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Electricity and the environment 

Environmental problems in power generation 

The use of natural resources like ground and water, the emissions of noxious gases and 
particles, the thermal rejections, the production of waste and the noise are the main 
environmental impacts associated with the production of electricity. 

The use of natural resources is highly dependent on the equipment type, with coal fired 
power plants requiring substantially more place and water than gas fired combined cycle 
units. The importance of its consequences on the environment is thus largely local and is 
always handled on a local basis by the power generation companies (through the 
licensing process;. It intervenes in a rather substantial way in the plants localization 
decision process but, because of its complexity, cannot be dealt with easily in a genera! 
approach in comparison with the other environmental impacts. The financial 
consequences that this particular impact may have on the power generation companies are 
fully diluted in the investment costs and it is not possible to isolate its pure effect 

The emissions of noxious gases and particles are a general topic which groups under the 
same category the emissions of sulphur dioxides, nitrogen oxides, panicles, metals and 
greenhouse gases. 

The emissions of sulphur dioxides depend on the sulphur content of the fuel, on the 
equipment type and on the desulphurization devices which equip the power generation 
plants. Sulphur dioxides can be decreased by highly variable amounts, depending on the 
intensity of the measures which are taken at the different phases of the electricity 
production. Before combustion, these could be decreased simply by the use of a lower 
sulphur content fuel or by a physical washing which is able to do away with the sulphur 
which is not linked chemically to the fuel, in the particular case of coal fired power 
plants. During combustion, limestone can be used to reduce the emissions of sulphur 
dioxides, either in conventional multi-stage burners or in fluidized beds. After 
combustion, one recurs to the desulphurization of combustion gases which can reach 
efficiencies of up to 90-95%. 

The emissions of nitrogen oxides depend on the fuel and on the equipment type. 
Reductions of these emissions can be obtained through the modification of combustion 
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conditions and be further improved by the installation of specific denitrification devices 
like selective catalytic reduction, which can reach efficiencies of up to 80%. 

The emissions of particles come to a large extent from coal fired units while the emissions 
of metals depend highly on the nature of the fuels. Electrostatic precipitators or filters can 
be used to reduce diem. Desulphurization devices may also help in the latter case. 

The emissions of greenhouse gases are at the present the environmental impac; which 
retains most of the attention of the public authorities. They imbed high prevention costs 
and die main measures which could be envisaged at this time are in terms of fuel 
switching (from coal to natuul gas, for example means a reduction of about half of the 
C02 emissions), higher recourse to nuclear energy, development of renewables and 
energy conservation. The problems that they generate are of a more global nature that the 
ones linked to acidification. 

Thermal rejections affect the water which is used 10 cool the generation plants and have 
an impact on the whole ecological system of the river. One can recui to cooling towers to 
decrease their impact on the river ecological system but this results in a loss of svater for 
die hydrological system and a darkening of the atmosphere around the generation plants. 
These can only be dealt with at the cost of some efficiency decrease. 

Waste production is particularly important for coal fired power plants. The problem is 
«rill worsen by the appearance of waste coming from the desulphurization devices, which 
Cannot always find a commercial outlet. Tl is still more crucial for nuclear power plants 
where no solution exists at this time for the elimination of nuclear waste, except their 
temporary storage in deposits or their storage in containers one gets rid of in see. 

Noise is generally dealt with on a local level through the selection of the site and the use 
of specific means like green barriers around the generation plants. 

Among this set of environmental problems linked to electricity production, it is certainly 
those related to the emissions of noxious gases and particles which have retained so far 
most of the attention at the global level and whicli have been the object of several 
legislative moves, either at the national or Community level. Except for the nuclear waste, 
the use of natural resources, the diennal rejections, the waste and die noise are not the 
object at this stage of a deep legislative framework and are often dealt with on a case by 
case basis, with the investment costs reflecting in a very complex (and not clear at all) 
way the constraints imposed on the power generation sector by these different nuisances. 
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Policy instruments 

Emission regulations and standards, pollution taxation, subsidies to low pollution 
activities and creation of markets in "rights to pollute" are the main policy instruments 
which can be used in the general device of an abatement strategy. 

Emission regulations and standards 

Emission regulations and standards have been selected so far by the European 
Community and the different Member States to deal with the abatement problem. They 
simply consist in defining some ceilings or regulations for tlie different types of noxious 
gases and particles which are emitted by power plants and forcing the power generation 
companies to comply with these norms within some pre-detennined time period. They 
can also take the form of a general constraint on the sulphur content of the fuel, for 
example. 

One can take the need for similar efforts from each country into account within such a 
policy instrument by adapting the emission levels to the countries' characteristics but this 
tool is not elaborated enough to induce environmentally begnin behaviour in a market 
oriented way. It lets no other choice to the power generation sector than to adapt to the 
norms or close the generation plants. Little account is also taken of the interactions 
between the different environmental aspects, like the fact that the air pollution corarol may 
lead to the production of a solid waste with potential to damage land and water. The same 
can be said of the costs entailed by tlie polluters. This policy instrument is indeed unable 
to promote the much more efficient behaviour which consists in investing in 
desulphurization units in other highly polluting countries rather than increasing 
marginally the efficiency of an already well developed device. 
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Economic instruments 

In contrast with emission regulations and standards, pollution taxation, subsidies to low 
pollution activities and creation of markets in "rights to pollute" recur to market 
mechanisms to induce environmentally friendly behaviours in the power generation 
sector. That is. they harness the power of the market to modify consumption and 
production patterns so that these are more environmentally begnin, by ensuring that 
prices of goods and services reflect the value of environmental resources used in their 
production. They act via an economic signal in the market and leave polluters free to 
respond in the way they choose. These economic instruments have been recently the 
object of increased attention from public authorities all around Europe. 

