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PREFACE 

 
The European Parliament – and in particular the former Committee on Research, Technical 
Development and Energy, now the Committee on Industry, External Trade, Research and Energy – 
has always shown particular interest in topics relating to the broad field of taxation policy with 
objectives in the energy and environmental sectors. 
 
The Director-General for Research – at the request of the former Committee on Research, 
Technical Development and Energy – has ordered an external study to be carried out on “Ways of 
reorganising national energy policies: the case of Germany”. The aim of this study is to accumulate 
background material for future initiatives of the European Parliament towards a taxation policy 
with objectives in the energy and environmental sectors. 
 
The study seeks to give a brief summary of the extent to which  tax policy could play a greater role 
in the Community’s future strategy in the area of  energy and environmental policy. It starts by 
looking at the possibilities and problems of phasing out nuclear energy, and at important elements 
of a long-term energy and environmental strategy. It then goes into the possible models for 
environmental tax reform, looking in particular at the expenditure side. In this connection it is 
shown what advantages might be expected if the income from an ‘environmental tax’ is used to 
reduce labour costs, e.g. for innovative projects. Finally proposals and recommendations are 
developed for an EU action plan in this area. 
 

******************************** 
 

VORWORT 
 
Das Europäische Parlament - und insbesondere der vormalige Ausschuß für Forschung, techno-
logische Entwicklung und Energie, jetzt der Ausschuß für Industrie, Außenhandel, Forschung und 
Energie  und ebenso der Ausschuß für Umweltfragen, Volksgesundheit und Verbraucherschutz - hat 
stets besonderes Interesse an Themen bekundet, die das weite Feld der Steuerpolitik mit energie- 
und umweltpolitischer Zielsetzung betreffen. 
 
Die Generaldirektion Wissenschaft hat - auf Anforderung des vormaligen Ausschusses für 
Forschung, technologische Entwicklung und Energie - eine externe Studie zum Thema "Wege zu 
einer Neuorientierung der Nationalen Energiepolitiken? – Deutschland als ein Fall-Beispiel" in 
Auftrag gegeben. Die Zielvorgabe dieser Studie ist es, Hintergrundmaterial für zukünftige 
Initiativen des Europäischen Parlaments zusammenzustellen, nämlich für eine Steuerpolitik mit 
energie- und umweltpolitischer Zielsetzung. 
 
Die Studie versucht eine kurze Übersicht zu geben, inwiefern die Steuerpolitik eine größere Rolle in 
der zukünftigen Strategie der Gemeinschaft auf energie- und umweltpolitischem Gebiet spielen 
könnte. Es werden zunächst Möglichkeiten und Probleme des “Phasing out” der Kernenergie und 
wichtige Elemente einer langfristig angelegten energie- und umweltpolitischen Strategie behandelt. 
Dann werden eingehend die Modellvorstellungen einer ökologischen Steuerreform behandelt, 
wobei insbesondere auch auf die Verwendungsseite eingegangen wird; es wird hierbei gezeigt, 
welche Vorteile möglicherweise zu erwarten sind, wenn das Aufkommen einer „Umweltsteuer“ zur 
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Reduzierung der Arbeitskosten bzw. für Innovationsvorhaben verwendet wird. Abschließend werden 
Vorschläge und Empfehlungen für einen EU-Aktionsplan auf diesem Gebiet entwickelt. 
 

*********************************  
 

PRÉFACE 
Le Parlement européen - et en particulier, l’ancienne commission de la recherche, du 
développement technologique et de l’énergie, actuelle commission de l’industrie, du commerce 
extérieur, de la recherche et de l’énergie ainsi que la commission de l’environnement, de la santé 
publique et de la politique des consommateurs – a toujours manifesté un intérêt particulier pour les 
thèmes qui concernent le vaste champ de la politique fiscale sous l’angle des politiques énergétique 
et environnementale. 
 
À la demande de l’ancienne commission de la recherche, du développement technologique et de 
l’énergie, la Direction générale des études a demandé la réalisation d’une étude externe sur le 
thème suivant: «Pistes pour une réorientation des politiques énergétiques nationales? – Le cas de 
l’Allemagne». Cette étude a pour objectif de rassembler une documentation devant servir à étayer 
les initiatives futures du Parlement européen, notamment en faveur d’une politique fiscale sous 
l’angle de l’énergie et de l’environnement.  
 
Cette étude tente de décrire brièvement comment la politique fiscale pourrait jouer un rôle plus 
important dans la stratégie future de la Communauté dans le domaine énergétique et 
environnemental. Sont traités en premier lieu les possibilités, ainsi que les problèmes liés au 
«déclassement» de l’énergie nucléaire et certains éléments importants d’une stratégie énergétique 
et environnementale à long terme. Sont ensuite présentés de manière circonstanciée des modèles de 
réforme fiscale écologique, l’aspect de leur praticabilité faisant également l’objet d’un examen 
particulièrement détaillé; elle montre en l’occurrence quels peuvent être les avantages de 
l’utilisation des «écotaxes» pour réduire le coût du travail et/ou de projets innovateurs. Elle 
présente enfin des propositions et recommandations en vue d’un plan d’action de l’Union 
européenne dans ce domaine. 
 
 
 

DIRECTORATE GENERAL FOR RESEARCH 
 
 
 
 
 
 
 
 
 
 
 
________________________ 
Luxembourg, November 1999 
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Executive Summary 
Energy policy is an element of infrastructure policy and thus is important for competitiveness and 
growth, at the same time it is a crucial element of environmental policy since the generation and use 
of fossil and nuclear fuels goes along with negative national and international external effects. 
Following the EU electricity liberalization initiative Germany has not chosen to implement the 
minimum gradual liberalization required by the EU, rather it has fully liberalized the electricity 
market in April 1998 which will lead to falling electricity prices and industry restructuring in a 
more competitive European market. Since natural gas is an important input – with a competitive 
edge vis-à-vis alternative inputs - in electricity generation the liberalization of the gas market in the 
EU initiated by the European Commission will reinforce the liberalization of the energy market. 
Energy generation and use are in turn key elements for several emissions, most notably CO2 and 
SO2. These gaseous emissions naturally create transboundary pollution problems, other 
international aspects of ecological tax reforms concern the competitiveness of the tradable goods 
industry and trade in energy resources and electricity. Moreover there will be effects on 
international capital markets to the extent that there will be relocation of energy intensive industries 
or intensified merger and acquisition activities in the energy sector or in energy-intensive industries 
facing sharper price and cost competition. 

The development of nuclear energy use in Germany depends strongly on political decisions 
to come. Existing nuclear power plants at present are competitive, but building new ones is rather 
unlikely under conditions of competition. Only by government intervention could the nuclear option 
be maintained. So if the phase-out of nuclear energy is to come, the question will be how to replace 
the present electricity generation of nuclear power plants. 

As electricity and gas markets are being opened and liberalised throughout Europe, part of 
the substitute could consist of electricity imports. Also the number of gas fired power plants will 
increase. Nevertheless, a fast phase-out of nuclear energy means destroying a considerable amount 
of capital. The assessment of this capital depends on the assessment of the replacement of nuclear 
power plants. That depends e.g. on future energy prices and especially on the pace of phase-out. A 
scenario of replacing nuclear power to a great extent by gas power plants offers favourable chances 
at today's prices and costs. At the same time such a strategy requires natural gas to be available in 
sharply rising amounts without changes of price. The last condition seems not very probable in view 
of the natural gas market structure. 

A mixed strategy for the replacement by a mixture of natural gas and coal is more 
acceptable considering price and cost aspects, but raises larger problems with climate policy, 
because much higher emissions of greenhouse gases are related to such a strategy. 

A phase-out neutral to climate issues, on the other hand, raises the costs of phase-out. 
Because either other economic sectors have to contribute more to greenhouse gas reduction, or the 
electricity sector itself has to increase the use of natural gas to be able to reduce greenhouse gases. 
This means refraining from creating a great part of domestic value added in the area of coal 
production. 

A higher contribution of renewable energy cannot solve the problem: The use of RES 
(renewable energy sources), like the use of nuclear power, is not directly related to the emission of 
greenhouse gases. If nuclear energy could be replaced by renewable energy sources, the climate 
balance would remain neutral in the long-term. But this would not be a contribution to the reduction 
of greenhouse gases. 

There are large potentials for combined heat and power generation in Germany, which are 
not yet exploited. Decentralised plants that provide cheap heat could make an important 
contribution to power and heat generation in the future. Under today's economic conditions there 
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are still big obstacles for the introduction of such plants, because the market does not remunerate 
the environmental advantage of co-generation. 

When phasing out nuclear energy, energy policy faces the problem of combining 
environmental soundness and economic soundness in the framework of a global economy as well as 
the stability of political conditions. Considerable tasks of structural change are related to this. A 
social pact would be useful which envisages a prolonged operation period for certain nuclear power 
plants in connection with increased support for RES and CHP (combined heat and power); 
stimulating energy saving also is important. 

For nuclear waste, the main options are reprocessing or ultimate waste disposal. If today 
ultimate waste disposal is cheaper, it would be economically logical to choose ultimate waste 
disposal, which for the time being will be long-term intermediate storage. Later, technically it 
would still be possible to opt for reprocessing. The German Waste disposal concept at present aims 
at three sites of final storage, for heat developing waste it is the salt dome in Gorleben, which is still 
being examined. Waste disposal being a considerable cost factor, it is estimated that the dismantling 
costs of a reactor amount to about 15-20% of the construction costs. The disposal of nuclear waste 
accounts for approx. 60% compared to 40% for the operational stage. 

Taking up some doubts in the literature about the double dividend hypothesis we propose 
within a modified approach an innovation augmented ecological tax reform: From the theoretical 
perspective of an optimal allocation approach it makes sense to internalize negative external effects 
from emissions and positive effects from R&D while using ecological tax revenues to finance R&D 
promotion and to cut high labour taxes which cause considerable distortions – lower taxes also will 
promote higher employment. Higher R&D expenditures allow a faster accumulation of the R&D 
capital stock, which plays a positive role in macroeconomic and sectoral development. The 
increased R&D capital stock contributes to higher growth and thereby eliminates the negative 
output effect – possibly associated with intensified struggle for income - observed in most 
simulations on the effects of the standard ecological tax reform. In a macro model based on input-
output analysis we find that about 10% of tax revenue from the ecological tax reform should be 
spent on higher R&D expenditures if a negative output effect is to be avoided in Germany. With 
respect both to Germany and the EU we argue that an innovation-augmented ecological tax reform 
is an ideal strategy to combine environmental improvement with higher employment – roughly plus 
1 million.  

