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This study is the first in a series of analyses
that will assess the impact of EU enlarge-
ment on the environment. Particular con-
sideration will be given to the 10 CEE
(Central and Eastern European) countries
seeking accession to the EU (‘accession
countries’). Given, however, the trans-
national nature of air pollution, other CEE
countries have also been included in the
study.

Commissioner Ritt Bjerregaard has repeat-
edly stated that ‘enlargement may be one
of the ultimate tests for the EU’s environ-
ment’, and the Commission Services (DG
XI) stipulated as early as 1996 that the
accession countries should progressively be
included in future EU environmental as-
sessments. So far, however, the only serious
attempts to do so were those undertaken
by the EEA in 1995 (‘The Dobris Report’)
and in 1998 (‘The Second Assessment’).
These studies, produced for the Confer-
ence of European Environment Ministers
and for the Environment for Europe Pro-
gramme, sought to assess environmental
trends in all CEE countries and to gauge
various ways in which they might impact
on the European environment.

In this study, the analysis is based on the
‘what if?’ concept: given that long-term
prospective analysis is, by nature, uncer-
tain, and all the more so when it concerns
transition economies experiencing rapid
change, this study seeks to quantify and
contrast a number of different options.
The results are of interest to decision-
makers and the general public alike, since,
by knowing what may happen in the fu-
ture, citizens are better equipped to make
informed choices.

The study finds that while the economic
recession experienced by many accession
countries in the early 1990s had a positive
impact on the environment as regards air
pollution, namely emissions of CO2, SO2,
Nox and VOCs, many of them are at
present in a phase of rapid economic de-
velopment which will bring consumption
levels in line with current western levels.
As such, the study suggests that the neces-

sary reduction in emissions, particularly
those of CO2 , can only be achieved
through structural changes. Emphasis
should therefore be placed on reducing
energy and carbon intensities by allocating
resources to technological developments
and greater fuel diversification (renew-
able, co-generated sources of energy etc.).
In addition, planning methods in these
countries should be adapted in order to
develop more efficient production pro-
cesses and to establish integrated resource
management and demand-side manage-
ment methods. In short, more sustainable
development means achieving a higher
quality of life without a corresponding
increase in the consumption of natural
resources and, in particular, of energy.

Improvements in power generation sys-
tems will also reduce other emissions such
as SO2 thereby bringing down the cost of
complying with current and forthcoming
EU legislation in this area. However, while
increased energy efficiency will also impact
positively on the reduction of Nox emis-
sions, the expected growth in the transport
sector is likely to cancel out these gains. As
such, the overall costs of reducing Nox

emissions are likely to remain high if a
more sustainable growth plan for the trans-
port sector is not developed.

Overall, the accession countries, like cer-
tain other eastern European countries,
now have the option of simultaneously
implementing fundamental environmental
and economic reforms, thereby taking
advantage of the synergies that may exist
between the two. However, there is a dan-
ger that resources and financial aid will
focus primarily on ‘end-of-pipe’ abatement
measures (which could amount to over 7
billion ECU annually) while ignoring the
potential (both in environmental and
economic terms) of a more integrated
approach.

However, as indicated, there is certainly
scope for putting into place structural and
systemic measures which could reduce the
cost of complying with environmental
legislation while improving overall eco-
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nomic performance. Target sectors are
transport, energy and manufacturing.
Improving the sustainability of these sec-
tors would not only reduce the cost of
complying with air pollution standards,
but would also foster innovation and in-
crease efficiency, thereby rendering econ-
omies more competitive. This is the real
challenge facing not only these fast grow-
ing economies, but also the EU in general.

I would like to close by taking this oppor-
tunity to thank Teresa Ribeiro as Project

Manager, and Keimpe Wieringa as Advisor,
for their professionalism and determin-
ation to bring this project to a successful
conclusion. Many thanks also to those that
produced the basic material and report, in
particular to Janusz Cofala and Markus
Amann from IIASA and to Bernard
Laponche from ICE for their contribu-
tions. Future generations may also have
good reason to thank them.

Domingo Jiménez-Beltrán
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Introduction

This study explores changes in major air
pollutant emissions over the medium term
(1995-2010), both at the global level (CO2)
and the local or regional level (SO2, NOx,
ozone). It examines the impact of these on
acidification, eutrophication and ground-
level ozone in Europe, that is, from the
Atlantic to the Ural Mountains. The study
covers the Central and Eastern European
(CEE) countries and concentrates, in par-
ticular, on those in the pro-cess of joining
the European Union (also known as ‘the
accession countries’).

The nature and levels of air pollutant emis-
sions are closely related to the energy sys-
tems of each country, on both the produc-
tion and consumption side. Emission
trends depend on the type of energy pro-
duced, transformed and consumed, not
just in terms of quantity, but also in terms
of quality. They also depend, therefore, on
the type of energy sources and products,
and on the emission standards and envir-
onmental regulations of each country.

The method:
environment and energy scenarios

The method used to explore future possi-
bilities is the ‘what if?’ approach. It is im-
possible to predict the future, but it can be
useful for decision-makers to have a pic-
ture of what outcomes are possible and
how these will depend on the different
options and assumptions made regarding
the nature of changing air pollutant emis-
sions. Therefore, the study outlines several
scenarios and quantifies the resulting emis-
sions for each, in order to point to envir-
onmental outcomes that might reasonably
be envisaged in the future.

Environment

For emission standards, the study sets out
two scenarios:

a) In the ‘Current Legislation’ (CL) scen-
ario, the study simulates the effects of
implementing the emissions and fuel
standards currently in force in each

Executive summary
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Figure 1 The scenarios
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country. The effects of legally-binding
emissions ceilings have also been in-
cluded.

This scenario assumes that the various
regulations are fully implemented,
which is not always the case at present.

b) In the ‘European Union’ (EU) scen-
ario, the study evaluates the effects of
the CEE countries adopting the legisla-
tion on stationary and mobile pollution
sources currently in force in the Euro-
pean Union.

This assumption can be qualified as ‘opti-
mistic’, since it implies not only the rein-
forcement of current legislation but also,
as above, the fact that this improved legis-
lation is fully implemented.

Energy

To explore the evolution of energy sys-
tems, the study contrasts two global indica-
tors and their development, namely, en-
ergy intensity (ratio of energy consump-
tion over GDP) and energy consumption
per capita.

Two basic scenarios are studied:

a) The ‘Low Efficiency’ (L) scenario as-
sumes that present trends in energy
intensity will continue and that there
will be no significant change in values
over the entire period (1995-2010).
This would be due to stagnation in
economic restructuring and to little or
no progress being made in improving
energy efficiency.

Hopefully, such a scenario would have a
low probability of actually occurring,
but it is useful for comparison, both
from the point of view of energy con-
sumption and in terms of related en-
vironmental impact.

b) The ‘Energy Efficiency Convergence’
(C) scenario assumes that, as the pro-
cess of reform and the re-building of
national economies progresses, energy
consumption patterns and energy effi-
ciency in the CEE countries would
begin to align with those of the Euro-
pean Union countries.

Economy

It is extremely difficult for any country to
make predictions, but it is impossible for
the CEE countries, most of which are still
facing deep economic crisis, to predict
economic growth or the pace of the eco-
nomic restructuring process. In addition,
this study does not delve into the different
assumptions behind one of the basic indi-
cators of economic growth: GDP per cap-
ita. A single set of GDP data for each coun-
try has been selected, based on national
and international forecasts.

The RAINS model

In order to link atmospheric emissions and
environmental impact to changing energy
and economic systems, the study uses the
Regional Air Pollution Information and
Simulation (RAINS) model developed at
the International Institute for Applied
System Analysis (IIASA, Luxembourg,
Austria).

The RAINS model focuses on acidification
and eutrophication (SO2 and NOx emis-
sions), tropospheric ozone and CO2 emis-
sions (climatic change factors) and as
such, provides a consistent framework for
analysing emission reduction strategies.
RAINS includes modules which cover emis-
sion generation (with databases on current
and future economic activities, energy
consumption levels, fuel characteristics,
etc.), emission control options and costs,
atmospheric dispersion of pollutants and
environmental sensitivities (critical loads).

The restructuring process

In the early 1990s, almost all CEE coun-
tries embarked upon profound economic
reforms aimed at making the transition
from centrally-planned to market econ-
omies. In many areas, these reforms also
included changes to environmental or
related legislation. National environmental
action plans were set up in several coun-
tries. An increasing number of countries
began to incorporate international stand-
ards into their national legislation, such as
including the obligations laid out in vari-
ous protocols to the Convention on Long-
range Transboundary Air Pollution. In

Executive summary
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preparation for possible accession to the
European Union, portions of the EU en-
vironmental standards are being adopted
as part of national legislation in CEE coun-
tries.

All these countries were struck simultan-
eously by a sharp decline in industrial pro-
duction. In 1995, the average GDP per
capita (at purchase power parity) of the
CEE countries was 66% of 1990 figures
(32% of the GDP per capita of the Euro-
pean Union). These ratios vary less dra-
matically for the accession countries where
there was an average decrease of only 11%
between 1990 and 1995; and GDP per
capita in 1995 was 39% that of European
Union.

One of the main obstacles to economic
renewal is that energy systems in the CEE
countries are very poor. The legacy of the
centrally-planned economy, the strong
expansion of highly energy-intensive in-
dustries and the extensive exploitation of
natural resources, quite apart from the
costs involved, led to a situation where the
energy system became both a burden for
the economy, and generated considerable
environmental damage. The CEE coun-
tries, with very few exceptions, have high
pollutant emissions in relation to GDP and
in per capita terms.

Energy intensity in the CEE countries has
been quite high compared to those of
European Union countries. In 1990, pri-
mary energy intensity (the ratio of primary
energy consumption to GDP expressed in
purchase power parity) was about three
times higher on average for the CEE coun-
tries than for the European Union (EU-15).

Over the 1990 - 1995 period, energy and
electricity consumption decreased by
about one third in CEE. This decline was
mainly due to the economic crisis and to
the ensuing industrial collapse. However,
energy consumption declined at a slightly
lower rate than GDP, leading to an in-
crease in energy and electricity intensity.

Nevertheless, and in some accession coun-
tries in particular, the economic reforms
launched and the measures undertaken to
improve energy efficiency have had im-
portant effects on economic performance
and on the industrial structure. This has
lead to changes in energy consumption
patterns which should lead to improved
energy intensity ratios over the medium
term and to global reduction of air pollut-
ant emissions.

The scenarios
Economic assumptions

Average annual GDP growth per capita in
each country for the period 1995-2010
varies from a low of 2.1% to a high of
4.2%, with an average of 3.5% for the CEE
countries and 3.4 % for the accession
countries. This can be compared to the
2.1% figure for the European Union pro-
jected in the ‘Conventional wisdom’ scen-
ario drawn up by DG XVII of the Europe-
an Commission in 1996.

This assumption of GDP growth can be
considered to be fairly conservative here,
given that the average GDP per capita for
the CEE countries in 2010 would only be
about 39% that of the EU -15. It is import-
ant to bear this in mind when analysing

Regions 1990 1995 1995 - 2010 2010
growth rate (%)

Average CEE 5,407 3,580 3.5 % 5,997

Accession countries 4,883 4,350 3.4 % 7,150

EU - 15 10,392 11,309 2.1 % 15,462

1 ppp: purchase power parity

Total GDP figures for each country and group of countries are obtained by multiplying the GDP per
capita by the total population.

Table 1 GDP per capita (1990 ECU ppp1)
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the energy and environmental conse-
quences of economic change.

Energy consumption assumption

Four scenarios reflecting ‘Energy Effi-
ciency Convergence’ have been studied.
They differ in terms of the degree and
nature of convergence and also depend on
the assumptions made about the selected
energy consumption indicators: energy
intensity in the industrial sector, energy
consumption per capita in the domestic
sector, energy consumption per capita in

car transport, energy intensity in other
transport (mostly freight transport), elec-
tricity intensity in industry and electricity
consumption per capita in the domestic
sector.

Qualitatively speaking, ‘convergence’ is
based on two ideas. On the one hand,
since energy intensity in the industrial
sector of the CEE countries is considerably
higher than in the EU, convergence pre-
sumes a decline of these levels of intensity.
On the other hand, per capita energy con-
sumption in the residential, commercial,
and passenger transport sectors is present-

Regions 1990 1995 2010

CEE 299.5 297.2 296.5

Accession countries 106.0 105.0 106.0

EU - 15 365.1 371.5 386.7

Regions Industry Industry Freight and
Energy Electricity Collective Transport
Intensity Intensity Energy Intensity
1990 2010 (1990=100) 1990 2010 (1990=100) 1990 2010 1990=100)
MJ/ ECU kWh/ECU MJ/ ECU

L C L C L C

CEE 9.80 80 50 0.38 95 68 1.92 84 58

Accession countries 7.81 66 45 0.34 76 59 1.92 69 50

EU -15 2.84 74 74 0.18 89 89 0.76 84 84

Regions Domestic Domestic Car transport
Energy cons./c. Electricity cons./c. Energy cons./c.
1990 2010 (1990=100) 1990 2010 (1990=100) 1990 2010 (1990=100)
GJ kWh GJ

L C L C L C

CEE 34.1 104 103 1246 124 170 3.6 155 331

Accession countries 28.9 120 120 1249 147 182 4.2 156 306

EU -15 31.1 112 112 2210 122 122 15.2 121 121

Population (millions) Table 2

Sectoral energy and electricity intensities Table 3

Per capita energy and electricity consumption Table 4

Executive summary
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ly lower in the CEE countries than in the
EU. Economic development should pro-
vide greater material welfare to the popu-
lation in these countries and this would
most likely lead to an increase in house-
hold energy consumption.

Scenario C is ‘partial convergence’. As
opposed to B (business as usual), this scen-
ario is based on the assumption that the
gap in sectoral energy intensity levels be-
tween a CEE country and the EU average
declines at the same rate as the gap in per
capita GDP. (For countries in which the
GDP per capita is too low, it has been as-
sumed that energy intensities would im-
prove by 50 % by the year 2010.) In this
scenario, the change in energy consump-
tion per capita in the domestic sector is
moderate; the per capita energy consump-
tion for car transport will double or triple
in comparison to the 1990 level.

Energy consumption and
atmospheric emissions

As in figure 1, three scenarios have been
studied. The same GDP growth rate is used
here in conjunction with certain assump-
tions that are made regarding changing
energy efficiency and emission standards:

- scenario CL-L combines ‘current legisla-
tion’ and ‘low efficiency’,

- scenario CL-C combines ‘current legisla-
tion’ and ‘partial convergence’,

- scenario EU-C combines ‘EU legislation’
and ‘partial convergence’.

The results obtained using the RAINS
model for energy consumption, energy
intensity and air pollutant emissions are
presented in tables 5 and 6, for the CEE
area as a whole and for the accession coun-
tries.

1990 1995 2010 (1990=100)
1990=100 CL-L CL-C EU-C

Primary energy cons. per capita 153 GJ (1) 72 95 82 82

Energy intensity 28.3 MJ(2)/ECU 109 24.3 20.9 20.9

CO2 2970 Mt(3) 89 74 74

SO2 20.3 Mt 46 31 30

NOX 8.3 Mt 81 88 57

(1) GJ: giga-joule (109 joule) - 1 toe=44,8 GJ
(2) MJ: mega-joule (106 joule)
(3) Mt: million tonnes

1990 1995 2010 (1990=100)
1990=100 CL-L CL-C EU-C

Primary energy cons. per capita 129 GJ 85 106 96 96

Energy intensity 26.5 MJ/ECU 95 72 66 66

CO2 987 Mt 99 87 87

SO2 10.8 Mt 38 32 31.5

NOX 3.8 Mt 63 63 44

Table 5 Air pollutant emissions in CEE

Table 6 Air pollutant emissions in accession countries
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CO2 emissions

Tables 5 and 6 show that, by applying these
assumptions to emission controls, CO2

emissions remain unchanged. They are
directly linked to the energy system (from
production to consumption) both in terms
of the quantity of energy used, and the
nature of energy products.

a) CEE countries

Compared to 1990, both energy ‘path-
ways’ lead to a decrease in primary
energy consumption in the CEE and
thus, to a decrease in CO2 emissions.

In scenario L (‘low efficiency’), the
drop in energy consumption is mainly
linked to consumption decreases dur-
ing the early 90s. In scenario C (‘partial
convergence’), there is a sharper de-
crease due to progress in energy effi-
ciency and a changing fuel mixture
(more natural gas, less coal).

b) Accession countries

In the accession countries, the drop in
energy consumption between 1990 and
1995 was less pronounced. Scenario L
shows primary energy consumption
increasing by 6% in 2010 in contrast to
1990, with associated CO2 emissions at
about the same level (- 1%), attributa-
ble to changes in the fuel mixture.
Scenario C results in primary energy
consumption being reduced by only 4%
between 1990 and 2010, with a 13 %
decrease in CO2 emissions.

SO2 emissions

SO2 emissions will depend on the energy
scenario chosen and on emission control
assumptions.

Nevertheless, even the CL-L scenario
brings emissions down far below their 1990
levels (by more than 50%) and this is true
both for the CEE countries as a whole and
for the accession countries. This is partly
due to changes in fuel use, notably for
electricity generation (less coal, more nat-
ural gas) but it is also due to the emission
controls already required by national legis-
lation in many countries, as well as emis-

sion ceilings and new plant standards re-
quired by the Second Sulphur Protocol.

The ‘partial convergence’ energy scenario
C would lead, in CL-C as well as EU-C, to a
further decrease in SO2 emissions (30% of
the 1990 level). A comparison between CL-
C and EU-C shows that the application of
current EU emission standards would not
have a significant effect on SO2 emissions.

These results do not mean, however, that
nothing needs to be done, since these
scenarios assume that legislation is fully
implemented.

NOx emissions

The situation is different for NOx emis-
sions: in this case both the energy and
environment scenarios are important.

a) CEE countries

The CL-L scenario indicates a 19 %
decrease compared to 1990. However if
we take the ‘partial convergence’ en-
ergy scenario C, and assume that there
is no change in environmental stand-
ards, as per scenario CL-C, emissions
would be 9% higher in 2010 compared
to CL-L. This can be explained by the
following: convergence scenarios as-
sume a strong decrease in energy inten-
sity but, at the same time, a strong in-
crease in the use of cars - hence, higher
energy consumption in the transport
sector, accompanied by high levels of
SO2 emissions.

If countries come into line with EU
emissions standards, this would reduce
NOx emissions by 30% in 2010, com-
pared to CL-L. Most of these improve-
ments would be achieved in the trans-
port sector.

b) Accession countries

As far as NOx emissions are concerned,
there are also differences between ac-
cession countries and other CEE coun-
tries. Some accession countries have
already adopted stricter emission stand-
ards for mobile sources. Thus, the CL-C
scenario, even with higher energy con-
sumption in car transportation, would

Executive summary
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not increase total NOx emissions in
these countries. In addition, car emis-
sion increases are partly compensated
for by lower emissions from industry
and freight transport given the lower
levels of energy intensity in these two
sectors.

Ozone

In order to estimate the effects of these
scenarios on ozone levels, it would have
been necessary to calculate the emissions
of non-methane volatile organic com-
pounds (VOCs). It was not possible, how-
ever, to perform these detailed calcula-
tions within the time-frame of this study.
Preliminary estimates show that VOC emis-
sions in the CEE countries (in the CL-L
scenario) are likely to be situated at ap-
proximately their 1990 levels. In the EU-C
scenario, these emissions would decrease
by about 40 %.

Emission abatement costs
CO

2

There is no abatement cost for the reduc-
tion of CO2 emissions. This reduction is a
direct result of improvements in energy
efficiency (lower energy intensity) and
changes in energy sources and products
used. These energy efficiency convergence
scenarios assume that all the operations
undertaken to improve energy efficiency
are technically feasible and economically
justifiable (ie., the cost of saving energy is
less than the cost of supplying it). The
gains in CO2 emissions, therefore, consti-
tute a benefit without cost.

The RAINS model methodology and
data

In calculating the costs of SO2 and NOx
emission controls, the RAINS model uses a
limited list of characteristic emission abate-
ment options for each area of application
(i.e. the emission source categories seen in
the model). It extrapolates the current
experience to future years, taking into
account the most important circumstances
and specificities of each country and situa-
tion while modifying the applicability and
costs of the techniques used.

For each of the available emission abate-
ment options, RAINS estimates the specific
costs of reductions, taking into account
operating and investment-related costs.
Investments are annualised over the tech-
nical lifetime of the pollution abatement
equipment. A discount factor of four per-
cent is applied. The databases on emission
abatement costs have been built upon real
operational experience as documented in
a number of national studies as well as in
the reports of international organisations
which assess different emission abatement
options

Data on SO2 control techniques and costs
were reviewed during the negotiations of
the Second Sulphur Protocol to the Con-
vention on Long-range Transboundary Air
Pollution (CLRTAP). For any given energy
scenario, RAINS works on the assumption
that reducing SO2 emissions involves
choosing options based on low-sulphur
fuel, fuel desulfurisation, combustion
modification and fuel gas desulfurisation.

The RAINS model includes two categories
of options for abating emissions from sta-
tionary sources: primary measures (com-
bustion modifications, low NOx burners)
and secondary measures (selective catalytic
and non-catalytic reduction). For mobile
sources (cars, trucks, buses, off-road mo-
bile sources and machinery), RAINS simu-
lates the effects of implementing technical
measures, such as using catalytic convert-
ers and combustion modifications, that
allow for reduction of engine emissions
down to the levels prescribed by mobile
sources emission standards. Data for mo-
bile sources have been taken from various
reports developed within the Auto/Oil
programme (European Commission,
1996) and from other national and inter-
national sources.

Emission abatement costs

Emission abatement of SO2 and NOx for
the three scenarios described above are
shown in Table 7.

a) Changing the energy pathway from ‘low
efficiency’ to ‘partial convergence’ and
maintaining the ‘current legislation’ on
emissions would decrease costs for SO2

emission abatement measures but in-
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crease NOx abatement costs (compari-
son between CL-C and CL-L).

The decrease in emission abatement
costs for SO2 results in the opposite
trend (due to lower coal consumption)
leading to the rise in NOx emission
abatement costs, mainly for the trans-
port sector.

For the CEE countries as a whole, the
net effect would be a slight decrease in
abatement costs (by 5%) while there
would be an increase of 14% for the
accession countries. This means that for
the non-accession CEE countries there
is a decrease of about 40% (all NOx

abatement costs in CL-C are limited to
the accession countries).

b) This general trend also holds if the
national emission regulations are
brought in line with current EU stand-
ards. For both the CEE and accession
countries, SO2 emissions abatement
costs are lower in EU-C than in CL-L,
but slightly higher in EU-C than in CL-
L. The cost of NOx emission abatement
measures in transport would increase
dramatically with the introduction of
EU standards: sixfold increases for the
CEE countries as a whole, and increases
of 2.5 times for the accession countries.

