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Acid rain abatement strategies in Europe are
currently being discussed in view of the expiration of the Helsinki Protocol on 502 emission
reduction. The changing energy situation in
Eastern European countries is expected to have
an influence on the deposition pattern in Europe.
The paper presents a consistent energy scenario
for Eastern European countries and compares
optimal strategies to reduce 502 emissions.
These strategies are based on runs with the
RAINS model in which environmental targets
have been set based on critical loads for sulp hur.
The analysis shows that economic restructuring
and efficiency improvements in Eastern European countries, as well as in Western Europe,
may result in significantly lower sulphur abatem ent costs. Potential assistance to Eastern
Europe to guarantee desired environmental standards in Western countries should therefore
focus not only on providing emission control
devices but also on the success of the economic
transition process.
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Since the UN/ECE Convention on Long-range
Transboundary Air Pollution was established in 1979
acid rain abate me nt po licies have been carried out in
Europe. Two protocols on international emission
reductions have been signed under the Convention:
in He lsinki , Fin land in 1985 on the reduction of S0 2
emissions , and in Sofia, Bu lga ria in 1988 on the
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emissions of NOx. The Helsinki Protocol calls fo r a
30% reduction of emissions of S0 2 to be reached by
1993 based on 1980 emissions.
As 1993 approaches the Helsinki Protoco l will
need to be revised. Renegotiations started in 1990
and contain at least one new featu re in comparison
to the H elsinki Protocol : rathe r than a flat rate
reduction, such as the 30% applicable to all countries, a n effect oriented approach is being pursued.
This means that environmental targets had to be
established. The ta rgets are based on the concept of
critical load, which has been defined as 'a quantitative estimate of an exposure to one or more pollutants below which significant harmful effects on
specified elements of the environment do not occur
according to present knowledge'. 1 Maps of critical
loads for Europe have been produced (Hette lingh et
a/) 2 and these maps are current ly the basis from
which effect-oriented policies are derived.
In the earl y 1980s, when the Helsinki Protocol was
being discussed, the situation in Eastern E uropean
countries was d ifferent. The restructuring in these
count ries, and the move toward market oriented
economies, will have consequences fo r the environmental situation. It is im porta nt , therefore, that the
negotiations on acid rain abatement take into
account these changed conditions. National energy
projections o riginating from before 1989 are no
longer valid.
T his paper analyses which effects the changes in
Eastern European energy pol icies might have on
acid rain reduction policies. The analysis was carried
out with the Regional Acidification !Nformation and
Simulation (RA INS) model developed at the International Instit ute for Applied Systems Analysis
(II ASA) in Laxenburg, Austria. A short introductio n to RAlNS is presented in the nex t section. Two
different energy scenarios will the n be discussed ;
one represents the latest available governmental
energy projections for the year 2000 . For most
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Eastern countries, however , these forecasts date
back several years and , as mentioned above, may no
longer be valid. Another scenario has therefore been
developed by the authors based on a set of simple ,
but consistent , assumptions o n the restructuring of
the energy and economic syste ms in all Eastern
European countries. Target loads for acid depositio n , as selected by 10 European countries, are
presented in the fourth sectio n. Cost optimal European abateme nt strategies, based on these targets,
are calculated with the RAINS model. The optimization results a re then analysed. This sectio n
indicates the major differences which exist in the
efforts that countries would have to make for acid
rain abatement under the two alternative energy
scenarios. Conseque nces for the negotia tions unde r
the Conve ntion are shown in the final section.

The RAINS model
Since 1984 the R egional Acidification INformatio n
a nd Simulation (RAINS) model has been developed
at the Inte rnationa l Institute for Applied Systems
Analysis (IIASA). The model has been extensively
documented in Alcamo et aP and has been used in
various differen t ways (see inter alia Hordijk ,
Alcamo et al a nd Batte rman et al) .4 The RAINS
mode l focuses on acidificati o n of Europe's natural
environment and on the deposition of sulphur and
nitrogen compounds that leads to acidification. The
model consists of a set of subm odels that cover the
cause-effect chain: pollutant generation (energy scenarios , emission abatement option , costs of control),
atmospheric tra nsport a nd depositio n, a nd environme ntal effects (forest soil , Scandinavian lakes and
groundwater). The model covers the whole of
Europe , including the European part of the fo rme r
USSR, using a resolution of 150 x 150 km for
emission and atmospheric processes, and a grid
system of 0.5° latitude x 1.0° longitude fo r environmental impacts. Pollutan ts included are S0 2 , NOx
and NH 3 .
Emission estimates of S0 2 and NOx are based o n
energy data , fuel characteristics and combustion
conditio ns (Amann). 5 The emissio ns o f NH3 have
bee n estimated based o n livestock data , nitrogen
fertilizer use and appropriate emission factors.
The long-range transport of these pollutants has
been modelled by the EMEP (Co-operative Programme fo r Monitoring and Evaluation of the LongR ange Transmission of Air Pollutan ts in Europe)
atmospheric transport model. 6 This model incorporates the effects of winds, precipitation a nd othe r
meteorological and chemical variables. RAINS con-

tains transfer matrices between countries a nd gridcells derived from the EMEP model.
Origin ally RAINS was built as a simul ati o n model
with which alternative European abatement strategies could be evaluated. An o ptimization model has
been added that has been extensive ly used to derive
cost o ptimal policies for Eu rope. 7 The derivation of
o ptimal policies from critical loads and ta rget loads
is currently the ma in use of RAINS.