Our study leaves open several questions including those of time lags between R&D 
accumulation and employment (and output) growth. Moreover, there are some important issues 
related to the international effects of higher R&D-GDP ratios. A rise in the R&D capital stock 
might attract higher foreign direct investment inflows, which in turn could go along with a higher 
investment-GDP ratio and higher factor productivity at large. It is obvious that most EU countries 
are likely to benefit from adopting an innovation-oriented ecological tax reform, except for those 
countries whose industries are weakly positioned in technology intensive products and technologies. 
An open question is whether part of the extra R&D funds should be devoted to specific research 
projects with a focus on improving energy efficiency.  

These and other issues define an agenda for future research. Given high unemployment rates 
in most EU countries modified ecological tax reform cannot substitute for adequate labour market 
reforms. Ecological taxes should provide the impulse to reduce the overall tax burden, minimize the 
dead-weight welfare losses and optimize the allocation of resources. While Schumpetarian 
ecological tax reform would be useful for Germany and the whole EU such a reform is no substitute 
for structural reforms in the social security system of Germany and other countries with a traditional 
pay-as-you-go system. Policymakers in Germany should modify the existing ecological tax reform 
in accordance with the proposed Schumpeterian elements. In principle Germany’s ecological tax 
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reform could – with adequate modifications – also be applied to the EU. Tax harmonization in the 
field of ecological taxes should be phased in the future. 

Perspectives 

A Schumpeterian ecological tax reform could not only bring major benefits for Germany but for the 
whole EU (it also would be applicable in the US, Canada and Japan). Since in 1997 per capita CO2 
emissions of Belgium (12 tons) and the Netherlands (11.8 t) were somewhat higher than in 
Germany (10.8 t) the benefits of a Schumpeterian ecological tax reform in these two countries could 
be even higher than in Germany. With British, Italian and French per capita emissions being 
slightly lower – that 9.4, 7.4 and 6.2 t, respectively – a Schumpeterian ecological tax reform would 
also generate considerable benefits in the UK, Italy and France; the latter, of course, faces special 
problems from its large nuclear power industry. It would be useful to adopt an EU harmonization 
approach in the field of (Schumpeterian) ecological tax reform, the two main reasons being that 
some minimum harmonization would avoid distortionary effects on intra-Community trade and 
foreign direct investment on the one hand, on the other hand taxation of primary energy inputs 
according to the respective CO2 intensity hardly is possible without an EU-wide approach. 
Germany´s ecological tax reform should be modified adequately which means both adopting an 
explicit focus on CO2 emissions of primary energy and splitting the ecological tax revenue in a way 
which would not only reduce labour costs but also raise R&D promotion and R&D expenditures, 
respectively. 

The EU should adopt a Schumpeterian ecological tax reform project, which would generate 
new jobs, strengthen EU competitiveness and stimulate economic growth. Facing the New World of 
economic globalization an adequate EU action program could considerably contribute to 
modernizing the EU and to successfully cope with global warming. 
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Fig. M/W 2: Innovation-oriented Ecological Tax Reform 
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The Method of Simulation 
The econometric model gives us an empirically based picture of economic development and its 
relations to energy consumption and greenhouse gas emissions. The empirical basis for modelling 
behavioural equations is 1970-96. In a first step of our analysis we make a forecast from now to the 
year 2010, where various exogenous variables (e.g. world import growth) are fixed at plausible 
levels. Thereby we get a reference scenario, the so-called business as usual (bau) case. This is 
dubbed bau case because the forecast and the assumptions lying behind this scenario do not involve 
policy activities in the field of our interest – here ecological tax reform.  
 In a second step we produce a further forecast, but now we assume the introduction of a 
carbon tax and its „compensation“ in the sense of revenue-neutrality: In the analysis conducted here 
is at first a simulation of a simple ecological tax reform with revenue neutrality, i.e. all ecological 
tax revenue is used for lowering social security contributions. All other assumptions concerning 
especially the values of the exogenous variables are the same as in the bau scenario. Then further 
forecasts are made by assuming that a certain share of the ecological tax revenue will be devoted to 
raising research and development expenditures.  This allows us to model a Schumpeterian 
ecological tax reform, which has an explicit focus on growth-enhancing stimulation of innovation 
expenditures. 

In our discussions of the forecast results we always refer to deviations from the bau forecast. 
These figures give us all direct and indirect effects, which the carbon tax and the compensation 
method chosen (e.g. full reduction of social security contributions, or, split of ecological tax 
revenue for lowering social security contributions and for raising research and development 
expenditures) will have. E.g. if the forecast result for a Schumpeterian ecological tax reform 
(SETAR) - with x% of ecological tax revenue devoted to higher R&D expenditures – says in the 
column for GDP + 1.5% this means that comparing gross domestic product at the end of the 
forecast period 2010 for SETAR with the business as usual case real output exceeds the figure of 
the bau case by 1.5%. If a hypothetical SETAR forecast table for nominal wages W says +2% and 
for price level +0.8%, the result is that at the end of the simulation period the nominal wage is 2% 
higher than in the bau scenario, while the real wage will be roughly 1.2% above the level in the bau 
scenario. 
 Simulation thus allows policymakers to understand which impact the realization of 
alternative policy options will have. Simulation results from a broad model – including input-output 
analysis – are econometrically sometimes not as robust as estimation of reduced forms of equation 
systems, but the broad model has the important advantage of covering complex dynamics of reality 
in a bottom-up approach and of allowing a closer look at the structural/sectoral changes that are 
often so crucial for adjustment in the economy, but for policymakers decisions as well. 
 The model simulation run for one country cannot easily be extended to a group of countries 
unless national models are linked adequately. Covering several EU countries (or the whole EU-15 
or EU plus selected accession countries) is possible in principle but requires international 
cooperation in a rather complex simulation model. As regards policymaking such simulation 
analysis can help to avoid serious policy pitfalls and may help to identify the most menu of 
instruments for a given set of policy objectives. 
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Ausführliche Zusammenfassung 
Die Energiepolitik ist ein Bestandteil der Infrastrukturpolitik und somit wichtig für 
Wettbewerbsfähigkeit und Wachstum; zugleich ist sie wesentlicher Bestandteil der Umweltpolitik, 
da die Erzeugung und Nutzung fossiler und nuklearer Brennstoffe mit negativen externen Effekten 
auf nationaler und internationaler Ebene einhergeht. Nach der EU-Initiative zur Liberalisierung der 
Stromversorgung hat sich Deutschland nicht für das von der EU geforderte Mindestmaß einer 
schrittweisen Liberalisierung entschieden, sondern den Elektrizitätsmarkt im April 1998 völlig 
freigegeben, was zu sinkenden Strompreisen und einer Umstrukturierung der Industrie in einem 
wettbewerbsfähigeren EU-Markt führen wird. Da Erdgas ein wichtiger Produktionsfaktor bei der 
Stromerzeugung ist - mit einem Wettbewerbsvorteil gegenüber alternativen Produktionsfaktoren -, 
wird die von der EU-Kommission initiierte Liberalisierung des Erdgasmarktes in der EU die 
Liberalisierung des Energiemarktes fördern. Die Energieerzeugung und -nutzung sind ihrerseits 
Hauptursachen für eine Reihe von Emissionen, insbesondere für den Ausstoß von Kohlendioxid 
und Schwefeldioxid. Diese Gasemissionen erzeugen natürlich grenzüberschreitende 
Verschmutzungsprobleme; weitere internationale Aspekte der Ökosteuerreform betreffen die 
Wettbewerbsfähigkeit der Verbrauchsgüterindustrie und den Handel mit Energieressourcen und 
Strom. Zudem wird es Auswirkungen auf den internationalen Kapitalmärkten geben: Eine 
Verlagerung der energieintensiven Industrien sowie vermehrte Fusions- und Akquisitionsaktivitäten 
im Energiesektor und in den energieintensiven Industrien einen schärferen Preis- und 
Kostenwettbewerb nach sich ziehen werden.  

Die Entwicklung der Nutzung der Atomenergie in Deutschland hängt wesentlich von 
künftigen politischen Entscheidungen ab. Die bestehenden Kernkraftwerke sind derzeit 
wettbewerbsfähig, der Bau neuer Kernkraftwerke unter Wettbewerbsbedingungen ist jedoch 
ziemlich unwahrscheinlich. Nur durch staatliches Eingreifen konnte die Kernkraft als Option 
erhalten bleiben. Bei einer Abkehr von der Atomenergie wird sich die Frage nach Alternativen für 
die gegenwärtige Stromgewinnung durch Kernkraftwerke ergeben. 

Da die Strom- und Gasmärkte in ganz Europa geöffnet und liberalisiert werden, könnte ein 
Teil des Ersatzes durch Energieimporte geschaffen werden. Auch die Anzahl der Gaskraftwerke 
wird zunehmen. Dennoch ist ein Abbau der Atomenergie mit der Zerstörung eines großen Kapitals 
gleichzusetzen. Der Wert dieses Kapitals hängt von der Bewertung des Ersatzes für die Kernkraft-
werke ab, was wiederum z.B. von künftigen Energiepreisen und insbesondere dem Tempo des Ab-
baus abhängt. Ein Szenario des Ersatzes von Kernkraftwerken in großem Umfang durch Gaskraft-
werke bietet günstige Möglichkeiten für die heutigen Preise und Kosten. Zugleich erfordert eine 
solche Strategie die Verfügbarkeit von Erdgas in stark wachsenden Mengen und ohne Preis-
änderung, wobei letzteres angesichts der Marktstruktur für Erdgas nicht sehr wahrscheinlich ist. 

Eine doppelte Strategie für den Ersatz durch die Kombination von Erdgas und Kohle ist 
angesichts der Preis- und Kostenaspekte eher vertretbar, schafft jedoch für die Klimapolitik größere 
Probleme, da eine solche Strategie mit einem höheren Ausstoß von Treibhausgasen verbunden ist.  

Ein Abbau ohne Auswirkungen auf die Klimasituation ist andererseits kostenintensiver. 
Denn entweder müssen andere Wirtschaftssektoren vermehrt zu der Reduzierung der Treibhausgase 
beitragen, oder der Stromsektor selbst muß den Einsatz von Erdgas erhöhen, um den Ausstoß von 
Treibhausgasen zu senken. Das bedeutet, daß man davon Abstand nehmen muß, einen großen Teil 
der inländischen Wertschöpfung im Bereich der Kohlegewinnung zu erzielen.  

Ein größerer Einsatz an erneuerbaren Energien kann das Problem nicht lösen: Die Nutzung 
von EET (erneuerbare Energieträger) und auch der Kernkraft steht nicht in direktem Verhältnis zu 
der Emission von Treibhausgasen. Wenn Kernenergie durch erneuerbare Energieträger ersetzt 
werden könnte, dann würde das Klimagleichgewicht langfristig neutral bleiben. Das würde jedoch 
nicht zur Reduzierung der Treibhausgase beitragen.  
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In Deutschland bestehen große, noch nicht ausgeschöpfte Potentiale für eine kombinierte 
Wärme/Krafterzeugung. Dezentralisierte Anlagen, die kostengünstige Wärme erzeugen, könnten 
einen wichtigen Beitrag zur Wärme- und Krafterzeugung in der Zukunft leisten. Unter den heutigen 
Wirtschaftsbedingungen gibt es noch große Hindernisse für die Einführung solcher Anlagen, weil 
sich der Umweltvorteil einer kombinierten Erzeugung auf dem Markt nicht lohnt.  