One can trace the origin of this increased attention for economic instruments in the 
perceived failure of traditional regulatory instruments to continue achieving environmental 
improvements without unreasonable costs. A further factor in favour of their use is the 
changing scale of environmental problems. With the large number of actors involved in 
the global warming issue and the wide variety of economic wealth around the world, 
significant transfers of resources are likely to be required, which can certainly not be 
achieved by traditional regulations. 

Pollution taxation 

In a market mechanism based on pollution taxes or charges, polluters are supposed to pay 
according to the degree of pollution they cause. The objective is to associate to electricity 
production a cost which is the true cost to society, including the one related to the 
environmental damage. The level of taxation should be accordingly based on an 
assessment of the costs to society of pollution, which is often difficult to determine. 

Different types of taxes or charges can be devised to implement such an economic 
instrument. These can bear on the effluents or emissions released into the environment 
(tonnes of sulphur dioxide per year, for example), on the use of disposal facilities or on 
the fuels used in the electricity generation process in connection with their damage to the 
environment. Tax differentials are a simpler form of charging products already subject to 
taxation; the level of tax is in that case varied according to the polluting potential. 



5 

Subsidies to low pollution activities 

In a market mechanism based on subsidies to low pollution activities, a financial 
assistance is granted to encourage a switch to less polluting behaviour, This financisl 
grant acts as an incentive to polluters 10 alter their behaviour in an environmentally 
beneficial way, or to overcome temporary financial barriers to environmental 
improvement. 

The subsidy may take the form of a non-repayable grant to investment (in denitrification 
devices, for example), of a soft loan at favourable interest rates or consist in some 
assistance with research, development and demonstration of new technologies (like 
advanced fluidized bed combustion technologies). Tax allowances may also be used for 
that purpose. 

Creation of market in rights to pollute 

A less conventional economic instrument which may be used to design an abatement 
strategy is the creation of a market in rights to pollute. In this case, polluters are given 
pollution rights, which are based on their current level of emissions or on a level judged 
to be environmentally acceptable. They may be required to pay for them or may be given 
these on a free basis by the regulatory authority. Once the inititial allocation of pollution 
rights has been made, polluters are free to trade these rights between them. 

potential benefits of economic instruments 

Economic instruments are better adapted to cope with die variety of abatement costs 
which characterizes the polluters. In contrast with emission standards, these instruments 
indeed allow the ones with low abatement costs to benefit from larger reductions of 
pollution and let polluters with high control costs pay rather than spend money in a not 
very efficient way on abatement measures. They should thus lead to greater reductions in 
pollution for the same cost, or to the same reduction for a lower cost. In economic terms, 
they should be more cost-effective than emission standards. 
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They have the advantage of providing a continuous incentive for firms to reduce pollution 
further, which is not the case with standards. This, of course, is highly beneficial for the 
abatement technologies market. Economic instruments are also much more flexible. 
Polluters may decide when, to what extent and how to reduce their pollution level by 
comparing the marginal costs of pollution control with the costs of market mechanisms. 
This may be particularly interesting when new improved technologies are announced on 
the market, shortly after the regulatory deadline. 

Finally, because of the revenues ihey generate, economic measures favour transfer of 
resources, which may be highly welcomed for pollution problems becoming more and 
more global, 



Present policies and regulations 

European Community 

General policy 

The main guidelines of the general environmental policy applied in the energy field so far 
are stated in the document "Energy and the environment" released by the Commission in 
December 1989. 

The Communication on energy and the environment 

Initially, DG XVII intended to use this document as a path of future ministerial 
discussions and a framework for EC future legislation, but DG XI strongly fought 
against the initiative and finally succeeded in limiting the report to a weak proposition for 
policy measures. While the earliest versions of the Communication contained a full 
reference to safe nuclear energy and to substitudon of high polluting fuels by natural gas 
as measures necessary to promote, the final version that was released in December 1989 
is much more cloudy from that point of view. 

The document proposes five initiatives which could have an impact on the electricity 
sector. 

• the Ecu 700m Thermie programme for promotion of energy technology, which is 
already near Council approval, 

• a special action programme for vigourous energy efficiency (SAVE), which will 
mainly concentrate on legal measures at Community level such as least cost 
planning, efficiency standards for technology and appliances, and elimination of 
legal and economic barriers to increase sales of power and heat to energy 
distributors and to end users. 



• the setring up of a committee of national experts, with the mandate of assisting the 
Commission in analysing taxation regimes which satisfy at the same time energy, 
environmental and fiscal requirements, 

• the drawing up of "codes of conduct" with the energy industries which should, in 
addition to existing Community legislation, establish on a voluntary basis how 
energy industries should react on environmental issues, and 

• the strengthening of R&D in fossil and renewable energies. 

The document also contains a set of guidelines for the Member States and their energy 
industries. These include making use of the best available technologies not entailing 
excessive costs, the use of broad environmental impact and risk assessments, the use of 
economic analyses of projects which reflect the full environmental costs, the setting of 
flexible but stable legislative framework conditions to give industry a secure basis for 
compliance and ensure a smooth realisation of energy investments. 

In this Communication, energy efficiency is considered to be the cornerstone of 
integration of the environmental dimension into energy policy. 

On the use of economic instruments to deal with environmental problems, the 
Commission believes that in the longer tenn the introduction of taxes, like the publicly-
discussed CO2 levy, and the modulation of existing taxes, for example on energy 
efficiency investments, cannot be excluded. 