Energy scenarios for Europe
The official energy pathway
For refere nce the official energy pathway (OEP)
reflects the individual national projections of fuel
consumption for the yea r 2000. This scenario has
been compiled based on materia l published by the
U nited Nations and th e Inte rn a ti o na l Energy
Agency. 8 Governments submitted data to these
organizations a nd this has been harmo nized for
publication . In early 199 1 10 Western E uropean
countries provided updates of their recent e nergy
policies to the authors, which have been incorporated into the database. In this scena rio , however,
information fro m Eastern E uropean countries dates
back to the era before the political change in J989 ,
and the refore reflects expectations of the form er
gove rnments pursu ing the policy of cent ra lized
planning.
According to these projections to ta l primary energy demand between 1985 and the yea r 2000 was
expected to increase by almost 30% in Eastern
European countries, excluding the USS R. The fastest growth was fo reseen for electricity ge neration
fro m nuclear power, with an increase by a factor of
five, followed by a 33% growth of natural gas
co ns umptio n. Liquid ( + 19 %) a nd solid fuels
(+13%) were expected to lose market shares. Whe reas final ene rgy demand in industria l a nd transportation secto rs average growth rates of 33% have been
proj ected , only a 14% increase has been envisaged
for private househo lds.
Despite the fac t that many Eastern European
gove rnm ents established the improvement of energy
effi ciency as a major target for their nation al e ne rgy
policies, the projections implied a further increase of
ene rgy intensities in centrally planned economies.
Industrial ene rgy intensity was planned to increase
o n average by 8% from 4.50 PJ/millio n deutschmarks GDP in 1985 to 4.85 PJ/millio n deutschmarks
GDP in 2000. The comparable level in Western
European market economies in 1985 was in 1.35
PJ/million deutschmarks GDP. The major reasons
for these large discrepancies are the bad perform-
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Ta ble I. Energy intensities in Eastern European countr ies in 1985.
Industry
Domestic
Transport
(PJ/million DM GDP) (TJ/per capita per year) (PJ /million DM GDP)
A lbania
Bulgaria
CSFR
G DR
Hunga ry
Poland
Romania
Yugoslavia
Average-East
Average-West

2.56
2. 52
5. 15
3.95
2.71
3.44
7.30
3.99
4.50
1. 35

12
22
48
70
37
40
24
10
34
34

ance of existing technical equipme nt in the fo rmer
centra lly planned econo mies with low ene rgy efficiencies and the industri al structure of the national
economies with the focus o n e nergy intensive heavy
industries .
A similar growth trend (a further expansio n of
10%) was projected fo r e ne rgy co nsumptio n fo r
tra nspo rtatio n purposes in Eastern E urope, w hich
was already 10% a bove the Western E uropean
average level in 1985 . The structures are rather
differe nt , since in Easte rn coun tries the major fractio n of fue ls has been used fo r fre ight transpo rt ; in
Weste rn countri es private passenger traffi c had higher impo rtance . In 1985 do mestic ene rgy consumptio n (34 TJ per capita pe r yea r) was a t equa l levels in
Weste rn a nd Easte rn E urope . For Easte rn coun tries
the forecasts projected a 10% increase fo r the year
2000. (See T ables 1 a nd 2.)

Th e energy efficiency scenario for Eastern Europe
The e ne rgy efficie ncy in Easte rn E urope (EEE)
scenario anticipates a transitio n of centrall y planned
econo mies to marke t econo mies and tries to project
implicatio ns o n e ne rgy efficie ncy. In the a bsence of
reliable econo mic forecasts the scenario is based o n
the ass umption that growth rates of G DP will fo llow

J.50
1.98
1.24
0.95
1.26
0.90
1.66
1.34
1.20
1.07

the lines e nvisaged by fo rmer gove rnments, but th at
majo r econo mic restructuring processes will take
place, transforming industrial infrastructures fro m
their curre nt o rie ntatio n fro m ene rgy intensive
heavy industry towards mo re ad vanced prod uctio n
processes and less e nergy intensive activities. T he reby, it is assumed th at overall e nergy inte nsities of
Eastern E uro pean count ries will gradually approach
average Western E uropean levels repo rted for 1985.
It is not the intentio n of this scenario to create a
realistic projection of the actual ene rgy dema nd in
the yea r 2000 in Easte rn E urope. U ncertainties in
the basic success and speed of tra nsitio n processes to
market economies are too high to allow accurate
predicti o n. The refore, necessary considerati o ns o n
th e feasibility and possible constrai nts, eg the availability of capital, o n such transitio n processes are
beyond the scope of this pape r. Thus this sce na rio
has to be considered as o nly o ne plausible projectio n
fo r exploring the implicatio ns of e ne rgy efficie ncy o n
internatio nal emission reductio n strategies.
T he RAINS model is curre ntl y implemented fo r
all E uropean countries including the E uropean part
of the previo us USSR . Wo rk is under way to regio nalize and improve the data base fo r this area . In
this pape r modificatio ns of ene rgy pathways a re

Ta ble 2. Official energy pathway for the year 2000.