Bei einem Abbau der Kernenergie steht die Energiepolitik vor dem Problem, die umwelt-
bezogene und ökonomische Solidität im Rahmen der Weltwirtschaft mit der Stabilität der 
politischen Voraussetzungen zu kombinieren. Wichtige Aufgaben der Strukturveränderung sind 
damit verbunden. Ein Sozialpakt wäre sinnvoll, der eine verlängerte Betriebsdauer für gewisse 
Kernkraftwerke in Verbindung mit einer stärkeren Unterstützung der EET und WKK 
(Wärme/Kraftkopplung) zum Ziel hat; wobei natürlich auch die Energieeinsparung wichtig ist.  

Hinsichtlich der Kernabfälle sind die beiden wichtigsten Möglichkeiten die 
Wiederaufbereitung und die Endlagerung. Wenn heute die Endlagerung billiger ist, so wäre es unter 
wirtschaftlichen Aspekten logisch, sich für die Endlagerung zu entscheiden, die derzeit in einer 
langfristigen Zwischenlagerung besteht. Später wäre es technisch gesehen immer noch möglich, 
sich für eine Wiederaufarbeitung zu entscheiden. Das Lagerungskonzept in Deutschland stützt sich 
derzeit auf drei Anlagen für die Endlagerung, wobei für wärmeerzeugende Abfälle der Salzstock in 
Gorleben vorgesehen ist, der sich noch in der Prüfphase befindet. Da die Abfallbeseitigung ein 
großer Kostenfaktor ist, wird damit gerechnet, daß die Kosten für den Abbruch einer Reaktoranlage 
ca. 15-20% der Baukosten betragen. Die Entsorgungskosten von atomaren Abfällen betragen ca. 
60% gegenüber 40% der Kosten für die Betriebsphase.  

Vor dem Hintergrund der in der Literatur zuweilen geäußerten Zweifel über die Hypothese 
von der doppelten Dividende schlagen wir innerhalb eines modifizierten Ansatzes eine innovations-
orientierte ökologische Steuerreform vor: Aus der theoretischen Perspektive eines optimalen 
Allokationsansatzes ist es sinnvoll, die negativen externen Effekte von Emissionen und die 
positiven Effekte von FuE zu internalisieren, während die Einnahmen aus der Ökosteuer verwendet 
werden, um die Förderung von FuE zu finanzieren und hohe Steuern auf Arbeit zu senken, die zu 
erheblichen Verzerrungen führen - und niedrigere Steuern fördern auch die Beschäftigung. Höhere 
Ausgaben für FuE ermöglichen ein schnelleres Anwachsen des FuE-Kapitalstocks, der eine positive 
Rolle in der makroökonomischen und sektoralen Entwicklung spielt. Der größere FuE-Kapitalstock 
trägt zu einem vermehrten Wachstum bei und beseitigt dadurch die negativen Leistungseffekte, die 
möglicherweise mit der verstärkten Bemühung um Einnahmen assoziiert und in den meisten 
Simulationen über die Auswirkungen einer standardisierten Ökosteuerreform beobachtet wurden. In 
einem auf die Input-Output-Analyse gestützten Makromodell heißt es, daß ca. 10% der 
Steuereinnahmen aus der ökologischen Steuerreform für höhere FuE-Ausgaben eingesetzt werden 
sollten, wenn man in Deutschland negative Leistungseffekte vermeiden will. Im Hinblick auf 
Deutschland und die EU vertreten wir die Auffassung, daß eine innovationsorientierte ökologische 
Steuerreform eine ideale Strategie ist, um Verbesserungen der Umwelt mit einer höheren 
Beschäftigung zu kombinieren - gerechnet wird mit einem Plus von 1 Million.  

Unsere Untersuchung läßt eine Reihe von Fragen wie auch die der aktuellen Diskrepanz 
zwischen Anwachsen des FuE-Kapitalstocks einerseits und Beschäftigungs- und Leistungszuwachs 
andererseits offen. Zudem gibt es einige wichtige Themen im Zusammenhang mit den 
internationalen Auswirkungen eines höheren Verhältnisses von FuE/BIP. Eine Erhöhung des FuE-
Kapitalstocks könnte vermehrt ausländische Direktinvestitionsflüsse anziehen, die wiederum mit 
einem höheren Investitionen/BIP-Verhältnis und einer höheren Faktorproduktivität im weitesten 
Sinne einhergehen können. Es ist offensichtlich, daß die meisten EU-Mitgliedstaaten 
wahrscheinlich von der Annahme einer innovationsorientierten ökologischen Steuerreform 
profitieren werden, mit Ausnahme jener Länder, deren Industrien eine schwache Position bei den 
technologieintensiven Produkten und Technologien haben. Eine offene Frage ist, ob die 
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zusätzlichen FuE-Mittel zum Teil spezifischen Forschungsprojekten zur Verbesserung der 
Energieeffizienz gewidmet werden sollten.  

Diese und andere Themen sind Bestandteil der Agenda für künftige Forschungsvorhaben. 
Angesichts der hohen Arbeitslosenraten in den meisten EU-Mitgliedstaaten kann eine modifizierte 
ökologische Steuerreform keinen Ersatz für geeignete Arbeitsmarktreformen bieten. Die 
Ökosteuern sollten einen Anreiz bieten, um die allgemeine Steuerlast zu senken, die Totalverluste 
durch Sozialunterstützung auf ein Mindestmaß zurückzuschrauben und die Bereitstellung der 
Ressourcen zu optimieren. Die ökologische Steuerreform nach Schumpeter wäre für Deutschland 
und die gesamte EU zwar sinnvoll, sie könnte jedoch Strukturreformen im 
Sozialversicherungssystem Deutschlands und anderer Länder mit einem traditionellen System der 
Einzelleistungsvergütung nicht ersetzen. Die Politiker in Deutschland sollten die aktuelle 
ökologische Steuerreform gemäß den vorgeschlagenen Schumpeter-Elementen ändern. 
Grundsätzlich könnte die deutsche Ökosteuerreform - mit entsprechenden Änderungen - auch 
innerhalb der EU Anwendung finden. Die Steuerharmonisierung im Bereich der Ökossteuern 
könnte schrittweise für die Zukunft in Angriff genommen werden.  

Ausblick 

Eine ökologische Steuerreform nach Schumpeter könnte nicht nur größere Vorteile für Deutschland, 
sondern auch für die gesamte EU mit sich bringen (und sie wäre auch in den USA, Kanada und 
Japan anwendbar). Da 1997 die CO2-Emissionen pro Kopf in Belgien (12 t) und den Niederlanden 
(11,8 t) etwas höher als in Deutschland (10,8 t) waren, wären die Vorteile einer ökologische 
Steuerreform nach Schumpeter in diesen beiden Ländern sogar noch größer als in Deutschland. Da 
die Pro-Kopf-Emissionen in Großbritannien (9,4 t), Italien (7,4 t) und Frankreich (6,2 t) etwas 
darunter lagen, wäre eine ökologische Steuerreform nach Schumpeter auch für diese drei Länder 
von beträchtlichem Vorteil, wobei Frankreich natürlich aufgrund der großen Atomindustrie 
besondere Probleme hat. Es wäre sinnvoll, einen EU-harmonisierten Ansatz im Bereich der 
ökologischen Steuerreform (nach Schumpeter) zu verfolgen, wobei die beiden Hauptargumente 
darin bestehen, daß ein Mindestmaß an Harmonisierung einerseits Verzerrungen im 
innergemeinschaftlichen Handel und bei den Auslandsdirektinvestitionen verhindern würde und 
andererseits die Besteuerung der Primärenergieproduktionsfaktoren entsprechend der jeweiligen 
CO2-Intensität ohne einen EU-weiten Ansatz kaum möglich ist. Deutschlands ökologische 
Steuerreform sollte angemessen modifiziert werden, so daß die CO2-Emissionen der Primärenergie 
explizit in den Mittelpunkt gestellt und die Einnahmen aus der ökologischen Steuerreform in der 
Form aufgeteilt werden, daß nicht nur die Arbeitskosten sinken, sondern auch jeweils die FuE-
Förderung und -Ausgaben steigen würden. 

Die EU sollte ein ökologisches Steuerreformprojekt nach Schumpeter verabschieden, das 
neue Arbeitsplätze schaffen, die Wettbewerbsfähigkeit der EU stärken und das Wirtschafts-wachs-
tum ankurbeln würde. Angesichts der Neuen Welt der wirtschaftlichen Globalisierung würde ein 
angemessenes EU-Aktionsprogramm wesentlich zur Liberalisierung der EU beitragen und die 
globale Erwärmung erfolgreich bekämpfen. 
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Abb.. M/W 2: Innovationsorientierte ökologische Steuerreform 
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Simulationsmethode 
Das ökonometrische Modell gibt uns ein empirisch gestütztes Bild der wirtschaftlichen Entwicklung und 
ihres Verhältnisses zum Energieverbrauch und den Treibhausgasemissionen. Die empirische Grundlage für 
das Modell der Verhaltensgleichung ist der Zeitraum von 1970-1996. In einem ersten Schritt unserer Analyse 
erstellen wir eine Prognose von heute bis zum Jahr 2010, wobei verschiedene exogene Variablen (z.B. 
Weltimportwachstum) auf einem realistischen Niveau festgelegt werden. Somit erhalten wir ein 
Referenzszenario für den sog. Normalfall. Hier haben wir es mit einem abgewandelten Normalfall zu tun, da 
die Prognosen und Annahmen, die diesem Szenario zugrunde liegen, nicht mit politischen Aktivitäten in 
unserem Interessenbereich – hier der ökologischen Steuerreform - verknüpft sind. 

In einem zweiten Schritt erstellen wir eine zweite Prognose. Wir gehen jetzt jedoch von der 
Einführung einer Kohlesteuer und damit verbundenen „Ausgleichsmaßnahmen“ im Sinne der Einnahmen-
neutralität aus: In der hier durchgeführten Analyse geht es zunächst um die Simulation einer einfachen 
ökologischen Steuerreform mit Einnahmenneutralität, daß heißt alle Einnahmen aus der ökologischen 
Steuerreform werden zur Senkung der Sozialversicherungsbeiträge genutzt. Alle anderen Annahmen 
insbesondere hinsichtlich der Werte der exogenen Variablen sind dieselben wie im Normalfall-Szenario. Bei 
den weiteren Prognosen wird davon ausgegangen, daß ein gewisser Anteil der Einnahmen aus der 
Ökosteuerreform den steigenden FuE-Ausgaben gewidmet wird. Dadurch können wir das Modell einer 
ökologischen Steuerreform nach Schumpeter entwerfen, das sich ausdrücklich auf die wachstumsfördernde 
Ankurbelung der Innovationsausgaben konzentriert. 