Total CEE CL-L CL-C EU-C

SO2 3.6 2.9 3.4

NOX 1.9 2.3 14.0

Total 5.5 5.2 17.4

Accession countries CL-L CL-C EU-C

SO2 2.0 1.7 1.8

NOX 1.5 2.3 5.7

Total 3.5 4.0 7.5

Emission control costs (billion ECU per year) Table 7

Executive summary
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The economies of countries in Central and
Eastern Europe (CEE) have historically
been characterised by high emissions of air
pollutants, both when expressed in rela-
tion to their gross national product (GDP)
as well as when expressed in per capita
terms. Per unit of GDP, CEE countries
released in 1990 about nine times more
emissions of sulphur dioxide (SO2) and
about five times more nitrogen oxides
(NOx) than the average country in the
European Union (EU), if GDP is meas-
ured in market exchange rates. Expressed
on a per capita basis, SO2 emissions in the
CEE countries were double those in the
EU countries.

At the beginning of the 1990s, however,
the countries in the CEE region initiated
profound economic reforms aimed at a
transition from central planning to market
economies. These reforms have had im-
portant effects on the economic perform-
ance and the structure of the industry,
resulting in changed energy consumption
patterns and improved energy intensities.
In many cases these reforms also altered
the environmental legislation. National
environmental action plans have been
initiated in several countries. An increas-
ing number of countries have started to
incorporate international environmental
standards into their national legislation,
such as the obligations of the various pro-
tocols of the Convention on Long-Range
Transboundary Air Pollution. In preparing
for possible accession to the European
Union, CEE countries are integrating EU
environmental standards into national
legislation.

It can be expected that in the long-run,
the ongoing reforms will lead to significant
changes in the economic structures, the
legislative systems and the life styles of
people in the CEE countries. In turn,
these transformations will have profound
impacts on the volumes and structures of
energy demand. Combined with the new
environmental standards, it would perhaps
not be unreasonable to expect a significant
decline in emissions of air pollutants as a

1. Introduction

side effect of the economic transition pro-
cess.

Despite the (autonomous) improvements
anticipated from the ongoing reform pro-
cess, the question remains: to what extent
would an accelerated move towards the
present energy and environmental stand-
ards of the European Union result in en-
vironmental benefits not only for the coun-
tries in the CEE region, but also for the
other European countries?

1.1. Scope and overall approach of
the study

This study aims to quantify the possible
environmental improvements resulting
from the ongoing economic transition
process in the CEE countries, and attempts
to assess the additional gains to be made
by an accelerated harmonisation of the
energy and emission standards with the
current EU legislation . The analysis is
restricted to changes in energy intensity,
the emissions of major air pollutants (SO2,
NOx, NH3, VOC, and CO2) and the result-
ing impacts on acidification, eutrophica-
tion and ground-level ozone.

At the present time it is not possible to
accurately predict the future pace of the
economic restructuring process in the CEE
region, which is, however, an obvious input
assumption to the analysis. To overcome
this difficulty, the study constructs, as a
first step, a range of alternative scenarios
of the ‘what-if’ type. These hypothetical
scenarios do not attempt to forecast the
future, but try to explore, for a possible
range of economic input assumptions, the
resulting impacts on energy consumption
and environmental conditions. In a second
step, these resulting changes are compared
with the input assumptions, and general
trends are identified. This analysis is there-
by able to derive conclusions about the
overall potential for environmental im-
provements offered by the transformation
process. Since the scope of the analysis is
mainly oriented toward the identification
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of the potential magnitude of an environ-
mental improvement, aspects of political
feasibility and the possible pace of imple-
mentation have been excluded from the
terms of reference for this study.

To create a benchmark for the comparison
of the effects of a faster harmonisation
with the EU standards, a baseline scenario
is constructed assuming the continuation
of the present economic trends and the
enforcement of the currently applicable
national environmental legislation (includ-
ing the obligations of international agree-
ments). This reference scenario is based
on the projected development of the over-
all economies and energy systems, as com-
municated by the national governments to
the United Nations Economic Commission
for Europe (UN/ECE) and reported in
the UN energy data base (UN/ECE, 1996).
For the EU countries, the ‘Conventional
Wisdom’ energy scenario developed by
DG-XVII has been used for comparison
(DG XVII, 1996).

In order to explore the potential offered
by an accelerated application of the EU
standards, two alternative energy scenarios
are constructed, based on the assumption
that energy intensities and consumption
patterns in the CEE region approach
values typical for countries belonging to
the European Union. Due to the uncer-
tainties about the possible speed of trans-
formation, the analysis explores the im-
pacts of an improvement in energy effi-
ciency/intensity (i) for the case of full
convergence towards the levels presently
observed in the EU, and (ii) for a ‘halfway’
approach towards the EU standards.

For obvious reasons, these two alternative
scenarios of energy development do not
make any assumptions about the driving
forces of the harmonisation process. These
transformations might either be caused by
a rapid development of the overall econ-
omies (i.e. they will achieve economic
structures comparable to that of the EU
countries) or by concerted actions target-
ed at the improvement of the efficiency
and environmental performance of the
energy infrastructures.

If the overall structure of the economies in
the CEE countries approaches those of the
EU countries, it might not be unreason-

able to assume that the energy intensities
(including energy use per person) will also
gradually move toward the levels currently
observed in the EU countries. Whereas
this means a reduction in energy inten-
sities for the industrial sector, transporta-
tion (and to a certain degree also for do-
mestic use), harmonisation would imply an
increase in energy intensity in the CEE
countries compared to the present levels.
Given this tendency, it is certainly worth-
while to analysing the impacts of concert-
ed actions that would specifically target
energy improvements in the industrial
sector, but do not encourage higher ener-
gy use by private consumers in the CEE
region. Consequently, the study also devel-
ops variants of the energy convergence
scenarios taking into account this issue.

Energy consumption has a strong impact
on the emissions of major air pollutants;
but emission control legislation also plays
an important role in determining the ul-
timate emission levels. In order to identify
the potential role of emission control legis-
lation, the study analyses the emissions
resulting from the energy scenarios out-
lined above along two variants: the refer-
ence case assumes the continuation of
current environmental policies both in the
CEE region and in the European Union;
alternatively, a case is explored in which
the CEE countries would also apply the
current environmental legislation of the
EU to their territories.

Chapter 2 of this paper briefly outlines the
basic approach adopted for this study.
Chapter 3 analyses the observed impacts of
the first phase of the economic reform
process (1990–1994) on the level and
structure of energy demand in the CEE
countries. Assuming a convergence of the
sectoral energy intensities towards the
average levels of the EU countries, Chap-
ter 4 develops an alternative ‘Energy Effi-
ciency Convergence’ scenario. Chapter 5
explores the emissions and the environ-
mental impacts of such a scenario and
analyses its strength against variations of
some important input assumptions. Chap-
ter 6 interprets the scenario results and
identifies the main trends associated with
the convergence of CEE energy systems
towards EU standards. Chapter 7 draws
conclusions from the analysis.

Introduction



18 Air emissions

In order to link the changes caused by the
economic reform process to environmen-
tal impacts, this study uses the Regional Air
Pollution INformation and Simulation
(RAINS) model developed at the Inter-
national Institute for Applied Systems
Analysis (IIASA, Laxenburg, Austria). The
RAINS model provides a consistent frame-
work for the analysis of emission reduction
strategies, focusing on acidification, eu-
trophication and tropospheric ozone.
RAINS comprises modules for emission
generation (with databases on current and
future economic activities, energy con-
sumption levels, fuel characteristics, etc.),
for emission control options and costs, for
atmospheric dispersion of pollutants and
for environmental sensitivities (i.e. data-
bases on critical loads). To create a consist-
ent and comprehensive picture of the
options for simultaneously addressing the
three environmental problems (acidifica-
tion, eutrophication and tropospheric
ozone), the model considers emissions of
sulphur dioxide (SO2), nitrogen oxides
(NOx), ammonia (NH3) and volatile organ-
ic compounds (VOC). Figure 2.1 outlines
the interaction of the various sub-modules
of RAINS. A more detailed description of
the RAINS model can be found in Annex
1.

The RAINS model can be operated in the
‘scenario analysis’ mode, i.e. following the

2. Integrated assessment of air
pollution control strategies

pathways of emissions from their sources
to their environmental impacts. In this
case, the model provides estimates of re-
gional costs and environmental benefits of
alternative emission control strategies.
Alternatively, a (linear programming)
‘optimisation mode’ is available for the
acidification part to identify cost-optimal
allocations of emission reductions to
achieve specified deposition targets. The
latter mode of The RAINS model was used
extensively during the negotiation process
of the Second Sulphur Protocol under the
Convention on Long-Range Transbound-
ary Air Pollution for elaborating effect-
based emission control strategies. A non-
linear optimisation module for tropospher-
ic ozone has also been recently completed.

The RAINS model uses projections of fu-
ture energy consumption as an extraneous
input. For most of the analyses carried out
up to now with this model, the energy
scenarios were extracted from other data-
bases or studies. This study, however, at-
tempts to derive a rough estimate of future
energy consumption patterns, based on a
range of assumptions about the pace of the
economic reform process in the CEE coun-
tries. The methodology for constructing
these forecasts is described in Section 4.
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Structure of the RAINS model Figure 2.1
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The reform process of the CEE countries,
which started in 1990, caused drastic
changes to the national economies. This
economic restructuring had extraordinary
impacts on the energy sector. As presented
in Table 3.1, between 1990 and 1994 en-
ergy consumption in all CEE countries
decreased dramatically. For instance, by
1994 gross energy consumption declined
by 34% from 46 EJ to 30 EJ, and electricity
consumption by about 30%, from 1085
TWh to 750 TWh (Table 3.2).

3. The economic reform process and
the energy structure
– an analysis of the early phase

There are at least three important factors
contributing to this steep decline in energy
consumption in the CEE countries:

• a deep economic recession caused by the
transformation from a command to a
market economy with tight monetary,
fiscal and wage policies;

• large increases in energy prices;
• the collapse of the Soviet Union and of

the Council of Mutual Economic Assist-
ance (CMEA).

[PJ] 1990 1992 1993 1994 1995a)

Albania 128 93 65 71 106

Belarus 1,762 1,572 1,339 1,037 1,265

Bosnia-H. 311 243 20 27 222

Bulgaria 1,296 829 882 846 966

Croatia 413 303 287 321 325

Czech Republic 1,956 1,773 1,735 1,711 1,714

Estonia 423 275 233 233 337

Hungary 1,109 1,027 1,019 1,022 1,039

Latvia 399 252 226 219 205

Lithuania 677 449 368 332 350

Poland 4,202 4,015 4,062 3,884 4,073

FYR Macedonia 151 129 115 116 124

Rep. of Moldova 392 296 221 201 275

Romania 2,425 1,901 1,819 1,724 1,965

Russiab) 18,237 12,422 11,589 10,070 10,834

Slovakia 987 775 739 734 823

Slovenia 231 233 242 247 259

Ukraine 9,970 9,356 8,091 6,912 7,209

Yugoslavia 790 649 556 547 579

Total CEEc) 45,859 36,591 33,608 30,255 32,668

Accession countries1 13,705 11,528 11,326 10,952 11,730

EU-15 54,357 - - - 57,128

Cohesion countries2 5,691 - - - 6,262

1 Accession countries:
Bulgaria, Czech
Republic, Estonia,
Hungary, Latvia,
Lithuania, Poland,
Romania, Slovak Re-
public, and Slovenia.

2 Cohesion countries:
Greece, Ireland,
Portugal, and Spain.

Table 3.1 Primary energy consumption in the CEE countries, 1990-1995, in PJ (1015 Joule)
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[TWh] 1990 1992 1993 1994 1995a)

Albania 2.6 2.2 2.7 3.1 2.8

Belarus 41.4 34.0 28.9 27.9 32.0

Bosnia-H. 11.0 12.2 1.5 1.5 8.3

Bulgaria 35.2 27.7 26.2 27.0 26.8

Croatia 13.2 9.4 9.4 9.6 10.9

Czech Republic 49.1 40.8 40.9 41.4 44.1

Estonia 6.8 5.7 4.2 5.0 5.2

Hungary 31.1 28.6 27.4 26.7 27.0

Latvia 8.7 4.7 5.3 5.2 6.3

Lithuania 11.9 9.2 9.0 8.8 8.6

Poland 96.2 85.6 86.6 85.3 87.6

FYR Macedonia 5.1 5.2 5.1 4.8 4.4

Rep. of Moldova 9.7 8.8 7.2 6.5 7.7

Romania 53.0 40.5 36.5 35.0 40.1

Russiab) 428.3 305.6 285.1 253.8 280.1

Slovakia 21.9 20.7 20.1 19.2 21.8

Slovenia 10.1 8.9 8.9 9.2 9.1

Ukraine 223.5 186.6 169.7 152.2 167.3

Yugoslavia 25.8 29.6 27.9 27.1 21.7

Total CEEc) 1,084.6 866.1 802.4 749.5 811.8

Accession countries 324.0 272.0 265.0 263.0 277.0

EU-15 1,814.0 - - - 1,964.8

Cohesion  countries 189.2 - - - 213.5

Notes to Table 3.1 and Table 3.2:
a) For the majority of countries, values for 1995 are based on projections. Statistical data was not

available on a consistent basis.
b) IIASA estimates of energy consumption in the European part within the EMEP region.
c) For calculating totals, linear interpolation of missing data has been used.

3.1. The economic recession

Although the economic performances of
countries can only be compared with a
certain ambiguity (due to methodological
questions about proper exchange rates),
all available indicators reveal a deep eco-
nomic recession for the CEE countries
after the year 1990.

Tables 3.3 and 3.4 illustrate this phenom-
enon by comparing the development of
the gross domestic product (GDP) of the
CEE countries between 1990 and 1995 on
a per capita basis. The tables present the

GDP estimates using market exchange
rates (MEXR) and purchasing power pari-
ties (PPP).

Table 3.3 reveals the low level of the per
capita GDP when compared to the EU
average. Measured with market exchange
rates, in 1990 the average CEE per capita
GDP was only about 20% of that of the
European Union. Furthermore, in nearly
all countries (with the exception of Poland
and Slovenia) per capita GDP experienced
a further sharp decline after 1990, so that
in 1995 the average per capita GDP was
only at about 13% of the average EU level.

Gross electricity consumption in the CEE countries, 1990-1995, in PJ Table 3.2

An analysis of the early phase
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There are, however, large differences be-
tween the CEE countries. Whereas the
majority of the countries of the former
Soviet Union faced a decline of 40%–50%,
Poland and Slovenia managed to achieve
an increase compared to 1990. In 1995,
countries of the Vysehrad Group (i.e.
Poland, Hungary, the Czech Republic and
Slovakia), Estonia, Croatia and Slovenia
appeared to have started the process of
recovery.

Measuring the GDP in market exchange
rates might distort the picture about the

economic wealth of the population. Alter-
natively, the GDP could also be calculated
using the purchasing power parities (PPP)
of individual countries (Table 3.4). Using
the PPP concept, the average per capita
GDP in CEE countries was, in 1990, only
50% lower than in the EU. Nevertheless,
the PPP also reveals the decline between
1990 and 1995, and reduces the average
level in the CEE in 1995 to about 33% of
the EU countries.

Notes to Table 3.3 and Table 3.4: Sources:
IMF 1997, World Bank 1994-1996, EBRD

Country 1990 1991 1992 1993 1994 1995

Albania 772 553 495 544 590 635

Belarus 2,302 2,281 2,067 2,231 1,697 1,528

Bosnia-H. 1,964 - - - - 1,203

Bulgaria 1,079 962 900 911 911 944

Croatia 4,011 3,052 2,093 1,949 2,306 2,691

Czech Republic 3,366 2,886 2,699 2,145 2,740 2,869

Estonia 2,179 1,959 1,698 853 1,227 1,902

Hungary 3,521 3,127 3,056 3,063 3,178 3,254

Latvia 3,457 3,218 2,124 1,812 1,852 1,852

Lithuania 1,990 1,827 1,189 999 1,060 1,045

Poland 1,888 1,839 1,789 1,851 1,940 2,069

FYR Macedonia 1,074 - - - - 684

Rep. of Moldova 1,603 1,314 927 911 625 602

Romania 1,295 1,107 919 903 966 1,038

Russian Fed. 3,462 3,027 2,592 2,374 2,082 2,005

Slovakia 2,253 2,012 1,771 1,685 1,752 1,867

Slovenia 6,833 5,182 4,929 5,001 5,641 7,346

Ukraine 2,251 2,052 1,853 1,598 1,233 1,091

Yugoslavia 2,404 - - - - 1,541

Average CEEa) 2,627 2,323 2,058 1,916 1,773 1,761

Accession countries 2,151 1,908 1,781 1,767 1,858 1,990

EU-15 12,688 12,904 13,123 13,347 13,575 13,808

Cohesion countries 8,890 9,078 9,132 9,088 9,312 9,524

a) For the calculation of averages, missing data were interpolated.

Table 3.3 Development of the per capita GDP (1990 ECU/capita), using market exchange rates (MEXR)
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Country 1990 1991 1992 1993 1994 1995

Albania 1,720 1,226 1,091 1,194 1,288 1,380

Belarus 5,453 5,375 4,847 4,996 3,936 3,525

Bosnia-H. 1,889 - - - - 962

Bulgaria 4,043 3,579 3,326 2,930 3,323 3,442

Croatia 3,859 3,447 3,035 3,008 3,123 3,134

Czech Republic 8,776 7,482 6,958 6,049 6,984 7,271

Estonia 7,477 6,723 5,828 5,389 5,243 5,102

Hungary 5,615 4,970 4,840 4,835 5,000 5,101

Latvia 7,736 7,165 4,705 3,994 4,061 4,061

Lithuania 4,881 4,456 2,884 2,412 2,545 2,507

Poland 4,197 4,067 3,937 4,052 4,226 4,484

FYR Macedonia 1,974 - - - - 1,232

Rep. of Moldova 4,516 3,679 2,579 2,522 1,718 1,646

Romania 3,120 2,663 2,206 2,286 2,294 2,452

Russian Fed. 7,001 6,097 5,193 4,734 4,132 3,961

Slovakia 6,899 6,127 5,355 5,063 5,232 5,540

Slovenia 7,196 5,903 6,904 7,256 7,861 8,332

Ukraine 4,869 4,419 3,969 3,405 2,616 2,302

Yugoslavia 2,818 - - - - 1,795

Average CEEa) 5,407 4,811 4,262 3,982 3,645 3,580

Accession countries 4,883 4,336 4,028 4,058 4,150 4,350

EU-15 10,392 - - - - 11,309

Cohesion countries 9,527 - - - - 10,180

a) For the calculation of averages, missing data were interpolated.

1996, WIIW 1996. These sources do not
provide full time series. Consequently, the
individual numbers in the report should
be treated with care, although they indi-
cate the general trend. An exchange rate
of 0.79 ECU/$ (IMF, 1997) was used.

3.2. The increase in energy prices

Until 1990 energy prices in the CEE coun-
tries were low. For instance, the average
energy price for industry in CEE countries
was about 30% to 40% below world market

prices (compare Hughes, 1991). This dif-
ference was most drastic for coal, whereas
prices of petroleum products and natural
gas were closer to West European price
levels. The heavy reliance of power gener-
ation on (under-priced) coal also resulted
in artificially low electricity prices.

Energy prices were far below the economic
costs. They were determined by the gov-
ernments and played an important role in
the command and control type of econom-
ic system. In contrast to Western Europe,
private households were granted lower

Development of the per capita GDP (ECU1990/capita) using purchasing power parities PPP) Table 3.4

An analysis of the early phase
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prices for electricity and gas than industry.
Consequently, energy prices did not create
the right basis for rational decision mak-
ing. Instead of a market system, countries
used a complicated system of central allo-
cation of energy to industrial and house-
hold consumers..

Beginning in 1990, a radical energy pri-
cing reform was introduced in all CEE
countries, resulting in a substantial in-
crease of real energy prices. At the same
time, central allocation was phased out. At
the early and intermediate stages of the
economic transition process, energy price
increases were often systematically eroded
by inflation; yet, today’s energy prices for
industry in the countries that have success-
fully advanced economic reforms are close
to the economic costs.

In spite of substantial increases in real
terms, in the majority of countries in the
region, prices of network fuels to house-
holds do not yet cover the full delivery
costs (EBRD, 1996). Thus, these prices will
have to be further increased. Obviously,
the pace of these price adjustments has to

 [PJ] 1990 1992 1993 1994 1995

Solids 12,534 11,594 11,083 9,990 9,892

Liquids 11,872 9,825 8,156 6,836 7,240

Gaseous 18,040 12,414 11,628 10,787 12,929

Nuclear 2,519 1,769 1,788 1,639 1,560

Hydro 967 997 962 1,006 991

Other 2 -8 -10 -4 56

Total 45,933 36,591 33,608 30,255 32,668

Solids 27% 32% 33% 33% 30%

Liquids 26% 27% 24% 23% 22%

Gaseous 39% 34% 35% 36% 39%

Nuclear 5% 5% 5% 5% 5%

Hydro 2% 3% 3% 3% 3%

Other 1% -1% 0% 0% 1%

take into account the specific ability of the
households to pay.

3.3. The collapse of the Soviet Union
and the CMEA

The collapse of the CMEA and the USSR
ended the ‘soft rouble trade’ among the
former CMEA member states. The result-
ing shift to a dollar trading system caused a
drastic contraction of the volumes traded
among those countries, and also had a
profound impact on the trade of energy.
For instance, beginning in 1990, energy
imports from Russia were paid for in hard
currency. Some countries, such as Bulgaria
and some independent states of the
former USSR, have not been able to fi-
nance such imports due to foreign ex-
change shortages. This has caused a drastic
limitation in the consumption of liquid
fuels in those countries. Tables 3.5 and 3.6
illustrate this effect by showing for the
period 1990-1994, a 40% decline for liquid
fuels and natural gas, which were to a large
extent imported. Coal consumption, on
the other hand, declined by only 25%.

An analysis of the early phase

Table 3.5 Energy consumption of the CEE countries by fuel, 1990-1995, in PJ
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[PJ] 1990 1992 1993 1994 1995

Solids 6,143 5,797 5,705 5,383 5,446

Liquids 3,357 2,537 2,541 2,519 2,691

Gaseous 3,257 2,303 2,193 2,151 2,685

Nuclear 673 631 633 622 628

Hydro 231 257 261 276 257

Other 45 3 -6 1 23

Total 13,705 11,528 11,326 10,952 11,730

Solids 45% 51% 51% 48% 47%

Liquids 24% 22% 22% 23% 23%

Gaseous 24% 20% 19% 20% 23%

Nuclear 5% 5% 6% 6% 5%

Hydro 2% 2% 2% 3% 2%

Other 0% 0% 0% 0% 0%

Note:  The category “Other” includes the export/import balance of electricity.