Recent developments 

It is certainly the use of economic instruments to deal with environmental problems which 
has retained the attention of the European authorities ever since. This has resulted recently 
in the acknowledgement of the value of economic and fiscal instruments by the 
Environment Council of 21 April 1990, in a declaration on the subject at the June 1990 
Dublin summit and in the release of a draft report ordered by the Environment Council of 
28 November 1989 from a committee of Member States experts which comes out 
Strongly in favour of economic and fiscal instruments to deal with environmental 
problems. 
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According to the Dublin summit statements, standards designed to ensure a high level of 
environmental protection will remain the cornerstone of Community environmental 
policy. But the traditional command and control approach should now be supplemented, 
where appropriate, by economic and fiscal measures if environmental considerations are 
10 be fully integrated into other policy areas, if pollution is to be prevented at source, and 
if the polluter is to pay. 

The report written by the Member States experts summarizes the need for tax instruments 
as follows. A harmonized application of economic instruments is needed to avoid barriers 
to trade within die Internal Market resulting from artificial differences in cost structures. 
Moreover, in the absence of a common approach, each Member State may wait for others 
to act, in order to avoid a competitive disadvantage, Thus, the introduction of further 
development of economic instruments at national level may be constrained by the Jack of 
EC initiatives in this field. Thirdly, introduction of economic instruments in the EC 
provides a continuous incentive for research and development of clean technology. A 
growing domestic demand will give the EC's eco-business and clean technology an 
advanced position in a rapidly expanding world market. 

On the taxation aspect, the report makes it clear that revenue raised from such taxes 
should be used for environmental purposes. Taxes must also have rates which are high 
enough to produce the desired change in behaviour. Their ex ante assessment should take 
practical matters, such as administrative costs, into account as they are of paramount 
importance for the effectiveness and efficiency of the instrument. Finally, emissions 
trading, as a method of controlling pollution, should necessarily be embedded in the 
regulatory structure. 

In terms of the greenhouse effect, the group's report gives a clear mandate for the use of 
economic instruments. It says, "The further improvement of energy efficiency and the 
increase of energy conservation should be the cornerstone of any energy policy to tackle 
the greenhouse problem. Therefore, new taxation regimes for energy products or the 
introduction of a specific C02 tax have to be developed which can, together with other 
policy measures, guarantee a sufficient slowdown of future energy demand." The direct 
charging of emissions is, according to the report, the most desirable mechanism for large 
industrial plants (like power generation plants) for reasons of effectiveness and 
efficiency. However, the group warns that new taxation or emissions trading proposa's 
will have to take account of the fact diat fully effective solutions call for actions at a global 
scale. 
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The report suggests the EC should not wait for full global agreement on measures to 
combat global warming and that it should take action now. Although global action should 
be the ultimate goal, such agreement is unlikely to be forthcoming in the short term 
(especially if the developing countries are to be included), it says. An agreement among 
like-minded countries and the Community could enter into force well in advance of the 
Global Climate Convention, which is expected to be initiated at the second World Climate 
Conference in October/November 1990. It could further serve, the group suggests, as a 
model for a relevant protocol to that Convention. 

The report adds that although air pollution by S02 and NOx will be helped by energy 
saving measures against global warming, these emissions have to be tackled more 
quickly than C02 emissions. The impact of current regulatory policies should be 
reinforced by economic instruments, like emission charges, fuel charges or tradeable 
permits, the report concludes. 

The use of fiscal and economic instruments is not, however, welcomed by all European 
Institutions. At the Conference held in May 1990 by the Commission, European 
Parliament's CERT (Committee on Energy, Research and Technology) vice-president 
said that fiscal measures were not die way forward 

On the other fronts, Energy Commissioner Cardoso e Cunha proposed in July 1990 that 
the 1975 Directive restricting the use of gas in power stations (75/404/EC) be repealed. 
This latter does not indeed contribute to the Community's efforts to combat the emission 
of pollutants and the greenhou?; effect. This proposal should not however have a 
significant impact on die usual behaviour of the power generation sector, since countries 
can, and in fact did in past, refer to environmental concerns for justifying new combined 
cycle units fired with natural gas. 

SO2 and N O x 

The root of the EC policy in terras of sulphur dioxide and nitrogen oxides emissions is 
the Directive on the limitation of pollutants emitted by large combustion plants, which 
was approved by the Council of Ministers in November 1988 (COM 88/609). 
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The Directive on the limitation of pollutants emitted by large combustion plants 

This Directive applies to combustion plants designed for production of energy whose 
thermal input is larger than 50 MWth, at the exception of gas turbines. Its first aim is to 
impose on the Member States to draw up, by 1 July 1990, appropriate programs for the 
progressive reduction of annual emissions from existing plants. The Council defines in 
its Directive the minimal ceilings that the Member States have to comply with in terras of 
S02 and NOx emissions. These are summarized in Table 1 for the formers and in Table 2 
for the larters. These ceilings represent a progressive reduction of emissions with respect 
to the levels observed in 1980, with 1993, 1998, 2003 as turning points for S02 and 
1993,1998 for NO*. Due account has been taken in the ceilings imposed by the Directive 
of the specific situations of the Member States and of the need for comparable effort for 
all of them. 

isaLE_o_ CEILINGS AND REDUCTION TARGETS FOR EMISSIONS OF 
SOS FROM EXISTING PLANTS 

Belgium 
Denmark 
Germany 
Greece 
Spain 
France 
Ireland 
Italy 

Luxemburg 
The Methcriands 

Portugal 
United Kingdom 

S02 emissions 
by large comb. 