In unserer Diskussion der Prognoseergebnisse beziehen wir uns stets auf die Abweichungen von den 
Normalfall-Prognosen. Diese Zahlen zeigen uns sämtliche direkten und indirekten Auswirkungen, die die 
Kohlesteuer und die gewählten Ausgleichsmaßnahmen haben werden (z.B. umfassende Senkung der 
Sozialversicherungsbeiträge, Aufteilung der Einnahmen aus der Ökosteuerreform zur Senkung der 
Sozialversicherungsbeiträge und Erhöhung der FuE-Ausgaben). Steht z.B. bei den Prognoseergebnissen für 
die ökologische Steuerreform nach Schumpeter - wobei x % der Einnahmen aus der Ökosteuer für höhere 
FuE-Ausgaben verwendet werden - in der Spalte BIP +1,5%, dann bedeutet dies, daß im Vergleich zum 
Bruttoinlandsprodukt am Ende des Prognosezeitraums für die ökologische Steuerreform nach Schumpeter im 
Jahr 2010 unter Normalfall-Bedingungen die Prognoseergebnisse die Normalfall-Zahlen um 1,5% 
übersteigen. Wenn in einer hypothetischen Tabelle für die Schumpeter-Ökosteuerreform bei den 
Nominallöhnen W +2% und dem Preisniveau +0,8% steht, dann liegt am Ende des Prognosezeitraums der 
Nominallohn um 2% über dem Normalfall-Szenario, während der Reallohn ca.1,2% höher als das 
Normalfall-Szenario sein wird. 

Durch die Simulation können sich somit die Politiker verdeutlichen, welche Auswirkungen die 
Umsetzung von alternativen Politiken haben wird. Die Simulationsergebnisse aus einem breit angelegten 
Modell - einschließlich der Input-Output-Analyse - sind aus ökonometrischer Sicht zuweilen nicht so 
dingfest wie die Schätzungen aus reduzierten Formen von Gleichungssystemen; das breit angelegte Modell 
hat jedoch den entscheidenden Vorteil, vielschichtige Dynamiken der Realität in einem umgekehrten Ansatz 
aufzuzeigen und eine genauere Analyse der strukturellen/sektoralen Änderungen zu ermöglichen, die oftmals 
für die Korrekturen in der Wirtschaft und die Entscheidungen der Politiker von so großer Bedeutung sind. 

Die Modellsimulation für ein Land kann nicht so ohne weiteres auf eine Gruppe von Ländern 
ausgeweitet werden, wenn die nationalen Modelle nicht entsprechend miteinander verbunden sind. Die 
Einbeziehung einer Reihe von EU-Mitgliedstaaten (oder aller 15 EU-Mitgliedstaaten oder der EU 
einschließlich ausgewählter Beitrittsländer) ist zwar grundsätzlich möglich, verlangt jedoch eine 
internationale Zusammenarbeit in einem ziemlich komplizierten Simulationsmodell. Bei politischen 
Entscheidungen kann eine solche Simulationsanalyse mit dazu beitragen, schwerwiegende politische Fehler 
zu vermeiden und die beste Auswahl von Instrumenten für ein größtmögliches Spektrum an bestimmten 
politischen Zielen festzulegen. 
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Résumé analytique 
La politique énergétique est une composante de la politique en matière d'infrastructure et, partant, 
elle influe sur la compétitivité et sur la croissance. Dans le même temps, c'est un élément 
déterminant de la politique de l'environnement en ce sens que la production et l'utilisation de 
combustibles fossiles et nucléaires génèrent des effets externes négatifs tant au niveau national qu'à 
l'échelle internationale. À la suite de l'initiative de l'UE visant à libéraliser le secteur de l'électricité, 
l'Allemagne a choisi de ne pas réaliser la libéralisation progressive minimale requise par l'UE, mais 
de libéraliser pleinement le marché de l'électricité en avril 1998, ce qui se traduira par une baisse 
des prix de l'électricité et une restructuration du secteur au sein d'un marché européen plus 
concurrentiel. Étant donné que le gaz naturel est un intrant qui joue un rôle important dans la 
production de l'électricité – en bénéficiant du reste d'un avantage concurrentiel par rapport aux 
autres ressources susceptibles d'être mises à contribution –, la libéralisation du marché du gaz 
naturel dans l'UE, engagée par la Commission européenne, renforcera la libéralisation du marché de 
l'énergie. La production et l'utilisation de l'énergie contribuent par ailleurs de manière déterminante 
à plusieurs émissions, s'agissant plus particulièrement du CO2

 et du SO2. Ces émissions gazeuses 
engendrent inévitablement des problèmes de pollution transfrontalière. La réforme des écotaxes 
revêt d'autres aspects internationaux qui touchent à la compétitivité des biens négociables et au 
commerce des ressources énergétiques et de l'électricité. Ajoutons que des effets se feront sentir sur 
les marchés des capitaux internationaux dans la mesure où les industries à forte intensité d'énergie 
se délocaliseront et où les opérations de fusion et d'acquisition se multiplieront dans le secteur de 
l'énergie ou dans les branches grosses consommatrices d'énergie, confrontées à l'accentuation de la 
concurrence par les prix et par les coûts. 

En Allemagne, le développement de l'énergie nucléaire dépend dans une large mesure des 
décisions politiques à venir. Les centrales nucléaires actuellement exploitées sont compétitives mais 
il est peu probable que l'on puisse construire de nouvelles installations dans des conditions qui 
soient concurrentielles. Seule l'intervention des pouvoirs publics permettrait le maintien de l'option 
nucléaire. Si l'on veut renoncer progressivement à l'énergie nucléaire, il faudra donc réfléchir à la 
question de savoir comment remplacer la part d'électricité actuellement produite par les centrales 
nucléaires. 

Compte tenu de l'ouverture et de la libéralisation des marchés de l'électricité et du gaz à 
travers l'Europe, les importations permettraient de remplacer en partie l'électricité d'origine 
nucléaire. Le nombre des centrales thermiques alimentées au gaz augmentera également. 
Néanmoins, une sortie accélérée du nucléaire impliquerait la destruction d'un capital considérable. 
L'estimation de ce capital est fonction de l'évaluation du coût de remplacement des centrales 
nucléaires, lequel dépend par exemple des prix futurs de l'énergie et, notamment, du rythme auquel 
s'effectuera la sortie du nucléaire. Un scénario tendant à remplacer l'énergie nucléaire en recourant 
dans une large mesure à des centrales alimentées au gaz naturel offre des perspectives favorables 
aux conditions actuelles de prix et de coûts. Dans le même temps, une telle stratégie suppose un 
accroissement sensible de l'offre de gaz naturel, et ce à des prix stables. Cette dernière condition ne 
semble guère probable compte tenu de la structure du marché du gaz naturel. 

Une stratégie mixte visant à remplacer le nucléaire en recourant conjointement au gaz 
naturel et au charbon est plus acceptable en termes de prix et de coûts, mais elle pose de sérieux 
problèmes d'ordre climatique, en raison du niveau nettement plus élevé des émissions de gaz à effet 
de serre qui en découlent. 

Par ailleurs, un abandon progressif du nucléaire, qui soit sans effet sur les conditions 
climatiques engendre des surcoûts en ce sens que d'autres secteurs économiques devront contribuer 
dans une plus large mesure à la réduction des gaz à effet de serre ou que le secteur de l'électricité 
lui-même devra recourir davantage au gaz naturel pour réduire les émissions de gaz à effet de serre. 
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Cela conduit à renoncer à la création d'une grande partie de valeur ajoutée intérieure dans le 
domaine de la production de charbon. 

On ne saurait résoudre le problème en mettant davantage à contribution les énergies 
renouvelables. L'utilisation des SER (sources d'énergie renouvelables) – comme celle de l'énergie 
nucléaire – n'est pas directement liée aux émissions de gaz à effet de serre. Si l'on remplaçait 
l'énergie nucléaire par des sources d'énergie renouvelables, le bilan climatique resterait neutre à 
long terme. Mais cela ne contribuerait pas pour autant à la réduction des gaz à effet de serre. 

En Allemagne, la production combinée de chaleur et d'électricité offre d'importantes 
possibilités qui ne sont pas encore exploitées. Des installations décentralisées produisant de la 
chaleur bon marché pourraient à l'avenir contribuer de manière déterminante à la production de 
chaleur et d'électricité. Dans les conditions économiques actuelles, la mise en place de telles 
installations se heurte toujours à des obstacles majeurs dans la mesure où le marché ne rémunère 
pas l'avantage que la cogénération présente pour l'environnement. 

Dans le contexte d'un abandon progressif du nucléaire, la politique énergétique se trouve 
amenée à résoudre le problème qui consiste à concilier le respect de l'environnement et la rationalité 
économique dans le cadre d'une économie planétaire, ainsi que la stabilité des conditions politiques. 
Les restructurations en découlant constituent une lourde tâche. Il serait utile d'élaborer un pacte 
social qui prévoie le maintien en exploitation de certaines centrales nucléaires en relation avec 
l'octroi d'un soutien accru aux sources d'énergie renouvelables et à la production combinée de 
chaleur et d'électricité; il importe également de promouvoir les économies d'énergie. 

Pour ce qui est des déchets nucléaires, les principales options disponibles sont le retraite-
ment et le stockage définitif. Dans la mesure où le stockage définitif constitue aujourd'hui l'option la 
moins coûteuse, il serait logique, en termes économiques, d'opter pour le stockage définitif des 
déchets, lequel s'assimile pour l'heure à un stockage intermédiaire de longue durée. Il resterait 
techniquement possible d'opter ultérieurement pour le retraitement. La stratégie allemande d'élimi-
nation des déchets est actuellement axée sur l'utilisation de trois sites de stockage définitif; pour les 
déchets dégageant de la chaleur, c'est le dôme de sel de Gorleben qui reste envisagé. L'élimination 
des déchets étant un important facteur de coût, on estime que les coûts liés au démantèlement d'un 
réacteur représentent quelque 15 à 20 % des coûts de construction. L'élimination des déchets 
nucléaires représente quelque 60 % des coûts, contre 40 % pour la phase d'exploitation. 

