684 0.517 0.563 0.498 0.498 0.377 0.363 0.347 0.308
GR 1.963 1.956 1.429 1.429 1.429 1.734% 1.063 0.949 0.949
IRE n.a.

IT 0.576 0.504 0.417 0.417 0.418 0.435 0.326 0.294% 0.291
LUX n.a.

NL 0.740 0.615 0.565 0.565 0.565 0.520 0.429 0.399 0.399
P 0.940 0.809 0.755 0.755 0.755 0.703 0.500 0.500 0.500
ES 0.726 0.603 0©.480 0.480 0.480 0.519 0.353 0.318 0.318
UK 0.927 0.747 0.675 0.668 0.668 0.565 0.495 0.488 0.440
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Table 7.11 CO, emission per GDP index per country DG XVII
scenariogs I, III and IV

Year 1990 2000 2010
Scenario all I I1I v I IIT v
Country [ EC-12=100 ]

B 126 128 127 124 113 120 119
DK 107 108 109 110 113 117 113
F 67 65 ol 62 63 60 56
D 100 921 95 92 87 96 95
GR 224 271 259 270 326 320 272
IRE 161 172 161 192 198 196 162
IT 79 81 79 81 88 87 91
LUX 319 287 295 285 266 306 293
NL 114 122 123 125 117 121 137
P 141 146 146 144 169 165 132
ES 97 101 97 102 101 91 76
UK 143 150 146 151 148 137 152
EC-12 100 100 1060 100 100 100 100

Table 7.12 CO, emission per GDP index per country DG XII
scenarios REF, CON, 10% and 20%

Year 1990 2000 2010

Scen. all REF CON 10% 20% REF CON 10% 20%
Country [ EC-10=100 ]

B 126 128 124 125 125 118 126 121 125
DK 98 94 102 98 93 92 104 100 96
F 67 67 67 68 68 67 71 69 66
D 100 93 101 101 101 85 98 99 95
GR 288 351 287 288 289 392 286 272 293
IRE n.a

IT 84 91 84 84 85 99 88 84 90
LUX n.a

NL 108 111 114 114 114 118 115 115 123
P 138 145 152 152 153 159 134 144 155
ES 106 108 96 97 97 117 95 91 98
UK 136 134 136 135 135 128 133 140 136
EC-10 100 100 100 100 100 100 100 100 100

93



Table 7.13 CO, emission per capita per country DG XVII
scenarios I, III and IV

Year 1990 2000 2010
Scenario all I IIT IV I I11 IV
Country [ ton/capita ]
B 11.7 13.3  13.0 11.4 12.6 9.7 8.8
DK 12,8 13.9 13.9 12.6 15.6 11.6 10.4
F 6.7 6.9 6.9 5.8 6.8 4.9 4.0
D 11,7 11.9 12.6 10.7 12.5 10.1 9.2
GR 6.7 8.7 9.3 7.7 10.9 9.1 6.1
IRE 8.9 10.2 11.4 10.2 12.0 10.4 6.6
IT 6.8 7.5 7.5 6.7 8.3 6.3 5.7
LUX 34.1 34.2 34.5 30.4 33.2 27.6 24.5
NL 10.4  11.3 11.4 10.4 11.1 8.5 8.7
P 3.3 4.3 4.8 3.8 5.7 h.5 3.0
ES 4.8 5.5 6.5 5.0 5.9 5.2 3.0
UK 10.6 11.8 11.7 10.6 11.7 8.4 8.0
EC-12 8.5 9.1 9.4 8.2 9.5 7.3 6.3
Table 7.1l4 CO, emission per capita per country DG XII

scenarios REF, CON, 10% and 20%
Year 1990 2000 2010
Scenario all REF CON 10% 20% REF CON 10% 20%
Country [ ton/capita ]
B 11.82 13,10 11.33 11.33 11.33 12.91 11.63 10.46 10.03
DK 11.87 12.02 11.63 11.05 10.47 12.45 11.86 10.67 9.49
F 6.84 6.94 6.20 6.32 6.23 7.07 6.29 5.73 5.09
D 11.89 11.97 11.66 11.53 11.53 12.04 11.61 11.08 9.85
GR 8.73 11.11 8.12 8.12 8.12 12.8 7.89 7.04 7.04
IRE n.a.
IT 7.33 8.32 6.88 6.88 6.90 9.14 6.84 6.17 6.11
LUX n.a.
NL i0.05 10.13 9.30 9.30 9.30 10.99 9.07 8.45 8.45
P 3.29 4.26 3.97 3.97 3.97 5.26 3.74 3.74 3.7h
ES 5.29 5.90 4.69 4.69 4.69 6.77 h.61 4,15 4.15
UK 10.25 10.40 9.40 9.29 9.29 9.91 8.68 8.56 7.71
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Table 7.15 CO; emission per TJ primary energy consumption
per country DG XVII scenarios I, IIT and IV