Albania
Bulgaria
CSFR
Former GDR
Hungary
Po land
Romania
Yugoslavia
Total

Ener gy use per sector (PJ) in 2000
Domestic
Conversion
Power
sector and
plantsb
services
sector"

Transport

17
218
198
153
9
206
247
339
1387

48
314
220
289
150
477
481
261
2240

65
744
814
1092
31 1
1401
618
1252
6297

53
394
844
885
403
1749
680
430
5438

Industrial
energy
consumption

48
1059
1185
1372

505
1533
1731
743
8176

Non-energy
use of fuel s

11
37
134
210
123
I

373
262
1151

Total

242
2766
3395
400 1
1501
5367
4130
3287
24689

Notes: " Includes refineries, coke production .
Incl udes district heat generation .

b
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Table 3. Energy efficiency scenario (EEE) for the year 2000.
Energy use pe r sector (PJ ) in 2000
Domestic
sector and
Power
Conversion
plantsh
sector•
services
Albania
Bulgaria
CSFR
Former GDR
Hungary
Poland
Roma nia
Yugoslavia
Total

9

61
105
106
78
156
136
117
768

33
362
905
1068
316
1474
925
670
5753

Transport

Industrial
energy
consumption

19
129
248
360
150
480
218
274
1878

27
235
302
890
279
1042
923
491
41 89

92
227
550
551
358
372

805
370
3325

on-energy
use of fuels

11
4
51
69
123
l

24 1
127
627

Total

191
1018
2161
3044
1304
3525
3248
2049
16540

Notes: " Includes refine ries, coke production .
Includes district heat gene ra tion .

b

restricted to A lbania, Bulgaria, CSFR , the eastern
part of Germany (t he form er G e rma n Democratic
Republic - GDR), Hunga ry, Po land , Ro mania and
Yugoslav ia.
To derive sectoral fuel consumpt ion data fo r this
scenario the follo wing principles have been applied
fo r final e ne rgy dema nd :

e
e

e
e

A GDP growth rate equal to the increase in
primary energy consumption proj ected in the
OEP (on average 1.4% pe r year be tween 1985
a nd 2000).
Energy intensity of industri al production will
gradually approach the 1985 level of the average Western European mark et econo mies.
Since this process req uires substa ntia l efficie ncy improve ments fro m 4.50 to 1.35 P J/millio n
deutschmarks GDP, which can o nly be acco mplished through m ajor structural cha nges of the
industry, it is assumed in this scenario th at by
th e yea r 2000 o nly half of the necessary
changes in infrastructure will be implemented.
Conseque ntly, the e ne rgy inte nsity will be between the individual 1985 and the envisaged
leve l. This decline will be achieved partly by
efficiency improvements of new production
and combustion plants, and partly by restructuring the national eco no mies towards less
e ne rgy inte nsive products with hi ghe r competitiveness o n the world market.
Domestic energy consumptio n, on a per capita
basis, will reach th e 1985 level of Weste rn
E urope.
Fue l demand fo r transport, pe r unit of GDP ,
will also adapt to the ave rage value of Western
ma rket economies.

For e nergy supply the fo llowing assumptio ns have
been made:
ENERGY POLICY December 1992

e
e
e

The efficiency of thermal electricity gene ration
will increase to 40%.
If the assumptio ns above allow a decline of
e nergy input , fue ls with the highest C0 2 emissions will be the first to be phased o ut.
In case of increasing e nergy demand , mainly in
the transpo rtation sector, additiona l consumption is supplied by fossil fu els with the lowest
C02 emissions.

As shown in Table 3 the assumptions described
result in a drasti call y changed pattern of e nergy
demand. The largest cut in ene rgy consumption
occurs in the industri al sector of the eight Eastern
European countries excluding the former USSR, in
which fuel dema nd drops by 32% compared to 1985
instead of the 33% increase projected by the official
e nergy pathway. Total prima ry e nergy consumption
is 25% below the 1985 level. Increasing GDP causes
a 14% rise in e ne rgy use for transport purposes,
whereas domestic ene rgy consumptio n is 31% lower
than in 1985.
The priority o n phasing o ut fuels with highest C0 2
e missions first results in a 68% cut in brown coal
consumption ; the total demand fo r solid fuels drops
by 54% and use of liquid fue ls decreases by approximately 30%. A detailed descriptio n of the e nergy
efficie ncy scenario fo r Eastern Europe can be found
in Amann and S0re nsen .9

50 2 and C02 emissions
Since ene rgy combust io n is a majo r source for a
number of anthropogenic e missions to the atmosphere, modificatio ns in e nergy consumptio n will
have an impact o n nat io nal e mission levels. The
availability of vario us e missions control techno logies
does no t allow derivation of natio nal emission data
directly from fue l consumption data , since actual
1189
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Table 4. Sulphur emissions (in kt S0
two ener gy scenarios.

2)

for Eastern European countries for 1985 and the

S0 2 emissions (kt)
O EP scenario 2000
Maximum
Unabated
aba tement
1985
Alban ia
B u lga ria
CSFR
Former GDR
H u ngary
Poland
R omania
Yugoslavia
Total
C hange

121
1070
3150
5360
1404
4300
1800
1500
18705

167
1555
25 13
5048
1529
4165
3261
2393
20631
+10%

emissio n levels a re also strongly determined by the
extent of application of such technological abatement options. Table 4 displays the two extre me
levels of S02 e missions for each scena rio:

e
e

The no cont ro l case , in which no e m1ss1o n
reduction measures are applied to fuel combustion , indicates the uppe r range of e missions.
The max imum feasible reduction case explores
the level of rema ining emissions afte r applicatio n of all curre ntl y ava ilable e mission cont rol
technologies.

The phase out of fuels with highest specific C0 2
emissions also decreases S02 emissio ns. If no additiona l aba te me nt e ffo rts were ta ken, S0 2 e missio ns
of the e nergy efficiency sce nario would be 25%
below the level of the O E P. The maximum achievable reductions, which a re impo rtant to a nswer
questions on the feas ibility of achieving critical
loads, would be 93% instead of 78%. In the same
way, ene rgy efficie ncy improve me nt would have a
positive impact on C 0 2 e missions: instead of a 17%
increase in the O E P scenario , Easte rn Europe C02
emissions decline by 23% compared with 1985 (see
Table 5).

