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1. Analysis of the political and legal framing conditions 
 
1.1. The UN-ECE protocols and the European Union legislation framework as basic 

conditions for Germany 
 
To understand how air pollution is addressed on a political level, i. e. the regulations 
currently in use in Germany as one of the member countries of the European union, one 
should have an overview about the underlying international framework, especially the series 
of protocols to the UN-ECE convention: 
 
Table 1:  

Protocols to the UNECE Convention on Long Range
Transboundary Air Pollution (CLRTAP)

Protocol adopted   pollutants
  (environmental target)

1st Sulfur Protocol 1985   Sulfur 30% reduction of total sulfur emissions 
or their transboundary fluxes on the
basis of 1980 emissions

NOx Protocol 1988   NOx 1st step: stabilisation of 1987 (exc.: USA 1978)
emissions of NOx
2nd step: effects-based approach to further reduce
NOx emissions or their transboundary fluxes

VOC Protocol 1991  VOCs 30% reduction in emissions of VOCs by 1999
using a year between 1984 and 1990 as a basis

2nd Sulfur Protocol 1994  Sulfur effects-based approach, which aims at gradually
attaining critical loads, sets long-term targets for
reductions in sulphur emissions

Heavy Metals Protocol 1998 cadmium, reduce emissions below their levels in 
lead,  1990 (or an alternative year between 
mercury  1985 and 1995)

Protocol on Persistant 1998 dioxines, eliminate any discharges, emissions and losses
Organic Pollutants (POPs) furanes, of POPs to reduce emissions, below their levels 

PAHs etc.in 1990

 Multi-Effect Protocol 1999   NOx, NH3, SO2, NMVOC
  (eutrophication, acidification, ground-level ozone)

 
 
Regarding the most actual multi-effect protocol, compared to the level of 1990, considerable 
reductions in emissions have to be achieved. Averaged over the 15 EU member countries, 
these reductions amount to 75 % with regard to SO2, 49 % with regard to NOx, and 57 % 
with regard to non-methane volatile organic compounds (NMVOC). (Reductions of NH3 
emissions are omitted here since they are not relevant for power plants.) The shares are for 
Germany higher than the EU average (90 / 28 / 69 %), equal or slightly higher for the 
Netherlands (75 / 54 / 62 %), and lower for Spain (65 / 24 / 39 %). 
The EU Framework Directive, i. e. the legislation addressing air quality, on the one hand and 
the measures controlling emissions on the other interact with each other so that the results 
on the one side lead to an improvement to the other. Within the directive for national 
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emission ceilings for SO2, NOx, and VOC based on an acidification and ozone strategy, the 
large combustion plant directive is relevant for stationary sources in electricity generation. 
On the legislation side, the air quality framework directive defines air quality standards, basic 
principles for assessment, action plans and reporting. The relevant part of this directive is 
the daughter directive for SO2, NOx, PM10 and lead adopted in April 1999. 
In the view of these directives, it has to be kept in mind that the real use (or one of the main 
and final objectives) for the figures calculated within the ExternE program is to justify the 
numbers used for these directives. The thresholds are then justified by these figures if the 
benefits of meeting these targets are higher than the costs to reach them. This constitutes 
some additional implementation to justify this new legislation, threshold or law, e. g. for 
national emission ceilings. 
Looking at the European Union policy in particular, the main principles of the environmental 
law of the European Union are stipulated as the following: 
• Subsidiary principle: The Union does not take action (except in the areas which fall within 

its exclusive competence) unless it is more effective than action taken at national, 
regional or local level) 

• Polluter-pays principle (industry has to bear the costs of environmental harm it has 
caused, i. e. the general goal to reach a full internalization of external costs) 

• Precautionary principle 
• Cross-section character 
• Rectifying pollution at source 
• High level of protection 
Apart from the subsidiary principle, the other principles usually find themselves in the 
national policies of the member countries, since they are generally accepted as principles of 
environmental economics. 
The main instruments coming into action within the environmental law of the European 
Union (and relevant for energy generation) are the following: 
• Environmental action programs 
• Environmental information exchange, both between EU and member states and between 

EU and citizens 
• Environmental impact assessment 
For industrial processes and products in general, additional instruments such as the “Eco-
Label”, the Community Eco-Management and Audit Scheme (EMAS) and financial 
instruments, such as LIFE and the Cohesion fund, should be mentioned. 
 
1.2. Political and legal framing conditions in Germany 
 
1.2.1 The general functions of environmental law in Germany 
 
The development of environmental law in Germany from its beginning in 1970 can be 
categorized into a first legislative phase of 10 years, an administration phase and a second 
legislative phase going on until now. This law in general follows three main principles (partly 
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also found in the principles of the EU environmental law): 
• Precautionary principle: Environmental degradation should be fundamentally avoided. 