Year 19990 2000 2010
Scenario all I I11 IV I IIT Iv
Country [ ton/TJ TPER ]
B 55. 56.1 55.1 53 48.9 44,8 48.4
DK 77 75.4  75.0 74 73.7 70.4  69.4
F 41. 37. 36.6 34 33.2 28.6 27
D 60. 59.3 60.7 58 59.1 54.3 56
GR 77. 7.1 73,7 7h 76.9 72.2 T71.
. .8 73.6 71
IT 61. 61.4 60.1 59 63.1 58.2 59
LUX 88. 81.7 78.1 81 75.3 .
NL 53. 56.1 55.3 55 51.6 45.9 53
P 60. 66.1 61, 57
.3
5

=
X
=
M
1
~J]
W
\J1
[oa
\J
\J
=
i
1
i
Mo
Ul
-+
\J
=
o
=
It
futy
w

Table 7.16 CO, emission per TJ primary energy consumption
per country DG XII scenarios REF, CON, 10% and 20%

Year 1990 2000 2010

Scenarioc all REF CON 10% 20% REF CON 10% 20%
Country [ ton/TJ TPER ]

B 56.8 56.8 53.5 53.5 53.6 52.2 50.6 U45.9 444
DK 87.0 86.5 86.8 84.7 80.5 83.6 83.2 75.9 69.9
B 43.2  39.5 37.6 38.5 38.3 39.4 39.3 36.2 32.2
D 61.2 60.5 60.% 59.8 59.9 60.7 60.4 58.7 53.4
GR 1062.4 98.7 91.5 90.7 90.7 102.5 82.1 81.0 81.0
IRE n.a.

IT 68.4 69.8 62.8 63.2 63.4 71.5 59.7 57.2 57.0
LUX n.a,

NL 56.8 56.5 55.2 55.3 55.3 57.2 53.2 52,2 52.2
p 54.8 59.1 59.2 59.2 59.2 62.6 51.7 51.7 51.7
ES 73.9 68.5 60.7 60.6 60.6 70.9 55.5 57.7 57.7
UK 68.7 63.6 63.7 62.7 62.6 59.0 57.7 57.5 53.0

95



Table 7.17 CO, reduction costs [ECU-85] v. reduction in 2010
per country DG XII scenarios MURE, CON and 10%

Scenario

Country

CON (v. MURE)

Cost

/ tonne

Reduction

10% (v.

Cost
/tonne

MURE)
Reduction

MURE (v. REF)
Cost  Reduction
-83 11
-65 3
-81 45
-89 25
-85 10
n.a.
-95 4y
n.a.
-88 12
n.a
-98 14
-70 72
~754 236

Table 7.18 CO, reduction costs expressed as a percentage of GDP~-1990

Scenario

per country DG XII scenarios CON and 10%

10%
GDP-% Red-%
{ reduction compared to 1990 )

CON

GDP-% Red-%

0.07 5.20

0.00 1.60

0.00 3.70

0.00 8.10

1.51 4,60

n.a.

0.16 5.00

n.a.

0.12 2.00

n.a.

0.27 8.70

0.00 13.40
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8. MISCELLANEQUS

Table 8.1 Comparison of CQ, emission factors [kg/GJ]

Fuel DG XVII DG XII
ECN (NL)  ETSU (UK)  NTUA (GR)
steamcoal 98.0 ol 88.4 107.5
coke 94,2 107
lignite 99.1 123.0
solid fuels 98.0
refinery gas 40.0 56
LPG 63.6 66
gasoline 73.4 73
kerosine 73.8 T4
naphta 73.8 74
diesel 4.0 74 69.7
residual fuel oil 72.0 78 73.3
petroleum coke 96.3 96
oil 72.0
natural gas 50.0 56 50.6
coke oven gas 30.0 b7
blast furnace gas 2h0.0
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