Emission ceiling 
flftonnes/vcar) 

% reduction over 1980 
emissions 

plants 1980 Phasel Phase 2 Phase 3 Pha<el Phase 2 Phase 3 
laonnes 1993 1998 2003 1993 1998 20» 

530 
323 

2211 
303 

2290 
1910 » 
2450 
3.0 
299 
IIS 

3 883 

318 212 i 59 
213 141 106 

1335 890 658 
320 320 320 

2 290 1730 1440 
I 146 764 573 
124 124 124 

1800 1500 900 
1,8 U 1.S 
180 120 90 
232 270 2t» 

3106 2330 1553 

- 4 0 7 . - 6 0 % - 7 0 % 
- 3 4 % • 5 6 % - 6 7 % 
- 4 0 % -60« , - 7 0 % 
+ 6% *6% + 6 % 
+ 0 % -24 S. - 3 7 % 
- 4 0 % - 6 0 % - 7 0 % 
+ 25 9b + 25% + 25% 
• 27% - 3 9 * . 6 3 % 
- 4 0 % - 5 0 % . 5 0 % 
- 4 0 % -60 % - 7 0 % 

+ 102% + 135 % + 79% 
-20 IE. - 4 0 % - 6 0 % 
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TABLE 2 .CEILINGS AMD REPUPTION TARGETS FOR EMISSIONS Qf 

NOx FROM gXI$TI^g PLANETS 

Belgium 
Denmark 
Germany 

ORWC 
Spain 
Fr nee 
hetar*) 
Italy 

Luxemburg 

Portugal 
United Kingdom 

NOx emissions 
by large comb. 

Emission ceiling 
Ortonne* / vMrt 

% reduction over 
1980 emissions 

plants 1980 ITusel P h w 2 Phase 1 Phi» 2 
loanntt 1993 1998 1993 1998 

no 
124 
870 
3d 
3 « 
400 
a 
sm 
3,0 
122 

88 66 
121 81 
696 522 
70 70 

368 277 
320 240 
30 SO 

570 428 
2.4 1.8 
98 7} 
59 61 

864 711 

• 20% . 4 0 % 
- 3 * -35 % 

- 2 0 % -40% 
+ 94% + 94% 
+ 1 % -14% 

• 2 0 % - 4 0 * 
+ 79% *n<a 
.1% - 2 6 % 

• 2 0 % - 4 0 % 
- 2 0 51 - 4 0 * 

-»• 157% + 178% 
- 1 5 % - 3 0 % 

The second aim of the Directive is to impose to the Member States to take appropriate 
measures 10 ensure that the new plants comply with the emission limit values reported in 
Figure 1, Figure 2 and Table 3 for sulphur dioxide. Table 4 for oxides of nitrogen and 
Table 5 for dust. These limits are specified by fuel and apply equally to all countries, 
except to Spain which got a temporary derogation from the full application of the 
emission limit value of sulphur dioxide because of the particularly high amount of new 
capacities needed to sustain its industrial growth. 

Exceptions in the Directive are foreseen for new plants which do not operate more than 
2 200 hours a year and for new plants which burn indigenous solid fuel for which the 
appropriate desulphurizauon technology would be too expensive. In the former case, the 
limit value lias been fixed at 800 mg / Km 3 while the rates described in Figure 3 should at 
least be achieved in the latter case. 



13 

FIGURF- ^ : EMTfifiTOM T.TMTT VALUES FOR SQ2 FOR MEM PT.ANT"; 

(SOLID FUELS) 

mg S02 / Nml 

2000 ; v 
i N. 

1500 - j N. 
!O0O - \ . 

5 0 0 : 
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0 100 200 300 400 500 600 7(10 M w ' h 

FTflilRF. 7 : EMISSTOM T.TMTT VALtTES FOR SQ2 FOB NEW PT.AWTS 

(LIQUID FUELS) 

tue S02 / Nm3 

2000 

•—i—•—1 1—•—r> 
100 200 300 400 500 600 700 MWth 
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TASLE. 3 EMISSION LTMtT VALUES FOR SQ2 FOR MEW PLANTS 
(GASEOUS FUELS) 

Type of fu«l 

Gaseous fuels in general 

Liquefied gas 

Low calorific gases from jrasificntion of refinery residues, 
cake ov«n gas, blwt-fumaee gas 

Gas from gasification of coal 

Limit values 
(mg/Nm3) 

(1) 

(1) The Council *i]l fix the emission limit values applicable to such gas 
Kt a later stag* on tlic basis of proposals from the Commission to be 
made in the light of further technical experience. 

TABLE 4 R E M I S S I O N LIMIT VALUES FOR NQx FOR NEW PLAKTS 

Type of fuel 

Solid in general 

Solid with less than 10 % volatile compound* 

Liquid 

Limit value» 
(mg/Nl»3) 
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TABLE S : EMISSION LIMIT VM.11EB FOR DTIST FOR NEW PL&NTS 

Typ* of fuel Thermal capacity 
(MW) 

Solid £500 
<500 

Liquid oilplants 

Gaseous aU plants 

Emission limit viliws 
(rag / Nm3) 

50 
100 

so 
S as a rule 
10 for blast furnace gax 
50 for gues produced by the sue I industry 

which can be used elsewhere 

FIGURE 3 •• RATES OF pKSUT,->HI!RTZATTON 



16 

C02 

Roots of the EC policy in terms of C02 emissions are the document "The greenhouse 
effect and the Community" that the Commission sent to the Council of Ministers in 
November 1988 (COM 88/656), the Council Resolution on the greenhouse effect and the 
Community (OJ. 89/C183) of June 1989 and the Communication on the "Community 
policy targets on the greenhouse issue" written by the Comniission in March 1990 (COM 
90/496). 

The Communication 'The greenliouse effea and the Communiry" 

In the first document, the Commission expresses its intention to launch a substantial 
policy-options study programme to evaluate the feasibility, costs and likely results of 
possible measures to limit greenhouse gases emissions. 