41
236
708
11 58
580
749
313
32 1
4106
-78%

EEE scena rio 2000
Maximum
Una bated
abatement

78
152
1743
3892
101 8
3427
2544
1093
139.t7
- 25%

38
II

114
43 1
128
425
232
124
1503
- 93%

sumption into national cost curves of emission reductio n to display the overall nationa l costs to
achieve certa in levels of e mission reductions. If cost
effective ness is ta ken as a crite ri on, curves representing increasing marginal and total costs for increasing levels of e mission reductions can be easil y
de rived . As indicated above , the shapes of such cost
curves are rather sensitive to modificatio ns in ene rgy
consumption structures. Conseque ntly , major differe nces have to be expected be tween the cost curves
for the official energy pathway (OEP) and the energy
effi ciency case (EEE) .
T o illustrate the sensitivity of such cost curves an
example fo r the CSFR is displayed in Figure 1. Fo r
each sce nario the figure shows the level o f unabated
emissions (the lower e nd of the cost curves with zero
aba te me nt costs) and indicates the increase of e mission control costs fo r decreasing re ma ining e missions. Abate ment costs are displayed as tota l annua l
cost (million deutschmarks per yea r) required to
achieve the desired level of rema ining emissions.
The reductio n in ene rgy consumption results in a
conside rable lower level of the Czechoslovakian S0 2
emissions even in the absence of any emission control measures. Instead of 2513 kt of S0 2 onl y 1743 kt

The costs of emission reductions
The RAINS mode l contains a submodule to estimate
national e mission control costs fo r any ene rgy consumption scena ri o . 10 This evaluatio n takes into
account the most re levant e mission contro l technologies fo r reducing S02 a nd NOx emissions ie use of
low sulphu r ,fuels, combustion modification , flue gas
desul phurization a nd denitrificatio n etc , and de te rmines the cost of applicatio n under country specific
conditio ns. Ene rgy conservatio n a nd fuel substitutio n a re exclude d from the economic analysis.
T hese techno logy a nd country specific cost estima tes can be combined with data o n e ne rgy con1190

Ta ble 5. C0 2 emissions (in Mt C0 2 ) for the Eastern European
countries , excluding the USSR , for 1985 a nd two energy scenarios.
C02 emissions (Mt)
O EP scena rio
1985
B rown coal
H ard coal
Coke , briquettes
Gasoil , diese l
Heavy fuel oil
Gasoline
Natural gas
Total
C hange

628
336
100
100
133

105
169
1571

709
397
103

128
134
139
226
1836

+ 17%

EEE scena rio

449
267
20
99
88
83
2 11

1217
-23%
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Figure 1. Cost curves of S0 2 reduction in the CSFR.

would be emitted in a no control case. Application
of abatement technologies enables minimum emissions to be feasible at a drastically lower level. The
large amount of lignite combustion in the OEP case
limits the minimum e mission level to 78% reduction
in comparison to 1980, whereas the phase o ut of this
fuel in the EEE scenario enab les a 96% decline. In
additio n , significantly lower funds are required for
reductions of S02 if ene rgy efficiency is improved.
For example , a 50% reduction fro m the 1980 levels
would be a free side effect of the EEE scenario,
whereas in the OEP case some 800 million deutschmarks per year would be required. In the same way,
in the EEE case a 78% reduction would only cost
some 30% of the amo unt necessary in the OEP
scenario.

C ritica l loads reflect the maximum input of acid
deposition which can be tolerated by sensitive ecosystems without e nvironmental damage. In 1990 the
first estimate of critical loads fo r acid deposition was
established , with international cooperatio n , for the
whole of E urope and has been published in Hettelingh et al. 11 If the achievement of these critical loads
is take n as a target fo r internatio nal environmental
policy, substantial emissio n reductions are required
over large regions of Europe with zero emission
levels in some countries (Amann et al). 12 Thus
critical loads are not considered as short-term policy
targets; interim target loads have been introduced to
establish a goal for the upcoming negotiations on the
next sulphur protocol in Europe.
Presently , target loads for acid deposition have
been specified by 10 European countries (Table 6).
In som e cases these intermediate target loads have
been derived through specification of a certain fraction of the ecosystems to be protected , in other cases
by balancing estimates of environme ntal dama nge
and expected emission abatement costs. In order to
derive targets for sulphur deposition , provisions had
to be made to acco unt for deposition and uptake of
base cations. Target loads used in this paper are
listed in Table 6.

Scenario analysis
The RAINS model has been used to derive the cost

Table 6. National target loads used in this paper.