The government commits itself to intervene if it recognises a danger to nature. Its rules 
and bans are aimed at limiting environmental harm to a minimum. 

• Polluter-pays principle: Industry must bear the costs of environmental harm that it has 
caused. That motivates companies to make their production processes as ecological as 
possible and thereby to produce at favourable cost in the long term. 

• Co-operation principle: The government wants to work together with industry on a 
voluntary basis rather than by laws and punishment. A successful co-operation, for 
example, was the industry's early voluntary abandonment of CFCs for spray cans and 
coolant, which destroys the ozone layer. A failure to date is the beverage industry's 
refusal to renounce environmentally harmful cans. 

With regard to environmental law, an important step has been that in October 1994, 
“protection for the natural bases of life” has been constituted as a state objective in the 
German “Basic Law” (i. e. the constitution). As a result, and as a consequence of its 
responsibility for future generations, the state is responsible for protecting the natural 
environment by its three organs (legislative, executive and judicial), within the framework of 
the constitutional order and in keeping with the principle of state and justice. 
As in other federal states, tasks and competencies are divided between the Federal 
Government and the 16 “Bundesländer” depending on the areas. For the legislation in the 
environmental field, the situation is the following: 
 
Table 2: Relationship between federal and Länder legislation in the 

environmental law 
 
Area Relationship between federal and Länder 

legislation 
Waste management 
Air quality control 
Noise abatement 

 
“Competing” (priority) legislation of the federal State

  
  
Nature conservation 
Landscape management 
Water resources management 

Framework legislation; the Federal Government has 
sweeping powers to shape legislation 

 
The effect of this distribution of competencies is that as long as the federal authorities do not 
fill in their power, the Länder have the right to develop and shape the legislation individually. 
Regarding the execution of legal provisions, federal laws and administrative provisions are 
normally executed by the Länder under their own responsibility, this also applies to the 
environmental sector. In some areas (e.g. laws concerning the safety of nuclear installations 
and radiation protection), the Länder execute federal laws on behalf of the federal 
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authorities, but this is subject to federal supervision. Länder laws are executed by the 
Länder themselves. In general it can be said that both planning and the implementation and 
enforcement of laws takes place in the responsibilities of all three governmental levels, the 
federal state, the Länder and the municipalities (the latter for those projects on their 
municipal territories). This will be explained in more detail in the fourth and final country 
report for Germany. 
 
1.2.2. The framework for the electricity market 
 
The framework for the electricity market is bounded by a set of regulations, the important 
ones to highlight are that subsidies are granted for the following parts of energy production 
(some of them have peculiar political or historical reasons): 
• Renewable energy (wind, photovoltaics): The regional supplier is guaranteed a high 

price that makes it profitable. However, a limit of subsidizing renewable energy to 5 €-
cent per kWh is set. 

• Combined heat and power plants 
• Domestic coal production. In the 1950s the main reason for that was the strive for 

autarchy so that Germany is not dependent on coal imports in case of a crisis. However, 
today the main interest of keeping this subsidy alive is the conservation of jobs in coal 
mining and other sectors dependent on coal. 

From the beginning of 1999 (due to the election of a new government), an electricity tax on 
all electricity produced has been introduced and steadily increased each year, in parallel 
differentiated taxes on fuels, depending on fuel type and application. Also, this political 
change is responsible for the decision to phase out nuclear power gradually up to the year 
2030 and the aim of an increase in renewable energy, also induced by the duty to reduce 
emissions. 
 
 

2. Review of tools used to assess the environmental impact of 
electricity in Germany 

 
In general, the instruments that are applied in the environmental law in Germany can be 
grouped into five basic elements working together and strengthening each other: 
• Planning (e. g. urban land use planning, landscape framework plan) 
• Enforceable law (e. g. the obligation to provide information, compulsory registration, 

prohibitions, thresholds – such as the Federal Immission Protection Act) 
• Environmental impact assessment (EIA) - mandatory for larger constructions such as  

refineries, power plants, motorways 
• Taxes (environmental taxes, tax incentives) 
• Informal instruments (e. g. consulting, recommendations, warnings) 
2.1 Emissions control 
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Within the enforceable law (German “Ordnungsrecht”) several standards exist for harmful 
substances in the environment. The main importance on emissions and immissions has the 
Federal Immission Control Act (Bundesimmissionsschutzverordnung or BImSchV) and as a 
supporting aid for the regulatory authority the Technical Instructions on Air Quality Control 
(TA Luft). 
According to Article 2, the scope of the Federal Immission Control Act applies to: 
1. the establishment and operation of installations, 
2. the production, marketing and importation of installations, fuels, substances and 

products made of any such substances 
3. the nature, equipment, operation and testing of motor vehicles including their trailers, 

and of rail-borne vehicles, aircraft and watercraft as well as floating bodies and floating 
installations 