Compte tenu des doutes émis dans la littérature quant à l'hypothèse du double dividende, 
nous proposons une approche modifiée qui consiste en une réforme de l'écotaxe orientée vers 
l'innovation. Dans la perspective théorique d'une allocation optimale des ressources, il est judicieux 
d'internaliser les effets externes négatifs liés aux émissions et de tenir compte des effets positifs des 
activités de recherche et développement tout en utilisant les recettes provenant de l'écotaxe pour 
financer la promotion de la recherche et du développement et réduire les taxes qui frappent le travail 
et qui provoquent de fortes distorsions, sachant que l’allégement de la charge fiscale contribuera 
également à promouvoir l'emploi. L'accroissement des dépenses de R&D permet une accumulation 
plus rapide de capital pour la recherche et le développement, ce qui influe de manière positive sur le 
développement macroéconomique et sectoriel. Des investissements accrus en faveur de la recherche 
et du développement contribuent à une croissance plus soutenue et éliminent ainsi les effets négatifs 
sur la production - éventuellement liés à une accélération de la course aux bénéfices – observés dans 
la plupart des simulations concernant les incidences d'une réforme classique des écotaxes. À partir 
d'un modèle macroéconomique reposant sur une analyse d'intrants-extrants, nous constatons qu'il 
conviendrait de consacrer quelque 10 % des recettes fiscales provenant de la réforme de l'écotaxe à 
l'accroissement des dépenses de recherche et de développement pour éviter toute incidence négative 
sur la production en Allemagne. Pour ce qui est de l'Allemagne comme de l'Union européenne, nous 
estimons qu'une réforme des écotaxes orientée vers l'innovation constitue une stratégie idéale 
conciliant l'amélioration de l'environnement et la création d'emplois (plus un million environ). 
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Notre étude laisse plusieurs questions en suspens, dont celles qui touchent aux décalages entre 
l'accumulation de R&D et la croissance de l'emploi (et de la production). En outre se posent certaines 
questions majeures qui touchent aux effets internationaux de l'augmentation des rapports R&D-PIB. Un 
accroissement du stock de capital consacré à la R&D pourrait attirer des flux accrus d'investissement direct 
étranger, lesquels pourraient à leur tour se traduire par un rapport investissement-PIB plus élevé et par une 
plus grande productivité des facteurs en général. Il est clair que la plupart des pays de l'UE devraient tirer 
profit d'une réforme des écotaxes orientée vers l'innovation, à l'exception des pays dont les industries sont en 
position de faiblesse dans le secteur des produits à forte intensité technologique et dans le domaine des 
technologies. Il reste à savoir s'il convient de consacrer une part des crédits supplémentaires de R&D à des 
projets spécifiques de recherche mettant l'accent sur l'amélioration de l'efficacité énergétique. 

Ces questions, et d'autres, constituent les éléments d'un programme pour de futurs travaux 
de recherche. Compte tenu des niveaux élevés de chômage qui prévalent dans la plupart des pays de 
l'UE, une réforme des écotaxes ne saurait se substituer à la mise en œuvre de réformes adéquates 
sur le marché du travail. Les écotaxes devraient fournir l'impulsion nécessaire pour réduire la 
charge fiscale globale, minimiser les pertes subies en termes de bien-être et optimiser l'allocation 
des ressources. Une réforme schumpétérienne des écotaxes serait bénéfique pour l'Allemagne et 
pour l'ensemble de l'UE, mais cette réforme ne peut se substituer à une restructuration du système 
de sécurité sociale de l'Allemagne et d'autres pays qui appliquent un régime traditionnel par 
répartition. Les responsables politiques allemands devraient modifier la réforme actuelle des 
écotaxes en tenant compte des éléments schumpétériens que nous proposons. En principe, la 
réforme des écotaxes en Allemagne pourrait s'appliquer également à l'Union européenne, sous 
réserve d'adaptations appropriées. Il conviendrait d'introduire progressivement une harmonisation 
fiscale dans le domaine des écotaxes. 

Perspectives 

Une réforme schumpétérienne des écotaxes présenterait de réels avantages non seulement pour 
l'Allemagne, mais aussi pour l'ensemble de l'UE (cette réforme serait également applicable aux 
États-Unis, au Canada et au Japon). Dans la mesure où, en 1997, les émissions de CO2 par habitant 
ont été relativement plus élevés en Belgique (12 tonnes) et aux Pays-Bas (11,8 tonnes) qu'en 
Allemagne (10,8 tonnes), ces deux pays tireraient encore plus d'avantages que l'Allemagne d'une 
réforme schumpétérienne des écotaxes. Les émissions par habitant étant légèrement inférieures en 
Grande-Bretagne, en Italie et en France - respectivement 9,4, 7,4 et 6,2 tonnes -, une réforme 
schumpé-térienne des écotaxes serait également fort bénéfique dans ces pays, la France étant bien 
sûr confrontée à des problèmes particuliers du fait de l'importance de son industrie nucléaire. Il 
serait utile d'engager une réforme (schumpétérienne) des écotaxes en suivant une démarche 
harmonisée à l'échelle de l'UE, et ce pour les deux principales raisons  qui suivent: d'une part, une 
harmonisation minimale permettrait d'éviter tout effet perturbateur sur les échanges 
intracommunautaires et sur l'investissement direct étranger; d'autre part, une taxation des intrants 
énergétiques primaires en fonction de leur intensité respective en CO2 n'est guère possible en 
l'absence d'une démarche à l'échelle de l'UE. Il conviendrait de modifier de manière appropriée la 
réforme allemande de l'écotaxe, de façon à mettre expressément l'accent sur les émissions de CO2

  

provenant des sources d'énergie primaires et de répartir les recettes de l'écotaxe en sorte de réduire 
les coûts du travail mais aussi de promouvoir les activités de recherche et de développement et 
d'accroître les dépenses qui leur sont consacrées. 

L'UE devrait adopter un projet schumpétérien de réforme des écotaxes qui génèrerait de 
nouveaux emplois, renforcerait la compétitivité de l'UE et stimulerait la croissance économique. 
Dans un nouvel univers caractérisé par la mondialisation économique, un programme d'action 
adéquat de l'UE contribuerait largement à moderniser l'UE et à lutter efficacement contre le 
réchauffement climatique de la planète. 
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Fig. M/W 2: Réforme des écotaxes orientée vers l'innovation 
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La méthode de simulation 

Le modèle économétrique nous fournit une représentation, reposant sur des données empiriques, du 
développement économique et de ses relations avec la consommation d'énergie et les émission de gaz à 
effet de serre. La base empirique retenue pour la modélisation des équations de comportement est la 
période 1970-1996. Dans un premier temps, nous formulons une prévision à l'horizon de l'an 2010 en 
fixant diverses variables exogènes (par exemple, croissance des importations dans le monde) à des 
niveaux plausibles. Nous obtenons ainsi un scénario de référence correspondant au "cours normal des 
choses". Nous parlons de "cours normal des choses" parce que les prévisions et les hypothèses qui sous-
tendent ce scénario se fondent sur l'absence d'intervention politique dans le domaine qui nous intéresse, à 
savoir la réforme des écotaxes. 

Dans un second temps, nous élaborons une autre prévision, en simulant cette fois l'introduction 
d'une taxe sur le carbone et en supposant que cette taxe est "compensée" de manière à ne pas avoir 
d'incidences sur les recettes: dans l'analyse conduite ici, nous simulons tout d'abord une réforme simple 
de l'écotaxe sans incidence sur les recettes; en d'autres termes, toutes les recettes de l'écotaxe servent à 
abaisser les cotisations de sécurité sociale. Toutes les autres hypothèses concernant notamment les valeurs 
des variables exogènes sont les mêmes que dans le scénario correspondant au cours normal des choses. 
Nous établissons ensuite d'autres prévisions en supposant que les recettes de l'écotaxe seront en partie 
consacrées à un accroissement des dépenses de recherche et de développement. Cela nous permet de 
modéliser une réforme schumpétérienne des écotaxes qui est explicitement axée sur une stimulation des 
dépenses d'innovation de nature à accélérer la croissance. 

Dans notre analyse des projections obtenues, nous nous référons systématiquement aux écarts 
observés par rapport aux prévisions du scénario "cours normal des choses". Ces chiffres nous fournissent 
tous les effets directs et indirects que produiront la taxe sur le carbone et la méthode de compensation 
choisie (par exemple, pleine réduction des cotisations de sécurité sociale ou utilisation partagée des 
recettes de l'écotaxe pour abaisser les cotisations de sécurité sociale et accroître les dépenses de recherche 
et de développement). À titre d'exemple, si les prévisions relatives à une réforme schumpétérienne de 
l'écotaxe – avec x% des recettes de l'écotaxe consacrées à un relèvement des dépenses de R&D – donnent 
+ 1,5 % dans la colonne PIB, cela signifie que, si l'on compare les résultats obtenus pour le produit 
intérieur brut en fin de période de prévision (2010), le chiffre relatif à la production réelle obtenu dans le 
cas d'une réforme schumpétérienne dépasse de 1,5 % celui du scénario "cours normal des choses". À 
supposer qu'une prévision relative à la réforme schumpétérienne de l'écotaxe donne + 2 % pour les 
salaires nominaux (W) et + 0,8 % pour le niveau des prix, cela signifie que, à la fin de la période de 
simulation, le salaire nominal est supérieur de 2 % et le salaire réel d'environ 1,2 % aux niveaux 
correspondants obtenus dans le scénario "cours normal des choses". 

La simulation permet ainsi aux responsables politiques de cerner l'impact qu'aura la mise en 
œuvre de différentes options. Les résultats de simulation obtenus à partir d'un modèle de conception large 
– comportant une analyse d'intrants-extrants – ne sont pas toujours aussi solides, du point de vue 
économétrique, que l'estimation de formes réduites de systèmes d'équations. Cependant, le modèle de 
conception large présente l'avantage réel de couvrir des dynamiques complexes selon une approche 
partant de la base, et il permet un examen plus précis des changements structurels/sectoriels qui revêtent 
souvent une importance déterminante pour l'adaptation de l'économie, mais aussi pour les décisions des 
responsables politiques. 

La simulation effectuée à l'aide de modèles pour un pays donné ne peut être automatiquement 
transposée à un groupe de pays à moins d'une corrélation adéquate avec des modèles nationaux. Il est en 
principe possible de couvrir plusieurs pays de l'UE (ou l'ensemble des 15  États membres de l'UE ou 
encore l'UE plus certains pays candidats à l'adhésion), mais cela requiert une coopération internationale 
en vue de la mise au point d'un modèle de simulation assez complexe. Pour ce qui est de la prise de 
décisions politiques, cette analyse par simulation permet d'éviter de graves embûches politiques et 
d'identifier de manière optimale les instruments à mobiliser pour un ensemble donné d'objectifs. 
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1. Energy Policy as a Strategic Element of Economic Policy in Dynamic Open 
Economies 

Energy policy is an element of infrastructure policy and thus is important for competitiveness and 
growth, at the same time it is a crucial element of environmental policy since the generation and use 
of fossil and nuclear fuels goes along with negative national and international external effects. 
Following the EU electricity liberalization initiative Germany has not chosen to implement the 
minimum gradual liberalization required by the EU, rather it fully liberalized the electricity market 
in April 1998 which will lead to falling electricity prices and industry restructuring in a more 
competitive European market. Since natural gas is an important input – with a competitive edge vis-
à-vis alternative inputs - in electricity generation the liberalization of the gas market in the EU 
initiated by the European Commission will reinforce the liberalization of the energy market. Energy 
generation and use are in turnkey elements for several emissions, most notably CO2 and SO2. These 
gaseous emissions naturally create transboundary pollution problems, other international aspects of 
ecological tax reforms concern competitiveness of the tradable goods industry and trade in energy 
resources and electricity. Moreover there will be effects on international capital markets to the 
extent that there will be relocation of energy intensive industries or intensified merger and 
acquisition activities in the energy sector or in energy-intensive industries facing sharper price and 
cost competition. 