Although the statistical material currently
available should be treated with care (stat-
istical information for 1995 is still incom-
plete), energy consumption appears to
have increased again in 1995.

3.4. The change in energy intensities

The preceding analysis reveals a severe
decline in economic activity accompanied
by a steep reduction in energy demand in
the CEE countries. It is instructive to ex-
plore whether the simultaneous economic
reform process also resulted in a shift of
the economic and industrial structures
towards less energy-intensive production
processes.

It is interesting to realise that, with a few
exceptions, at least at the beginning of the
transformation process, the changes in
energy demand and GDP levels resulted in
only moderate alterations in energy inten-
sities (Table 3.7). Between 1990-1994, the
average level of energy intensity of the
GDP (expressed in PPP) remained con-
stant in the CEE countries, while the en-

ergy intensity of the economies of the EU
countries decreased by 6%. The most dra-
matic change occurred in the Ukraine
(30% increase), which is due to a drop in
the GDP level without a proportional drop
in energy consumption. Changes in the
energy intensities of the economies of
other countries were moderate. Despite
the preliminary nature of the 1995 statis-
tics, available data suggests that the begin-
ning upward trend in economic perform-
ance is accompanied by increased energy
intensities.

Consequently, it must be stated that des-
pite the substantial economic reform proc-
ess in Central and Eastern Europe, there
are no comparable improvements in ener-
gy intensities . From 1990 to 1995, the gap
in energy intensity between the CEE and
the EU countries increased further by
about 20%. Whereas in 1990 the energy
intensities of the CEE countries was 2.4
times above the EU average, in 1995 it is
expected to exceed it by a factor of 2.9.

This widening gap can also be observed in
Table 3.8 for electricity intensities. For one

Energy consumption of the accession countries by fuel, 1990-1995, in PJ Table 3.6
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Country 1990 1992 1993 1994 1995

Albania 22.6 25.5 16.1 16.3 22.4

Belarus 31.6 31.9 26.5 26.1 35.6

Bosnia-H. 38.3 - - - 53.3

Bulgaria 35.6 28.2 34.4 29.4 32.7

Croatia 23.7 22.3 21.4 23.1 23.4

Czech Republic 21.6 24.7 27.8 23.7 22.8

Estonia 35.9 30.6 28.3 29.4 44.1

Hungary 19.1 20.8 20.8 20.4 20.5

Latvia 19.3 20.6 22.2 21.5 20.4

Lithuania 37.4 42.1 41.3 35.3 37.8

Poland 26.3 26.6 26.0 23.8 23.4

FYR Macedonia 37.4 - - - 44.6

Rep. of Moldova 19.9 26.0 19.7 26.1 37.0

Romania 33.5 37.5 34.8 33.1 35.5

Russian Fed. 25.3 23.4 24.0 24.0 27.0

Slovakia 27.2 27.1 27.1 25.9 27.2

Slovenia 16.1 17.0 17.0 16.0 16.0

Ukraine 39.7 45.9 46.4 51.7 61.4

Yugoslavia 27.6 - - - 30.1

Average CEEa) 28.3 28.8 28.3 27.9 30.7

Accession countries 26.4 27.0 26.4 25.0 25.6

EU-15 12.1 - - - 11.3

Cohesion countries 9.5 - - - 9.7

a) For calculating averages, linear interpolation of missing data has been used.

Table 3.7 Energy intensities in the CEE countries, in MJ/(1990 ECUPPP)

unit of GDP, electricity use in the EU coun-
tries dropped by 3% between 1990 and
1995; yet CEE countries increased their
specific electricity use by 3%, so that it is
currently about twice the EU level.

To summarise, energy intensities in the
CEE countries have not yet improved sub-
stantially. In spite of the progress in eco-
nomic restructuring and much lower abso-

lute consumption levels, the average en-
ergy consumption per unit of GDP (ex-
pressed in PPP) is still nearly three times
higher than the EU average. This differ-
ence increases to about six if GDP is meas-
ured with market exchange rates (MEXR).
Electricity intensities of the CEE econo-
mies are on average about two times high-
er than the EU average and show a tenden-
cy to increase further.
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Country 1990 1992 1993 1994 1995

Albania 466.6 594.9 668.3 696.1 599.1

Belarus 743.2 690.2 571.5 702.1 901.6

Bosnia-H. 1,347.8 - - - 1,993.4

Bulgaria 968.3 942.9 1,023.4 939.0 907.7

Croatia 757.0 694.1 696.0 689.7 780.9

Czech Republic 543.0 568.4 655.2 573.5 586.2

Estonia 574.3 638.8 507.4 634.1 677.0

Hungary 534.6 579.8 561.5 533.6 533.4

Latvia 420.8 386.3 515.9 510.9 630.9

Lithuania 659.4 859.1 1,008.2 937.2 933.0

Poland 601.1 566.3 554.8 522.4 503.9

FYR Macedonia 1,257.5 - - - 1,596.6

Rep. of Moldova 493.5 771.0 645.6 847.6 1,042.3

Romania 731.9 799.1 698.3 671.7 723.4

Russian Fed. 595.0 576.1 591.4 605.2 852.5

Slovakia 604.2 723.9 738.2 678.1 699.6

Slovenia 702.9 648.9 622.5 597.5 564.3

Ukraine 889.1 915.4 972.4 1,138.7 1,426.0

Yugoslavia 901.7 - - - 1,129.9

Average CEEa) 669.7 680.5 675.9 690.8 761.2

Accession countries 624.8 638.7 618.2 600.6 604.1

EU-15 402.3 - - - 388.9

Cohesion countries 315.7 - - - 329.1

a) For calculating averages, linear interpolation of missing data has been used.

Electricity intensities in the CEE countries, in kWh/(1990 ECUPPP) Table 3.8

An analysis of the early phase
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As outlined in the previous section, the
actual development of the last few years
has not resulted in significant structural
improvements. This study makes an at-
tempt to explore the potential for environ-
mental improvement offered by an eco-
nomic and legislative reform process. For
this purpose a scenario is constructed with
the assumption that, progressive success of
the reform process will result in energy
consumption patterns and energy inten-
sities in the CEE countries approaching
those of the European Union.

As a reference for the convergence scen-
ario, the so-called ‘Baseline’ scenario was
used. This scenario is based on the project-
ed development of the overall economies
and energy systems as communicated by
the national governments of individual
countries to the United Nations Economic
Commission for Europe (UN/ECE). The
official energy scenarios are further called
the ‘Official Energy Pathways’ (OEP’96)
and have been taken from the UN/ECE
Energy Database (UN/ECE, 1996). Where
necessary, missing forecasts have been
constructed by IIASA based on a simple
energy projection model. The baseline
projections are also used for scenario cal-
culations conducted for the negotiations
of the Second NOx Protocol under the
Convention on Long-Range Transbound-
ary Air Pollution.

For the countries of the European Union,
the ‘Conventional Wisdom’ scenario of the
‘Energy 2020’ Study (DG-XVII, 1996) was
used.

4.1. Assumptions and scenario design

The construction of the convergence scen-
ario starts from assumptions about eco-
nomic (Table 4.1) and population (Table
4.2) development. GDP data are expressed
in purchasing power parities (PPP) and
are the same as assumptions adopted by
national sources for the development of
the official energy pathways (compare IEA
reviews of national energy policies, IEA,
1991-1996). If GDP forecasts were not

4. An energy efficiency convergence
(EEC) scenario

available for the ‘Official Energy Pathway’,
forecasts collected by the EBRD (EBRD,
1996) were used. The GDP development
for the 15 EU countries is derived from the
‘Conventional Wisdom’ scenario (DG
XVII, 1996). For population projections,
the forecasts of the United Nations (Unit-
ed Nations, 1995) were used.

The basic assumption of the energy effi-
ciency convergence scenario is that, on a
sectoral level, the energy intensities of
each country will gradually approach the
level of the EU countries.

A comparison of energy intensities on the
sectoral level reveals that in the industrial
sector of CEE countries, the energy inten-
sity (per unit of GDP) is considerably high-
er than in EU countries. Consequently, the
convergence scenario postulates a decline
of energy intensities in the industry of CEE
countries. On the other hand, per capita
energy consumption in the residential/
commercial sector and for passenger trans-
port is presently lower in the CEE coun-
tries than in the EU. Economic develop-
ment bringing higher material welfare to
the population in these countries would
therefore most likely increase the energy
consumption of private households.

It is difficult to accurately predict the pace
and the possible extent of a transition
towards the energy intensities of the EU
countries. Consequently, the study ex-
plores a range of transition scenario vari-
ants without making any assumptions
about the probabilities of the individual
projections. Since it would not be realistic
to assume that the large structural differ-
ences between the energy systems in CEE
and EU countries could be entirely elim-
inated within the next 10 to 15 years, the
scenario constructs an interim step in the
year 2010 on the way towards complete
harmonisation. As shown earlier, substan-
tial diversity among the CEE countries
exists both in terms of GDP per capita and
in terms of energy intensity, which will
definitely influence the speed of trans-
formation.
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In practice, the convergence scenario as-
sumes that in the year 2010 the differences
in sectoral energy intensities will diminish
to the same degree as the per capita GDP
approaches the present average EU level.
Expressed differently, it has been assumed
that the present gap in sectoral energy
intensity between a CEE country and the
EU average will close at the same rate as
the gap of the per capita GDP (for the
purpose of this analysis the PPP concept
has been used).

There are, however, some CEE countries
for which the economic projections listed
in Table 4.1 would not bring the per capita
GDP above 50% of the present EU aver-

age. For these cases, it has been assumed
that energy intensities would improve by
50% by the year 2010. A detailed descrip-
tion of the procedure for deriving the
energy scenarios is provided in Annex 2.

It must be re-emphasised that this scenario
is not intended to provide a realistic pro-
jection of energy demand in the year 2010.
Currently, it is impossible to accurately
predict the speed of the transition process
and the effects of various types of con-
straints on this process. This scenario
therefore has to be considered simply as
one plausible and consistent projection for
exploring the effects of changes in the
energy consumption structure on pollu-

Country 1990 1995 2000 2005 2010 %/year,
2010/1995

Albania 1,720 1,380 1,532 1,725 1,871 2.1%

Belarus 5,453 3,525 4,116 5,166 6,135 3.8%

Bosnia-H. 1,889 962 1,217 1,444 1,725 4.0%

Bulgaria 4,043 3,442 3,969 4,653 5,410 3.1%

Croatia 3,859 3,134 3,691 4,401 5,248 3.5%

Czech Republic 8,776 7,271 9,047 10,359 11,901 3.3%

Estonia 7,477 5,102 5,711 7,506 8,774 3.7%

Hungary 5,615 5,101 6,117 7,259 8,487 3.5%

Latvia 7,736 4,061 4,723 6,038 6,999 3.7%

Lithuania 4,881 2,507 2,909 3,615 4,248 3.6%

Poland 4,197 4,484 5,582 6,385 7,277 3.3%

FYR Macedonia 1,974 1,232 1,430 1,611 1,817 2.6%

Rep. of Moldova 4,516 1,646 1,915 2,325 2,664 3.3%

Romania 3,120 2,452 2,952 3,448 4,090 3.5%

Russian Fed. 7,001 3,961 4,431 5,602 6,720 3.6%

Slovakia 6,899 5,540 6,758 7,591 8,545 2.9%

Slovenia 7,196 8,332 10,434 12,712 15,436 4.2%

Ukraine 4,869 2,302 2,693 3,397 4,073 3.9%

Yugoslavia 2,818 1,795 2,139 2,513 2,924 3.3%

Average CEE 5,407 3,580 4,199 5,094 5,997 3.5%

Accession countries 4,883 4,350 5,316 6,187 7,150 3.4%

EU-15 10,392 11,309 12,317 13,800 15,462 2.1%

Cohesion countries 9,527 10,180 11,590 13,226 15,192 2.7%

Assumed development of the GDP per capita for the EEC scenario, 1990 ECUppp per capita Table 4.1

An energy efficiency convergency (EEC) scenario
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Country 1990 1995 2000 2005 2010 %/a,
2010/1995

Albania 3.3 3.4 3.6 3.8 4.1 1.1%

Belarus 10.2 10.1 10.1 10.0 10.0 0.0%

Bosnia-H. 4.3 4.3 4.3 4.4 4.4 0.1%

Bulgaria 9.0 8.6 8.6 8.4 8.2 -0.3%

Croatia 4.5 4.4 4.4 4.4 4.4 -0.1%

Czech Republic 10.3 10.3 10.3 10.4 10.4 0.1%

Estonia 1.6 1.5 1.5 1.5 1.5 -0.2%

Hungary 10.4 9.9 9.9 9.8 9.7 -0.2%

Latvia 2.7 2.5 2.5 2.4 2.4 -0.2%

Lithuania 3.7 3.7 3.7 3.7 3.7 0.1%

Poland 38.1 38.8 38.8 39.3 39.9 0.2%

FYR Macedonia 2.0 2.2 2.2 2.3 2.4 0.5%

Rep. of Moldova 4.4 4.5 4.5 4.6 4.8 0.4%

Romania 23.2 22.6 22.6 22.4 22.3 -0.1%

Russia* 102.8 101.2 101.2 100.2 99.5 -0.1%

Slovakia 5.3 5.5 5.5 5.6 5.7 0.3%

Slovenia 2.0 1.9 1.9 1.9 1.9 -0.1%

Ukraine 51.6 51.0 51.0 50.5 50.1 -0.1%

Yugoslavia 10.2 10.7 10.7 10.9 11.1 0.2%

CEE 299.5 297.2 297.4 296.6 296.5 0.0%

Accession countries 106 105 105 105 106 0.0%

EU-15 365.1 371.5 376.8 381.2 386.7 0.3%

Cohesion countries 62.9 63.7 63.8 63.9 63.5 0.0%

* Only the European part of Russia.

tion loads and emission abatement strat-
egies. The effects of modifying some input
assumptions are discussed in Section 4.3.

4.2. The ‘energy efficiency conver-
gence’ scenario: Results

The assumptions about the gradual im-
provement of the sectoral energy inten-
sities of the CEE countries have been dis-
cussed above. The algorithm described in
Annex 2, prescribes for the year 2010 an
average decrease in industrial energy in-
tensities by 37%, compared to the 2010
projection in the baseline scenario, or a
50% improvement compared to 1990. Still,

the average energy intensity will be twice as
high as the EU level, and significant differ-
ences remain among individual CEE coun-
tries. Changes in the domestic and residen-
tial sector are moderate. The largest differ-
ence, however, occurs for passenger trans-
port. Compared with the baseline scenario
for 2010, per capita energy consumption
will double, or triple if related to the year
1990. On the other hand, even after such a
sharp increase, the per capita consump-
tion will reach only two thirds of the EU
level (Table 4.3).

The assumptions made for this scenario
and the implied improvements in energy
intensities are that total energy consump-

Table 4.2 Population development in Europe, 1990–2010, million people
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tion in the CEE region shrinks by 14%
compared to the baseline. On a sectoral
basis, industrial energy use declines by
32%, energy use in the domestic/residen-
tial sector remains constant, and energy
use for freight transport decreases by
about 20%. Energy demand for passenger
transport, however, would be about one
third higher than in the baseline scenario,
and about 40% higher if compared to the
year 1990 (Table 4.4).

The structural changes implied by the
transition also cause significant shifts in

the fuel composition (compare Tables 4.5,
4.6 and 4.7). Most important is the drastic
decline of the share of solid fuels, which
diminishes from 27% in 1990 to 14% in
2010. This is compensated for by the grow-
ing importance of natural gas (from 47%
to 51%) and of liquid fuels (from 22% to
25%). Industry would consume only 36%
instead of 45% of total fuel, but transport
would grow from 10% to 16%. It is inter-
esting to note that total electricity con-
sumption is only 5 % lower, because the
decrease in the industry is, to a large ex-
tent, offset by the increase in the domestic

In
d

us
tr

y,
 k

W
h/

E
C

U
 G

D
P

D
o

m
es

ti
c,

 k
W

h/
ca

p
it

a
Tr

an
sp

o
rt

, 
kW

h/
ca

p
it

a
C

o
un

tr
y

19
90

20
10

19
90

20
10

19
90

20
10

B
as

el
in

e
E

E
C

-B
B

as
el

in
e

E
E

C
-B

B
as

el
in

e
E

E
C

-B

A
lb

an
ia

0.
29

0.
24

0.
20

25
3

26
7

1,
48

3
42

85
16

0

B
el

ar
us

0.
42

0.
38

0.
27

1,
46

9
1,

55
2

2,
12

6
27

2
28

7
26

1

B
o

sn
ia

-H
.

0.
71

0.
72

0.
44

1,
17

2
1,

15
0

1,
92

5
31

38
13

6

B
ul

g
ar

ia
0.

51
0.

45
0.

30
1,

69
9

2,
23

6
2,

46
8

14
5

18
1

20
8

C
ro

at
ia

0.
33

0.
25

0.
20

1,
53

7
1,

73
4

2,
21

7
92

80
15

7

C
ze

ch
 R

ep
ub

lic
0.

29
0.

22
0.

17
1,

94
1

2,
92

7
2,

75
2

27
8

25
7

24
6

E
st

o
ni

a
0.

25
0.

24
0.

19
2,

33
3

3,
01

9
2,

83
8

12
3

14
4

18
9

H
un

g
ar

y
0.

25
0.

17
0.

16
1,

50
1

2,
72

6
2,

71
1

10
7

15
7

19
6

La
tv

ia
0.

19
0.

22
0.

19
1,

65
4

1,
90

4
2,

30
2

15
6

16
3

19
9

Li
th

ua
ni

a
0.

33
0.

28
0.

22
1,

52
0

2,
10

2
2,

40
1

82
81

15
8

Po
la

nd
0.

27
0.

21
0.

18
1,

23
2

1,
82

4
2,

26
2

16
9

23
3

23
4

FY
R

 M
ac

ed
o

ni
a

0.
73

0.
63

0.
39

1,
01

0
96

3
1,

83
2

41
23

12
9

R
ep

. o
f M

o
ld

o
va

0.
23

0.
33

0.
24

1,
14

6
1,

03
6

1,
86

8
64

69
15

2

R
o

m
an

ia
0.

53
0.

44
0.

30
51

5
65

6
1,

67
8

10
5

10
6

17
0

R
us

si
an

 F
ed

0.
34

0.
37

0.
26

1,
24

6
1,

47
5

2,
08

8
51

5
56

1
39

8

Sl
o

va
ki

a
0.

42
0.

36
0.

25
1,

01
1

1,
84

0
2,

31
5

27
3

24
5

24
0

Sl
o

ve
ni

a
0.

42
0.

20
0.

16
1,

94
4

2,
17

1
2,

69
9

58
61

14
8

U
kr

ai
ne

0.
57

0.
70

0.
43

1,
27

4
1,

35
8

2,
02

9
25

8
25

0
24

2

Yu
g

o
sl

av
ia

0.
47

0.
40

0.
28

1,
15

9
1,

13
0

1,
91

5
52

61
14

8

A
ve

ra
g

e 
C

E
E

0.
38

0.
36

0.
26

1,
24

6
1,

54
5

2,
12

3
29

1
31

3
27

4

A
cc

es
si

o
n 

co
un

tr
ie

s
0

.3
4

0
.2

6
0

.2
0

1
,2

4
9

1
,8

3
6

2
,2

6
9

1
5

7
1

8
7

2
1

1

E
U

-1
5

0
.1

8
0

.1
6

0
.1

6
2

,2
1

0
2

,7
0

0
2

,7
0

0
1

0
9

2
3

4
2

3
4

C
o

he
si

o
n 

co
un

tr
ie

s
0.

15
0.

13
0.

13
1,

47
5

2,
19

1
2,

19
1

66
30

3
30

3

Ta
b

le
 4

.4
C

o
m

p
ar

is
o

n 
o

f 
sp

ec
if

ic
 e

le
ct

ri
ci

ty
 c

o
ns

um
p

ti
o

n 
in

 t
he

 E
ne

rg
y 

E
ff

ic
ie

nc
y 

C
o

nv
er

g
en

ce
 (

E
E

C
-B

)
w

it
h 

th
e 

B
as

el
in

e 
sc

en
ar

io
 (

O
E

P
’9

6
)



33

Fuel/Sector Industry Domestic Transport Power Sum
1) 2) plants

Brown coal/lignite 136 437 0 2,857 3,430

Hard coal 816 1,913 17 3,546 6,291

Derived coal (Coke, briquettes) 1,559 192 4 14 1,769

Other solid fuels (wood, waste) 144 743 1 155 1,044

Heavy fuel oil 2,694 440 10 3,721 6,865

Medium distillates (gas oil) 456 236 2,185 143 3,020

Light fractions (gasoline, naphtha, LPG) 232 108 1,636 11 1,986

Natural gas and derived gases 7,139 2,105 2 8,794 18,040

Renewables 0 0 0 0 0

Hydropower 0 0 0 967 967

Nuclear 0 0 0 2,519 2,519

Electricity3) 3,145 1,343 314 -4,874 -72

District heat3) 5,906 2,696 46 -8,649 0

Total 22,227 10,214 4,214 9,203 45,858

Energy consumption by fuel and by sector in the CEE countries in the year in 1990, in PJ Table 4.5

Fuel/Sector Industry Domestic Transport Power Sum
1) 2) plants

Brown coal/lignite 78 194 0 2,361 2,633

Hard coal 515 1,366 0 3,111 4,993

Derived coal (Coke, briquettes) 1,089 114 0 13 1,216

Other solid fuels (wood, waste) 179 600 0 172 951

Heavy fuel oil 1,924 327 10 1,638 3,899

Medium distillates (gas oil) 421 422 2,530 171 3,545

Light fractions (gasoline, naphtha, LPG) 214 121 1,556 11 1,902

Natural gas and derived gases 7,106 2,924 1 10,132 20,164

Renewables 1 3 0 0 4

Hydro 0 0 0 1,079 1,079

Nuclear 0 0 0 2,825 2,825

Electricity3) 3,248 1,650 334 -5,208 25

District heat3) 4,781 2,803 30 -7,615 0

Total 19,557 10,525 4,463 8,691 43,235

Notes:
1) ‘Industry’ includes manufacturing industry, conversion other than power plant, consumption by

energy producing industries, losses in transport and distribution, and non-energy use.
2) According to the RAINS aggregation, the transport sector includes road transport and other mo-

bile sources and machinery. It excludes energy consumed by air transport and international marine
bunkering.

3) Gross production of electricity and heat is presented with negative numbers.