4. the construction of public roads as well as railways, magnetic suspension railways and 
tramways 

Out of the 28 ordinances to this Federal Immission Control Act, there are special ones for 
small and large combustion installations, the sulphur content of oil for heating and for diesel 
engines, limitation of emissions for combustion engines, combustion of waste and similar 
combustible materials, declaration of emissions, ambient air quality limit values, definition of 
concentrations, etc. 
The Technical Instructions on Air Quality Control (TI or TA-Luft) serve for the protection of 
the general public against harmful effects on the environment due to pollutants, and 
especially for the precaution against harmful effects on the environment due to air pollutants. 
They apply to the facilities requiring approval in accordance with the Federal Immission 
Control Act. The TI set emission and concentration standards and limitation for various 
substances. 
Consequently, the TI contain provisions governing the maintenance of air quality by: 
• examining applications for approval of construction and operation of a facility; 
• ordering investigations on the nature and extent of emissions emanating from a facility, 

as well as ambient concentrations within the effective area of a facility. 
TI emission limits for particulate matter (PM) from combustion plants (applicable to new 
installations) are shown in Table 3: 
 
Table 3: Emission limits of TI for particulate matter (PM) from combustion plants 
 
 1-5 MW > 5 MW 
solid fuels 150 mg/Nm3 50 mg/Nm3 
liquid fuels   80 mg/Nm3 50 mg/Nm3 
natural gas     5 mg/Nm3   5 mg/Nm3 
 
Ambient concentration thresholds for the protection of the general public against harmful 
effects permitted by the Technical Instructions are shown in Table 4. 
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Table 4: Ambient concentration thresholds of TI – Selected limit values 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
However, these Technical Instructions are – contrary to the Federal Immissions Control Act 
– not strictly binding for the regulatory authorities, they have rather the character of a 
recommendation or guideline. 
 
2.2 Environmental Impact Assessment 
 
In February 1990 the “Gesetz über die Umweltverträglichkeitsprüfung” (Environmental 
Impact Assessment Law) was introduced. The last change of this law in July 2001 
(Artikelgesetz 2001) implemented the change directive of the European Union and lead to 
an enlargement of the fields of application. This change especially introduced a public 
participation across county borders. 
This environmental impact assessment is mandatory for the construction, process or 
extension of larger technical assets and is thus a dependent part of the administrative 
decision of the admissibility of projects. 
Generally subject to an environmental impact assessment are: 
• power plants with a firing thermal capacity of more than 200 MW, and 
• wind farms with 20 or more turbines (if height is larger than 35 m or power larger than 10 

kW each) 
A general pre-examination (screening) of the case is required for: 
• power plants with a firing thermal capacity between 50 MW and 200 MW, and 
• wind farms with 6 to less than 20 turbines (if height is larger than 35 m or power larger 

than 10 kW each) 
A location-related pre-examination (screening) of the case is required for: 
• power plants with a firing thermal capacity in certain levels below 50 MW, depending on 

the types of fuel input, and 

Substance/ 
substance categories 

Concentration 
[µg/m³] 

Averaging 
period 

Allowed exceedances 
per year 

Benzene 5 Year - 

Lead and its inorganic compounds as components 
of suspended matter (PM10), given as Pb 0,5 Year - 

Suspended matter PM10 
40 
50 

Year 
24 hours 

- 
35 

Sulphur dioxide 
50 
125 
350 

Year 
24 hours 

1hour 

- 
3 

24 

Nitrogen dioxide 
40 
200 

Year 
245 hours 

- 
18 

Tetra Chlor Ethylene 10 Year - 
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• wind farms with 3 to less than 6 turbines (if height is larger than 35 m or power larger 
than 10 kW each) 

If pre-examinations are required, an EIA has to be done only if this examination leads to the 
conclusions that significant environmental impacts are expected. 
The executive organization of the power plant has the obligation to deliver all data and 
(quantitative and qualitative) information relevant for the decision, including emissions, solid 
waste, waste water, techniques applied, etc. In the cases when a forecast of immissions is 
required, a Gaussian plume model is used for estimating immissions. 
Several additional laws and regulations are touched (sometimes different on national and 
state (Bundesländer) level, and the EIA procedures are regulated in a very heterogeneous 
way in Germany. Moreover, an exchange of experience from both actual and past EIAs is 
lacking between ministries and enforcement authorities within and across counties of 
Germany. 
 