In 1994 the German federal government confirmed its objective of cutting CO2 emissions by 
25-30% between 1987 and 2005. More importantly, the government announced at the COP1 
conference in Berlin (1995) that it would reduce CO2 emissions by 25% over the period 1990-2005. 
As regards the EU Germany made an important commitment in the European Council of 
Environment Ministers of March 1997 when the German government agreed to cut its greenhouse 
gas emissions – that is the three gases CO2, CH4 and N2O – by ¼ between 1990 and 2010; this 
commitment was part of the proposal of the European Union for the Kyoto conference in December 
1997. The broader emission reduction target concerns the year 2010 which for macroeconomic 
adjustment – and computer simulations – therefore is the relevant time range. There have been 
several reports on the reduction of the CO2 emission target. In our analysis we will focus both on 
CO2 emissions and other ecological and economic aspects of energy policy in Germany – including 
the issue of phasing out nuclear energy. Selected developments in other EU countries also will be 
considered (including the UK with its liberalized electricity markets whose dynamics offer basic 
lessons for the EU with its phased-in liberalization). 

The Kyoto protocol has called for considerable reduction of CO2 emissions by all major 
OECD countries. Raising energy prices in some form thus becomes a natural strategy for many 
market economies, and a so-called ecological tax reform – including energy/ CO2 taxes - is one 
possible option for policymakers. Energy pricing and ecological tax reforms are core elements of 
sustainable energy policies in industrialized countries. While nuclear power generation has no CO2 
emissions there are serious problems with potential contamination and with nuclear waste 
management. Clearly, energy policy has not only ecological aspects at the national level, it also 
concerns cost competitiveness of firms and prices for electricity, gas and heating in private 
households. Energy policy therefore is a politically and economically sensitive issue. 
 Economic globalization (WELFENS, 1999a), i.e. the increasing competitive pressure in 
goods markets has stimulated companies´ activities in cost cutting, including in the field of energy 
costs. With respect to electricity Germany´s prices were among the highest in the EU in 1997/98 – 
with east-Germany´s prices being even somewhat higher than those in West Germany (mainly due 
to high capital allowances in the context of new power stations constructed within the framework of 
regional monopolies). Scandinavian electricity prices are relatively low in the EU. 
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In accordance with the Federal Constitutional Court, which had declared the so-called Kohlepfennig 
– a duty imposed on electricity to subsidize the German coal industry – illegal, the Kohlepfennig, a special 
charge on households’ electricity bills, was eliminated. Instead, subsidies for the hard coal industry were 
directly disbursed from the federal tax revenues. Government discussed replacing the Kohlepfennig with 
revenues of DM 4 bill. with a general energy tax, but it turned out that the conservative-liberal coalition 
government could not get broad support in the Parliament for such fiscal reform. The new government of 
Germany which took office in autumn 1998 – a coalition government of social democratic and green parties 
– decided that it would pursue a so-called ecological tax reform which would consist of two elements, 
namely imposing new energy taxes, while reducing social security contributions; this measure should reduce 
wage costs and thereby help to raise the demand for labour and to cut the unemployment rate, respectively.  

The German government under Chancellor Schröder decided to introduce a phased ecological tax 
reform, which would raise energy prices. While the experience of the OPEC price shocks of the 1970s gives 
reasons to expect OECD market economies to react flexibly on the demand and supply side to a new vector 
of energy prices the plans for an ecological tax reform will bring some additional elements for policymakers 
and the business community, respectively. An ecological tax reform would bring an additional revenue 
source; more precisely the revenue ecological taxes would rise. It amounted to roughly 2.5% of GDP in 
Germany and OECD countries, respectively, in the 1990s. One has to consider to what extent isolated 
national energy policies and ecological tax reforms are adequate in the framework of the single market and 
increasing global competition. For the business community a national ecological tax reform implies 
differential adjustment pressure depending on the energy intensity of technologies and products. Moreover, 
to the extent that an ecological tax reform allows the reduction of wage costs – here employers´ social 
security contribution – one will have a temporary cost advantage, which could improve international 
competitiveness while stimulating employment and thus aggregate domestic demand at the same time. Given 
high unemployment rates in most continental EU countries in the 1990s an ecological tax reform can only be 
one element of a much broader strategy to restore full employment. Deregulation and more wage 
differentiation as well as more mobility are needed in any case (ADDISON/WELFENS, 1998). For Germany 
and some other EU countries the second big challenge of modern energy policy concerns options to shift 
from nuclear energy towards a bigger role for renewable energy sources as well as more conventional 
alternatives.  

An ecological tax reform basically will raise energy prices and thus give incentives – at given 
technologies - for firms and consumers to save energy by adjusting the input structure on the one hand, and 
the output mix on the other. At the same time there will be incentives for industry to come up with energy-
saving innovations and new technologies. Given the diverging energy intensities of industries, raising energy 
prices is likely to have different impacts across sectors both in terms of output and employment – in the case 
of tradable products also in the field of exports. Moreover, for an open economy the changing incentives to 
import energy and to export energy-intensive products will have effects on the trade balance. The sectoral 
output effects and the parallel impact on income and normal tax revenues will bring about crucial 
employment and government revenue effects. It is clear that the revenue effect from imposing higher energy 
taxes normally is positive for the budget. But how will the economy react if output is falling as a 
consequence of higher energy prices – an effect typically found in most model simulations on ecological tax 
reform? Will there be accentuated conflicts over income, increasing long-term budget deficits or major 
exchange rate effects? The very purpose of the ecological tax reform, namely to improve the environment 
and to raise employment could be seriously undermined if there were strong adverse secondary effects of an 
ecological tax reform. An ecological tax reform which would mainly rely on an input substitution effect of 
the tax reform – namely replacing capital by the now cheaper labour – but would go along with negative long 
term output effects is unlikely to be sustainable. Hence, to the extent that there are potentially considerable 
negative output effects of an ecological tax reform, one has to discuss opportunities to mitigate the negative 
output impact. Here lies a major policy problem for which we will suggest empirically founded solutions for 
the case of Germany, but our innovative policy proposals should also work in other OECD countries. 
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2.  Phasing out Nuclear Energy and Core Elements of Sustainable Energy 
Strategy  

How to replace the present electricity generation using nuclear power plants in the future? 
Technically it is no problem to introduce modern huge power stations operating on the basis of 
natural gas or coal as a substitute. On the other hand, there are certain problems of location related 
to particular plants, because replacement plants, needing a different infrastructure, sometimes 
cannot be built at sites where today’s nuclear plants are located. In general there are solutions to 
these problems of location, but they might lead to shifts in the market shares of enterprises or call 
new suppliers into action. This is a strain for single companies, but that is economically acceptable. 

In the context of a European Market national borders do not play the same role as before in 
electricity supply, because open trade in electricity between the countries of the European Union is 
intended by the special EU Internal Market Directive. There still remain some transitional problems 
and unequal structures in different countries, in particular European prices for using the 
transmission grids are not yet harmonised. But it is only a question of time, just as in Germany 
transmission prices will evolve that are appropriate for an open market, this will also be the case on 
a broader European scope. 

Bottlenecks in grid capacity can restrict trade for a certain time. At the moment it is not 
imaginable that the whole production potential of German nuclear power plants could be supplied 
externally. Nevertheless, when abandoning nuclear energy, the question is: How large will be the 
share of inland generation in the future? It has to be taken into account that other countries, outside 
the EU (Switzerland, Eastern Europe, Russia etc.), could be interested in supplying electricity. 
Thus, part of the substitute could consist of electricity imports. 

In the context of the European Union the reciprocity clause applies in electricity trade. It 
says that trade can be denied to countries that do not allow trade themselves. It is not very likely 
that this clause could prevent electricity from being imported as a substitute for nuclear power. It is 
true that the progress that has been made in market opening varies between different countries of 
the EU, but it has to be considered that the Directive came into force only recently and that it allows 
a transitional phase. 

Towards non-EU-Countries, and Russia in particular, electricity trade might become more 
difficult. On the other hand Germany has a considerable interest in steady gas supplies. For natural 
gas, which has a special meaning as a potential substitute for nuclear energy, a trade war, as a 
means of impeding electricity imports, is not very likely. However, in the long-term there is no 
reason to believe in a very high growth of electricity imports from EU-countries: electricity 
generation costs are mainly determined by the costs of power plant erection and the energy costs. 
These costs are about the same range throughout most European countries, the market for power 
plants and energy being global. Thus abandoning nuclear energy does not necessarily lead to a 
migration of great parts of electricity supplies, as might be suspected. 

Replacing nuclear power plants by modern fossil plants economically raises fewer problems, 
if the remaining time of use can be extended in a way that the erection of substitutes can be handled 
without problems. On the other hand environmental pollution with emissions of greenhouse gases 
would increase. That is why other options are being discussed intensely. They especially consist of 
Combined Heat and Power Generation (co-generation, CHP) and the use of Renewable Energy 
Sources (RES). Finally, a more efficient use of electricity for many applications can reduce the 
specific input of electricity so that – disregarding economic growth – a decrease in electricity 
consumption can be possible. The three options and their potential contributions are being 
addressed in the following pages.  
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2.1.  The Role of Renewable Energies and Innovative Promotion Regimes 

Role of Combined Heat and Power Generation 

For improving energy efficiency and the environmental balance of energy supply, the need to reach 
a higher share of electricity production by CHP-plants has long existed. With CHP, two useful 
products are created, i.e. heat and power. When the heat created in a power generation process can 
be used economically, the value added of the process increases. The potential of CHP can be 
classified by the demand for heat from: 
• Industrial enterprises: The demand usually strongly depends on location and is highly 

concentrated, so that there is a high potential when the generated electricity can also be used. On 
the other hand this potential depends on a specific type of production and its specific market 
risks. 

• Heating and hot water demand in residential buildings and commercial buildings: This demand 
typically varies very much, because high demand only occurs in a few winter months and the 
heat density may be low. Therefore, the structure of demand is different to industrial 
applications. 