Energy consumption by fuel and by sector in the CEE countries for the Baseline Table 4.6
scenario in the year in 2010, in PJ

An energy efficiency convergence (EEC) scenario
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Fuel/Sector Industry Domestic Transport Power Sum
1) 2) plants

Brown coal/lignite 28 96 0 1,634 1,757

Hard coal 209 427 0 1,931 2,568

Derived coal (Coke, briquettes) 286 128 0 12 426

Other solid fuels (wood, waste) 72 198 0 61 331

Heavy fuel oil 1,356 223 32 1,041 2,652

Medium distillates (gas oil) 271 484 2,083 146 2,983

Light fractions (gasoline, naphtha, LPG) 174 172 3,398 10 3,753

Natural gas and derived gases 5,620 3,746 1 9,469 18,836

Renewables 0 4 0 0 4

Hydropower 0 0 0 1,079 1,079

Nuclear 0 0 0 2,825 2,825

Electricity3) 2,393 2,285 292 -4,955 16

District heat3) 2,854 2,674 28 -5,555 0

Total 13,263 10,435 5,834 7,698 37,230

Figure 4.1 Structure of energy consumption of the EEC-B scenario by fuel

Table 4.7 Energy consumption by fuel and by sector in the CEE countries for the Energy
Efficiency Convergence (EEC-B) scenario in the year in 2010, in PJ
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sector. Data for individual countries is
presented in Table 4.8.
Using the assumptions made for the En-
ergy Efficiency Convergence (EEC-B) scen-
ario, the data results in an increase in en-
ergy consumption for those countries with
a relatively low per capita consumption le-
vel (Albania, Moldova and countries of the
former Yugoslavia), if compared with the
baseline. For other countries, energy con-
sumption decreases (Figures 4.1 and 4.2).

4.3. Modifications of the scenario
assumptions

As mentioned, the scenario technique
applied in this study aims at analysing the
influence of important input assumptions
on the level and the structure of energy
consumption rather than attempting to
predict the actual development in the
future. Consequently, an important step of
this approach is to study the response to

1990 2010 2010
Country Baseline EEC-B Baseline=100

Albania 128 143 247 173%

Belarus 1,762 1,553 1,252 81%

Bosnia-H. 311 297 340 115%

Bulgaria 1,296 1,262 1,057 84%

Croatia 413 447 455 102%

Czech Republic 1,956 1,837 1,544 84%

Estonia 423 366 256 70%

Hungary 1,109 1,350 1,243 92%

Latvia 399 359 280 78%

Lithuania 677 565 439 78%

Poland 4,202 4,951 4,858 98%

FYR Macedonia 151 138 170 123%

Rep. Of Moldova 392 324 359 111%

Romania 2,425 2,525 2,437 97%

Russian Fed. 18,237 16,617 13,735 81%

Slovakia 987 982 796 81%

Slovenia 231 234 263 112%

Ukraine 9,970 8,559 6,606 77%

Yugoslavia 790 725 893 123%

CEE 45,859 43,235 37,230 86%

Accession countries 13,705 14,431 13,174 91%

EU-15 54,357 64,665 64,665 100%

Cohesion countries 5,691 7,668 7,668 100%

Total Europe 102,931 110,847 104,843 95%

Note:
Total Europe includes also energy consumption in Norway and in Switzerland.

Energy consumption by country in the EEC-B scenario and comparison with the baseline, PJ Table 4.8

An energy efficiency convergence (EEC) scenario
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Figure 4.2 Structure of energy consumption of the EEC-B scenario by sector

modified assumptions, and thereby to
identify important factors determining
future energy development.

In this section, the report will explore
variations in the resulting energy struc-
tures due to two modifications in the input
assumptions:

• The energy convergence and efficiency
scenario described above assumes a par-
tial movement toward the energy inten-
sities and levels currently observed in the
EU. A sensitivity analysis will explore the
(hypothetical) situation of full conver-
gence, i.e. if the current EU values were
fully achieved in all CEE countries.

• Another sensitivity analysis addresses
assumptions regarding sectoral develop-
ment. The baseline scenario postulates
the convergence of the energy intensities
of all sectors towards the EU levels, i.e. a
decrease of the energy intensities in the
industrial sector and an increase of spe-

cific energy use for private purposes
(transportation, housing). A variant
explores the situation if the energy effi-
ciencies in the industrial sector im-
proved towards EU standards and private
consumers do not increase their energy
consumption beyond the levels projected
in the baseline scenario.

The first sensitivity run (exploring full
convergence) is motivated by the arbitrary
nature of the assumption taken in the
EEC-B scenario about the pace and extent
of the convergence process until the year
2010. The sensitivity run sketches the long-
term potential for the transition process
and enables the assessment of the sensitiv-
ity of model results against changes in the
assumptions about the progress of transfor-
mation.

The second analysis addresses the assump-
tion that, on a per capita basis, private
households in EU countries consume
more energy for transport and domestic
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purposes than do those of the CEE coun-
tries. The change in lifestyles implied by
the EEC-B scenario would therefore cause
substantial increases in energy demand for
these purposes.

Before 1990, official policies in the central-
ly planned economies tried to restrict the
development of private transport by limit-
ing the availability of vehicles and keeping
their prices artificially high. The consump-
tion of motor fuel was rationed either
directly, e.g. through a system of fuel cou-
pons, or indirectly through queuing at
gasoline stations. The economic reform
lifted these restrictions, and resulted in the
rapid growth of private transport. For in-
stance, in Poland fuel use in the transport
sector increased by 50% during the period
1990–1995, despite the drop in per capita
GDP. The fact that 60% of the growth in
traffic predicted until the year 2010 has
already materialised in the first five years
of the restructuring process, illustrates that
this rapid development was not anticipated

in at least some of the official forecasts. It
also demonstrates that the growth of the
EEC-B scenario might not be entirely un-
realistic.

The higher per capita consumption of
electricity by the domestic sector in the EU
countries is caused by more energy-inten-
sive lifestyles and consumption patterns
(including more living space in the resi-
dential sector, use of electricity for space
heating3, and better infrastructure in com-
merce).

Since the future evolution of energy de-
mand by private households is somewhat
uncertain, the sensitivity analysis simulates
the effects of policies aimed at sustaining
the less energy-intensive lifestyles in the
CEE countries into the future. This might
be achieved through, e.g. preferences for
public transport and disincentives for pri-
vate transport, such as high fuel prices,
high vehicle taxes and duties, etc. In prac-
tice it is assumed that fuel consumption

3 In the pre-reform
period the use of
electricity for space
heating was banned in
some CEE countries

Energy pathway Description Country group

OEP’96 Official Energy Pathway, 1996 update CEE and EFTA
countries

CW DGXVII Conventional Wisdom EU-15

EEC-B Energy Efficiency and Convergence Scenario, All CEE countries
Baseline case (Gap in sectoral energy intensities
and per capita consumption between each indivi-
dual CEE country and the EU-15 average are redu-
ced by at least 50 %)

EEC-BL Energy Efficiency and Convergence Scenario, All CEE countries
Baseline case with Limits  (as in the Baseline case,
but growth of fuel consumption by private cars and
electricity consumption in the residential/commer-
cial sector are limited to the values in the OEP’96)

EEC-F Energy Efficiency and Convergence Scenario, Full All CEE countries
convergence case (energy intensities and per capita
consumption in all CEE countries reach the EU-15
average)

EEC-FL Energy Efficiency and Convergence Scenario, Full All CEE countries
convergence case with Limits (energy intensities
and per capita consumption in all CEE countries
reach the EU-15 average, but growth of fuel con-
sumption by private cars and electricity consumption
by the residential/commercial sector are limited to
the values in the OEP’96)

Summary of the energy scenario characteristics Table 4.9

An energy efficiency convergence (EEC) scenario
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for private transport as well as electricity
consumption by the domestic sector will
remain at the levels of the baseline (OEP)
scenario. Such variants are calculated both
for the partial convergence (EEC-B) and
the full convergence (EEC-F) scenarios.
Table 4.9 presents a summary of the en-
ergy pathways used in the study.

Tables 4.10 to 4.12 present the energy
demand by fuel and by economic sector in
the year 2010 in the whole CEE region for
the alternative energy pathways. Country
totals are presented in Table 4.13. Com-
pared with the baseline case (EEC-B, see
Section 4.2), energy consumption in the
EEC-F scenario decreases by about 13%.
Gross electricity demand remains at the
level of the baseline case. However, con-
sumption of electricity by the domestic
sector is 28% higher, which compensates
for the lower consumption by industry. In
absolute terms, motor fuels consumption
for transport is 19% higher than in the

baseline scenario. For the full convergence
case, per capita consumption of gasoline is
54% higher, but there is less demand for
diesel fuel due to a lower intensity of
freight transport.

The sensitivity runs with limits on fuel
consumption by private cars and on elec-
tricity use in the domestic sector (EEC-BL
and EEC-FL) result in a lower demand for
total primary energy (-11%), electricity (-
15%), and motor fuels (-36%) than in the
EEC-B scenario.

Restricting private energy consumption for
the full convergence case, results in a 29%
decline of overall energy use. Demand for
electricity is 59% lower, and for motor fuel
24%. This means that this scenario, which
adopts the most optimistic assumptions
regarding the possibilities of reducing
energy demand in the CEE region, re-
duces primary energy demand by about
one third.

Fuel/Sector Industry 1) Domestic Transport 2) Power Sum
plants

Brown coal/lignite 21 105 0 1,754 1,879

Hard coal 125 398 0 2,112 2,635

Derived coal (Coke, briquettes) 56 48 0 14 118

Other solid fuels (wood, waste) 39 90 0 58 188

Heavy fuel oil 993 230 31 984 2,238

Medium distillates (gas oil) 90 575 1,266 84 2,015

Light fractions 140 120 5,229 17 5,506
(gasoline, naphtha, LPG)

Natural gas and derived gases 2,856 3,301 11 7,960 14,128

Renewables 0 4 0 0 4

Hard 0 0 0 1,073 1,073

Nuclear 0 0 0 2,782 2,782

Electricity3) 1,770 2,924 250 -5,005 -60

District heat3) 1,342 2,570 19 -3,932 0

Total 7,433 10,365 6,806 7,901 32,504

Table 4.10 Energy consumption by fuel and by sector in 2010 for the full convergence
(EEC-F) energy pathway, in PJ
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Fuel/Sector Industry 1) Domestic Transport 2) Power Sum
plants

Brown coal/lignite 28 96 0 1,410 1,533

Hard coal 209 427 0 1,764 2,400

Derived coal (Coke, briquettes) 286 128 0 11 425

Other solid fuels (wood, waste) 72 198 0 51 321

Heavy fuel oil 1,356 223 32 874 2,486

Medium distillates (gas oil) 271 484 1,972 120 2,846

Light fractions 174 172 1,546 8 1,899
(gasoline, naphtha, LPG)

Natural gas and derived gases 5,620 3,746 1 7,964 17,332

Renewables 0 4 0 0 4

Hydro 0 0 0 1,079 1,079

Nuclear 0 0 0 2,825 2,825

Electricity3) 2,301 1,643 292 -4,220 16

District heat3) 2,854 2,674 28 -5,555 0

Total 13,171 9,794 3,871 6,330 33,165

Fuel/Sector Industry 1) Domestic Transport 2) Power Sum
plant

Brown coal/lignite 21 105 0 1,333 1,459

Hard coal 125 398 0 1,729 2,252

Derived coal (Coke, briquettes) 56 48 0 11 115

Other solid fuels (wood, waste) 39 90 0 46 175

Heavy fuel oil 993 230 31 674 1,928

Medium distillates (gas oil) 90 575 1,115 54 1,834

Light fractions 140 120 1,564 10 1,834
(gasoline, naphtha, LPG)

Natural gas and derived gases 2,856 3,301 1 5,287 11,444

Renewables 0 4 0 0 4

Hydro 0 0 0 1,073 1,073

Nuclear 0 0 0 2,782 2,782

Electricity3) 1,585 1,641 250 -3,536 -60

District heat3) 1,342 2,570 19 -3,932 0

Total 7,247 9,081 2,980 5,531 24,839

For explanations see Table 4.5.

Energy consumption by fuel and by sector in 2010 for the partial convergence/ Table 4.11
limited growth in private consumption (EEC-BL) energy pathway, in PJ

Energy consumption by fuel and by sector in 2010 for the full convergence/ Table 4.12
limited growth in private consumption (EEC-FL) energy pathway, in PJ

An energy efficiency convergence (EEC) scenario



40 Air emissions

Figure 4.4  Structure of energy consumption by sector for the alternative scenarios

Figure 4.3 Structure of energy consumption by fuel for the alternative scenarios
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Partial Full Partial Full,
convergence convergence convergence convergence

limited private limited private
consumption consumption

Country EEC-B EEC-F EEC-BL EEC-FL

Albania 247 360 158 186

Belarus 1,252 1,000 1,130 764

Bosnia-H. 340 401 264 255

Bulgaria 1,057 879 987 740

Croatia 455 471 412 381

Czech Republic 1,544 1,494 1,457 1,382

Estonia 256 208 254 201

Hungary 1,243 1,181 1,199 1,099

Latvia 280 234 255 190

Lithuania 439 386 417 331

Poland 4,858 4,914 4,403 3,989

FYR Macedonia 170 206 128 129

Rep. of Moldova 359 422 274 258

Romania 2,437 2,399 1,952 1,512

Russian Fed. 13,735 10,934 12,335 8,326

Slovakia 796 676 736 562

Slovenia 263 287 246 270

Ukraine 6,606 4,976 5,852 3,544

Yugoslavia 893 1,077 706 721

CEE 37,230 32,504 33,165 24,839

Accession countries 13,174 12,658 11,906 10,276

An energy efficiency convergence (EEC) scenario

Energy consumption by country for the variants of the EEC pathway, in PJ Table 4.13
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5.1. Emissions of carbon dioxide (CO2)

Tables 5.1 and 5.2 show the effects of the
scenarios on emissions of carbon dioxide
(CO2), which is a major greenhouse gas.
All energy pathways analysed in the study
cause a decrease in CO2 emissions. By
2010, emissions decrease in the whole CEE
region by 11% compared with 1990 for the
baseline scenario (the Official Energy
Pathway) and by 26% for the EEC-B scen-
ario. This decrease is higher than 50% for
the EEC-FL scenario. In addition, the emis-
sions from the accession countries decrea-
se, though to a lesser extent. For compari-
son, the energy scenario assumed for the
EU-15, i.e. the ‘Conventional Wisdom’
scenario, shows a 9% increase in CO2 emis-
sions by 2010 (DG XVII, 1996).

5.2. Scenarios for controlling SO2 and
NOx emissions

This section assesses the potential for emis-
sion reductions offered by the economic
reform process in the CEE countries and

5. Atmospheric emissions and
environmental impacts

evaluates the impacts on some air pollu-
tion problems in Europe (acidification,
eutrophication and ground-level ozone).
Energy combustion is the major source of
anthropogenic emissions of sulphur diox-
ide and nitrogen oxides, and changes in
the energy structure, as outlined in the
energy pathways developed above, could
be an important instrument to control
these emissions. The second method for
controlling emissions is the application of
emission control measures. The following
sections analyse the interaction between
the potential contribution of the conver-
gence of the CEE energy systems towards
the present EU standards and the harmon-
isation of the emission control legislation
in the CEE countries with the current EU
emission standards. For this purpose, ten
combinations of energy scenarios and
emission control legislation have been
developed. Table 5.3 presents a brief pic-
ture of the scenarios.

In addition to emissions of sulphur diox-
ide and nitrogen oxides, emissions of am-
monia also make an important contribu-

Fuel 1990 2010
OEP’96 EEC_B EEC-F EEC-BL EEC-FL

Coal 1,087 836 449 438 412 362

Oil 870 685 688 715 530 410

Gas 1,012 1,131 1,057 793 972 642

Total 2,969 2,653 2,194 1,946 1,915 1,414

Table 5.1 Emissions of carbon dioxide for the CEE countries, in million tons of C02

Fuel 1990 2010
OEP’96 EEC_B EEC-F EEC-BL EEC-FL

Coal 558 491 358 357 334 307

Oil 246 250 261 274 208 175

Gas 183 238 241 213 225 185

Total 987 979 860 844 767 667

Table 5.2 Emissions of carbon dioxide for the accession countries, in million tons of C02
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tion to acidification and eutrophication.
Therefore, a comprehensive analysis of
these environmental problems must also
include ammonia emissions, although they
are caused by agricultural activities (live-
stock, fertiliser use) rather than energy
combustion. Since control strategies and
alternative emission scenarios for ammo-
nia were not within the scope of this study,
ammonia emissions were assessed only for
the reference scenario, using identical
assumptions as for the acidification strate-
gy report developed for DG-XI (Amann et
al., 1996).
As a reference point, the study simulates
the current national emission control reg-
ulations in the various countries. These
simulations take into account the national
legislation in force, as well as the interna-
tional obligations applicable to the coun-
try, even if they are not yet turned into
national law.

5.2.1. Emission control in the EU-15 countries
The analysis is based on the following: a
detailed inventory of emission control

Scenario Control strategy Energy Country
name pathway group

REF Current national and international legislation OEP’96 CEE and EFTA
(emission standards + internationally agreed
emission ceilings)
EU legislation on top of national legislation CW EU-15

CLBA CCCCCurrent national and international LLLLLegislation EEC-BBBBB AAAAAccession
countries*

CLB CCCCCurrent national and international LLLLLegislation EEC-BBBBB All CEE
countries*

ELBA EEEEEU legislation on top of  national LLLLLegislation EEC-BBBBB AAAAAccession
countries*

ELB EEEEEU legislation on top of  national LLLLLegislation EEC-BBBBB All CEE
countries*

ELBL EEEEEU legislation on top of  national LLLLLegislation EEC-BLBLBLBLBL All CEE
countries*

CLFA CCCCCurrent national and international LLLLLegislation EEC-FFFFF AAAAAccession
countries*

CLF CCCCCurrent national and international LLLLLegislation EEC-FFFFF All CEE
countries*

ELFA EEEEEU legislation on top of  national LLLLLegislation EEC-FFFFF AAAAAccession
countries*

ELF EEEEEU legislation on top of  national LLLLLegislation EEC-FFFFF All CEE
countries*

ELFL EEEEEU legislation on top of  national LLLLLegislation EEC-FLFLFLFLFL All CEE
countries*

* Other countries as in the REF scenario.

regulations in the individual countries of
the EU, the relevant EU Directives [in
particular the ‘Large Combustion Plant
Directive’ (OJ, 1988) and the Directive on
the Sulphur Content of Gas Oil (Johnson
and Corcelle, 1995)], as well as the obliga-
tory clauses regarding emission standards
from the protocols under the Convention
on Long-Range Transboundary Air Pollu-
tion. For instance, the Second Sulphur
Protocol (UN/ECE, 1994) obliges its signa-
tories to meet mandatory emissions con-
trol standards according to ‘Best Available
Technology’ (BAT) for new plants. In add-
ition to the emission standards for new
and existing sources in each country, sig-
natories to the Second Sulphur Protocol
should reduce the sulphur content in gas
oil for stationary sources to 0.2% and to
0.05% if used as diesel fuel for road ve-
hicles.
For the control of NOx emissions from
mobile sources, the scenario considers the
implementation of the current EU stand-
ards for all new cars, light duty trucks and
heavy duty vehicles (that is, the Directives

Summary of the scenarios for SO2 and NOx emissions Table 5.3

Atmospheric emissions and environmental impacts
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94/12/EC, 70/220/EEC and 88/77/EEC;
see McArragher et al., 1994) in the Mem-
ber States of the European Union. Add-
itionally, the scenario assumes the imple-
mentation of the measures proposed by
the EU Auto/Oil Program (Touche Ross &
Co., 1995, European Commission, 1996).
This includes vehicle-related measures like
improved catalytic converters, engine mod-
ifications and on-board diagnostic systems.
Furthermore, the impacts of the proposed
improved inspection and maintenance
practices and the changes in fuel quality
are incorporated. The pace of the imple-
mentation of the vehicle-related measures
depends on the turnover of vehicle stock
and has been based on modelling work
performed for the Auto/Oil study.

5.2.2. Emission control in CEE countries
For the CEE countries, two emission con-
trol strategies were considered. The first
scenario captures the current national and
international legislation applicable to each
individual country. The second case simu-
lates, on a country-by-country basis, the
harmonisation of the present regulations
with EU emission standards .

The first scenario, the ‘Current Legisla-
tion’ control strategy, is based on informa-
tion compiled by CITEPA (CITEPA, 1996),
the reviews of national policies and strat-
egies published by the UN/ECE (UN/

ECE, 1995b) and the database on environ-
mental standards available at the Environ-
mental Standards Centre of the Central
European University in Budapest (CEU,
1997). In some CEE countries (Czech
Republic, Hungary, Poland, Romania,
Slovak Republic, Slovenia, as well as in
other countries of former Yugoslavia),
regulations use the concept of emission
limit values, specifying for particular
source categories the maximum allowable
emissions in relation to flue gas volume,
for example. Other countries determine
the maximum emissions on a case-by-case
basis during the licensing process. Further-
more, countries that signed the Second
Sulphur Protocol, will become subject to
the emission limit values specified in the
Protocol, and will limit the sulphur con-
tent in gas oil as required by the Protocol.

In most CEE countries, regulations on the
emissions from mobile sources combine
elements of the ECE and EU specifications
(CITEPA, 1996). A number of countries
(Czech Republic, Hungary, Poland, Slovak
Republic and Slovenia) already require the
use of catalytic converters for new passen-
ger cars, and the emission standards for
heavy-duty trucks are similar to the EURO-
1 limits for the EU.

The second case, or the ‘EU Legislation’
control strategy, superimposes the relevant

Country group/country Measures
Current Legislation

Signatories of the 2nd Sulphur Protocol New plant emission standards and limits on
(Bulgaria, Croatia, Czech Republic,  S content of gas oil. Emission ceilings as in

Hungary, Poland, Russian Federation, the Protocol or UN/ECE Current Reduction
Slovak Republic, Slovenia and Ukraine) Plans (CRP) ceilings, whichever is stricter

Czech Republic, Croatia, Poland, Slovak National emission standards on existing
Republic, Slovenia, Romania and plants and new plants

F. Yugoslavia

Other CEE countries No emission standards, caps on emissions according
to UN/ECE CRP

European Union Legislation

All CEE countries Current Legislation plus standards from the Large
Combustion Plant Directive (LCPD) – if stricter than
national legislation. EU directives on sulphur content
of liquid fuels

Table 5.4 Sulphur dioxide emission control measures in the CEE countries
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pieces of EU legislation on the present
national legislation in each individual
country. This means that new plants in the
CEE countries would have to meet the
requirements of the Large Combustion
Plant Directive of 1988 and that countries
that did not sign the Second Sulphur Pro-
tocol would enforce the Directive on the
Sulphur Content of Gas Oil4. For mobile
sources, the current EU emission stand-
ards would apply from the year 1998, and
the tightened standards of the Auto/Oil
programme would also affect the CEE
countries from the year 2000 onwards.