Country

Targets
(gram
sulphur/m2 /year ) Remarks

Austria

0. 7 1-1.21

De nma rk
Finland
France

0.5-0.75
northern part 0.3
southern part 0.5
0.5 1-2 .27

Netherlands

1.28

0.5
Norrla nd 0.3
remaining part 0.5
Swize rland
0.7 1-0.94

5-perce ntile of the critical
loads. corrected fo r base cation
balance
Corrected for base cation balance

5-percentile of the cri tical
loads , corrected for base catio n
balance
Total acidity 2400 equivalent H +/ha of
which N+ """ = 1600 equivalent H +/ha.
He nce 800 < S < 2400 equivalent H .. /ha

Norway
Sweden

UK
A rea of former USSR
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5-percentile of the critical
loads, corrected for base cation
balance

0.32-1.6
0.68--3.4

Corrected for base cation balance
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Figure 2. Map of (interim) targets loads for sulphur deposition in Europe.
Source: Country submissions to Coordinating Center for Effects. RIVM, Netherlands, 1991.

minimal international allocation of emission reductions to achieve specified target loads for sulphur
deposition. The optimization procedure takes into
account the spatial distribution of the target loads,
the country specific costs of emission reductions and
the atmospheric linkages of long-range transport of
sulphur be tween the emission sources, and the receptor sites for which target loads have been established. Details on the RAINS optimization module
can be found in Shaw et al. 13
The costs a nd emission reductions required to
achieve the target loads in the year 2000 are presented in Tables 7-9 for both energy scenarios: for
the official energy pathway (OEP) and for the
efficiency improvement scenario for Eastern Europe
(EEE). Resulting reduction levels are compared
with the e mission projections for the year 2000 as
1192

they are envisaged by the individual governments
based on the national legislation (the current reduction plans). 14
Both scenarios, as shown in Tables 7 and 8, imply
an overall emissions reduction of approximately
72% over the 1980 e missio ns, which is more than
twice as high as the current commitments. The
highest reductions are necessary in north-weste rn
Europe where the specified target loads are close to
the minimum deposition level achievable through
application of a ll available emission control technologies eg in Belgium , Denmark , Finland , Germany, Netherlands, Sweden and the UK. The tight
target loads in this region require high reductions
almost irrespective of involved costs of abate ment.
Consequently, between the two scenarios no major
differences occur fo r these countries.
ENERGY POLICY December 1992
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Table 7. Comparison of S02 emissions and abatement costs.
Emissions
scenario
OEP EEE
(kt S02 )
Countries close to tight target
loads (Belgium. Denmark ,
France , West Germany,
Ire land. Luxemburg,
1440
Netherlands , UK)
Eastern countries close to areas
with target loads (CS FR, former
GDR, Hungary, Poland
3201
Countries with moderate target
loads (Aumia. Switzerland,
Finland , Norway. Sweden)
415
Countries far from areas with
target loads (Albania, Bulgaria ,
Greece , Italy, Portugal ,
Roma nia, Spain , Turkey.
Yugoslavia)
7396
2746
Former USSR
Total
15198

Large differences. however, ca n be observed for
Eastern E uropean cou ntries whose e missions have
substantial impact on acid depositio n in areas with
target loads (CSFR, East Germany, Hunga ry, Poland a nd the former USSR). An o ptimization based

Control costs
Scenario
Difference OEP EEE
(million
OM/yr )

Difference

1477 + 3 %

1801 5

17593

- 2%

1405

-56 %

13417

8515

-37 %

725

+75 %

2424

1085

-55 %

12665 4569
14286 2399
60807 34161

-64 %
-83 %
- 44 %

9723 +3 1 %
1732 -37 %
15062 - l %

o n the EEE scenario determines significantly lower
re maining emissions than in th e OEP case in which
no e nergy efficie ncy improvements are assumed.
Although th e req uired perce ntage reduction levels
are hig her in th e case of the EEE scenario, (CSFR

Table 8. Emission and percentage reductions for year 2000 (C RP = current reduction
plans; negative numbers indicate an increase of emissions).
Reduction compared to 1980

Emissions (kt S02 )

(%)

OEP
Alban ia
Austria
Belgium
Bulgaria
CSFR
Denmark
Finland
France
Germany, West
Germany. East
Greece
Hungary
Irela nd
Italy
Luxemburg
Netherlands
Norway
Poland
Portugal
Romania
Spain
Sweden
Switzerla nd
Turkey
UK
Forme r USSR
Yugoslavia
Total
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I

l

3
2
15

70
78
69
348
7 10
21
98
341
379
158
857
581
58
565
6
44
42
752
232
3 14
404
124
73
260
522
746
346
198

EEE
78
223
95
152
147
21
220
340
379
494
920
170
58
566
7
44
61
594
363
1 120
2 177
164
57
3 254
533
1 732
I 093
15 062

CRP

2

I
I
I
2

167
78
427
520
169
178
115
334
860
500
919
094
234
255

LO
2
3
2

3
2
8
2
37

106
68
900
304
261
889
104
60
254
446
220
393
864

OEP

EEE

CRP

31
80
92
66
77
95
83
90
88
75
- 114
64
74
85
75
91
70
82
13
83
57
76
42
-'279
89
79
73
73

23
43
89
85
95
95
62
90
88
88
- 130
90
74
85
71
91
57
86
-36
38
33
68
55
-278
89
86
16

-65
80
48
50
30
60
80
60
73
65
-130
33
-5
41
58
77
52
29
-14
-81
II
80
52
-278
50
36
-84
29

72

1193

Economic restmcturing in Eastern Europe and acid rain abate111en1 stra1egies
Table 9. S02 abatement costs in the year 200-0.