2.3 Scenarios and simulations on the macro level 
 
Similarly to the modelling done e. g. in the Netherlands, there has been several work on 
scenarios performed for the whole electricity market – either for Germany as a whole or for 
certain Länder, such as Baden-Württemberg and Bavaria. For Germany, the latest work on 
such scenarios has been done within an expert group, the so-called Enquete Commission 
on Sustainable Energy Supply against the background of globalisation and liberalisation - 
established by the German Bundestag (one part of Parliament) in 2000. In view of the goals 
agreed by the member states of the Rio conference in 1992, the results of this commission 
will assist future decision-making in the field of energy policy with scientific evidence. 
Four possible scenarios have been calculated by a TIMES model for Germany - developed 
at the IER Stuttgart - with a time frame up to 2050, and their results compared: 
• A reference or business-as-usual scenario with a continuation of the current energy 

policy 
• An efficient conversion scenario with accelerated efforts to increase the efficiency of the 

use of fossil fuels, more stringent energy regulation and a continuous increase in energy 
taxes 

• A scenario of a renewable energy sources and efficient energy use initiative, and 
• A fossil-nuclear energy mix scenario with construction of new nuclear power stations 

after 2010. 
These scenarios have been evaluated by a set of sustainability indicators for energy, 
comprising the ecological, social, and economic dimension of sustainability. It will also be 
possible to examine with the help of these scenarios whether Germany can comply with 
internationally agreed emission reduction goals. Since the results of these scenarios and the 
recommendations of the Enquete commission are expected within 2002, they will be 
explained in more detail in the final German country report for Germany. 
Another version of TIMES handles with two regions (West + East Germany separately), uses 
about 120 conversion and 380 end-use technologies per region, with also a time horizon up 
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to 2050 in 5 year periods and 17 sectors per region. The model proves to be flexible enough 
for calculating different and also extreme scenarios.  
The main structure, variables and interdependencies of the TIMES model are shown in the 
following Figure 1. 
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Figure 1:  Structure of the TIMES model 
  Source: Blesl and Remme (2002) 
 
The different developments and applications of the TIMES model have been commissioned 
(apart from the Enquete commission of the German Parliament already mentioned) in the 
case of Bavaria by the Bavarian Ministry of State, in another case by the Federal Ministry of 
Economic Affairs and Employment, but also in one case by the electricity supplier e.on. So 
the applications of such models are directly utilized as supporting tools for policy makers in 
Germany. 
 
2.4 Dispersion modelling 
 
As already said in Chapter 2.2, sometimes (relatively simple) Gaussian plume models are 
used when immissions of the affected local area have to be estimated, i. e. in those cases 
when a forecast of immissions is required. This usually occurs within an expert opinion 
solicited for an environmental impact assessment and its application is determined upon an 
individual case decision. 
Within the project AIR-EIA (Air pollution and environmental impact assessment: the multi-
media information source) funded under the INFO2000 Programme of the European 
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Commission with participation of the German engineering consultancy Lohmeyer, several 
dispersion models and air quality data handling models have been examined and compared 
which have been already frequently used or are in principle suitable in AIR-EIA-studies. The 
important ones are Austal-PC, Citair, IMMIS, IMMIKARTGIS, MluS-92, PROKAS, SELMAGIS, 
Street, WinAUSTAL2000 and WinMISKAM. Most of these models are easy applicable, some 
are based on GIS (geographical information systems). These models are mainly applied for 
emissions in the transport sector (i. e. for the dispersion of pollutants through streets, 
tunnels, and cities.) 
However, more complex models such as EcoSense have not yet been used within the 
procedure of environmental impact assessment. 
In some research projects, measured data of ambient concentrations have been compared 
with data estimated by air pollution models. E. g. within the project VALIUM supported by the 
German Federal Ministry of Education and Research under the Atmospheric Research 
Programme 2000, one of the goals is to develop and validate a hierarchy of numerical 
models (model system M - SYS) that can be applied as tools for the execution of European 
air quality policy. See also the website http://www.mi.uni-hamburg.de/ 
technische_meteorologie/valium/. 
 
2.5 Externalities assessment 
 
As in most countries of the European Union, there have been studies undertaken either for 
the electricity system – the results of the most important project ExternE will be explained in 
the next chapter - or in an aggregated way, attributed to different sectors of industry within a 
country (e. g. in the EU Project GREENSENSE), and they have also been applied for special 
case studies in the industrial area based on life cycle analysis data that have already been 
available (in the project ECOSIT also financed by the European Union). 
Within this ECOSIT project – a brief summary is given in (Holland et al. 2002) - the goals 
and the focus for the German case studies have been: 
• To demonstrate the application of the ExternE approach to a production process 
• To assess the environmental performance of the innovative lacquering process at a 

large car production plant and compare its environmental performance with another 
lacquering process that is also regarded as one best available technology for car 
painting 

• To assess the environmental performance of the energy supply, i.e. power and heat 
supply of the complete car production plant (where also the lacquering process takes 
place) and to compare the merits of the power-heat coupling of the block heating and 
generating plant (BHGP) and the heat recovery by thermal wheels with external power 
supply and separated heat generation by natural gas fuelled boilers. 