Due to the two-track nature of current
European emission control strategies
(using emission limit values for specific
source categories and imposing national
caps on total emissions), both control
strategies (the ‘Current Legislation’ and
the ‘European Union Legislation’) simu-
late the effects of the two types of legisla-
tion and select the more binding results.
The types of emission limit values adopted
for individual countries in the CEE region

are described in Tables 5.4 and 5.5. Emis-
sion ceilings for each country have been
adopted according to the so-called ‘Cur-
rent Reduction Plans’ published by the
UN/ECE (UN/ECE, 1995b).

5.3. The reference scenario

5.3.1. Emissions and emission control costs
To provide a reference point against which
the changes in emissions and impacts re-
sulting from the economic transition pro-
cess could be compared, the reference
scenario simulates the situation for the
year 2010 , assuming the continuation of
current policies and trends. The reference
scenario takes the emission level for each
country resulting from the implementa-
tion of emission limit values according to
the ‘Current Legislation’ and compares it
with the emission ceilings from the ‘Cur-
rent Reduction Plans’ (CRP). Finally, the
more stringent value is used for each coun-
try.

5 Because measures
depending on imple-
mentation of primary
NOx reduction meas-
ures on new power
plants are state-of-the-
art technology, such
controls were assu-
mend by default in all
countries.

Country group/country Measures
Current Legislation

Parties to the Sofia (Nitrogen) Protocol Emission ceilings as in the Nitrogen Protocol
(Belarus, Bulgaria, Croatia, Czech Republic, (UN/ECE, 1988) or UN/ECE Current Reduction

Hungary, Poland, Russian Federation, Plans (CRP) ceilings, whichever is stricter
Slovak Republic, Slovenia and Ukraine)

Czech Republic, Croatia, Poland, Slovak National emission standards on stationary sources
Republic, Slovenia, Romania and (new and existing plants)

F. Yugoslavia

Czech Republic, Poland, Slovak National mobile source standards comparable with
Republic and Slovenia 1992 and 1996 standards for the EU (requirement for

catalytic converters for gasoline engines and combus-
tion modifications on diesel engines)

Other CEE countries No stationary source emission standards5, caps on
emissions according to UN/ECE CRP. Pre-1990 UN/
ECE standards on mobile sources (no requirement for
catalytic converters for gasoline engines and combus-
tion modifications on diesel engines)

European Union Legislation

All CEE countries Current Legislation plus stationary source standards
from the Large Combustion Plant Directive (LCPD) – if
stricter than national legislation. Mobile source stand-
ards from Auto/Oil Programme

Nitrogen oxides emission control measures in the CEE countries Table 5.5

Atmospheric emissions and environmental impacts
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The SO2 emission levels expected for the
year 2010 are presented in Table 5.6. Emis-
sions of NOx and ammonia are shown in
Tables 5.7 and 5.8. For comparison, data
for 1990 and 1994 are also presented.
Values for 1994 were submitted by the
Parties to the Convention on Long-Range
Transboundary Air Pollution (EMEP,
1996). If 1994 data were lacking, 1993 data
were used instead and the numbers pre-
sented in italics.

According to the Reference scenario, the
European emissions of SO2 are likely to be
reduced by 54% compared to 1990. Reduc-
tions of NOx and ammonia are 20% and
17% respectively. It is interesting to note
that the Czech Republic, the Slovak
Republic and Slovenia are expected to
reduce their SO2 emissions by more than
80%, due to (i) the strict emission limit
values recently introduced and (ii) the
shift from coal to less polluting fuels. In
the EU-15 as a whole, SO2 emissions will be
reduced by 66% compared to 1990; NOx

will drop by 48% and ammonia by 15%.

Table 5.9 presents estimates of emission
control costs for the reference scenario for
the year 2010. Total European costs
amount to about ECU 47 billion/year, but
only 12% of these expenditures occur in
the CEE region. For the EU-15 countries,
more than three-quarters of the total cost
of about ECU 40 billion/year are attrib-
uted to the abatement of NOx, and one-
fifth to the control of SO2. This is in sharp
contrast to the CEE countries, where 63%
of the total costs are related to the control
of SO2 emissions.

5.3.2. The reference scenario: impacts on
acidification and eutrophication

Critical loads are defined as the maximum
level of exposure of one or several pollu-
tants, below which no harmful effects oc-
cur to sensitive ecosystems. With the help
of the RAINS model it is possible to assess,
for any given pattern of sulphur and nitro-
gen deposition resulting from an emission

control scenario, the ecosystems facing
acid deposition above or below their crit-
ical loads. From this it is therefore possible
to judge whether sustainable conditions
can be met by a specific emission control
strategy. Critical loads are established for
the natural and semi-natural ecosystems in
Europe (including forests, lakes, heath
land, raised bogs, etc.) but are not estab-
lished for agricultural areas, built-up land,
and other, non-natural use of land. Figure
5.1 presents, for each grid cell, the per-
centage of ecosystems that in 1990 experi-
enced acid deposition above their critical
loads for acidity. Grids left empty in the
map experienced full protection of their
ecosystems, i.e. experienced 0% excess.
The figure shows that there were strong
regional differences with regards to ex-
ceeding critical loads. In most parts of
Greece, southern Italy, France, Spain, Por-
tugal, Ireland and Russia, acid deposition
was below the critical loads. However, crit-
ical load thresholds were exceeded on a
widespread basis in many grids in Ger-
many, Poland and the Czech Republic. In
the latter countries more than 90% of the
ecosystems were unprotected. A summary
of the situation is provided in Figure 5.3,
giving both the shares of ecosystems in
each country, as well as the absolute size of
unprotected ecosystems (in hectares). In
Europe, about 83 million hectares of eco-
systems (i.e. 15% of the total ecosystem
area) was not protected against acidifica-
tion (Table 5.10). In the EU-15, 33 million
hectares, an area larger than the whole of
Germany, received acid deposition above
critical loads. Within the EU-15, the least
protection occurred in the Netherlands
(89% unprotected) and Germany (81%),
whereas Greek and Portuguese ecosystems
enjoyed full protection. In the CEE region,
the situation was the worst in the Czech
Republic and Poland with 95% and 93% of
the ecosystems unprotected, respectively.
The average protection level for the acces-
sion countries was therefore low (39%
unprotected).
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SO2 emissions in the years 1990, 1994 and for the reference scenario in the year 2010 Table 5.6
(in kilotons)

SO2 Change
Country 1990 1994 2010 2010/1990

Albania 120 - 54 -55%

Belarus 710 381 490 -31%

Bosnia-H 480 - 410 -15%

Bulgaria 2,020 1,485 835 -59%

Croatia 180 89 69 -62%

Czech R. 1,876 1,270 151 -92%

Estonia 275 - 172 -37%

Hungary 1,010 741 544 -46%

Latvia 115 - 105 -9

Lithuania 222 - 107 -52%

Poland 3,210 2,605 1,397 -56%

R. Moldova 91 - 91 0%

Romania 1,311 912 590 -55%

Russia 4,459 2,983 2,350 -47%

Slovakia 543 238 113 -79%

Slovenia 195 177 37 -81%

FYR Macedonia 106 - 81 -24%

Ukraine 2,782 1,715 1,486 -47%

F. Yugoslavia 581 424 262 -55%

CEE 20,286 - 9,344 -54%

Accession countries 10,777 - 4,053 -62%

Austria 90 74 57 -37%

Belgium 317 253 215 -32%

Denmark 180 156 71 -61%

Finland 260 117 116 -55%

France 1,298 1,121 691 -47%

Germany 5,331 2,997 740 -86%

Greece 510 - 361 -29%

Ireland 178 157 155 -13%

Italy 1,678 1,490 847 -50%

Luxembourg 14 12 4 -71%

Netherlands 205 154 56 -73%

Portugal 283 272 194 -31%

Spain 2,266 2,071 1,035 -54%

Sweden 136 97 97 -29%

UK 3752 2,709 980 -74%

EU-15 16,497 - 5,619 -66%

Norway 54 35 33 -39%

Switzerland 43 31 30 -30%

Atlantic Ocean 891 - 891 0%

Baltic 72 - 72 0%

North Sea 475 - 475 0%

SEA 1,438 - 1,438 0%

TOTAL 38,318 - 16,464 -57%
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NOx Change
Country 1990 1994 2010 1990/2010

Albania 30 - 30 0%

Belarus 285 203 184 -35%

Bosnia-H 80 - 48 -40%

Bulgaria 376 327 290 -23%

Croatia 83 59 64 -23%

Czech R. 742 369 226 -70%

Estonia 72 0 72 0%

Hungary 238 183 196 -18%

Latvia 93 0 93 0%

Lithuania 158 - 137 -13%

Poland 1,279 1,105 821 -36%

R. Moldova 35 - 66 89%

Romania 546 319 453 -17%

Russia 2675 1,995 2,658 -1%

Slovakia 227 173 110 -52%

Slovenia 57 66 31 -46%

FYR Macedonia 39 - 22 -43%

Ukraine 1,097 568 1,094 0%

F. Yugoslavia 211 52 118 -44%

CEE 8,322 - 6,713 -19%

Accession countries 3,788 - 2,429 -36%

Austria 222 177 116 -48%

Belgium 352 345 196 -44%

Denmark 269 272 119 -56%

Finland 300 283 163 -46%

France 1,585 1,544 895 -44%

Germany 3,071 2,872 1,279 -58%

Greece 306 - 282 -8%

Ireland 115 122 73 -37%

Italy 2,047 1,997 1,160 -43%

Luxembourg 23 21 10 -57%

Netherlands 575 542 140 -76%

Portugal 215 253 206 -4%

Spain 1,178 1,227 851 -28%

Sweden 411 392 207 -50%

UK 2,702 2,219 1,224 -55%

EU-15 13,370 - 6,921 -48%

Norway 230 225 161 -30%

Switzerland 165 139 78 -53%

Atlantic Ocean 1,275 - 1,275 0%

Baltic 80 - 80 0%

North Sea 710 - 710 0%

SEA 2,065 - 2,065 0%

TOTAL 24,152 - 15,938 -34%

Table 5.7 NOx emissions for 1990, 1994 and the reference scenario in the year 2010 (in kilotons)
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NH3 Change
Country 1990 1994 2010 1990/2010

Albania 30 - 34 13%

Belarus 257 4 163 -37%

Bosnia-H 36 - 23 -36%

Bulgaria 141 146 126 -10%

Croatia 37 24 38 3%

Czech R. 105 92 124 18%

Estonia 29 - 28 -3%

Hungary 176 140 136 -23%

Latvia 38 - 28 -26%

Lithuania 84 - 80 -5%

Poland 508 384 545 7%

R. Moldova 50 - 48 -4%

Romania 300 221 300 0%

Russia 1,191 772 894 -25%

Slovakia 62 47 53 -15%

Slovenia 27 - 20 -26%

FYR Macedonia 17 - 16 -5%

Ukraine 926 - 648 -30%

F. Yugoslavia 99 - 83 -16%

CEE 4,112 - 3,387 -18%

Accession countries 1,470 - 1,440 -2%

Austria 91 93 93 2%

Belgium 95 96 106 12%

Denmark 140 126 103 -26%

Finland 41 41 30 -27%

France 700 666 669 -4%

Germany 759 622 539 -29%

Greece 78 - 76 -3%

Ireland 126 126 126 0%

Italy 416 394 391 -6%

Luxembourg 7 8 6 -14%

Netherlands 236 171 81 -66%

Portugal 93 92 84 -10%

Spain 353 345 373 6%

Sweden 61 58 53 -13%

UK 320 320 270 -16%

EU-15 3,516 3,158 3,000 -15%

Norway 39 41 39 0%

Switzerland 62 60 58 -6%

Atlantic Ocean 0 - 0 0%

Baltic 0 - 0 0%

North Sea 0 - 0 0%

SEA 0 - 0 0%

TOTAL 7,729 - 6,484 -16%

Atmospheric emissions and environmental impacts

Ammonia emissions for 1990, 1994 and the reference scenario in the year 2010 (in kilotons) Table 5.8
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Table 5.9 Emission control costs for the reference scenario in the year 2010 (in million ECU/year)

SO2 NOx NH3 TOTAL

Albania 0 7 0 7

Belarus 0 160 0 160

Bosnia-H 0 1 0 1

Bulgaria 155 4 0 159

Croatia 62 1 0 63

Czech R. 423 319 0 741

Estonia 0 0 0 0

Hungary 187 269 0 456

Latvia 0 19 0 19

Lithuania 0 0 0 0

Poland 875 682 0 1,557

R. of Moldova 8 0 0 8

Romania 198 0 0 198

Russia 987 19 0 1,006

Slovakia 120 185 0 304

Slovenia 57 69 0 126

FYR Macedonia 0 1 0 1

Ukraine 463 128 0 591

F. Yugoslavia 88 3 0 91

CEE 3,623 1,867 0 5,490

Accession countries 2,015 1,547 0 3,562

Austria 259 625 0 884

Belgium 234 770 0 1,004

Denmark 102 306 41 449

Finland 159 449 0 608

France 1,344 4,797 0 6,141

Germany 2,610 7,355 0 9,965

Greece 220 382 0 602

Ireland 80 176 194 450

Italy 1,625 5,223 0 6,848

Luxembourg 10 49 7 66

Netherlands 244 1,488 772 2,504

Portugal 165 790 0 955

Spain 226 3,337 0 3,563

Sweden 291 699 16 1,006

UK 844 4,333 0 5,177

EU-15 8,413 30,779 1,030 40,222

Norway 50 411 0 461

Switzerland 64 504 0 568

TOTAL 12,150 33,241 1,030 46,741
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Country 1990 REF
1000 ha % 1000 ha %

Albania 0 0.0 0 0.0

Belarus 365 19.2 53 2.8

Bosnia-H 0 0.0 0 0.0

Bulgaria 0 0.0 0 0.0

Croatia 13 0.8 1 0.1

Czech R. 2,534 95.4 656 24.7

Estonia 391 20.7 10 0.6

Hungary 142 8.8 44 2.7

Latvia 374 13.8 0 0.0

Lithuania 82 4.3 12 0.7

Poland 5,921 92.9 1,968 30.9

R. of Moldova 0 3.3 0 1.2

Romania 578 9.3 66 1.1

Russia 27,485 8.0 4,369 1.3

Slovakia 1,345 67.5 83 4.2

Slovenia 431 47.6 49 5.4

FYR Macedonia 0 0.0 0 0.0

Ukraine 1,085 13.2 107 1.3

F. Yugoslavia 0 0.0 0 0.0

CEE 40,745 10.3 7,419 1.9

Accession countries 11,798 39.2 2,889 9.6

Austria 2,909 59.7 961 19.7

Belgium 478 77.1 126 20.3

Denmark 193 19.8 43 4.4

Finland 5,089 15.8 1,220 3.8

France 687 4.7 86 0.6

Germany 7,053 81.1 2,750 31.6

Greece 0 0.0 0 0.0

Ireland 25 5.0 6 1.2

Italy 1,161 17.5 288 4.3

Luxembourg 15 17.2 7 7.9

Netherlands 284 88.9 139 43.5

Portugal 1 0.0 0 0.0

Spain 80 0.9 25 0.3

Sweden 10,557 24.2 1,370 3.1

United Kingdom 4,918 62.3 2,407 30.5

EU-15 33,452 24.8 9,428 7.0

Norway 8,373 26.1 4,037 12.6

Switzerland 358 30.1 108 9.1

Total Europe 82,928 14.8 20,992 3.7

Ecosystems with acid deposition above their critical loads for acidification in the year 1990 Table 5.10
and in the reference (REF) scenario in the year 2010
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Figure 5.1 Ecosystems with acid deposition above their critical loads for acidification (ecosystems not
protected from acidification) in the year 1990 (in % of the area of the ecosystems)
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Ecosystems with nitrogen deposition above their critical loads for eutrophication (ecosystems Figure 5.2
not protected against eutrophication) in the year 1990 (in % of the area of the ecosystem)
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Figure 5.3 Percentage of ecosystems with sulphur and nitrogen deposition above their critical loads
for acidification for the reference scenario in the year 2010
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Emissions of nitrogen oxides and ammo-
nia contribute also to the eutrophication
of terrestrial ecosystems. In a way similar to
acidity, critical loads for eutrophication
have been developed for the European
ecosystems (Hettelingh et al., 1995). Figure
5.2 displays the percentage of ecosystems
with total nitrogen deposition above the
critical loads for eutrophication. Table

5.11 provides the protection levels for
individual countries, as well as for country
groups. For Europe as a whole, protection
was even lower than for acidification, with
virtually all ecosystems in northern France,
Germany, Poland, the Czech Republic and
Belarus facing excess nitrogen deposition.
In the EU-15 more than 36% of the ecosys-
tems (40 million hectares) were unprotect-
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Percentage of ecosystems with nitrogen deposition above critical loads for eutrophication Figure 5.4
for the reference scenario in the year 2010
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Atmospheric emissions and environmental impacts

ed in 1990. In the whole CEE region about
9% of ecosystems were unprotected. For
the accession countries the protection
level was very low (75% of ecosystems un-
protected).

As can be derived from Figure 5.3, efforts
to reduce emissions, that have already
been agreed, will achieve significant im-

provements in ecosystems’ protection com-
pared to the year 1990. Looking at acidifi-
cation, by the year 2010, unprotected eco-
systems in Europe will shrink from 83 mil-
lion hectares to 21 million hectares; in
other words, to 4%. In Central and Eastern
Europe, only 2% of ecosystems remain
unprotected. In the Czech Republic and in
Poland, protection against acidification
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Table 5.11 Ecosystems with nitrogen deposition above critical loads for eutrophication for
the reference scenario in the year 2010

1990 REF
Country 1000 ha % 1000 ha %

Albania 113 10.7 69 6.5

Belarus 1,757 92.4 1,682 88.5

Bosnia-H 970 67.0 386 26.7

Bulgaria 3,394 89.7 2,696 71.3

Croatia 977 59.6 518 31.6

Czech R. 2,628 98.9 2,338 88.0

Estonia 903 47.8 510 27.0

Hungary 1,601 98.8 655 40.4

Latvia 1,541 56.8 709 26.1

Lithuania 1,863 98.3 1,706 90.0

Poland 6,349 99.2 5,712 89.2

R. of Moldova 3 36.2 2 20.0

Romania 1,669 26.8 1,112 17.8

Russia 1,171 0.3 889 0.3

Slovakia 1,959 98.3 1,154 58.0

Slovenia 626 69.1 228 25.2

FYR Macedonia 376 35.2 246 23.1

Ukraine 6,969 84.4 5,498 66.6

F. Yugoslavia 1,774 52.0 729 21.4

CEE 36,644 9.3 26,839 6.8

Accession countries 22,532 74.9 16,820 55.9

Austria 4,535 93.1 3,055 62.7

Belgium 621 100.0 603 97.1

Denmark 608 62.4 385 39.5

Finland 4,806 14.9 830 2.6

France 10,355 71.5 6,191 42.8

Germany 8,602 99.0 7,216 83.0

Greece 204 8.3 92 3.7

Ireland 0 0.0 0 0.0

Italy 1,994 30.1 1,209 18.2

Luxembourg 88 100.0 85 97.0

Netherlands 313 97.9 278 86.9

Portugal 767 27.1 588 20.8

Spain 2,246 26.4 1,370 16.1

Sweden 4,565 22.2 216 1.1

United Kingdom 590 7.4 43 0.5

EU-15 40,291 36.0 22,160 19.8

Norway 686 12.5 321 5.8

Switzerland 1,715 80.9 1,262 59.5

Total Europe 79,223 15.4 50,512 9.8
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increases from below 10% to more than
70%. The average protection level in the
accession countries increases from 60% to
90%. Also in the EU-15 countries, the frac-
tion of unprotected ecosystems declines
from 25% to 7%, though almost nine mil-
lion hectares will still be left with sulphur
and nitrogen deposition above their crit-
ical loads.

The situation also improves for eutrophica-
tion. Unprotected ecosystems shrink from

15% to 10%. Within the EU-15, the area
under the threat declines from 36% to
about 20% (Table 5.11). However, as dis-
played in Table 5.11, eutrophication re-
mains a widespread problem with drama-
tically low protection levels in many Cen-
tral European countries. In the accession
countries, 56% of ecosystems remains un-
protected, mainly due to a relatively low
reduction of emissions of nitrogen oxides
in the region and the high sensitivities of
ecosystems in Central Europe.

Atmospheric emissions and environmental impacts

Emission standards Current legislation EU emission standards
Energy pathway REF EEC-B EEC-B EEC-B EEC-B

accession for all CEE accesion for all CEE
countries countries countries countries

Countries (CLB-A) (CLB) (ELB-A) (ELB)

Albania 54 54 50 54 20

Belarus 490 490 272 490 211

Bosnia-H 410 410 291 410 208

Bulgaria 835 773 773 773 773

Croatia 69 69 65 69 65

Czech R. 152 78 78 78 78

Estonia 172 107 107 94 94

Hungary 545 397 397 397 397

Latvia 105 50 50 38 38

Lithuania 107 54 54 37 37

Poland 1,397 1,382 1,382 1,369 1,369

R. Moldova 91 91 80 91 66

Romania 590 561 561 561 561

Russia 2,350 2,350 1,209 2,350 1,207

Slovakia 113 44 44 44 44

Slovenia 37 37 37 37 37

FYR Macedonia 81 81 80 81 41

Ukraine 1,486 1,486 609 1,486 609

F. Yugoslavia 262 262 268 262 268

CEE 9,347 8,778 6,408 8,721 6,122

Accession countries 4,053 3,484 3,484 3,427 3,427

Other CEE 5,294 5,294 2,924 5,294 2,695

SO2 emissions for the scenarios based on EEC-B energy pathway in the year 2010 Table 5.12
(in kilotons)
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Emission standards Current legislation EU emission standards
Energy pathway REF EEC-B EEC-B EEC-B EEC-B

accession for all CEE accesion for all CEE
countries countries countries countries

Countries (CLB-A) (CLB) (ELB-A) (ELB)

Albania 30 30 58 30 26

Belarus 184 184 299 184 185

Bosnia-H 60 60 78 60 47

Bulgaria 290 265 265 172 172

Croatia 91 91 102 91 54

Czech R. 226 188 188 165 165

Estonia 72 58 58 36 36

Hungary 196 188 188 147 147

Latvia 93 85 85 52 52

Lithuania 137 111 111 66 66

Poland 821 829 829 658 658

R. Moldova 66 66 84 66 50

Romania 453 524 524 329 329

Russia 2,658 2,658 2,791 2,658 1,689

Slovakia 110 86 86 74 74

Slovenia 31 40 40 30 30

FYR Macedonia 29 29 41 29 23

Ukraine 1,094 1,094 1,264 1,094 760

F. Yugoslavia 152 152 210 152 109

CEE 6,792 6,738 7,301 6,091 4,671

Accession countries 2,429 2,375 2,375 1,728 1,728

Other CEE 43,63 4,363 4,926 4,363 2,943

5.4. The EEC scenario

5.4.1. Emissions and emission control costs
This section discusses the emissions and
emission control costs for the scenarios
based on the EEC-B energy pathway. Since
the energy pathway was only constructed
for CEE countries, the results presented
are also restricted to these countries.