The potential can be exploited by district heating (town or district grids). Taking CHP as a 
substitute for nuclear power plants, for a long term analysis it has to be assumed that CHP has to be 
as economic as new power plants or heat generation plants. 

The technical potential of CHP is large and makes up for about one third of electricity 
generation (including industrial CHP). Only a small part of this potential has been realised up to 
now. There are two obstacles to the introduction of CHP: 

• A large quantity of capacity on the electricity market; and  

• The specific obstacles that emerge from an economic use of heat in competition to e.g. natural 
gas or individual heating.  

In the following we concentrate on the first obstacle, because the conditions on the heat market 
specifically depend on local and regional factors. Practically the whole stock of fossil power plants 
will have to be replaced within the next 30 years. After the year 2008, the demand for substitutes 
increases heavily until the year of 2015, and reaches an annual average rate of 3 GW. In cumulated 
terms it can be stated that approximately until 2015 30 GW of fossil capacity will have to be 
replaced, if the same electricity generation has to be provided. This proves a high potential for CHP. 

If and to what extent CHP will be a substitute is mainly a question of institutional conditions 
of the electricity market. These are changing dramatically at the moment due to market opening. At 
present, the possibilities of an extension of CHP are assessed rather sceptically on account of 
heavily dropping electricity prices. Nevertheless, the new policy framework also provides many 
advantages, because electricity prices for buying electricity (up to now high) and for feeding 
electricity generated from CHP into the grid (up to now more or less low) tend to adjust. 

It is possible that technologies based on decentralised heat and power generation will spread 
more widely in the future and then also small heat potentials could be served by local CHP-plants. It 
is expected that power can be generated from natural gas in fuel cells, whose size could rather 
flexibly be adjusted to the particular demand. Also the district demand could be matched that way, 
so the additional costs for the distribution of heat could remain very low, which could improve the 
economic balance of the systems. Also, it has to be pointed out that taxing energy sources for heat 
generation (taxes on natural gas, heating oil) has a negative effect on individual heating systems, 
because they make less use of the input energy than CHP-systems. 
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To a certain degree it depends on the political will to implement CHP as a more efficient 
form of energy use in the future. In that case political measures could lead to a broader 
dissemination of CHP, as was already the case in some European neighbouring countries (the 
Netherlands, Denmark), since there still is a gap between the macro-economic advantage of the 
better energy efficiency of CHP-utilisation on one side and the economic risks of an extension of 
heat transmission grids with their high investments and the long term financial commitments on the 
other. 

Less energy demand through the combined generation of heat and power also leads to less 
environmental pollution. However, this emissions advantage depends on the energy sources 
deployed in power generation. The conversion of all existing CHP-potentials could lower CO2 
emissions of the power sector by up to 20%, if natural gas is used. 

Whether this potential can be realised also depends on which other measures are taken for 
reducing energy consumption in other areas. It is known that improved heat insulation of buildings 
can reduce the energy consumption for room heating to quite an extent. It can also be assumed that 
legal measures, already existing for new buildings will also be implemented to a greater extent for 
old buildings in the future. The reduced demand for heat resulting from this measure also lower the 
potential of CHP. 

Taking all power plants to be shut down within the next 30 years in Germany, it becomes 
clear that almost the whole present stock will have to be replaced. Abandoning nuclear energy is not 
a necessary pre-condition to get CHP going in Germany. For the further development of CHP, 
performing, reasonable, small plants that adjust well to local demand are important. These have to 
be competitive in the long run compared to large power generation in cheap huge plants. 

Role of renewable energy sources 

In the future, the use of renewable energy sources could offer the opportunity to replace the energy 
sources used so far. For power generation, hydropower, wind power, direct use of solar radiation by 
photovoltaic or other solar power plants as well as biomass can be used in particular. Tab. P1 shows 
the contribution of renewable energy to the total energy supply and to power generation in 
Germany. About 2% of total primary energy supply comes from renewable sources, for power 
generation the share amounts to about 5%, which is mainly hydro and wind power. 

The potential of hydropower is more or less being exhausted and a further increase of 
hydropower possibly leading to conflicts with nature conservation, an increase of the contribution 
of RES has to come from other sources. Today, the use of renewable energy in power generation is 
supported by the Electricity Supply Law. Generators of renewable power get a legally fixed 
minimum price, which is related to the average power price level. The renewable power is fed into 
the general power system and when paying their bills, consumers automatically pay for the 
renewable energy, which would otherwise not be economic compared to market prices.  

These incentive measures today have to be revised due to the liberalisation of electricity 
markets. One possibility is a further development of the Electricity Supply Law towards more 
competition, the implementation of a quota system is another. For the latter, a certain share of 
power that has to be generated from renewable sources is fixed by the government. Producers, 
distributors or consumers can be obliged to meet this share. The producers of renewable power 
receive certificates for the renewable energy generated, which can be sold e.g. on a stock market 
and are used as a proof for fulfilling the obligation. This model could also be interesting with 
respect to an international electricity market, since some European countries (The Netherlands, 
Denmark) have already begun to implement such a system, and cross border trade of green energy 
as well as certificates could be possible. Also in Germany the discussion about the introduction of a 
quantity based incentive for RES and also for CHP has started.  
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Independent of the outcome of this discussion of new stimulation incentives for renewable 
energy in the electricity market, it can be stated that in the future additional financing for renewable 
energy will definitely be necessary. For wind the demand for financing depends on the quality of 
the location. The more wind can be "harvested" at one location, the better the economic balance of 
generation is at this particular location. The "harvest" depending on the third power of the velocity 
of the wind, even small differences between locations have a great importance (the velocity of wind 
being 10% higher, the yield increases by about one third!). 
 

Tab P 1: Contribution Renewable Energy, D 1998 

Renewable Energy 1998 PetaJoule 

Hydro power (estimated) 59 
Wood (1994) (47) 
Sewage sludge, Waste (1994) (92) 
Sewage gas(1994) (13) 
Wind (estimated) 18 
Photovoltaic 0.04 

Total 284 
Total primary energy consumption 
Total contribution RES approx. 

14320 
2% 

Electricity generation RES 1998 TWh 
Hydro power 19 
Wind approx. 4.6 
Waste etc. approx. 2 
Biomass approx. 1 
Photovoltaic 0.03 

Total 26.5 
Corresponding approx. 5% 

Source: BMWi, Energiedaten ´99; Energiebilanz; own calculations; For Power: IWR Münster 
 
The better locations not being available anymore, a further dissemination is only possible by: 

• developing locations that show a less favourable average wind velocity, which would lead to 
higher costs 

• installing new, better performing and bigger plants that could increase the yield at existing 
locations later in time 

• exploiting new potential for offshore plants. 

The special problem with wind energy is that due to erratic supply the contribution of wind 
power cannot be planned reliably, so in addition to every wind power station, further power plant 
capacity has to be available for replacing the capacity of the wind power station, if wind is not 
available. 

The use of biomass for combustion provides interesting possibilities, because here the 
supply can be planned. Because of the low energy density of usable biomass, the transport effort is 
relatively high, that is why decentralised plants are more appropriate for this kind of fuels. 

Today, the generation of growing proportions of power from renewable energy sources is 
demanded. This has been taken into account in all our scenarios for alternative time-schedules for 
closing nuclear power plants. Higher capacities for power plants on the basis of renewable energy 
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are envisaged. One could say that this is only necessary in the case of a phase-out of nuclear energy, 
but this is not quite true. Renewable energy has such great importance for future energy supply that 
it has to be developed anyway, no matter which power plants will be used apart from that. Thus 
they have been included in the scenarios as part of modernising the power plant stock in Germany. 

Improvement of energy efficiency 

Looking at the total energy consumption in Germany from extraction of primary energy sources up 
to the energy services (collectible energy) finally desired, it becomes obvious that only one third of 
the total primary energy can be used as collectible energy. Two thirds are lost either in the 
transformation stages e.g. at electricity production or in the transformation devices of the user itself, 
i.e. it can not be used for the desired purpose. 

Therefore, in the future, an improvement of the exploitation of energy is an important source 
to achieve the same benefit with less energy input. Finally, it can be checked, how much energy is 
needed for which areas of use to achieve a certain benefit. Summarised, there are the following 
possibilities: 

• Improvement of energy use in the transformation stage (see also the part about CHP) 

• Improvement of energy efficiency at the level of energy users, and finally 

• Optimization of energy use ("energy saving"). 

The potentials for efficiency improvements and energy saving are high in all economic sectors. But 
in the discussion, often-general energy saving potentials are mixed up with that specific for the 
electricity sector. 

As far as electricity is concerned the following potential for improvement exist: 

• Substitution of electricity by non-electricity, e.g. for heat generation 

• Improvement of efficiency with electrical appliances and using systems 

• Reduction of demand of collectible energy for certain applications. 

The efficiency of electricity use is partly related directly to the technology of appliances and 
partly depends on behaviour. Stand-by-losses, accounting to 20 TWh belong to that. Improvement 
of technological energy efficiency takes as long as the complete replacement of the stock of 
appliances will take. On the other hand there are many political possibilities to influence the 
efficiency standards for technologies of new appliances and to reduce the consumption level in the 
long-term. Comparing the best available technology with the average installed technology, there are 
huge energy saving potentials concerning the specific consumption of appliances. Assuming that 
the population as well as the use of electrical equipment remains constant, a decreasing demand is 
very likely. However, the unknown in such considerations is the development of the population and 
of the national product in the future which directly or indirectly determine the future number of 
electrical appliances and their use. It also depends on whether the consumption in absolute terms 
will decrease or increase. 