• To discuss the merits and problems of the methods used here against methods already 
in common use in life-cycle analysis. 

Besides the studies financed by the European Union, more applications have been done on 
estimating external costs (one is described in Chapter 3.2) – however none of them have 
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been either required by law or even commissioned by a German governmental authority. If 
ever, a quantitative assessment has been done within the EIA procedures, this assessment 
stops at the quantification of physical quantities and does not go beyond to a valuation. 
This result is also true for several applications of life-cycle analysis that have been 
undertaken, often by companies themselves on a voluntary basis, for either internal use or 
for publication in their environmental impact reports or statements. 
The main categories usually applied in this life-cycle analysis are: 
• Global warming potential 
• Acidification potential 
• Eutrophication potential 
• Formation of photo-oxidants 
• Ozone creation potential 
• Local air quality 
• Energy use 
• Resources depletion (non-renewable, renewable substances, water);  
• Toxicological impact on human health;  
• Eco-toxicological effects 
So, on this level, life-cycle analysis results are often available and published (and also 
formed an important part of the usable database of the ECOSIT project). But this means that 
a ranking of alternatives due to impact is usually different with regard to each criterion, but 
there is no comparative weighting of the criteria and their results against each other. 
In Chapter 3.3 it will be explained how the application of life-cycle impact analysis and 
external costs can be combined to serve as an optimal tool with regard to policy aid aspects 
for both internalisation and sustainability.  
 
2.6 Planning and dispatching models 
 
If these type of models indicate what is in Germany known as “Kraftwerkseinsatzplanung” 
models (usually in the short-term time frame, but in principle also for long-term and strategic 
planning), such models have usually been applied by the electricity utilities. Recently such 
applications are increasingly shifted from the utilities themselves to the sector of electricity 
trade, obviously as a consequence of liberalisation. 
In general the main question of Kraftwerkseinsatzplanung models is not the assessment of 
environmental impacts, but in principle such models can be applied to answer these 
questions as well. However, these models are not generally integrated into environmental 
impact assessment, e. g. by law. In suitable particular cases it may be decided by EIA 
authorities that they are applied within the expert opinion of an environmental impact 
assessment for decision supporting. 
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3. Experience from the ExternE project in Germany 
 
3.1. The application of the ExternE methodology 
 
For the situation of the German National Implementation report of ExternE (European 
Commission 1998), in this country about 50 % of the electricity has been generated from 
coal and lignite, with a large fraction of hard coal used in the western part, and a large 
fraction of lignite used in the eastern part of the country (former GDR). Nuclear energy 
accounted for nearly 30 % of the total electricity production. While the contribution from coal 
and lignite was slightly decreasing over the last years, there was an increase in electricity 
generation from natural gas, which however still accounts for less than 10 % of the power 
generation. 
Taking into account this composition of the German power sector, the analysis of ExternE 
was primarily focused on the fossil and nuclear fuel cycles. In addition, external costs from 
renewable fuel cycles (photovoltaics, wind and biomass) were estimated to give an 
indication of the environmental performance of potential alternative fuel sources. 
The methodology used for the assessment of the externalities of the fuel cycles selected has 
been the one developed within the ExternE Project. It is a bottom-up methodology, with a 
site-specific approach, that is, it considers the effect of an additional fuel cycle, located in a 
specific place. 
However, since there have been some updates on the methodology, dose-response 
functions but also e. g. background data of emissions, receptors, meteorology, etc. after the 
status of the ExternE national implementation results, in Chapter 3.3 not these ones but 
updated calculations for Germany are shown, combined with life-cycle analysis – since it is 
methodologically consequent to include all relevant process steps connected with the fuel 
cycles under consideration. 
Another update of methodology is currently under progress within the project NewExt which 
continues the ExternE series (see http://www.externe.info and http://www.ier.uni-
stuttgart.de/newext/. These methodology improvements of NewExt pertain to the following 
four areas: 
• monetary valuation of mortality risk (empirical substantiation of the evaluation of a value 

of a statistical life year lost)  
• evaluation of acidification and eutrophication on the ecosystem and biodiversity;  
• effects arising from the fact that several parts of the environment (air/water/soil) may be 

damaged;  
• effects of major accidents in non-nuclear fuel chains (such as oil spills).   
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3.2. Further applications and policy case studies 
 
Besides the ExternE project and its results themselves, the methodology developed there 
has been successfully applied for several other questions. 
 