Tables 5.12 and 5.13 present emissions for
the four different scenarios outlined in
Table 5.3. Looking at SO2 emissions, the

‘halfway convergence’ scenario EEC-B, if
assumed for all CEE countries, would
cause a 30% SO2 decline (CLB case) in the
region, even without further measures to
control emissions beyond the ‘current
legislation’. Restricting the convergence
scenario to the accession countries (CLB-
A) would yield only a 6% cut, underlining
the fact that the non-accession countries
have not yet signed the Second Sulphur
Protocol and they are therefore not bound
to the strict emission control measures for
new plants. It is interesting to note, that

Table 5.13 NOx emissions for the scenarios based on EEC-B energy pathway in the year 2010
(in kilotons)
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the application of the current EU emission
standards to the accession countries will
not influence SO2 emissions dramatically
(a further 2% decline, ELB-A case), but
would have significant effects for the other
CEE countries (-45%, ELB case).

The situation is different for NOx. The
adoption of the EEC-B energy pathway,
without changes in environmental stand-
ards (scenario CLB), causes an 8% in-
crease in emissions compared to the REF
case. In such a situation, harmonisation

with the EU emission standards would
have distinct effects and reduce NOx by
more than 30%. Most of this improvement
emerges in the transport sector.

There are differences, however, between
the accession countries and the other CEE
countries. Since some accession countries
have already adopted stricter emission
standards for mobile sources, the EEC-B
energy scenario with the higher energy
intensities in private transport would not
increase total NOx emissions in these coun-

Emission standards Current legislation EU emission standards
Energy pathway REF EEC-B EEC-B EEC-B EEC-B

accession for all CEE accesion for all CEE
countries countries countries countries

Countries (CLB-A) (CLB) (ELB-A) (ELB)

Albania 0 0 0 0 43

Belarus 0 0 0 0 86

Bosnia-H 0 0 0 0 43

Bulgaria 155 120 120 121 121

Croatia 62 62 63 62 63

Czech R. 423 340 340 340 340

Estonia 0 0 0 19 19

Hungary 187 177 177 177 177

Latvia 0 0 0 30 30

Lithuania 0 0 0 34 34

Poland 875 736 736 743 743

R. Moldova 8 8 0 8 17

Romania 198 184 184 184 184

Russia 987 987 756 987 757

Slovakia 120 79 79 79 79

Slovenia 57 58 58 58 58

FYR Macedonia 0 0 0 0 28

Ukraine 463 463 308 463 308

F. Yugoslavia 88 88 79 88 79

CEE 3,623 3,302 2,900 3,393 3,208

Accession countries 2,015 1,694 1,694 1,785 1,785

Other CEE 1,608 1,608 1,206 1,608 1,423

SO2 emission control costs for the scenarios based on the EEC-B energy pathway Table 5.14
in the year 2010 (in million ECU/year)



60 Air emissions

tries. In addition, the increase of emissions
from private transport is partly compen-
sated for by lower emissions from industry
and freight transport because of lower
energy intensities in these two sectors.

Emission control costs for the scenarios
are shown in Tables 5.14 and 5.15. Chan-
ging the energy pathway from the baseline
(OEP) case to the EEC-B scenario and
maintaining the ‘current legislation’ on
the emission side would decrease costs for
SO2 measures, but increase NOx control

costs. For the accession countries the net
effect would be an increase in control costs
by about 13%, whereas for other CEE
countries costs would decrease by 37%.
This opposite trend is caused by the de-
crease in emission control costs for SO2

(due to lower coal consumption), and the
rise in NOx control costs, mainly for the
transport sector.

This general trend also holds if the nation-
al emission regulations are harmonised
with current EU standards. Despite stricter

Emission standards Current legislation EU emission standards
Energy pathway REF EEC-B EEC-B EEC-B EEC-B

accession for all CEE accesion for all CEE
countries countries countries countries

Countries (CLB-A) (CLB) (ELB-A) (ELB)

Albania 7 7 0 7 153

Belarus 160 160 0 160 480

Bosnia-H 1 1 1 1 167

Bulgaria 4 3 3 428 428

Croatia 1 1 1 1 224

Czech R. 319 507 507 724 724

Estonia 0 0 0 91 91

Hungary 269 344 344 598 598

Latvia 19 0 0 132 132

Lithuania 0 0 0 188 188

Poland 682 1,144 1,144 2,130 2,130

R. Moldova 0 0 0 0 156

Romania 0 0 0 889 889

Russia 19 19 0 19 4,486

Slovakia 185 245 245 351 351

Slovenia 69 81 81 143 143

FYR Macedonia 1 1 1 1 95

Ukraine 128 128 0 128 2,126

F. Yugoslavia 3 3 3 3 471

CEE 1,867 2,644 2,330 5,994 14,030

Accession countries 1,547 2,324 2,324 5,674 5,674

Other CEE 320 320 6 320 8,357

Table 5.15 NOx emission control costs for the scenarios based on the Energy Efficiency
Convergence (EEC-B) pathway in the year 2010 (in million ECU/year)
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Scenario ELB-L CLF-A CLF ELF-A ELF ELF-L

For accession countries: EU Current Current EU EU EU
standards, legislation, legislation, standards, standards, standards,
EEC-BL EEC-F EEC-F EEC-F EEC-F EEC-FL

For other CEE countries: EU Current Current Current EU EU
standards, legislation, legislation, legislation, standards, standards,
EEC-BL OEP EEC-F OEP EEC-F EEC-FL

Albania 12 54 125 54 26 21

Belarus 198 490 149 490 126 107

Bosnia-H 196 410 375 410 231 193

Bulgaria 766 711 711 711 711 633

Croatia 62 69 69 69 69 66

Czech R. 78 76 76 76 76 75

Estonia 94 82 82 77 77 77

Hungary 397 323 323 323 323 322

Latvia 35 29 29 24 24 20

Lithuania 37 29 29 22 22 21

Poland 1,357 1,390 1,390 1,376 1,376 1,350

R. Moldova 59 91 97 91 69 61

Romania 520 553 553 552 552 483

Russia 1,137 2,350 1,100 2,350 1,100 967

Slovakia 43 39 39 39 39 38

Slovenia 37 37 37 37 37 37

FYR Macedonia 39 81 98 81 45 41

Ukraine 566 1,486 535 1,486 535 441

F. Yugoslavia 258 262 283 262 283 268

CEE 5,891 8,561 6,100 8,530 5,719 5,221

Accession countries 3,364 3,267 3,267 3,236 3,236 3,056

Other CEE 2,527 5,294 2,833 5,294 2,483 2,165

 SO2 emissions for the alternative scenarios in the year 2010 (in kilotons) Table 5.16

controls, in both groups of countries SO2

costs would be lower than in the REF case
due to lower coal consumption. Costs for
NOx measures, however, would increase
dramatically so that total emission control
costs for the accession countries would be
twice as high as in the REF case, and five
times higher in the other CEE countries,
reaching about 1% of the GDP.

5.4.2. Sensitivities towards changes in input
assumptions

Seven additional emission scenarios have

been developed to check the sensitivity of
emission levels and control costs with the
assumptions about energy pathways and
control strategies in individual countries.
The scenarios analyse the impacts of the
EEC-F energy pathway (full convergence
with consumption patterns and energy
intensities to the EU-15 average), as well as
the effects of putting limits (L) on use of
motor fuels by private transport and on
electricity use in the residential/commer-
cial sector (pathways EEC-BL and EEC-
FL). Again, both the F energy pathway and
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Scenario ELB-L CLF-A CLF ELF-A ELF ELF-L

For accession countries: EU Current Current EU EU EU
standards, legislation, legislation, standards, standards, standards,
EEC-BL EEC-F EEC-F EEC-F EEC-F EEC-FL

For other CEE countries: EU Current Current Current EU EU
standards, legislation, legislation, legislation, standards, standards,
EEC-BL OEP EEC-F OEP EEC-F EEC-FL

Albania 17 30 83 30 32 15

Belarus 171 184 272 184 143 116

Bosnia-H 38 60 101 60 51 33

Bulgaria 164 234 234 134 134 116

Croatia 49 91 115 91 54 44

Czech R. 158 178 178 155 155 146

Estonia 36 50 50 30 30 29

Hungary 142 172 172 130 130 121

Latvia 50 59 59 31 31 26

Lithuania 62 93 93 46 46 37

Poland 609 878 878 669 669 567

R. Moldova 40 66 105 66 54 35

Romania 279 594 594 310 310 217

Russia 1,540 2,658 2,629 2,658 1,335 1,041

Slovakia 70 69 69 59 59 50

Slovenia 28 44 44 32 32 31

FYR Macedonia 18 29 50 29 25 16

Ukraine 680 1,094 1,228 1,094 596 435

F. Yugoslavia 91 152 269 152 120 85

CEE 4,239 6,734 7,221 5,959 4,006 3,159

Accession countries 1,597 2,371 2,371 1,595 1,595 1,341

Other CEE 2,643 4,363 4,850 4,363 2,411 1,818

Table 5.17 NOx emissions for alternative scenarios in the year 2010 (in kilotons)

the limits are assumed to be implemented
either in the whole CEE region or only in
the accession countries. For instance, scen-
ario ELB-L assumes the implementation of
the EEC-BL energy pathway ( pathway with
limits on use of motor fuels and electricity)
and the EU legislation applied in the
whole CEE region. Scenario ELF-A simu-
lates the effects of the EU legislation for
the EEC-F energy pathway in the accession
countries.

Tables 5.16 and 5.17 summarise the emis-
sions levels for the respective scenarios.
The EEC-F pathway (, full convergence of
the energy systems) would result in 3% to
5% lower SO2 emissions compared to the
EEC-B pathway. For obvious reasons, emis-
sions are also lower for scenarios with limi-
tations on fuel and electricity use. The
lowest emissions are for the ELF-L scenario
(EU legislation, full convergence, limits on
fuel and electricity use). In this case, the
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emissions are 44% lower than in the REF
scenario and 74% lower than in 1990.

Total CEE emissions of NOx are lower for
the group of scenarios analysed. However,
in the CLF scenario (current legislation in
all countries, full convergence, no limits)
countries with low per capita GDP and low
car ownership in the baseline increase
their emissions above the level of the REF
scenario. This is due to the assumption

made for the full convergence scenario,
namely that all countries achieve the aver-
age EU-15 per capita consumption of
motor fuels. In the (ELF-L) scenario, emis-
sions decrease to 34% of the REF level.

The necessity of controlling emissions
from a larger number of private vehicles in
the scenario ELF causes a dramatic in-
crease of NOx control costs. Compared
with the scenario ELB, these costs increase

Scenario ELB-L CLF-A CLF ELF-A ELF ELF-L

For accession countries: EU Current Current EU EU EU
standards, legislation, legislation, standards, standards, standards,
EEC-BL EEC-F EEC-F EEC-F EEC-F EEC-FL

For other CEE countries: EU Current Current Current EU EU
standards, legislation, legislation, legislation, standards, standards,
EEC-BL OEP EEC-F OEP EEC-F EEC-FL

Albania 27 0 0 0 57 23

Belarus 81 0 0 0 44 37

Bosnia-H 27 0 0 0 50 21

Bulgaria 109 44 44 44 44 34

Croatia 58 62 64 62 64 54

Czech R. 324 318 318 318 318 303

Estonia 19 11 0 11 11 10

Hungary 174 153 153 153 153 150

Latvia 29 10 0 10 10 10

Lithuania 33 11 0 11 11 10

Poland 656 833 826 833 833 649

R. Moldova 15 8 0 8 16 10

Romania 130 171 171 171 171 81

Russia 741 987 413 987 413 393

Slovakia 72 63 63 63 63 47

Slovenia 53 60 60 60 60 55

FYR Macedonia 17 0 0 0 31 13

Ukraine 296 463 134 463 134 127

F. Yugoslavia 39 88 78 88 79 14

CEE 2,902 3,281 2,322 3,281 2,560 2,041

Accession countries 1,600 1,673 1,633 1,673 1,673 1,350

Other CEE 1,302 1,608 689 1,608 887 691

SO2 emission control costs for the scenarios based on EEC-B energy pathway in Table 5.18
the year 2010 (in million ECU/year)
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Scenario ELB-L CLF-A CLF ELF-A ELF ELF-L

For accession countries: EU Current Current EU EU EU
standards, legislation, legislation, standards, standards, standards,
EEC-BL EEC-F EEC-F EEC-F EEC-F EEC-FL

For other CEE countries: EU Current Current Current EU EU
standards, legislation, legislation, legislation, standards, standards,
EEC-BL OEP EEC-F OEP EEC-F EEC-FL

Albania 45 7 0 7 256 37

Belarus 287 160 0 160 607 251

Bosnia-H 56 1 1 1 270 48

Bulgaria 269 527 2 527 527 218

Croatia 147 1 1 1 295 139

Czech R. 416 806 563 806 806 403

Estonia 79 91 0 91 91 73

Hungary 437 696 406 696 696 407

Latvia 96 133 0 133 133 75

Lithuania 120 226 0 226 226 95

Poland 1,247 2,936 1,590 2,936 2,936 1,168

R. Moldova 41 0 0 0 247 35

Romania 320 1,414 0 1,414 1,414 277

Russia 2,384 19 0 19 5,961 1,995

Slovakia 232 412 285 412 412 204

Slovenia 123 146 82 146 146 127

FYR Macedonia 32 1 1 1 132 29

Ukraine 997 128 0 128 3,009 808

F. Yugoslavia 197 3 3 3 725 185

CEE 7,524 7,708 2,934 7,708 18,888 6,574

Accession countries 3,339 7,388 2,929 7,388 7,388 3,047

Other CEE 4,185 320 6 320 11,501 3,527

Table 5.19 NOx emission control costs for the scenarios based on EEC-B energy pathway in
the year 2010 (in million ECU/year)

by ECU 5 billion/year. In turn, in the ELF-
L scenario, the NOx control costs decrease
to ECU 6.6 billion/year. For the latter
scenario the total control costs of acidify-
ing pollutants are only ECU 8.6 billion /
year or 0.5% of the regional GDP (com-
pare Tables 5.18 and 5.19), which is only
about half of the costs of the ELB scenario.
For accession countries the costs differen-
tial between these two scenarios is more
than 40%.

The analysis demonstrates that the im-
provement of energy efficiency in the CEE
region could substantially decrease emis-
sion levels and emission control costs.
Equally important are promoting contin-
ued, less energy-intensive lifestyles and
consumption patterns, including less pri-
vate transport and less energy intensive
infrastructure in the residential/commer-
cial sector.
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5.4.3. Impacts on acidification and
eutrophication

Since the emission levels for the scenarios
developed within the study do not differ
dramatically, only three scenarios have
been selected for the analysis of environ-
mental impacts. The scenarios selected
are:
• EU legislation and EEC-B energy path-

way in accession countries only (ELBA);
• as above, but for the whole CEE region

(ELB);
• EU legislation, full convergence in ener-

gy intensities and limits on motor fuel
and electricity use (ELFL).

For each scenario the percentage of eco-
systems not protected against acidification
and eutrophication has been calculated
and compared with the REF case. The
results are presented in Tables 5.20 and
5.21. The spatial distribution of the protec-
tion levels is presented in a series of maps
(Figures 5.5 to 5.9).

The maps clearly demonstrate that already
the emission control measures assumed for
the REF scenario would significantly im-
prove the situation concerning acidifica-
tion. The share of unprotected ecosystems
- ecosystems that receive acid deposition
above their critical loads - decrease in the
CEE region from 10% in 1990 to less than
2%. This improvement is even greater in
accession countries, which reduce their
unprotected ecosystems from a 40% share
down to less than 10%. The scenarios ana-
lysed in this study trigger further improve-
ment. In the Czech Republic, the ELBA
scenario (EU legislation and B energy
pathway in accession countries) increases
the protection level from 75% to 82% of
ecosystems. In the ELFL scenario, the
share of unprotected ecosystems in the
whole CEE region decreases from 1.9% to
about 0.9%.

Even larger improvements in the protec-
tion levels occur if eutrophication is con-
sidered. Again, the most drastic change
occurs with the REF scenario. For the
whole CEE region, the percentage of un-
protected ecosystems decreases from 74%

in 1990 to 56% in 2010. The ELBA scen-
ario brings protection for an additional
5% of ecosystems in the accession coun-
tries. Assuming the ELFL case, unprotect-
ed ecosystems in these countries decrease
to 47%.

While the data currently available on criti-
cal loads in Russian ecosystems suggest
only a rather low sensitivity towards eu-
trophication, it should be mentioned that
the sheer amount of ecosystems in Russia
masks the overall improvements achieved
in the CEE region. Despite representing
only a small share in total CEE ecosystems
(1.2%), the protection in Belarus and
Ukraine remains low, with more than 80%
of the ecosystems in Belarus and more
than 60% in the Ukraine not protected.
Furthermore, in some accession countries
(Czech Republic and Poland), even in the
ELFL scenario more than 85% of ecosys-
tems remain unprotected. Further meas-
ures, inter alia, the reduction of emissions
of ammonia, will therefore be necessary
for the situation to be further improved.

The stricter control of emissions in the
CEE also brings benefits for the neigh-
bouring EU countries. For instance, the
measures assumed in the ELFL scenario
would reduce acid deposition by an addi-
tional 1.6% in Austrian and 2% in German
ecosystems, bringing them beneath critical
loads. There are also marginal improve-
ments for eutrophication (an additional
1%–2% of ecosystems protected in Austria,
Finland, Germany and Sweden).

It is not feasible to achieve the same pro-
tection levels for all grids in EU countries
as brought about by the ELFL scenario,
exclusively with measures within the Euro-
pean Union. In turn, if CEE countries
keep their emissions at a level of the ELFL
scenario, achieving the 50% gap closure
target set in the EU Acidification Strategy
(COM (97) 88, 1987) would be ECU1.3
billion/year (nearly 20%) cheaper. These
examples clearly indicate the importance
of emission control policies in the CEE
region for achieving environmental goals
in the EU.
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Scenario REF ELBA ELB ELFL
For accession Current EU EU EU
countries: legislation, standards, standards, standards,

OEP EEC-B EEC-B EEC-FL
For other CEE Current Current EU EU
countries: legislation, legislation, EEC-B EEC-FL

OEP OEP
Country 1000 ha % 1000 ha % 1000 ha % 1000 ha %

Albania 0 0.0 0 0.0 0 0.0 0 0.0

Belarus 53 2.8 53 2.8 50 2.6 49 2.6

Bosnia-H 0 0.0 0 0.0 0 0.0 0 0.0

Bulgaria 0 0.0 0 0.0 0 0.0 0 0.0

Croatia 1 0.1 1 0.1 1 0.0 1 0.0

Czech R. 656 24.7 475 17.9 468 17.6 448 16.9

Estonia 10 0.6 6 0.3 5 0.2 3 0.2

Hungary 44 2.7 39 2.4 39 2.4 30 1.9

Latvia 0 0.0 0 0.0 0 0.0 0 0.0

Lithuania 12 0.7 12 0.6 12 0.6 12 0.6

Poland 1,968 30.9 1,895 29.7 1,880 29.5 1,851 29.1

R. Moldova 0 1.2 0 1.2 0 1.2 0 1.1

Romania 66 1.1 63 1.0 61 1.0 58 0.9

Russia 4,369 1.3 4,065 1.2 1,123 0.3 1,095 0.3

Slovakia 83 4.2 75 3.8 73 3.7 47 2.4

Slovenia 49 5.4 42 4.7 40 4.5 38 4.2

FYR Macedonia 0 0.0 0 0.0 0 0.0 0 0.0

Ukraine 107 1.3 95 1.2 74 0.9 59 0.7

F. Yugoslavia 0 0.0 0 0.0 0 0.0 0 0.0

CEE 7,419 1.9 6,822 1.7 3,825 1.0 3,691 0.9

Accession Countries 2,889 9.6 2,609 8.7 2,577 8.6 2,488 8.3

Austria 961 19.7 912 18.7 900 18.5 881 18.1

Belgium 126 20.3 125 20.2 125 20.2 125 20.1

Denmark 43 4.4 42 4.3 42 4.3 41 4.2

Finland 1,220 3.8 1,125 3.5 837 2.6 775 2.4

France 86 0.6 86 0.6 86 0.6 86 0.6

Germany 2,750 31.6 2,624 30.2 2,611 30.0 2,584 29.7

Greece 0 0.0 0 0.0 0 0.0 0 0.0

Ireland 6 1.2 6 1.1 6 1.1 6 1.1

Italy 288 4.3 284 4.3 282 4.3 280 4.2

Luxembourg 7 7.9 7 7.9 7 7.9 7 7.9

Netherlands 139 43.5 138 43.2 138 43.2 138 43.1

Portugal 0 0.0 0 0.0 0 0.0 0 0.0

Spain 25 0.3 25 0.3 25 0.3 25 0.3

Sweden 1,370 3.1 1,290 3.0 1,228 2.8 1,175 2.7

UK 2,407 30.5 2,402 30.5 2,401 30.4 2,399 30.4

EU-15 9,428 7.0 9,068 6.7 8,688 6.4 8,521 6.3

Norway 4,037 12.6 3,971 12.4 3,892 12.1 3,840 12.0

Switzerland 108 9.1 107 9.0 107 9.0 107 9.0

Total Europe 20,992 3.7 19,968 3.6 16,512 2.9 16,159 2.9

Table 5.20 Ecosystems with acid deposition above their critical loads
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Scenario REF ELBA ELB ELFL
For accession Current EU EU EU
countries: legislation, standards, standards, standards,

OEP EEC-B EEC-B EEC-FL
For other CEE Current Current EU EU
countries: legislation, legislation, EEC-B EEC-FL