Albania
Austria
Be lgium
Bulgaria
CSFR
De nmark
Finland
France
Ge rma ny, West
Germany, East
G reece
Hungary
Ire land
Ita ly
Luxemburg
Netherlands
Norway
Poland
Portugal
Roma nia
Spain
Sweden
Switzerland
Turkey
UK
Forme r USSR
Yugoslavia
Total

Abatement costs (million
DM/year)
OEP
EEE
CRP

(%)

OEP

EEE

CRP

90
651
1 554
1 293
2 541
743
934
2 105
6 725
4 515
50
892
282
2 979
29
892
166
5 469
134
3 481
988
660
13
0
5 685
14 286
3 650
60 807

0.64
0.26
0 .44
1.07
I. I0
0.28
0.37
0.09
0.25
1.34
0.03
0.64
0.34
0.16
0.19
0.16
0.07
1.22
0. 12
1.70
0. 13
0.16
0.00
0.00
0.30
0.50
1.98
0 .35

0.00
0.08
0.34
0.00
0.74
0.29
0.12
0.09
0.26
0.84
0.00
0.34
0.34
0.16
0.11
0. 16
0.04
0.78
0.00
0.56
0.06
0. 11
0.02
0.00
0.30
0.08
0.00
0 . 19

0.00
0.26
0.04
0.86
0.12
0.03
0.o7
0.00
0. 14
0.22
0.00
0.14
0.22
0.00
0.03
0.09
0.03
0.31
0. 10
0.00
0.03
0.10
0.01
0.00
0.08
0.17
0.00
0 .09

0
210
1 216
0
I 711
747
297
2 111
6 749
2 815
0
475
282
2 987
16
893
92
:i 51 4
0
I 158
424
429
57
0
5 579
2 399
0
34 161

95% instead of 77%, East Germany 88% instead of
75%, Hungary 90% instead of 64%, Poland 86%
instead of 82% etc) absolute sulphur removal ,
through control technologies, is substantially lower
due to the low baseline e missions caused by less
energy consumption. Compare the emission leve ls in
Table 8 with the unabated levels in Table 4: in CSFR
1326 kt S0 2 arc re moved instead of 1803 kt , in East
German y 3400 kt instead of 4040 kt , in Poland 2830
kt instead o f 3140 kt etc. Consequently, removal
costs are lower in CSFR , East G ermany and Poland
by some 25% and in Hungary by 46% .
Larger differences occur for countries which do
not have close atmospheric connection to areas
protected by target loads ie Po rtugal , Spain , Romania, Yugoslavia etc. This is caused by the high
amount of brown coal combustion in the OEP case
in Eastern Europe (CSFR, Hungary, Poland) which
limits the maximum sulphur removal at so urces close
to the areas with targe t loads. In this scenario
desired reductions in sulphur deposition to ach ieve
the target loads cannot there fore be attained e ntirely
through measures at close sources. Instead , these
have to be achieved by controlling distant emitters
eg by red ucing Yugoslavian emissions by 71 % and
Romania ·s emissions by 81 % . Since in the e ne rgy
efficiency (EEE) case lowe r e missio n levels can be
1194

0
658
152
1 046
281
88
181
0
3 627
750
0
198
0

600
4
539
77
1 375
53
0
195
385
44
0
I 453
4 790
0
16 496

Costs as 1>ercentage of GDP

attained in the Eastern key countries (for example in
Poland , CSFR, East Germany and Hungary), the
necessity to control distant sources no longer exists.
Thereby, reduction levels decline fo r Yugoslavia to
8% and to 33% fo r Romania. Not surprisingl y, the
cost saving in these countries is substantial.
Higher emission reductions in Eastern countries in
the EEE scenario do also relax abatement req uireme nts for some Weste rn countries. For example ,
through efficiency improvements in Eastern Europe,
Austrian S02 e missions have only to decline by 32%
instead of 80% in the OEP case. Costs in Austri a
thereby decline by 68%, although no assumptions
for the Austrian energy system ha ve bee n modified;
the energy efficiency improvements apply o nly to
Eastern countries. This effect is significant a lso in
other countries who have specified target loads for
their own territory , fo r example in Finla nd , Norway
and Sweden . In total , these four countries save 55%
of their emission control costs.
Although this cost savi ng effect applies to the
majority of countries, it cannot be generalized . In
contrast to the cases mentioned the e fficien cy improve men ts in Eastern countries requi re a n increase
of reduction efforts in Switzerland, although
Switzerla nd is re latively far from these Eastern
countries. To explain this phenomenon it is necesENERGY POLICY December 1992
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sa ry to recall the re faxa tion of reductio n requirements for distant countries such as Yugoslavia ,
Ro mania a nd also Spain and Po rtugal, which was
made possible through additional contro l in Easte rn
co untries relati vely close to the tight ta rget loads in
Scandinavia , for e xample in Po land a nd East G e rmany . These additional reducti o ns in th e Eastern
co untries do satisfy th e No rdi c requireme nts, but do
not full y compe nsate the increase of sulphur de positio n at th e Swiss target areas caused by higher
emissio ns in Southern Europe. The refore, the de ficit
in Switzerland ca n be covered most e fficie ntly by
hig he r emission re ductions in Switze rla nd itself.

Conclusions
A possible approach of the e ne rgy inte nsiti es o f
fo rme r cent rall y planned econo mies to typical Western Europe values will result in conside rably lo we r
energy consumption in E aste rn Europe. Such a
decline of energy consumptio n will presum ably have
fa vo urable impacts on the co mpetiti ve ness of natio nal economies. Furthermore, a substantial improveme nt in the environme ntal situatio n can be expected.