3.2.1. A comparison of combined and separate power and heat generation 
 
In 1997 when the liberalisation process of the German market for electricity came into 
discussion, the question arose whether and to which extent deviating environmental impacts 
of the alternative systems of power generation should be taken into account. One of the 
possible policy options was to grant a competitive advantage to those systems which cause 
only a low level of external costs, that is, which can be regarded as environmentally friendly. 
Some votes called for conceding especially combined power and heat plants a bonus or 
subsidy by reason of the lower environmental impacts attributed to this technology – a rule 
which is in deed realised now in the actual law of subsidising combined heat and power in 
Germany. The aim of a study - commissioned to IER by the German Electricity Association 
(VDEW), the trade association of the electricity supply industry in Germany, and finished in 
1999 (Gressmann et al. 1999) - has been to examine whether such an exceptional case can 
indeed be justified with the differences between the external costs of combined and separate 
power and heat production. 
When comparing the emissions, damages and external costs of combined and separate 
production, a system including a combined power and heat plant has been balanced against 
systems with an equal coverage of energy demand, but with generation of power and heat in 
separate plants. Four typical case studies of supply with electricity and heat (two 
metropolitan areas, an industrial plant and a public swimming pool or hospital) are defined 
for which an energy system consisting of a combined power and heat plant suitable in size 
and technology, respectively, and in addition a plant for peak heat generation, represents a 
supply option. The systems of separate generation are scheduled so that both the heat 
demand of the object is covered completely and the respective amount of electricity is 
provided by plants using fossil and nuclear energy. 
For all energy systems under consideration, the emissions of the air pollutants SO2, NOx, 
CO, particulate matter and NMVOC, the greenhouse gases CO2, CH4 and N2O, and – for 
nuclear plants – radioactive substances have been determined. Not only the direct 
emissions arising from fuel conversion, but also the emissions originating from the process 
steps of fuel extraction and processing as well as from material inputs for the construction, 
maintenance and decommissioning of the plants have been recorded. 
Based on the emissions referring to one year of operation, the methodology of pathway 
analysis – supported by the software tool EcoSense – has been used to estimate the 
resulting damages to public health, crops and materials for each variant of combined and 
separate power and heat supply. 
The comparison of combined and separate systems with respect to their external costs does 
not reveal uniform results but strongly depends on the particular case. However it becomes 
evident that the level of external costs is primarily determined by the type of fuel that is used. 
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Natural gas leads to lower external costs than emission-intensive sources of energy such as 
hard coal, lignite and oil. The results reported in this study allow further comparisons and 
estimations, e. g. for any given power and heat mix of an energy supply company. However, 
the actual financial support of combined heat and power plants in Germany, especially the 
smaller ones, is not reflected in principle in the results of this study. 
 
3.2.2. Use of the ExternE methodology for cost-benefit analysis and the setting of directives 

and standards 
 
It is only consequent that one of the purposes for which estimates of external costs are 
needed is the performance of cost-benefit analysis. This tool can be used for single public 
and private projects on the local scale, but also e. g. for larger measures and directives to 
protect the environment and human health. 
In this field there have been several examples for Germany and Europe where the ExternE 
methodology has been applied, such as: 
• The economic evaluation of the draft directive on non-hazardous waste incineration, 

undertaken by AEA Technology Environment, IER, ARMINES, and ElectroWatt for the 
European Commission DGXI in 1997. 

• The economic evaluation of the Large Combustion Plant Directive (Krewitt et al. 1999a) 
• The economic evaluation of the EU strategy to combat acidification (Krewitt et al. 1999b) 
The last example mentioned contains a cost-benefit analysis for the multi-pollutant multi-
effect protocol of the UN-ECE to abate acidification, eutrophication, and ozone. Four 
emission scenarios developed by IIASA have been compared with the first of them serving 
as a baseline or reference scenario: 
• Current reductions plan scenario (baseline), based on officially declared national 

emission ceilings resulting from the UN-ECE protocols. 
• 50 % gap closure scenario: Emission levels are reduced to achieve a reduction of the 

area of unprotected ecosystems within each EMEP grid by 50 %. 
• Joint optimization for Acidification and Ozone; this scenario explores the interaction of 

ozone- and acidification-related strategies, taking into account a 50 % gap closure for 
acidification, a 50 % gap closure for AOT 60, and a minimum 10 % improvement of the 
gap closure achieved by the current reductions plan scenario for AOT 40. 

• Maximum feasible reduction scenario, simulating the complete implementation of 
currently available emission control technologies. 