The main areas covered by the programme proposed by the Commission are: 

• the identification and technical assessment of measures and technologies capable to 
reduce greenhouse gases emissions, 

• the analysis of economic, industrial, energy, social and institutional implications 
and impacts of these measures and technologies, 

• the structuring and evaluation of policy scenarios referred in particular to possible 
strategic targets for C02 emission ceilings, 

• the design of a decision analysis framework, and 
• the identification and evaluation of adaptative policies to cope with unavoidable 

effects under the different scenarios resulting from the decision analysis exercise. 

The Commission insists in its Communication on the global aspect of die greenhouse 
effect and strongly recommends synergism and collaboration with international 
organizations and third countries. Account should, according to the Commission, be 
taken of the parallel activities in the frame of the Intergovernmental Panel on Climate 
Change of WMO (World Meteorological Organization)/UNEP (United Nation 
Environment programme) and of OECD and IEA. 



17 

The Commission commits itself the task to take urgent action to reinforce and expand 
efforts in the field of energy savings, energy efficiency improvement, development of 
new energy sources and use of safe nuclear technology. It induces the European 
Community to sustain vigorous research programmes on all die relevant aspects of the 
greenhouse issue. 

The Council resolution on the greenhouse effect 

In this document, the Council of Ministers underlines the necessity for the European 
Community and its Member States to play a role in the definition of the global strategy to 
set out to counter the greenhouse effect, irrespective of remaining uncertainties on some 
of its scientific aspects. It fully supports the initiative of the Commission to launch a vast 
study programme on the subject. 

The Council invites the Commission to re-examine policies and targets in connection with 
the greenhouse effect and states that the Community and its Member Stales should, in 
their future policy guidelines, take proper account of the potential climatic changes linked 
to the greenhouse effect. It further invites them to take urgently measures to increase 
conservauon, to improve energy efficiency, to promote non-fossil energy sources and to 
develop and introduce new energy technologies. Security, security of supply, 
environmental impact, health impact and economic considerations are the criteria retained 
by the Council for assessing the previous measures. 

The Communication on "The Community policy targets on the greenliouse issue" 

In this Communication, the Commission stresses the fact that in the important 
international conference on atmospheric pollution and climatic change that took place in 
November 1989 in Noordwijk, the EC Member States were among those industrialized 
countries considering that stabilization of C02 emissions should be achieved by die year 
2000. It parallelly shows some concern about the fact that the hesitations shown by 
important industrialized countries may jeopardize the credibility of ihc international action 
against the greenhouse effect. Given the political importance of the risks associated with 
any delay or weakening of the negotiation process, the Commission further incites the 
European Community to take the lead in international fora and to show the way by 
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declaring its willingness to commii itself, within the framework of an appropriate 
international agreement, to immediate actions. 

To this aim, the Commission reconfirms in its Communication the orientations of the 
Council Resolution and expands some of its statements: 

• The long term objective of an overall greenhouse policy should be to stabilize 
greenhouse gases atmospheric concentrations at levels compatible with acceptable 
climate conditions on earth. It is not yet possible to fix such levels in a scientific 
sound way. However, the strategy of just waiting for a better understanding and a 
full assessment of possible courses of action, is not acceptable, Immediate 
measures should be taken now on obvious priority terms. 

• The Community should first underline the urgent need for a clear 
commitment by industrialized countries to stabilize their CO2 
emissions by the year 2000. Such stabilization should be, in principle, at me 
present emission level. However, industrialized countries which, as yet, have low 
energy requirements, which can reasonably be expected to grow in step with their 
development, might have targets which accommodate that development. 

• Significant C02 emission reductions at the horizon 2010 by-
industrialized countries should be considered. 

• Precise actions by the Commission in the next future will encompass the launcliing 
of immediate, concrete and vigourous actions, within the f?;me of the SAVE 
programme, in the sectors where a significant increase of energy consumption 
could take place in the next future. 

• The overall policy should ensure, by an optimal use of both economic instruments 
and standards, that external costs on the environment are fully taken into account, 
over time. 



West Germany 
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S02 and NO* 

Relevant SO2 and NOx regulations in the Federal Republic of Germany are the Statutory 
Ordinance on Large Scale Firing Installations (GFAVO) of 1983 and the Technical 
Guideline for Air Quality Control ("TA Luft") for smaller installations of 1986. These 
regulations, which are summarized in Table 6 for new plants, are based on plant specific 
emission standards. 

TABLE 6 : EMTSSTON LTMIT VALUES FOR NEW PLANTS TN THE FRC 

fuel power 
MWth 

$02 NOx 

coal 50-100 
100-300 
>300 

2000 
2000 
400 

400 
400 
200 

oil 50-100 
100-300 
>300 

1700 
1700 
400 

300 
300 
150 

natural gas <300 
>300 

35 
35 

200 
100 

The application of these S02 standards is quite in line with the application to the power 
generation sector of the European Directive on the emissions from large combustion 
plants. Much stringent standards are, however, defined for NO x emissions since, for 
example, a maximal emission limit of 200 mg/Nm3 only is put on large coal fired power 
plants in comparison with 650 mg/Nm3 in the European Directive. 

Existing plants have, according to the German legislation, to be either converted, 
retrofitted or shut down within a specified transition period which extends until 1993 for 
short-life plants and which is now over for the other ones as far as sulphur dioxide is 
concerned and will be over in 1991 as far as nitrogen oxide is concerned. 
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The Federal Republic of Germany is a signatory of the UNECE "30% Club" protocol It 
has however introduced more stringent S 0 2 emission limits than ,hose foreseen by this 
protocol. Total stationary source emissions are likely to be reduced by nearly 70% in 
1995 compared with their 1980 level, which means 8 years before the target put by the 
European Community on the Federal Republic. 