OEP OEP
Country 1000 ha % 1000 ha % 1000 ha % 1000 ha %

Albania 69 6.5 68 6.4 67 6.3 64 6.1

Belarus 1,682 88.5 1,564 82.3 1,560 82.1 1509 79.4

Bosnia-H 386 26.7 319 22.0 271 18.7 232 16.0

Bulgaria 2,696 71.3 2,097 55.4 2,028 53.6 1714 45.3

Croatia 518 31.6 430 26.2 310 18.9 205 12.5

Czech R. 2,338 88.0 2,295 86.4 2,292 86.3 2268 85.4

Estonia 510 27.0 505 26.7 503 26.6 498 26.4

Hungary 655 40.4 548 33.8 519 32.0 429 26.5

Latvia 709 26.1 405 14.9 250 9.2 133 4.9

Lithuania 1,706 90.0 1,587 83.7 1,550 81.8 1505 79.4

Poland 5,712 89.2 5,579 87.1 5,562 86.9 5465 85.4

R. Moldova 2 20.0 2 19.8 2 19.5 2 19.2

Romania 1,112 17.8 991 15.9 972 15.6 910 14.6

Russia 889 0.3 144 0.0 106 0.0 106 0.0

Slovakia 1,154 58.0 1,050 52.7 1,034 51.9 967 48.6

Slovenia 228 25.2 217 23.9 195 21.6 183 20.2

FYR Macedonia 246 23.1 221 20.8 212 19.9 178 16.8

Ukraine 5,498 66.6 5,292 64.1 5,251 63.6 5,102 61.8

F. Yugoslavia 729 21.4 696 20.4 648 19.0 601 17.6

CEE 26,839 6.8 24,009 6.1 23,333 5.9 22,072 5.6

Accession Countries 16,820 55.9 15,273 50.7 14,905 49.5 14,072 46.8

Austria 3,055 62.7 2,994 61.5 2,979 61.1 2,936 60.3

Belgium 603 97.1 602 97.0 602 97.0 602 97.0

Denmark 385 39.5 383 39.4 383 39.3 382 39.2

Finland 830 2.6 644 2.0 477 1.5 253 0.8

France 6,191 42.8 6,189 42.7 6,189 42.7 6,188 42.7

Germany 7,216 83.0 7,184 82.6 7,182 82.6 7,165 82.4

Greece 92 3.7 63 2.6 58 2.4 48 2.0

Ireland 0 0.0 0 0.0 0 0.0 0 0.0

Italy 1,209 18.2 1,189 17.9 1,183 17.9 1,140 17.2

Luxembourg 85 97.0 85 97.0 85 97.0 85 97.0

Netherlands 278 86.9 278 86.8 278 86.8 277 86.8

Portugal 588 20.8 588 20.8 588 20.8 588 20.8

Spain 1,370 16.1 1,368 16.1 1,368 16.1 1,367 16.0

Sweden 216 1.1 160 0.8 146 0.7 127 0.6

UK 43 0.5 43 0.5 43 0.5 43 0.5

EU-15 22,160 19.8 21,771 19.5 21,560 19.3 21,203 19.0

Norway 321 5.8 320 5.8 320 5.8 320 5.8

Switzerland 1262 59.5 1260 59.4 1,260 59.4 1,259 59.4

Total Europe 50512 9.8 47292 9.2 46,406 9.0 44,789 8.7

Ecosystems with nitrogen deposition above their critical loads for eutrophication Table 5.21
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Figure 5.5 Ecosystems with acid deposition above their critical loads for acidification (ecosystems not
protected from acidification) in the scenario ELB (in % of the area of the ecosystems)
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Ecosystems with acid deposition above their critical loads for eutrophication (ecosystems not Figure 5.6
protected from eutrophication) in the scenario ELB (in % of the area of the ecosystems)
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Figure 5.7 Ecosystems with acid deposition above their critical loads for acidification (ecosystems not
protected from acidification) in the scenario ELFL (in % of the area of the ecosystems)
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Ecosystems with acid deposition above their critical loads for eutrophication (ecosystems not Figure 5.8
protected from eutrophication) in the scenario ELFL (in % of the area of the ecosystems)
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Figure 5.9 Indicates where the AOT40 for natural vegetation is exceeded over the critical level of 3 ppm
hours in 1990. Grids with exposure below the critical level of 3 ppm hours are left blank.
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5.4.4. Impacts on ground-level ozone
This section explores the impacts on
ground-level ozone in Europe of the
changes in emission levels implied by the
previously explored scenarios. The calcula-
tions have been carried out by IIASA with
the ‘reduced-form’ model of ozone forma-
tion that describes the ozone formation
depending on emission fields in Europe
(Heyes et al., 1996). The IIASA model is
based on the results of the EMEP ozone
model (Simpson, 1996) developed by the
Norwegian Meteorological Institute. The
calculations used the meteorological con-
ditions of the year 1990.

Currently, only preliminary estimates of
the likely emissions reductions of VOC are
available. These estimates were used for
the calculation of ozone patterns for the
REF scenario. As far as possible, data for
1990 was derived from the EMEP database.
Projections for the year 2010 were derived
assuming either the UN-ECE current re-
duction plans (CRP) values, or the imple-
mentation of the VOC Protocol and of the
final package of the Auto/Oil legislation,
whichever gives the lowest VOC emission
estimate. A summary of the VOC estimates
is presented in Table 5.22. According to
these estimates, emissions in the EU-15 are
likely to be reduced by 40%, whereas emis-
sions in the CEE region in the REF case
decline by only 3%.

The study also explores the effects of some
other emission scenarios. At the moment
there are no detailed plans available for
reducing VOC emissions in the CEE re-
gion. Therefore it has been assumed that
implementation of EU legislation for the
CEE countries will yield the same relative
(40%) reduction of emissions beyond the
REF scenario, as was achieved in the EU-15
compared to the year 1990. On this basis,
two emission scenarios have been devel-
oped. The first assumes that the legislation
is implemented only in the accession coun-
tries (an equivalent to ELBA). The second
scenario assumes the reductions in all CEE
countries (an equivalent to the ELB scen-
ario).

Two indicators are used to compare the
impacts of the different scenarios on
ground-level ozone:

• The first indicator refers to the protec-
tion of natural vegetation and crops and
thus displays the AOT40, i.e., the accu-
mulated ozone over a threshold of 40
ppb. This measure is the integral of
hourly ozone levels exceeding the 40
ppb level, accumulated over a period of
three months (May to July). The critical
level to protect natural vegetation and
crops is currently set at 3000 ppb hours
of the AOT40.

• The second indicator resembles a health-
related ozone criterion. The recently
revised World Health Organisation
(WHO) air quality guideline value for
ozone is set at 60 ppb (moving eight-
hour average). Although an immediate
translation of the excess dose into actual
health-effects is currently not considered
possible, the UN/ECE - WHO Workshop
on Health Effects of Ozone and Nitro-
gen Oxides held in June 1996 in East-
bourne, UK, concluded that the accumu-
lated exposure over the 60 ppb thresh-
old (AOT60) could be considered a
preliminary indicator for health impacts.
Any excess of the 60 ppb level (i.e., any
AOT60 larger than zero) indicates,
therefore, an excess of the WHO air
quality guideline.

Changes in the values of the above ozone
exposure indices by country are presented
in Table 5.2.3. The table compares the
average exposure values of AOT40 and
AOT60 in each country for 1990 with the
exposures for 2010 in the REF and the
ELB scenarios. The table shows that, as a
result of current legislation (the REF
case), ozone levels are expected to signifi-
cantly change in Europe in the future. On
average, the envisaged emission reductions
will lead to a decline of the AOT60 for the
whole of Europe by 50 percent (from 2.0
to 1.0 ppm hours). For the EU this indica-
tor decreases by 60 percent, whereas for
the CEE countries, the improvement is 43
percent (35 percent for the accession
countries). However, according to the
model estimates, current measures will not
be sufficient to eliminate everything in
excess of the WHO guideline value. Emis-
sion reductions as in the ELB scenario
cause a 35 percent decrease of the AOT60
for the whole CEE region and a 10 percent

Atmospheric emissions and environmental impacts
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reduction for the group of accession coun-
tries.

In addition, the vegetation-related indica-
tor (the AOT40) declines sharply for most
regions in Europe for the REF case. The
average exposure in Europe decreases
from 7.5 to 5.5 excess ppm hours. The
ELB scenario brings further improvements
– the indicator for the CEE region decreas-
es by 28 percent compared with REF. The
increase of the AOT40 for the UK in the
REF case compared with 1990 can be ex-
plained by the non-linear response of
ozone formation towards changes in NOx

emissions without adequate reductions in
VOC emissions. Such ozone chemistry is
observed in the Northwest of Europe. It
should be stressed that that modest in-
crease of the AOT40 in the UK does not
happen in the grids, which currently ex-
perience the highest AOT40.

Spatial distribution of changes in ozone
indicators is illustrated by a series of
graphs. Figure 5.9 and Figure 5.10 show
the AOT40 values in EMEP grids for 1990
and 2010 for the REF scenario. Figure 5.11
shows the relative improvement brought
about by the ELB scenario. For instance,
for a grid 26/18 the excess AOT40 de-
creases from 11 ppm hours in 1990 (Fig-
ure 5.10) to 8 ppm hours in 2010 for the
REF scenario (Figure 5.10). Emission lev-
els from the ELB scenario decrease this
exposure by 31 percent compared with
REF (Figure 5.11). Similar information for

AOT60 is presented in Figure 5.12 to Fig-
ure 5.14.

As with acidification and eutrophication,
the highest benefits in terms of reducing
excess ozone are obtained already by the
REF scenario. In Central Europe (Ger-
many, Poland and Czech Republic) the
AOT40 indicator decreases by about 40
percent. The health-related excess criter-
ion is reduced by up to 80 percent. In
Eastern Europe the improvement is much
lower, though starting already from a lower
level. Implementation of measures that go
beyond the REF scenario further reduces
the excess exposure, first of all those for
natural vegetation. In the ELB scenario,
where measures are applied to all CEE
countries, the protection in Ukraine and
in the southern part of Russia also im-
proves.

Simulations demonstrate that the imple-
mentation of measures that reduce the
emission of ozone precursors in Central
and Eastern Europe also decrease ozone
levels in the EU countries. For the ELB
scenario this improvement is 6 percent for
AOT60 and 4 percent for AOT40 (com-
pare Table 5.23).

It should be mentioned that the model
calculations presented in this section refer
to rural ozone levels with a 150 x 150-km
spatial resolution. Further work will be
necessary to derive urban ozone concen-
trations.
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2010
Country 1990 REF ELBA ELB

Albania 32 30 30 18

Belarus 533 323 323 197

Bosnia-H 101 101 101 62

Bulgaria 217 265 162 162

Croatia 105 105 105 64

Czech R. 534 534 326 326

Estonia 50 50 31 31

Hungary 205 145 88 88

Latvia 49 49 30 30

Lithuania 112 112 68 68

Poland 831 831 507 507

R. Moldova 116 116 116 71

Romania 619 619 378 378

Russia 3,566 3,566 3,566 2,175

Slovakia 149 149 91 91

Slovenia 35 25 15 15

FYR Macedonia 7 7 7 4

Ukraine 1,369 1,369 1,369 835

F. Yugoslavia 112 112 112 68

CEE 8,742 8,508 7,424 5,190

Accession Countries 2,801 2,779 1,695 1,695

Austria 430 305 305 305

Belgium 362 209 209 209

Denmark 169 95 95 95

Finland 209 109 109 109

France 2,404 1,453 1,453 1,453

Germany 2,985 1,750 1,750 1,750

Greece 325 266 266 266

Ireland 180 121 121 121

Italy 2,498 1749 1,749 1749

Luxembourg 19 10 10 10

Netherlands 444 120 120 120

Portugal 206 167 167 167

Spain 1,134 669 669 669

Sweden 528 287 287 287

UK 2,287 1,276 1,276 1,276

EU-15 14,180 8,586 8,586 8,586

Norway 266 182 182 182

Switzerland 292 173 173 173

TOTAL 23,480 17,449 16,365 14,131

VOC emissions assumed for the ozone calculations (in kilotons VOC) Table 5.22
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Figure 5.10 Indicates where the AOT40 for natural vegetation is exceeded over the critical level of 3 ppm
hours for the reference scenario in 2010. Grids with exposure in 1990 below the critical level
of 3 ppm hours are left blank.
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Percentage reduction of the excess-AOT40 achieved by the ELB scenario in comparison to the Figure 5.11
reference scenario. Only grids with excess of more than 0.8 ppm hours in the reference

scenario are displayed.
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Figure 5.12 Model estimates for the AOT60 for 1990 (in ppm hours, grids with less than
0.1 ppm hours are left blank).
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AOT60 for the reference scenario in 2010 (in ppm hours, grids with less than Figure 5.13
0.1 ppm hours are left blank).
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Figure 5.14 Percentage reduction of the AOT60 achieved by the ELB scenario in comparison to the
reference scenario. Only grids with excess of more than 0.1 ppm hours in the reference
scenario are displayed.
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AOT40 excess over the AOT60 ppphours
critical level of 3 ppm.hours

Country 1990 2010 2010 Change 1990 2010 2010 Change
REF ELB ELB/REF REF ELB ELB/REF

Albania 5.7 4.6 4.1 -10% 0.9 0.4 0.3 -20%

Belarus 2.1 0.7 0.3 -59% 0.6 0.3 0.2 -34%

Bosnia-H. 9.3 6.4 5.3 -18% 1.2 0.5 0.4 -25%

Bulgaria 6.5 5.2 3.4 -35% 0.7 0.4 0.1 -65%

Croatia 11.7 8.3 7.2 -13% 2.7 1.2 1.0 -21%

Czech Republic 13.0 8.5 7.6 -11% 4.8 1.6 1.3 -20%

Estonia 0.0 0.0 0.0 - 0.3 0.1 0.1 -20%

Hungary 11.7 8.1 6.3 -22% 3.0 1.4 0.9 -35%

Latvia 1.2 0.2 0.1 -67% 0.6 0.2 0.2 -28%

Lithuania 2.8 0.8 0.2 -79% 0.8 0.4 0.3 -32%

Poland 8.2 8.7 8.5 -2% 5.4 4.2 4.0 -4%

Moldova 9.7 6.1 5.0 -18% 4.1 1.8 1.3 -24%

Romania 6.5 5.6 5.6 0% 0.9 0.5 0.5 0%

Russia 6.9 5.3 3.5 -34% 1.1 0.6 0.3 -52%

Slovakia 0.7 0.5 0.1 -73% 0.0 0.0 0.0 -92%

Slovenia 11.8 8.1 6.4 -21% 3.1 1.3 0.8 -35%

FYR Macedonia 11.0 6.4 6.3 -2% 2.8 0.6 0.6 -6%

Ukraine 4.9 3.6 2.0 -44% 0.9 0.6 0.3 -53%

F Yugoslavia 6.6 5.2 4.1 -21% 1.2 0.5 0.3 -46%

CEE Total 6.6 5.1 3.6 -28% 1.4 0.8 0.5 -35%

Accession Countries 6.9 5.8 5.3 -10% 2.6 1.7 1.5 -10%

Austria 11.5 6.8 6.3 -8% 2.8 0.8 0.7 -14%

Belgium 9.9 9.9 9.7 -2% 7.3 4.5 4.3 -5%

Denmark 6.3 3.8 3.7 -3% 3.0 1.3 1.2 -6%

Finland 0.0 0.0 0.0 - 0.1 0.0 0.0 -12%

France 12.6 8.8 8.7 -1% 5.2 2.0 1.9 -4%

Germany 11.9 8.3 8.0 -3% 6.0 2.6 2.4 -7%

Greece 4.7 3.6 2.9 -20% 0.6 0.4 0.3 -20%

Ireland 1.4 1.2 1.2 0% 0.9 0.7 0.7 0%

Italy 14.1 9.6 9.3 -4% 4.3 1.6 1.5 -7%

Luxembourg 14.1 11.6 11.4 -1% 8.4 4.2 4.0 -5%

Netherlands 4.9 3.8 2.8 -25% 0.4 0.1 0.0 -64%

Portugal 0.1 0.0 0.0 -3% 0.2 0.1 0.1 -4%

Spain 14.2 9.4 8.7 -7% 4.2 1.4 1.3 -7%

Sweden 7.4 5.1 5.0 0% 0.8 0.2 0.2 -1%

UK 1.8 3.2 3.1 -3% 2.0 1.7 1.6 -4%

EU-15 9.0 6.3 6.0 -4% 3.1 1.3 1.2 -6%

Total Europe 7.4 5.5 4.4 -19% 2.0 1.0 0.7 -22%

Country averages of ozone exposures indeces Table 5.23

Atmospheric emissions and environmental impacts
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It was mentioned in the introductory sec-
tion that the study uses the ‘what if …’ scen-
ario approach to identify the potential for
future emissions growth in the CEE re-
gion. This means that different scenarios
have been constructed to single out the
range of possibilities and to explore gen-
eral trends. However, not one of the scen-
arios presented above claims to predict
actual development, rather they aim to
contribute to the overall analysis.

A comparison of energy intensities reveals
that CEE countries have significantly high-
er energy intensities than EU Member
States. This is partly caused by specific
structures of CEE economies that rely
heavily on intensive industry with a low
value added per unit of energy used, and
partly on less efficient technologies preva-
lent in many CEE countries. An economic
reform process addressing these two as-
pects could achieve substantial improve-
ments. With the GDP growth projected for
the year 2010, energy consumption by
industry could decrease by up to 66%
compared to 1990 in the case of full con-
vergence.

The analysis also identifies some factors
that could counteract the huge efficiency
improvement potential in the industrial
sector.

Private energy demand in CEE countries,
e.g. for transportation purposes, is on a
per capita basis currently 71% below the
average level in EU countries. If the eco-
nomic reform in the CEE countries were
accompanied by a comparable improve-

6. Interpretation of the scenario
results

ment of the economic wealth of house-
holds, it would not be unreasonable to
assume that transport demand would also
rise considerably. Starting from this low
level, an enormous potential for increased
car traffic in the CEE countries can be
constructed from this observation. In the-
ory, a full convergence would boost gaso-
line use by more than a factor of three,
and an even more realistic development
would outline an increase by a factor of
two for the year 2010. Private households
can expect similar trends for electricity
consumption, which are currently per
capitaabout 45% below the EU level when,
measured on a per capita basis. Full con-
vergence would imply an increase in elec-
tricity demand from private households by
about 120%.

The impact on the overall energy con-
sumption in the CEE region depends cru-
cially on a number of assumptions about
the development potentials of the indus-
trial and private sectors. Despite the in-
creasing level of energy consumption in
the private sector, it is likely that total pri-
mary energy consumption in the CEE
countries will decline in the future – in the
hypothetical case of full convergence by up
to 30% (Table 6.1). This means that the
potential increase in energy use for trans-
port might not be sufficient to completely
offset the improvements in the industrial
sector. In practice, however, it will be of
utmost importance to monitor and – if
necessary – to influence the development
on the sectoral level.
The differences in the sectoral develop-
ment of energy demand are strongly mir-

1990 Partial Full
convergence (EEC-B) convergence (EEC-F)

Industry 22,227 13,263 (-40%) 7,433 (-66%)

Transport (gasoline) 1,636 3,398 (+108 %) 5,229 (+220 %)

Transport (total) 4,214 5,834 (+38%) 6,806 (+62 %)

Total 45,858 37,230 (-19%) 32,504 (-29 %)

Table 6.1 Comparison of energy consumption (in PJ) in the CEE countries
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rored by the growth of emissions. There is
a clear tendency toward a significant de-
cline of SO2 emissions, caused by lower
coal demand from stationary sources in
the industry and the electricity sector. On
the other hand, the potential for a rapid
growth in the transport sector indicates
the possibility for an immense increase in
NOx emissions from this sector.

When considering future emission levels, it
is equally important to take account of the
technical possibilities for emission reduc-
tions. The study clearly indicates that in
many CEE countries new regulations for
emission controls – although often not as
strict as the EU regulatory framework –
will have profound impacts on emissions.
As shown in Table 6.2, a significant decline
in emissions (-54% for SO2 and -9% for
NOx) is expected for the Reference scen-
ario, partly due to the structural changes
implied by the energy scenario, and partly
due to the application of current regula-
tions on emission control. Keeping these
regulations fixed, the convergence of the
energy structure towards EU standards
could yield an additional 30% cut in SO2

emissions (13% in the accession countries
and 60% in the other CEE countries). For
NOx, however, the increase in per capita
energy demand in the private sector im-
plied in the convergence process would
counteract some of the improvements. In
countries without strict regulations on
traffic emissions, the demand could even
lead to an increase in NOx emissions com-
pared to the year 1990.

Obviously, control measures can greatly
influence emission levels. The question
remains, therefore: to what extent could
harmonisation of current regulations on
emission control in the CEE countries with
those of the European Union improve the
situation?
Table 6.3 demonstrates that harmonisation
of emission control legislation of the CEE
countries with that of the EU will in all
cases lead to lower emissions, although to
a different degree for the individual pol-
lutants. Since many of the CEE countries
have signed the Second Sulphur Protocol
and thereby accepted obligations to imple-
ment national emission ceilings and to
apply strict emission controls on new sta-
tionary sources, a further decline of SO2

emissions triggered by the current EU
regulations is limited to a few percent. The
situation is significantly different for NOx.
Compared to current legislation, an appli-
cation of EU standards would cut emis-
sions between 25% and 50%, and could
avoid a possible increase in emissions rela-
tive to 1990 that would result from a
growth in traffic.

Summarising the above features, the larg-
est uncertainties about the future levels of
emissions in the CEE countries obviously
concern the development of car traffic and
the emission regulations applicable to
vehicles, though, given recent develop-
ments in the CEE region, a strong increase
in traffic volumes does not appear entirely
unrealistic. Therefore, the question re-
mains: to what extent will a potential re-

1990 REF EEC-B EEC-F
CLE CLE CLE

SO2

Accession 10,777 4,053 (-62%) 3,484 (-68%) 3,267 (-70%)

Other CEE 9,509 5,291 (-44%) 2,924 (-69%) 2,833 (-70%)

Total CEE 20,286 9,344 (-54%) 6,408 (-68%) 6,100 (-70%)

NOx

Accession 3,788 2,429 (-36%) 2,375 (-27%) 2,371 (-27%)

Other CEE 4,536 4,284 (-6%) 4,926 (+9%) 4,850 (+7 %)

Total CEE 8,322 6,713 (-19%) 7,301 (-12%) 7,221 (-13%)

Emissions of SO2 and NOx for the different energy scenarios for the year 2010, Table 6.2
assuming the current legislation on emission control (in kt)

Interpretation of the scenario results
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Energy Partial Full
pathway convergence (EEC-B) convergence (EEC-F)
Emission 1990 Current  EU Current  EU
legislation (CLE) (CLE)

SO2

Accession countries 10,777 3,484 (-68%) 3,427 (-68%) 3,267 (-70%) 3,236 (-70%)

Other CEE 9,509 2,924 (-69%) 2,695 (-72%) 2,833 (-70%) 2,483 (-74%)

CEE total 20,286 6,408 (-68%) 6,122 (-70%) 6,100 (-70%) 5,719 (-72%)

NOx

Accession countries 3,788 2,375 (-27%) 1,748 (-54%) 2,371 (-27%) 1,595 (-58%)

Other CEE 4,536 4,926 (+9%) 2,943 (-35%) 4,850 (+7%) 2,411 (-47%)

CEE total 8,322 7,301 (-12%) 4,671 (-44%) 7,221 (-13%) 4,006 (-52%)

Current legislation  EU legislation
1990 8322 -

Reference case, 2010 6,792 (-18%) -

ParParParParPartial convertial convertial convertial convertial convergence:gence:gence:gence:gence: 5,813 (-30%) 4,239 (-49%)
limited growth

unlimited growth 7,301 (-12%) 4,671 (-44%)

Full converFull converFull converFull converFull convergence:gence:gence:gence:gence: 4,334 (-48%) 3,159 (-62%)
limited growth

unlimited growth 7,221 (-13%) 4,006 (-48%)

Interpretation of the scenario results

Table 6.3 Impacts of the emission control legislation on the levels of SO2 and NOx

emissions in the year 2010 (in kilotons)

Table 6.4 Comparison of NOx emissions (in kilotons) of the CEE countries for limited and unlimited
growth of private energy demand for transport and electricity

straint of growth in private car traffic –
achieved by whatever measures – result in
improved environmental conditions? Un-
der the assumption that, compared to
1990, per capita energy consumption for
private transport would only increase by
50% (see the Reference scenario), instead
of 220% in the partial convergence (EEC-
B) scenario, NOx emissions in the CEE
region would indeed be significantly lower.