Results indicate that in spite of the uncertainties, e. g. in the valuation of mortality related to 
air pollution, the avoided environmental damage costs by far exceed the control costs. The 
largest net benefits result in the case of the joint optimization scenario, so that a further 
reduction from there towards the maximum feasible reduction does not seem optimal. The 
analysis of the spatial distribution of burdens and benefits shows, however, that net benefits 
are not evenly distributed over Europe. 
This case study further elucidates that the bottom-up impact approach of ExternE can be 
applied to provide sophisticated and detailed analysis of the environmental benefits of pan-
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European emission scenarios. The approach has the advantage of being able to take 
account of geographical variation in damages with respect to the source of emissions and 
the location of damage receptors. 
 
3.3. Life cycle analysis and external costs as a support for sustainable 

energy policy: Recent figures for Germany 
 
In combination with life cycle assessment, the external as well as the total cost approach 
can provide valuable decision support for a wide range of policy relevant issues: 
• Assessment of technologies currently used to identify deficiencies and potentials for 

improvement and corresponding research issues. 
• Comparison of current and future energy supply options with respect to their health and 

environmental impacts, resource requirements and with respect to their compliance with 
sustainability indicators. 

• Cost-benefit-analysis of environmental policy measures (as explained in chapter 3.2.) 
• Extension of national green-accounting frameworks. 
There are several examples of successful applications in these areas, for instance the use of 
the method for cost-benefit analysis of desulphurisation plants attached to large coal fired 
power plants in Europe. The comparison of the costs in € per tonne of SO2 avoided and the 
avoided damage costs due to the reduced emissions shows that the benefit clearly 
outweighs the costs. This even remains valid, if the mortality impacts – the impact category 
considered to involve the highest uncertainty – would be neglected. So, even if the damage 
cost estimates are varied within the uncertainty range, the conclusion would not change. 
In the context of the liberalisation of the electricity market the concept of internalising 
external effects by means of technology-specific price adders has been discussed. The idea 
is to derive science based recommendations on the height of price adders for electricity 
production by different technologies from LCA and external cost research. This approach is 
expected to get the prices right in competitive markets and to ensure that the use of the 
environment is accounted for in the market mechanism. 
This „price adder“ is often used in Germany as a kind of „scientific justification“ for the actual 
laws supporting the green electricity generation, the renewable energy act (Erneuerbare-
Energien-Gesetz) and the combined heat and power plant act (Kraft-Wärme-Kopplungs-
Gesetz). 
But the resume of e. g. the ExternE studies reveal that the use of simple price adders for 
each technology appears inappropriate, besides the still existing uncertainties of the external 
cost estimates. This is due to the fact that health and environmental impacts depend heavily 
on the concrete technical design and the location of a specific power plant. For this reason 
the use of regionally differentiated pollutant-specific damage costs is recommended for the 
internalisation of external costs due to airborne pollutants. These damage costs should – if a 
complete site-specific assessment is not viable in detail, at least be differentiated by country. 
The advantage of such a pollutant-oriented approach is that it gives a direct incentive for 
reducing the emissions. This is expected to outweigh the disadvantage of a higher effort for 
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recording the emissions of every pollutant. 
Thus, the renewable energy act and the actual way of supporting combined heat and power 
plants in Germany (but also the financing of domestic coal and parts of the ecological tax-
reform) might include externalisation rather than internalisation facts if not oriented at 
external costs and lead economy away from efficiency with its long-term consequences. 
In the case of CO2 and other greenhouse gases, due to the high uncertainties involved in 
estimating damage costs, it is recommended to base internalisation instruments (such as 
emission certificates or a greenhouse gas tax) on greenhouse gas reduction targets and the 
associated marginal abatement cost. 
The risks of low probability accidents should be integrated into the monetary accounting 
system by introducing liability insurance obligations. However, first results of the NewExt 
project just being finalised (where there is for the first time a special focus on non-nuclear 
severe accidents) show that the expected values of accidents per kWh produced are very 
low compared to the “classical” other external cost categories – and parts of them are 
assumed to be internalised anyway. In spite of that, since the accidents have always been 
discussed with regard to nuclear power plants, it is necessary that in the non-nuclear 
electricity production these effects should be assessed with the same methodology. 
A comparison of external costs and total costs of various electricity generation technologies 
operated in Germany shows that the ranking of the considered electricity options is quite 
robust, and comparing certain alternatives, external costs are relevant compared to the 
production costs in certain cases. 
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Figure 2: External costs from different electricity generation technologies 
operated in Germany  
Source: Voß (2001) 