Concerning the NOx emissions, the FRG has introduced the most stringent limits in 
Europe. These are expected to result in 1995 in a reduction of more than 50% compared 
with the 1982 level, or drastically more than what is imposed by the European 
Community. These particularly stringent constraints will make it necessary to recur to 
flue gas cleaning in addition to combustion modifications. 

C02 

No standards or economic instruments have been used so far for dealing with the CO2 
problem in the FRG. In may 1990, the environment minister came with a suggestion to 
ci't CO2 emissions by an amount of 25% on a 15 year period going to 2005. 

Various instruments are planned to achieve this reduction level. A CO2 levy coupled with 
a fixed efficiency level is one of them. If this achieved, only a small CO2 levy would be 
payable, but if the level is not achiex-ed then much higher CO2 levies would be payable. 

The CO2 levy is, however, the object of disagreements between the different parties 
participating into the German government. One of them is arguing strongly in favour of a 
climate protection tax, i.e. an energy tax which would hit all forms of energy including 
nuclear. The conservative partners CDU and CSU are vehemently against such an energy 
tax, precisely because it would also hit nuclear power. Instead, they favour some form of 
CO2 tax which, they claim, would provide a necessary stimulus for a fuel switch toward 
C02-free energies. The CO2 tax could take the form of C02 emission certificates which 
could be bought and sold like any other commodity, with industry allowed some freedom 
to choose the measures it wishes to take. 

Whatever the outcome, the Bonn government is anxious that any measure introduced 
should apply Europe-wide. It is also difficult for Bonn to give full support to a C02 tax 
because West German coal would be made even more expensive than it is already. Under 
West Germany's coal support system, more expensive domestic product would mean 
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more compensation to the utilities for using coal instead of cheaper oil or imported coal. 
This compensation is supplied from the Kohlepfennig fund, which is fed by a levy on 
electricity prices. If the levy goes up, it means electricity prices rise, incurring the wrath 
of industry. 

Impact of the unification 

The issues surrounding German unification and the implicit entry of East Germany into 
the European Community are considerably complex and it is difficult at this stage to 
assess the impacts that these should have on the electricity sector. In many cases, West 
German industry is as far ahead in every way — technology, environmental protection, 
efficiency — as East German industry is underdeveloped. The power generation sector is 
not an exception to the rale. 

One of the first visible consequences of this unification process in the power generation 
sector has been the take over by the three major West German electricity utilities - RWE, 
Preussenelektra and Bayernwerk - of 75% of the East German transmission network and 
brown coal power stations and of 60% of the regional distribution companies. 

At the environmental level, the EC Executive Commission which examined in August the 
German reunification issue, stated that, according to a Commission study, East Germany 
should have to reduce its S02 emissions by 30% and its carbon dioxide emissions by 
20% by 1998. The West German utilities association VDEW has estimated that 
investments of between DM 30 bn and DM 35 bn would be necessary to clean-up and 
modernise East German power stations. This would involve the replacement of power 
station capacity as 10,000 MW of East Germany's total capacity of 23,600 MW is 
obsolete and should be replaced within the next four or five years. This capacity is almost 
exclusively brown coal-fired plants which it is no longer worth backfilling with 
desulphurisation orde-NO x plant. 

Very few possibilities of transmission from West to East Germany exist at present, which 
explains that one mainly refers to the construction of new plants or to the retrofitting of 
existing plants in East Germany to tackle the environmental issue. Power transmission 
lines are indeed physically limited by one capacity of 200 MW and another one of 
320 MW, which will be increased to 600 MW by 1992. 
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Denmark 

S02 and N 0 X 

The 1984 Danish Act on the limitation of sulphur dioxide pollution from power plants is 
based on the principle that the Minister for the Environment will on the basis of 
information from the power companies, lay down a limit for the maximum yearly amount 
of sulphur dioxide which may be emitted from Danish power plants. This limit has been 
set by the minister at a reduced amount of 125 kt per year for 1995. This corresponds to a 
reduction of about 50% compared with the 1980 level. 

It is left to the two power companies to decide among themselves the most economic way 
to achieve this goal. In their negotiations, an agreement has been reached on the 
installation of flue gas desulphurization devices on all new power plants and on some old 
ones. 

This policy - often referred to as "bubble policy" - is an alternative to emission standards 
for individual power plants. The principal argument for this policy is that a given 
reduction in the overall emissions may be achieved in a cheaper way than if all power 
plants had to comply with some emission standard, irrespectively of their load factors. 

It is expected that further moves will take place in the area of sulphur dioxide prevention. 
There is indeed an explicit reference to the use of taxes on SCb emissions in the new plan 
that was issued by the environment minister in April 1990. 

The 1984 Danish Act on emission of sulphur dioxide was expanded in October 1989 to 
cover emissions of nitrogen oxides. The object of the legislation was to reduce them by at 
least 50% by the year 2005 in relation to the 1980 level, which will require the use of 
selective catalytic reduction. Following the bill comments, an application for a full-scale 
plant for cleaning flue gas of N O x was submitted in 1989 with low NOx burners to be 
installed at a number of existing units. 
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C02 

The Energy 2000 plan issued by the energy minister in April 1990 (not yet approved by 
the government) mainly focuses on carbon dioxide emissions with the objective to reach 
the Toronto target of 20% reduction by 2005. It calls for action in four areas: energy 
saving in end-use, increased efficiency of the energy supply system, use of cleaner fuels, 
and research and development. 