Impacts for Eastern Europe
The e nergy efficie ncy scenario develo ped assumes a
major restructuring process in Eastern European
countries to structures compa rable with Weste rn
marke t economies . The implied decline of heavy
industry results in a trend of decreasing ene rgy
intensities to the average leve l o bserved in Western
Europe. If a partial restructuring is assumed to be
achieved by the year 2000 , to ta l prima ry e nergy
consumption declines by 25% between 1985 a nd the
year 2000. This cut in energy consumptio n and
related restructuring of e nergy suppl y systems leads
to C0 2 emissions 23% below th e 1985 level; S0 2
emissions would be 25 % lowe r if no techno logica l
abate ment measures were take n.
Such a change in the energy co nsumption structure not only has impacts o n the leve l o f un abated
C0 2 and S0 2 emissions, but also on costs required to
control re maining emissions. Fo r all the countries
analysed natio nal emission control costs to achieve
certa in levels of e mission reducti o ns are ubstantially lo wer if ene rgy efficie ncy improve ments a re
assumed . As an example, to achieve specified target
loads for sulphur depositio n Easte rn Eu rope wo uld
have to spe nd some 20 billio n deutschmarks per yea r
less for a bate me nt of sulphur e missio ns if e ne rgy
efficie ncy were improved .
The full costs and bene fits of structu ra l changes
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are difficult to estimate. Howeve r , the cost savings
derived can be ta ke n as indicators to dete rmine the
cost-e ffective ness of possible measures to improve
e ne rgy efficie ncy. Since th ese numbe rs o nly take
into account the benefits for S0 2 reductio n, it has to
be kept in mind th at e ne rgy efficiency improvements
o fte n have o the r positive impacts which are not
quantified in this a nalysis, fo r example o n the trade
balanc e, empl oy ment , e x pl o itation of no nrenewable resources etc.

Implications f or strategies to achieve target loads
According to the critical/target loads conce pt emissions should be reduced until acceptable regional
levels of depositio n are achieved ie the critical or
targe t loads. Necessary e missio n reductio ns can be
internationally allocated a iming at an internatio nal
cost minimum . Ho wever, such optimizatio n results
are sensitive to modified assumptio ns o n e missio n
control costs. As indicated , changes in e nergy consumption forecasts do have an influe nce on estimated e missio n reductio n costs. Consequently, th e
optimization procedure res ults in differe nt abateme nt schedul es fo r each o f th e e nergy scenarios.
As demonstrated , effi ciency improvements do not
only lead to lowe r abate ment costs within the country in which relevant measures are actually implemented . Through the intern ation al o ptimization
approach such changes might also have positive
impacts on control e ffo rts required from o ther countries. As presented in T able 7 the lower e ne rgy
consumptio n requires a Euro pean to ta l of 44%
below the costs o f the refe re nce case. In Easte rn
Euro pe, in which the cha nges a re assumed , a 37%
cost saving occurs, whe reas in Weste rn co untries
with moderate ta rget loads costs are 55% lo wer.
The achievement of selected ta rge t loads in Western Europe, which a re often rel ate d to accepted
leve ls of environmental damage , cruciall y depends
on the willingness of all Europe an countries to
implement the required reducti o ns. If countries drop
o ut of the o ptimized abateme nt schedule , others
have to co mpe nsate for the lacking reductio ns:

e

e

If co untries do no t pa rti cipate in the cooperative effort , the E urope wide cost minimum
solutio n can o nl y be m ai nta ined by an inte rn ational transfe r of funds to imple ment the necessary measures at the o ptima l places.
If such tra nsfe rs did no t take place a nd some of
the 'optimal' m easures we re no t imple me nted ,
ta rge t loads can o nl y be maintained if o ther
countries com pensate lack ing reductio ns by
additio nal co nt rol at othe r places eg within
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their own territo ry). Total European abate 11:'e nt costs are the refore necessarily hi ghe r
since the cost optimality principle is vio lated.
In e ithe r case ie transferring funds or transfe rring
abate ment measures, the do nor countries will face
additio nal costs over and above those initially allocated for domestic measures.

Implications for possible assistance for Eastern
Europe
Currentl y specified target loads put high demands
for emission reductions not only o n countries in
Weste rn and Northern Europe, who have established target loads for their own territory , but also
on co untries in econo mic transitio n processes who
have not yet announced target loads.
According to th e optimizatio n results based on the
OEP scenario the majority of resources have to be
spent in countries without target loads for the ir o wn
territory. Fu_rthermore, caused by the compara tively
lo w econo mic pe rfo rm ance in Eastern E urope, burdens posed o n these natio nal economies, expressed
as percentage of the GDP required for emissio n
control measures, are in many cases much hiohe r
than in Weste rn Europe (see Table 9). In :an y
Easte rn European economies between 1.0 a nd 2.0%
of th ei r GDP would be required to reduce e mi ssio ns,
whereas th e E uro pean ave rage, incl uding these
Easte rn co untries, is o nly at 0.35% of the GDP.
However , at present a ll these demands are mai nly
caused by the established targe t loads in Western
Europe. In o rde r to e nco urage the implementation
of th e suggested measures in Easte rn countries, and
th ereby guara ntee the cost optimal achievement of
the Weste rn target loads, it might be in the ir ow n
interest if the West assisted Eastern countries to
achieve required reductions. It is impo rta nt to state
th at a ny financial support for Eastern co untries has
to be o n top of the measures specified in the OEP
scenario for measures in the West.
If, however , th e energy efficiency scenario is
take n as a basis, abatement efforts in Easte rn countries are significantl y lowe r. Burde ns to Easte rn
econo mies range in most cases betwee n 0.3 and
0.8% of the GDP (instead of 1.0 to 2.0% in the OEP
case). The improvement of energy e ffi cie ncy in
Easte rn ~urope allows also the West to considera bly
decrease its own aba teme nt efforts even if no assista nce to th~ East is considered . Consequentl y, it
sho uld be 111 the vital self interest of the West to
e nsure the success of the restructuring process.
The considerable cost saving potentia l fo r the
West might motivate Western countries to explore
the possibilities of promoting the success of the
1196