The most important effect of a limited
growth in the energy demand for private
transport and electricity concerns NOx

emissions. Assuming a continuation of the
current regulations on emission control in

the CEE countries, the energy conver-
gence process with unlimited growth in
the private sector would lead to a decline
in NOx emissions by about 12% in relation
to 1990 (compare, for example, the 68%
cut for SO2). Limiting private energy de-
mand to the levels of the REF scenario,
however, would increase the potential for a
reduction to 30%–48%, depending on the
convergence process in the other sectors.
On top of this, harmonisation of NOx-
related environmental legislation in the
CEE countries with present EU standards
could bring total NOx emissions in the
region down to a level of about 50% com-
pared to 1990 (Table 6.4).
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The report explores the potential for en-
vironmental improvements offered by the
reform process in the CEE countries.

At the beginning of the reform process,
between 1990 and 1994, energy consump-
tion in the CEE region decreased by more
than one-third, accompanied by a 30%
decrease in the consumption of electricity.
This drop was mainly caused by the eco-
nomic crisis experienced in the region; on
their own, the energy efficiency measures
introduced in various sectors during this
period could not have effected this
change.. Since regional GDP declined at a
slightly higher rate than total energy con-
sumption, energy and electricity intensities
increased slightly. The latest available stat-
istics suggest, however, that for those coun-
tries with progressive economic reforms,
the reverse of this trend is likely.

Since the future fate and pace of the re-
form process is uncertain, the analysis
focuses on the theoretical potential for
environmental improvements rather than
on accurate predictions of future develop-
ment. The quantities of air emissions are
determined by two main factors: the struc-
tures of the national economies and en-
ergy systems, and the regulations to con-
trol emissions. The economic reform proc-
ess is expected to significantly influence
both of these factors.

The study constructs a range of scenarios
on the evolution of the energy systems in
the CEE countries, based on a range of
assumptions about the pace of the conver-
gence towards the structures characteristic
for EU countries . All the scenarios suggest
a declining energy demand in the CEE
region in the future, ranging from -6% for
the projections supplied by the individual
countries to -30% for the case of full con-
vergence of energy intensities in the CEE
countries with those of the EU. It is impor-
tant to understand, however, that the po-
tential development in the various sectors
is fundamentally different. The conver-
gence process would reduce the energy
intensities of industries in CEE countries

7. Conclusions

(with a theoretical potential of a 66% cut
in energy demand compared to 1990).
However, the increased wealth of private
consumers associated with economic devel-
opment will most likely also raise the de-
mand from private households for trans-
portation and for electricity closer to the
levels currently observed in EU countries.
This could result, for example, in an in-
crease of, gasoline consumption by as
much as 220% for the entire CEE region.

These opposing trends in energy demand
also cause differentiated impacts on emis-
sions of the various air pollutants. Depend-
ing on the extent of the convergence pro-
cess, emissions of CO2 could decline by a
third compared to 1990. The type of con-
trol measures applied heavily influences
emission levels for both SO2 and NOx.
Maintaining the present emission-related
legislation in the CEE countries would, in
combination with the restructuring of the
energy system implied with the conver-
gence process, decrease SO2 emissions by
about 70%. The increasing private energy
demand, however, would mainly affect
NOx emissions and limit the total potential
for NOx reduction to about 10% to 15%.
Harmonising emission legislation with EU
standards would mostly influence NOx

emissions. Stricter SO2 standards would
yield only an additional 2% reduction (on
top of the 70% achieved by the energy
restructuring process); for NOx, the EU
standards could cut emissions by an add-
itional 30% to 40%.

The study clearly indicates that a future
shift in the pollution problems in the CEE
countries from SO2to NOx is to be expect-
ed. Several factors will lead almost inevita-
bly to a strong decline in SO2 emissions,
yet some important conditions will hold
back an equivalent reduction in NOx emis-
sions. Most prominently, the increase of
private energy consumption towards the
levels currently experienced in the EU
would make a strong reduction in NOx

emissions nearly impossible. Technical
measures, including the application of EU
emission standards for cars, could make a

Conclusions
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considerable contribution to overcoming
this problem. Of similar importance, how-
ever, are other, non-technical, measures
aimed at a limited growth in private energy
demand. If applied together, the NOx

emissions of the CEE countries could be
reduced by up to 50%.

Stricter controls of emissions in the CEE
region could also bring benefits for neigh-
bouring EU countries. This scenario dem-
onstrated that with the highest cut in emis-

sions, almost 2% more ecosystems are
protected in Austria, Germany, Finland
and Sweden. Furthermore, the achieve-
ment of the EU Acidification Strategy tar-
gets is nearly 20% cheaper than for the
reference case, in which countries of Cen-
tral and Eastern Europe reduce their emis-
sions according to current legislation.
These examples clearly indicate the impor-
tance of emission control policies in the
CEE region for achieving environmental
goals in the EU.
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Annex 1: The regional air pollution
information and simulation
(RAINS) model

This study uses the Regional Air Pollution
INformation and Simulation (RAINS)
model developed at the International In-
stitute for Applied Systems Analysis (IIASA,
Laxenburg, Austria). RAINS is an inte-
grated assessment model that includes the
recent databases on European energy use,
emissions, emission control options and
their costs, the atmospheric dispersion of
pollutants, as well as critical pollution
loads and levels. The model is therefore
capable of fully analysing air pollution
problems in the European context.
The RAINS-model provides a consistent
framework for the analysis of emission
reduction strategies, focusing on acidifica-
tion, eutrophication and tropospheric
ozone. RAINS comprises modules for emis-
sion generation (with databases on current
and future economic activities, energy
consumption levels, fuel characteristics,
etc.), for emission control options and
costs, for atmospheric dispersion of pollu-
tants and for environmental sensitivities
(databases on critical loads). To create a
consistent and comprehensive picture of
the options for simultaneously addressing
the three environmental problems (acidifi-
cation, eutrophication and tropospheric
ozone), the model considers emissions of
sulphur dioxide (SO2), nitrogen oxides
(NOx), ammonia (NH3) and volatile organ-
ic compounds (VOC). A detailed descrip-
tion of the RAINS model can be found in
Alcamo et al., 1990. A schematic diagram
of the RAINS model is displayed in Figure
1.

For use in Europe, the RAINS model in-
corporates databases on energy consump-
tion for 38 regions in Europe, distinguish-
ing 22 categories of fuel use in six econom-
ic sectors. The time horizon extends from
the year 1990 up to the year 2010 (Bertok
et al., 1993). Estimated emissions of SO2,
NOx, NH3 and VOC for 1990 are based on
information collected by the CORINAIR
inventory of the European Environmental
Agency (EEA, 1996) and on national infor-
mation. Options and costs for controlling

emissions of the various substances are
represented in the model by considering
the technical and economic features of the
most important emission reduction op-
tions and technologies. Atmospheric dis-
persion processes over Europe for sulphur
and nitrogen compounds are modelled on
the results of the European EMEP model
developed at the Norwegian Meteorologi-
cal Institute (Barret and Sandnes, 1996).
For tropospheric ozone, source-receptor
relationships between the precursor emis-
sions and the regional ozone concentra-
tions are derived from the EMEP photo-
oxidants model (Simpson, 1992, 1993).
The RAINS model incorporates databases
on critical loads and critical levels com-
piled at the Co-ordination Centre for Ef-
fects (CCE) at the National Institute for
Public Health and Environmental Protec-
tion (RIVM) in the Netherlands (Posch et
al., 1995).

The RAINS model can be operated in the
‘scenario analysis’ mode; that is, following
the pathways of the emissions from their
sources to their environmental impacts. In
this case, the model provides estimates of
regional costs and environmental benefits
of alternative emission control strategies.
Alternatively, a (linear programming)
‘optimisation mode’ is available for the
acidification part to identify cost-optimal
allocations of emission reductions in order
to achieve specified targets. This feature of
the RAINS model was used extensively
during the negotiation process of the Sec-
ond Sulphur Protocol under the Conven-
tion on Long-Range Transboundary Air
Pollution for elaborating effect-based emis-
sion control strategies. A first version of a
non-linear optimisation module for tropo-
spheric ozone has also been completed
recently.

The RAINS model estimates the emissions
of sulphur and nitrogen compounds in
each country, and then totals the amounts
from each country with a background
contribution to compute total deposition
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at any grid location. These calculations are
based on source-receptor matrices derived
from a Lagrangian model of long-range
transport of air pollutants in Europe, de-
veloped by EMEP.

The EMEP model is a receptor-oriented
single-layer air parcel trajectory model, in
which air parcels follow two-dimensional
trajectories calculated from the wind field
at an altitude that represents transport
within the atmospheric boundary layer.
Chemical transformations of the relevant
substances within the air parcels are de-
scribed by ordinary first-order differential
equations integrated in time along the
trajectories as they follow atmospheric
motion. During transport, the equations

take into account emissions from the un-
derlying grid of a 150-km resolution,
chemical processes in the air, and wet and
dry deposition on the ground. Model cal-
culations are based on six-hourly input
data of the actual meteorological condi-
tions for specific years.

In order to capture the inter-annual me-
teorological variability, model runs have
been performed for 11 years (1985-1995,
Barret and Sandnes, 1996). For each of
these years, balances of sources (aggregat-
ed to entire countries) and sinks of pollu-
tants (in a regular grid mesh with a size of
150 x 150 km) have been calculated. These
annual source-receptor relationships have
been averaged over 11 years and re-scaled

 Schematic flowchart of the RAINS model framework Figure 1
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to provide the spatial distribution of one
unit of emissions. The resulting atmos-
pheric transfer matrices are then used as
input in the RAINS model.

The use of such ‘country-to-grid’ transfer
matrices implicitly assumes that the rela-
tive spatial distribution of emissions within
a country will not dramatically change in
the future. It has been shown that the
error introduced by this simplification is
within the range of other model uncertain-
ties, when considering the long-range
transport of pollutants (Alcamo, 1987).

As mentioned above, the assessment of
environmental impacts in RAINS is based
on the concept of critical loads. A critical
load for an ecosystem is defined as the
deposition ‘below which significant harm-
ful effects on specified sensitive elements
of the environment do not occur accord-
ing to present knowledge’. Over the past
years, methodologies for computing cri-
tical loads have been elaborated for acidifi-
cation and eutrophication and compiled
by the Mapping Program under the Work-
ing Group on Effects, which operates un-
der the UN/ECE Convention of Long-
Range Transboundary Air Pollution (LR-
TAP) (UBA, 1996). On a national level,
critical loads data is compiled and submit-
ted to the Co-ordination Centre for Effects
(CCE), located at the Dutch National Insti-
tute for Public Health and the Environ-
ment (RIVM). This Institute collates and
merges national data into European maps
and databases, which are then approved by
the Mapping Program and the Working
Group on Effects before being used in
emission reduction negotiations under the
LRTAP Convention.

Information on the critical loads of sul-
phur has been used in the negotiations of
the 1994 Second Sulphur Protocol, the
first international agreement on emission
reductions explicitly taking into account
environmental vulnerability, in addition to
technological and economic considera-
tions (UN/ECE 1994). However, acidifica-
tion is caused by the deposition of both
sulphur and nitrogen, and both com-
pounds ‘compete’ for the counteracting
(neutralising) base actions, which are
mostly provided by deposition and weath-
ering. And, in contrast to sulphur, there
are additional natural (sources and) sinks

for nitrogen such as uptake by vegetation,
immobilisation and denitrification. Conse-
quently, it is not possible to define a single
critical load for acidity, as was the case
when looking at sulphur alone. It is possi-
ble, however, for acidity to define a (sim-
ple) function, called the critical load func-
tion. This function defines pairs of sulphur
and nitrogen deposition, for which there is
no risk of damage to the ecosystem under
consideration, thus replacing the single
critical load value used earlier. The critical
load function for each ecosystem has a
trapezoidal shape and is defined by three
quantities: CLmax(S), CLmin(N) and
CLmax(N). CLmax(S) is essentially the critical
load of acidity (as defined earlier),
CLmin(N) summarises the net nitrogen
sinks, and CLmax(N) is the maximum de-
position of nitrogen (in the case of zero
sulphur deposition) taking into account
CLmax(S) and deposition-dependent nitro-
gen processes (CLmax(N)>=CLmin(N)+
CLmax(S)).

In addition to acidification, nitrogen de-
position also acts as a nutrient for ecosys-
tems. Consequently, in order to avoid eu-
trophication, critical loads for nutrient
nitrogen, CLnut(N), have been defined and
calculated for various ecosystems. If the
multi-effect aspects of nitrogen deposition
are considered, the critical loads of nutri-
ent nitrogen have to be introduced as
additional aspects (and eventually as con-
straints) in the integrated assessment of
reductions of NOx and NH3 emissions.

To compare critical loads with European
deposition fields, the numerous critical
load values and functions (currently more
than half-a-million; mostly for forest soils,
but also lakes and semi-natural vegetation)
have to be aggregated in the 150km x
150km EMEP-grid. For single values, this is
done by computing a percentile of the
cumulative distribution function for all
critical load values within an EMEP-grid
cell. As an example, Figure 2 shows the
fifth percentile of CLmax(S) for the EMEP
modelling domain.

To consider both sulphur and nitrogen
deposition simultaneously, a surrogate for
the multitude of critical load functions
within an EMEP-grid cell has been de-
fined: the so-called ecosystem protection
isoline (for details see Posch et al, 1995).
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These isolines are a generalisation of the
percentile concept in the case of single
critical load values. While more difficult to
present in a map format, these isolines –
and simplifications thereof – can be used
in integrated assessment models, such as
RAINS, to evaluate emission reduction
strategies for both sulphur and nitrogen.
Due to the different behaviour of sulphur
and nitrogen in the environment, it is not
possible to compute a unique exceedance
of a critical load. However, the protection

isolines derived from the critical load func-
tions allow the computation of the percent
of ecosystems protected in each grid cell,
and therefore the evaluation of the effect-
iveness of any given emission scenario.

Finally, it should be mentioned that the
critical load database is regularly updated
to take into account the latest data and
findings of the ongoing negotiations on
emission reductions in Europe.

 The fifth percentile of the critical loads for acidity (CLmax(S)) Figure 2
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Annex 2: The energy efficiency
convergence (EEC)
scenario – Methodology

The starting point of the analysis for each
country is energy consumption in 2010 in
the baseline scenario (the Official Energy
Pathway, UN/ECE, 1996). The analysis has
been performed for three major economic
sectors: manufacturing industry, domestic
(residential and commercial), and trans-
port; private passenger (car) transport has
been treated separately. Energy consump-
tion in the domestic and private transport
sectors has been related to population.
Energy used in other sectors has been
related to GDP.

Currently large differences exist in energy
intensities and consumption patterns be-
tween the CEE and the EU. It would not
be realistic to assume that the energy in-
tensities and consumption structures in all
CEE countries will reach the EU average
within the next 10-15 years. Substantial
differences also exist among EU countries.
Thus, in the EEC scenario, it has been
assumed that the degree of similarity in
energy consumption in each country de-
pends on the distance of per capita GDP of
a given country away from the EU-15 aver-
age. For the purpose of the analysis, the
GDP is expressed in PPP terms. In other
words, it is assumed that the gap between
energy consumption patterns and inten-
sities in the CEE, and the average EU-15
level, will diminish proportionally to the
relative difference in per capita GDP.

The formulas used in calculating sectoral
energy consumption in the EEC case are:

RiEEC = Ri + (1-Ri) * Gi (1)

Where:

Ri .. ratio of specific energy consumption
in 2010 in country i to average specific
energy consumption in EU-15 in the base-
line,
Ri

EEC.. ratio as above in the EEC scenario,
Gi .. ratio of per capita GDP in 2010 in
country i to average per capita GDP in EU-
15.

For countries with a per capita GDP in
2010 lower than 50% of the EU average, it
has been assumed that the relative differ-
ence in energy intensities (in per unit of
GDP or in per capita terms) will diminish
by 50%. Such an assumption has been
adopted because for countries with low
GDP level the formula (1) does not result
in meaningful improvement of energy
intensities. The 50% improvement has
been chosen arbitrarily. However, such an
assumption has a reasonable justification.
The average lifetime of capital stock in
industry is about 30 years which implies
the scrapping rate of more than 3% per
year. Thus if the EU energy efficiency
standards are introduced now on new
investments in the CEE region, their share
in 2010 will be about 50%.

If any of the CEE countries achieves a per
capita GDP higher than EU-15 average, it
has been assumed that energy intensity for
such a country (in per capita or in per unit
of GDP terms) would reach the average
EU-15 level. Formulas used for these two
specific cases are:

if Gi < 0.5:

Ri
EEC  = Ri + (1-Ri) * 0.5 (2)

if Gi >1:

Ri
EEC = 1 (3)

The calculations have been performed
separately for each sector for total final
energy and for electricity.

Calculated intensities were used next to
estimate final energy demand in each sec-
tor. Then, fuel used for electricity genera-
tion and energy demand in the conversion
sector other than power plants was cal-
culated. Calculations have been made with
a simple energy model. Again, the starting
point was the baseline scenario for each
individual country. In the case of lower
demand for fuels in a given sector, it has
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been assumed that fuels with high emis-
sion factors (coal, heavy fuel oil) are elim-
inated first. Energy scenarios were created
without analysing the possible develop-
ments in turnover of capital stock in indi-
vidual economic sectors, nor making as-
sumptions about evolution of energy pric-
es in the CEE region. Such factors were
taken into account in a study by Bollen et
al, 1996. Because of high uncertainties
involved in the assessment of the effects of
economic restructuring in Central and
Eastern Europe, a simplified approach was
adopted with explicit assumptions regard-
ing changes in energy intensities .
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List of abbreviations

(a) General abbreviations

AOT40 Accumulated excess ozone
concentration over the 40
ppb threshold

AOT60 Accumulated excess ozone
concentration over the 60
ppb threshold

CEE Central and Eastern Europe
CITEPA Centre Interprofessionnel

Technique d’Estudes de la
Pollution Atmospheric

CMEA Council of Mutual
Economic Assistance

CO2 carbon dioxide
CRP Current Reduction Plans
DGVII Directorate General VII
DG XI Directorate General XI
EBRD European Bank for

Reconstruction and
Development

EC European Commission
(European Union)

ECU European Currency Unit
EEA European Environmental

Agency
EEC European Commission for

Europe (United Nations)
EJ Exa joule
EMEP European Monitoring and

Evaluation Programme
EU European Union
EU-15 European Union

(15 Member States)
FYR Mace-
donia Former Yugoslavic Republic

of Macedonia
GDP Gross Domestic Product
IEA International Energy

Agency
IIASA International Institute for

Applied Systems Analysis
IMF International Monetary

Fund
kWh kilowatt hour
LPG liquefied petroleum gas
LCPD Long-Range Combustion

Plant Directive
MEXR market exchange rate
MJ mega joule
NH3 ammonia
NOx nitrogen oxides

PJ peta joule
ppb parts per billion
PPP Purchasing Power Parity
RAINS Regional Air Pollution

Information and Simulation
Model

SO2 sulphur dioxide
TWh Terawatt hour
UN/ECE United Nations Economic

Commission for Europe
USSR Countries belonging to

the former USSR
WHO World Health Organisation
WIIW The Vienna Institute for

Comparative Economic
Studies
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(b) Abbreviations of the names of energy scenarios

Energy pathway Description

OEP’96 Official Energy Pathway, 1996 update

CW DGXVII Conventional Wisdom EU-15

EEC-B Energy Efficiency and Convergence Scenario, Base case (Gap in
sectoral  energy intensities and per capita consumption between
each individual CEE country and the EU-15 average reduced by at
least 50 %)

EEC-BL Energy Efficiency and Convergence Scenario, Base case with Lim-
its  (as in the Base case but growth of fuel consumption by private
cars and electricity consumption in the residential/commercial
sector limited to the values in the OEP’96)

EEC-F Energy Efficiency and Convergence Scenario, Full convergence
case (energy intensities and per capita consumption in all CEE
countries reach the EU-15 average)

EEC-FL Energy Efficiency and Convergence Scenario, Full convergence
case with Limits (energy intensities and per capita consumption in
all CEE countries reach the EU-15 average but growth of fuel con-
sumption by private cars and electricity consumption in the resi-
dential/commercial sector limited to the values in the OEP’96)

(c) Summary of the scenarios for SO2 and NOx emissions

Scenario name Control strategy Energy pathway Country group

REF Current national and international legislation OEP’96 CEE and  EFTA
(emission standards + internationally agreed
emission ceilings)  EU legislation on top of
national legislation     CW   EU-15

CLBA Current national and international Legislation EEC-B Accession
countries*)

CLB Current national and international Legislation EEC-B All CEE
countries*)

ELBA EU legislation on top of  national Legislation EEC-B Accession
countries*)

ELB EU legislation on top of  national Legislation EEC-B All CEE
countries*)

ELBL EU legislation on top of  national Legislation EEC-BL All CEE
countries*)

CLFA Current national and international Legislation EEC-F Accession
countries*)

CLF Current national and international Legislation EEC-F All CEE
countries*)

ELFA EU legislation on top of  national Legislation EEC-F Accession
countries*)

ELF EU legislation on top of  national Legislation EEC-F All CEE
countries*)

ELFL EU legislation on top of  national Legislation EEC-FL All CEE
countries*)

*) Other countries as in the REF scenario.

Country group

CEE and EFTA countries

All CEE countries

All CEE countries

All CEE countries

All CEE countries
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