Energy efficiency is seen as a key policy objective with taxes used as a cornerstone of the 
new policy in this area. No decision has yet been made on how to implement any new 
taxes but three changes which could affect the electricity sector are on the table for 
discussion: the environmental tax on C02 emissions, the changed taxation of electricity 
and district heat from CHP units and environmental taxes on energy consumption in 
industry and commercial sectors. 

A general scheme whereby the power utilities would be obliged to help consumers to 
finance the purchase of energy efficient equipments is also mentioned in the plan. 

Several long-standing government goals have been tucked into the plan under an 
environmental mantle, in particular funher regulations to promote natural gas for power 
and CHP generation. Prior to the release of Energy 2000, the government had reached a 
political compromise over some elements of the plan, including the conversion of 31 
district heating plants to run on gas and to produce both heat and power. This will add 
some 400 MW to total generating capacity and will go some way to meeting the shortfall 
created by government's Tefusal to sanction the utilities' own plans for new coal-fired 
capacities. The plan is also imposing a virtual ban on the building of power generating 
capacity which does not use heat production in some way. 

In terms of cleaner fuels, there is to be yet more emphasis on renewables. The utilities 
will be obliged to develop a further 100 MW of wind turbine capacity over the 100 MW 
under construction. District heating and CHP plants not using natural gas will be obliged 
to run on biomass fuels, particularly straw, and there is to be a co-ordinated development 
programme for biomass fuels and another one for solar heating. 
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The Netherlands 

S02 and N 0 X 

The basic regulation concerning SO2 and NO x emissions is the Air Pollution Act adopted 
in 1972 (Wet inzake de luchtverontreiniging). This sets down the procedure for licensing 
industrial installations in relation to their impact on air pollution. In 1987, the Dutch 
Government set strict environmental emission standards for SO2 and NOx through a 
general administrative order. These standards apply to both new and existing combustion 
plants and depend on the fuel (Table 7). 

TART.E 7 :DUTCH REGULATION ON S02 & NOx EMISSIONS 
(rag/Hm3) 

fuel power 
MWth 

S02 NOx fuel power 
MWth new exist™ new existinR 

coal >300 400 400 800/400 1000 
<300 700 0.8% max S. 800/500 

fuel-oil >300 400 400 450/300 700 
<300 17O0 1700 450/300 700 

gas: 350/200 500 
refinery gas 35 35 
natural gas -blfgas 200 200 
coke gas 800 800 

A target for reduction of total SO2 emissions from industry and power plants by 80% in 
2000 compared with their 1980 levels has been set in the National Environmental Policy 
Plan (NEPP) of May 1989. By 1989, all existing power plants that will still be operating 
after 1995 required to be equipped with FGD. 

A target for reduction has also been set for N O x i n the NEPP. This amounts to a 50% cut 
in 2000 with respect to the 1980 level. The existing plants had to meet the new emission 
limits by 1989 unless they were planned to cease operation within specified periods. A 
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major demonstration programme on combustion modification is also being carried out by 
the state electricity utility (SEP) and the government. This includes retrofitting with low-
NOx burners and staged combustion. 

The electricity producers have also signed a convenant with the Minister of Economic 
Affairs whereby their S02 emissions would decrease from the NEPP foreseen level of 30 
million kg in 2000 down to 18 million kg and their NO x emissions from the foreseen 
level of 40 million kg down to 30 million kg. These improvements will be obtained 
through imports of electricity from France, a large development of rencwables (1000 MW 
in 2000), an increase of desulphurisation efficiency (90-95%) and the use of low sulphur 
coal in the first case and through the insiallation of selective catalytic reduction in some 
power plants in the second case. Energy conservation measures and the promotion of co-
generation should also be integral part of the actions taken with respect to the 
environment. A 19 to 24% conservation over the period 1987-2000 is the official target 
of the national electricity plan. 

The Netherlands is also among the first countries to promote more efficient environmental 
investments in the power generation sector of the eastern countries instead of large and 
little efficient expenses on the national territory. This has resulted recently in an 
agreement between the Dutch and Polish power producers whereby an investment of 
NLGld 60m would be spent in Poland on desulphurization units to be coupled witii two 
coal fired plants. 8 to 9 times of the emission decrease that would have been observed in 
the Netherlands for the same amount should be the global result of the investment. A 
clear move towards the use of economic instruments to tackle the acidification issue has 
thus been made in the Netherlands since the public authorities have ever since granted 
SEP the possibility of compensating this investment by an increase of its emissions with 
respect to the target accepied in the convenant. 

CO2 

The environmental plan that was released in Spring 1990 by the government (NEPP-
Plus) aims at a stabilization of the CO2 emissions in 1994-1995 at the level of 1989-
1990. An absolute reduction of 3 to 5 per cent is anticipated for 2000. 

For this purpose, measures will be pursued and intensified in the field of energy 
conservation and cogeneration. There are now plans for me industrial sector to contribute 



for an additional 1,000 MW lo the capacity of the power generation sector and for this 
latter to build 1,250 MW combined heat and power units. 

The Dutch environmental approach seems to be moving more and more towards an 
increase use of legislation and financial incentives in environmental policy. It has 
introduced an environmental tax with the aim to finance its projects related to the 
greenhouse effect. 

Belgium 

S 0 2 and N O x 

The environmental legislation in terms of SO2 and NOx emissions developed in two 
major steps in Belgium A first set of recommendations, signed into law under Royal 
Order of 8 August 1976, dealt with the control of emissions of dust and sulphur dioxides 
from industrial boilers. According to this legislation, plants fired by liquid fuels had to 
reduce their S02 emissions so as not to exceed, by January 1980, an emission level of 5 
g/Nm^. Accepted emission levels from other industrial plants varied depending on 
whether they were located inside or outside zones of special protection. In this latter case, 
SO2 emissions could not exceed 4.7 g/NirA These constraints were mainly imposed 
through standards on the sulphur content of liquid fuels which guaranteed emission levels 
compatible with the regulation. 