restructuring process. In contrast to the OEP case
assistance has not o nl y to e nsure the prope r instal\a~
tion of emission control devices, but must also
guarantee the time ly accomplishment of the structural changes in the econo my leading to the increase of
ene rgy efficiency.
If such assista nce were to materialize in financial
support for Eastern Europe , Weste rn countries
could utilize at least the diffe re nce in their abatement costs of the OEP a nd EEE scenarios to trigger
the necessa ry processes in the East, and still show a
cost saving compared to the OEP case. If financial
transfe rs in the OEP case are assumed to be necessary , the be nefi ts wo uld be even larger. Further~ore, as indicated , a number of other positive
impacts would be accomplished through this strategy
as free side effects, ie the decl ine of CO., emissio ns
and econo mic improvements.
. Although these conclusions suggest priority be
given to the imple mentati o n of the economic restructuring process it has to be stressed th at in both
scenarios the efficient control of emissio ns of large
c~mbustion plants is an absolute necessity. The only
d1f'.e.rence, however , is th at in the case of ene rgy
efficie ncy fewer large boilers will be operated and
therefo re fewer emissio ns ha ve to be reduced .
Strategies currently focusing o n , for example , the
desulphurization o f the la rgest e mitte rs in Eastern
Europe , would keep their validity as long as the
basic principles of e nergy e fficiency improvements
were followed.
It sho uld also be stressed that the magnitude of
e fficiency improveme nts necessary to approach
Western European levels can not o nl y be achieved
by applicatio n of more advanced combusti on technologies; the larger part , however , wou ld be contributed through structural changes of the economies
towards less energy intensive industrial activities.
It should be me ntio ned th at a ltho ugh a number of
assumptions have been made fo r deriving actual
numbers of the e nergy efficiency scenarios, the main
conclusions derived are rob ust in respect to modifications of these assumptio ns.
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CHP development in Denmark
\

\

Role and results
H.C. Mortensen and B. Overgaard

Energy conservation and restructuring towards
more energy-efficient technology have been
keywords in Danish energy policy in the 1970s
and 1980s. This has been reflected especially in
domestic heating, where gross energy consumption p er square metre has dropped approximately 45 % from the early 1970s onwards. This drop
is directly related to the massive expansion of
combined generarion of heat and power (CHP)
effected in the same period. Consequently, some
30% of Danish heat requirements are now met
by C H P. The intention is to increase this share
by a further 7% over the next decade, resulting in
a 37% share of Denmark's total heat requirements by CH P in the year 2000.
Keywords: Energy conservation ; DiMrict heating ; Combined heat
and power (C HP)

This article is conce rne d with combined heat a nd
powe r (CHP), in particular dealing wi th the resu lts
achieved in De nma rk during the last two d ecades,
a nd focusing only on CHP production utili zed in a
distri ct hea ting ne twork (CHP/D H ).
H owever, what is the true sense of 'di strict hea ting"? ' District heat' ca n be d efi ned as 'the heat
supply to seve ral bui ldin gs o r city distric ts by hea ting
plants', and as ' heat in the low tempe ra ture range
( up to 200°C/392°F ) whic h is transpo rted from a
central hea t supplier over lo nger distances to the
co nsumer (dwellings, trade. industry)'. In other
words - the DH system is a transport syste m .
The hea t suppli e r ca n be a heat plant (supplie r of
heat exclusive ly) or a hea t/powe r pla nt. Hea t can
co me fro m va rious sources (decoupled waste heat,
heat p roduced by boilers, heat as a com b ine d proH. C. Mortensen is General Manage r, and B. Overgaard is
Head of In form atio n, Metropolitan Copenhagen Heating
Transmissio9 Company, 4 Krumtappen , PO Box 309.
DK-2500 Valby, Denmark.

duct of industrial processes, geot hermy). T he transportation medium is a double pipe line syst e m.

DH -ADVANTAGES AND
OBSTACLES
The use of DH has m any advantages - especially in
th e li ght of the present-day problems of e ne rgy
shortages and the environment. An essentia l c haracteristic - a nd one whic h is a lso relevant fo r future
e ne rgy supply - is its abi li ty to make a swift chan ge
to othe r a lternative, cheape r sources of e ne rgy. Add
to this that DH is a very re liable source of supply ,
that it enables several diffe re nt supply systems to be
utilized a t the same tim e a nd - last but not least - it
makes increased e ne rgy efficiency possible, leading
to a decrease in a ir pollutio n . This is especially true
if productio n is based o n CHP.
So there is no 'shortage· of good argume nts. Even
so, there is conside rab le variatio n from o ne nation to
th e other as regards district heatin g 's ma rket
pene tration. Look in g a t Figure 1, district he a ting's
share of the total heating market can be seen to vary
from b eing virt ua lly insignificant (t he UK a nd Norway) to over 40% ( Denma rk). It is, also, immediately clear that the No rd ic coun t ri es - Sweden, Finland
a nd Denm ark - play an extremely impo rtan t role in
the field of DH ( Figure 1) .
These differences in district heating's penetratio n
cannot be explained simply by referring to climatic
co nditi o ns. No rway sha res sim ilar climatic conditio ns wi th the other No rdic co un tries, and yet d istrict
he ating's sh are of the m a rke t is insignificant as part
of the country's total consum ption. When assessing
pe netratio n one therefore has to take both marketrela ted a nd a lso more subjective and marginal facto rs into consideratio n .
These factors include:

e

The accessibilit y of indigenous resources (gas,
coal, hydropowe r , etc).
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