Since costs in general might be considered as a helpful indicator for measuring the use of 
scarce resources – and thus also as a sustainability indicator – it thus not surprising that a 
high raw material and energy intensity (results are gained by life cycle analysis) is reflected 
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in high costs. The power generation costs shown in Figure 3 indicate that power generation 
from renewable energies is associated with higher costs – much higher in the case of solar 
energy – than those resulting from fossil-fired or nuclear power plants. However, the private 
costs alone do not fully reflect the use of scarce resources. To account for environmental 
externalities, external costs have to be internalised, i.e. added to the private generation 
costs. Figure 3 also shows that the external costs resulting from the electricity generation of 
fossil fuels amount from 30 % (natural gas) to about 100 % (lignite) of the generation costs, 
while for the other technologies the external costs are only a small proportion of generation 
costs. The internalisation of external costs might lead to competitiveness of some wind and 
hydropower sites compared to fossil fuels, but do not affect the cost ratios between the 
renewable and the nuclear systems. 
The results of energy and raw material requirements, life cycle emissions, risks and both 
external and generation costs discussed so far are based on the characteristics of current 
technologies. It is expected that technical development will result in a further reduction in 
costs and in the environmental burdens of power generation. However, this applies to all the 
power generation technologies considered here. Preliminary results for future systems 
indicate that the ranking of technologies with respect to total costs is quite robust. 
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Figure 3: Total costs (production costs and external costs) of various electricity 

generation technologies operated in Germany 
 Source: Voß (2001) 
It can be concluded that LCA and quantification of environmental costs give valuable input to 
the assessment of the relative sustainability of different electricity production technologies in 
spite of the current knowledge gaps. These methods thus can contribute to a rational 
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decision support. LCA inventories provide very useful information concerning the evaluation 
of resource requirements of different electricity production options. External cost estimates 
represent an aggregated indicator of environmental performance. Together with the private 
costs, total costs can serve as an integrated indicator for the overall resource consumption 
and in this respect for relative sustainability of the different energy options. 
As far as applicable, the approach of monetary valuation can be considered to be the most 
appropriate way of weighting and aggregating different impact categories when assessing 
the environmental impact or the resource intensity of energy systems. Monetary values 
based on individual and social preferences for a wide range of health and environmental 
impacts have been derived from empirical work. The use of such values for aggregation has 
advantages compared to weighting schemes derived from expert or personal judgement, as 
the weighting is based on “measured” preferences. And last, but not least, monetary values 
have the advantage of being more illustrative than “utility points” or other artificial measures, 
although the results might be the same. 
 
 

4. Proposals for the German liberalised electricity sector 
 
In consequence to the explanations of the chapters above, the goal must be to include 
quantitative methods of impact assessment into the current EIA processes. 
The ExternE methodology has been widely accepted in the scientific field and its use for 
international applications (e. g. the examples of Chapter 3.2.2.) One step into the direction to 
include quantitative elements and monetary evaluation of effects also into environmental 
impact analysis (instead of a frequently used qualitative description of effects) can be that 
the German Umweltbundesamt (Federal Environmental Agency) that has been up to now 
reluctant against quantitative estimates of externalities, especially in monetary terms, now 
has started an expert group with the intention to install a convention on the methodology of 
estimating external costs. Such a convention has the goals to become 
• generally accepted both among German experts and policy makers, and 
• allows a kind of standardisation for an easier applicability and transparency in the case 

of an assessment of the effects induced by smaller projects. 
What should also be reached within the practical application is a better harmonisation and 
systematic documentation of environmental impact assessment processes. At the moment 
often discovery and inspection of EIAs are not allowed. Moreover, there are lots of 
differences within the laws and directives of the different Länder in Germany, and especially 
the competencies and responsibilities are various. Though a general change of this situation 
might not be possible due to the hierarchies of the federal political structure of Germany and 
its implications of this structure on legislation, execution, and jurisdiction, a tendency 
towards more transparency might be helpful for both potential investors and agents in the 
electricity market and public decision-makers. 
On the other hand, if the barriers and conditions of an EIA are different within Germany, this 
might have an effect on the competition of the locations within a liberalised electricity market 
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with potentially unpredicted effects – at least during a transition phase. 
The competition of locations however, if there is one, should include in a consistent way also 
the comparative advantages and disadvantages with regard to both internal and external 
costs. There is the danger that e. g. Bundesländer or municipalities encourage the 
settlement of electric utilities (as well as other industries) with subsidies that are not justified 
by a bonus with regard to external effects. 
An additional step is the strengthening of cost-benefit analysis for the construction and 
operation of power plants and utilities by modelling and scenario tools within a regional, local 
and international context, as described in Chapter 2.3. Otherwise the effects on and the 
coincidence with the whole system (such as overcapacities, binding restrictions, scarcities 
on the market) might be neglected. 
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