The Royal Order on the abatement of atmospheric pollution from large scale firing plants 
was signed into law on August 18, 1986. Directly inspired by the project of the CEC 
Directive, it completed the preceding legislation and introduced emission standards for 
dust, 502 and NOx emissions in new stations. These differ as a function of the size of 
the plant, the fuel used and the date of commissioning (Table 8). 

Besides these two Royal Orders, Belgium is a signatory of the UNECE '30% Club' 
protocol pledging to reduce total SO? emissions in 1993 by 30% compared to 19S0 
levels. 
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TABT.K 8 •• RFT,fiIRM RFfitlTATIOH ON SO£ fi NCW EMTSSIOKS 

(itig/Nra?) 

fuel power 
MWih 

S02 NOx fuel power 
MWih before 1995 after 1995 before 1995 after 1995 

solid 50-100 
100-300 
>300 

2000 
1200 
400 

2000 
1200 
250 

800 
800 
650 

400 
200 
200 

liquid 50-100 
100-300 
>300 

1700 
1700 
400 

1700 
1700 
250 

450 
450 
450 

150 
150 
150 

gas: 
coke gas 
natural gas 

>50 
100 
35 

100 
35 

350 
350 

100 
100 

The norms enacted by the Belgian government on new combustion plants are in fact more 
severe than the ones imposed by the European Directive of 24 November 1988. For the 
existing plants, there is no legislation at this stage. Emissions of S02 and N O x have 
however been drastically reduced by the power producers these last years. With respect 
to the level observed in 1980, a decrease of 73% has been recorded for sulphur dioxide 
while 46% was achieved in terms of nitrogen oxides. As a result, power producers 
already reached in 1988 the SO2 ECE objectives for 2003 and the N O x ECE objectives 
for 1998. The larger share taken by nuclear power plants and a policy oriented towards 
low sulphur fuels have largely contributed to this performance. 

CO2 

Belgian public authorities are just getting concerned with the greenhouse effect. They do 
not concur at this stage with the Commission opinion that fiscal measures could be used 
to develop env-onmental policy and are concerned about the fact that such measures 
could prove inelastic. It would be better, government officials argue, to introduce 
standards together with measures which ensure those standards are met. Penalties could 
be implemented for companies who failed to meet those standards. If at the same time it 
proved feasible to introduce taxes, then they could follow, but fiscal means do not 
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necessarily have to be in the form of price increases: they could be applied as price 
decreases for more efficient behaviour. 

Regulation effects 

West Germany 

According to the VDEW, the West German exhaust gas cleaning programme will cost 
power station operators a total of DM 22bn. Expenditure on the now completed 
desulphurisation programme (38,000 MW) reached 15bn, while the denitrification 
programme affecting 54,000 MW of capacity will cost 7bn. 

The average cost of electricity production has increased as a consequence by DM 
0.029/kWh: DM 0.02 /kWh from desulphurisadon and DM 0.009 /kWh for reduction of 
N O x emissions. 

Denmark 

According to the power generation sector, environmental protection measures will cost 
Danish power companies about DKr 12bn in equipment for removing nitrogen oxides 
and sulphur from their emissions. DKr 6,5bn from this amount, or an added kWh cost of 
about DKr 0.03, should be dedicated to the removal of nitrogen oxides. 



Future developments 

Acidification 

After 1994, the European Commission may seek to introduce further proposals to 
squeeze the emission reduction limits for sulphur dioxide by 2003 and nitrogen oxide by 
1998. No new target is proposed at this stage but the Commission seems to be moving 
more and more towards the use of economic instruments to tackle the environmental 
issues. May be the Dutch example would be a good example to follow in the acidification 
field, with a large effort already made in the northern European countries. 

Greenhouse gases abatement 

It is the analysis of reduction strategies based on fuel switching, more intensive recourse 
to renewables and energy conservation measures which has retained so far the attention 
of the Commission. 

At the Dublin summit of June 1990, the Council called on the Commission to accelerate 
its work in the field of economic and fiscal measures to deal with environmental problems 
and to present, before the end of 1990, proposals for a framework or guidelines within 
which such measures could be put into effect by the Member States. 

The Council also discussed the possibility Of sening up three technical working groups to 
look at energy taxation (price elasticity of consumption, economic impact of taxation, best 
type of tax and use to which the money raised should be put), at energy conservation 
regulations (least-cost planning) and energy saving campaigns and at the extent to which 
C02 emissions need to be reduced. 

Nothing can be said at this stage about the likely developments in terms of greenhouse 
gases abatement, in particular what type of economic instruments will be used in the 
future, except that the Commission is looking at the Dutch move with some interest. 
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Other regulations 

An event which may be rather important for the evolution of the German power 
generation sector is the end of the jahrhundertvertrag. Under the new version of this 
contract which expires in 1995, the West Gentian electricity producers must consume an 
amount of 34.4 m tonnes of domestic coal each year from 1991 to 1995. This constraint, 
which applied with larger volumes before 1991, is largely at the origin of the 
underdevelopment of more environmentally friendly equipments like combined cycle 
units fired with natural gas. It has also contributed to the magnitude of the environmental 
programme which was carried out in West Germany these last years. 

The end of this agreement should open the way for the development of combined cycle 
units in Germany and a decrease of electricity tariffs. These are indeed ai present 
artificially increased (8.25% on average at January 1, 1990) to feed a fund which 
compensates the power producers for the high prices they pay on domestic coal. The 
system is usually known as kohlepfennig. 

One cannot expect many effects from the Directive on the electricity transit which is rather 
weak, at least compared to open access. 