At the moment a decline of population is forecast for the time after 2005 due to the age 
distribution in Germany. However, an important influence on the real development of population is 
immigration. Given the forthcoming extension of European Union towards Eastern Europe and the 
high attractiveness of Germany as an immigration country, the question of the immigration to come 
is of great importance for many economic orders and the resulting patterns of energy consumption. 
Here, politics concerning the admitted volume of immigration indirectly is also responsible for the 
consequences for energy and electricity consumption. (OTTE, 1999) 
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Tab. P 2: End energy and collectible energy 

 End 
energy 

Losses Collectible 
energy 

Degree of 
efficiency 

Industry Mt SKE  % 
Process heat 57 23.4 33.6 58.9% 

Space heating 9.5 2.8 6.7 70.5% 
Mech. Energy 15.7 5.7 10 63.7% 
Lighting 1.2 1.1 0.1 8.3% 

Communications 1 0.1 0.9 90.0% 
Total 84.4 33.1 51.3 60.8% 

Transport     

Process heat 0 0 0 0.0% 
Space heating 0.3 0.1 0.2 66.7% 
Mech. Energy 88.3 72.4 15.9 18.0% 

Lighting 0.3 0.3 0 0.0% 
Communications 0.3 0 0.3 100.0% 
Total 89.2 72.8 16.4 18.4% 

Households     
Process heat 13.6 7.3 6.3 46.3% 
Space heating 69.4 18.7 50.7 73.1% 
Mech. Energy 4.5 2.7 1.8 40.0% 

Lighting 1.4 1.3 0.1 7.1% 
Communications 1.7 0.5 1.2 70.6% 
Total 90.6 30.5 60.1 66.3% 

Trade/Services     
Process heat 11.8 6.7 5.1 43.2% 
Space heating 27.9 8.1 19.8 71.0% 

Mech. Energy 10.2 4.3 5.9 57.8% 
Lighting 2.8 2.6 0.2 7.1% 
Communications 1.2 0.2 1 83.3% 

Total 53.9 21.9 32 59.4% 
All Sectors     
Process heat 82.4 37.4 45 54.6% 
Space heating 107.1 29.7 77.4 72.3% 
Mech. Energy 118.7 85.1 33.6 28.3% 

Lighting 5.7 5.3 0.4 7.0% 
Communications 4.2 0.8 3.4 81.0% 
Total 318.1 158.3 159.8 50.2% 

Source: RWE Energiebilanz 1995 
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2.2.  Alternative Time-Schedules for Closing Nuclear Power Plants 

The effects different development paths of the power plant stock in Germany might have are here 
examined. A simulation model is used that enables us to compare different futures with each other. 
We concentrate on the question, what effect does the availability or non-availability of nuclear 
power plants has? Different assumptions about the future are examined with additional sensitivity 
calculations regarding the development of electricity demand as well as prices and costs. 

Assuming a lifetime of 40 years, the electricity generation from nuclear energy up to 2030 
has to be replaced by newer plants. The decision cannot be made by only considering these plants. 
The demand for electricity probably will change in the future. We here take the future demand for 
electricity as given and constant. Within limits, the existing plants can be used differently. On the 
other hand they also have an age distribution and within the period up to 2030 many of these old 
plants will have to be replaced by new ones. It is logical that considerations about the use of such 
plants have to be related to the future fate of nuclear power plants. From that point of view, we 
consider the total stock of power plants existing today and how it will have to be developed in the 
future, to provide the same production as today. 

When abandoning nuclear energy, the existing plants will have to be used in a different way 
than today and new plants will have to be built to replace the generation lost. To be able to analyse 
all these problems in an understandable way and thus simulate different future scenarios, we built 
up the total power plant stock of Germany in detail as the stock of a "German joint stock company" 
that makes decisions about the distribution and development of this power plant stock for the future, 
according to homogenous criteria. From a macro-economic point of view this is appropriate. 
Beyond that, by focusing on part of the total power system (i.e. today’s level of demand) this allows 
an optimal adjustment of the future power plant stock to this demand. Thus we can leave out many 
questions, such as the question of the future role of power imports or the future role of improvement 
of energy efficiency, because all these issues have an effect on the growth of demand, on which we 
will not focus. 

Fig. P 1 shows the general perspective for power generation in three different scenarios. In 
total the biggest part of today’s generation until 2030 will have to come from new plants replacing 
existing fossil power plants and nuclear power plants. The contribution of renewable energy sources 
has been pre-fixed by us. 
 
Fig. P 1: Electricity generation (Scenarios) 

Electricity generation

0

50

100

150

200

250

300

350

400

450

500

19
97

19
99

20
01

20
03

20
05

20
07

20
09

20
11

20
13

20
15

20
17

20
19

20
21

20
23

20
25

20
27

20
29

TWh

A2030A2005 A2019

Substitute NPP

Coal and gas old
Coal and Gas substitute

RES

 

We calculated three different scenarios of nuclear energy phase-out and assessed the macro-
economic effects of nuclear energy on the basis of the difference between the three cases. The first 
case describes the phase-out of nuclear power plants according to their technical end for an assumed 
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lifetime of 40 years. The second case describes the phase-out of nuclear energy until 2019 and the 
third case a fast phase-out until the year 2005. Due to the age distribution of "other" power plants 
there are a lot of considerable changes in this area during that period of time. Thus, the scenarios 
also differ in the design of other power plants for a longer transitional period. The end of the 
scenarios (2030) has been chosen, because until then all existing nuclear power plants will have to 
be replaced anyway, because of reaching the end of their technical lifetime. Thus, here the scenarios 
meet again. But the mix of plants in this particular year is not necessarily the same, because 
different decisions about the replacement of power plants can be made according to different 
conditions in the course of time. 

Definition of scenarios 

In public discussion different variations for the settlement of nuclear energy are being discussed. 
Our variation phase-out in 2005 is based on considerations by Bündnis 90/Die Grünen. Here the 
proposal was to put a time limit of 25 years to the operating permits in retrospect, and additionally 
to set a deadline year for abandoning nuclear energy. In our scenario this has been taken into 
account by gradually taking all nuclear power plants off-grid that reach an age of 25 years and by 
closing down all other nuclear power plants by 2004. 

In the medium-term scenario until 2019 it is being assumed that all nuclear power plants can 
reach a maximum lifetime of 40 years, if this is possible up to 2019. All nuclear power plants have 
to be closed down by that year at the latest, anyway. 

Phase-out in 2005: with a transitional phase of one year after coming into force of the legal amendment the operating 
permits of each nuclear power plant are limited to 25 years and additionally at the end of 2004 all remaining nuclear 
power plants have to close down. 

Phase-out in 2019: The operating permits remain basically unlimited. However, all nuclear power plants run 40 years 
maximum and will be closed down in the year 2019 at the latest. 

Phase-out in 2029 (reference scenario): The operating permits remain unlimited. For every nuclear power plant a 
maximum lifetime of 40 years is calculated. A gradual decline in the use of existing nuclear power plants until the end 
of 2028 will be the result. 

 

A simple estimation 

A simple assessment of the value of nuclear energy can be achieved by calculating the extra 
kilowatt-hours produced in the reference scenario with the average extra price, which would apply 
in the phase-out case. The fuel and operating costs of electricity generation of depreciated nuclear 
power plants are about 0.04 DM/kWh. The extra costs for power from other (new) power plants lie 
between 0.025 and 0.05 DM/kWh, depending on the input energy source and type of power plant. 

For a phase-out in 2005 there are total extra costs of 69 billion DM, assuming specific extra 
costs of 0.025 DM/kWh, and for the year 2019 of 12 billion DM. As will be shown later, this is (on 
the basis of today's fuel costs) an over-estimation of the real extra costs. There are two main reasons 
for that: 
1. For this calculation we pretend that all kWh still to be generated by nuclear power plants, have 

to be replaced by other new power plants. This must not necessarily be the case, depending on 
the use of capacity of existing plants. 

2. In the case of phase-out, the substitution plants will also be fully depreciated after a certain 
period and then they only will have to recover the fuel and operating costs. Since the period 
under consideration is longer than 30 years, while power plants normally are depreciated within 
20 years, this is a relevant factor for our analysis. 
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A methodologically better result can be achieved by looking at the development of the total 
power plant stock and also by considering different assumptions about the development of fuel 
prices. Here, a complex dynamic calculation is necessary, in which the contribution of every single 
power plant can be adjusted to each price-cost-situation and also the substitutional power plants can 
be planned on the grounds of price-cost-considerations. Our analysis is based on such a model. 

Further a simple calculation as this one does not take into account the effects on the 
economy and the environment. Macro-economic effects, as well as environmental effects can only 
be analysed with the help of modelling a more complex scheme. 

Methodology 

In connection with the capacity of power plants for public supply, all scenarios are based on the 
consideration that the existing free capacity will not remain at the same level in the future. In total 
the capacity will decrease so that in the medium-term the available net capacity of 90 GW will 
remain. This reduction of capacity is not going to be homogenous for all types of power plants and 
also not for all scenarios. In all scenarios power generation from lignite, hydropower and RES will 
be handled the same way. Our approach to this will be described in the following paragraphs. The 
specific method of power generation from nuclear energy, hard coal and natural gas for the 
scenarios will be described in the next chapters. 

Lignite 

For the development of lignite, the following assumptions were made: Until 2010 the maximum 
generation from lignite will be 130 TWh, afterwards the maximum generation will only amount to 
70 TWh. The reason for this assumption is that a high use of lignite is not compatible with climate 
policy targets, when simultaneously phasing out nuclear energy. 

Renewable Energies 

Several studies offer a wide range of estimates about the future contribution of Renewable Energy 
Sources to power generation. In our model, we estimate a growth of net power generation from 
renewable energies of up to about 70 TWh. That equals a threefold growth to a share of power 
generation of about 15% compared to today in the year of 2030. Higher shares are possible and 
ecologically desirable, but would be the same for all scenarios and thus are without relevant 
influence on the results of this study. 

Reference case: Phase-out of existing nuclear power plants 

The reference scenario describes a phase-out of existing nuclear power plants until the end of 2028. 
It is assumed that all 19 nuclear power plants technically can be operated over the estimated lifetime 
of 40 years. The operating costs of nuclear power plants are estimated so high that also from an 
economic point of view this seems possible. The first nuclear power plants to go off the grid would 
then be Obrigheim at the end of 2007 and the last one would be Neckarwestheim-2 at the end of 
2028. 

According to today’s planning, hard coal power plants will be added only insignificantly 
until 2006. It is being estimated that from then on, no new power plants are going to be built, until 
the total available net-capacity will reduce below 90 GW. 

Thus, in the model some over-capacities will be reduced. From then on, exactly the 
additional capacity of power plants that is necessary to maintain an available capacity of 90 GW 
will be built. In the years 2016 until 2030 this will require considerable additional erection of power 
plants in an order of about 35 GW. On one hand the closed down power plants from the 80s have to 
be replaced and in addition new power plants replace the part of the reduced nuclear energy 
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capacity that will not be compensated by erecting natural gas power plants and enforcing renewable 
energy. 

Accelerated phase-out 

Here, we distinguish two cases: In the case of the phase-out scenario 2005 we estimate that with a 
law concerning the phase-out coming into force on January 1st 1999, the nuclear power plants 
Obrigheim (starting up: 1968), Stade (1972) and Biblis A (1974) would be taken off the grid, 
because by then they have reached their maximum permitted operating time. (According to the 
coalition agreement laying down consensus-talks with the electricity sector for the period of one 
year, this date would have to be delayed for one year, which would not affect the results of the 
study very much.) The nuclear power plants Biblis B (1976), Brunsbüttel (1976) and 
Neckarwestheim 1 (1976) will have to go off-grid by the end of 2000, the nuclear power plants Isar 
1 (1977), Unterweser (1978) and Philipsburg (1979) follow gradually. In the year 2005 nuclear 
power will cease to be available for power generation. 

It cannot be assumed that the short-term reduction until 2005 of 20 GW capacity in the base 
load area can be compensated for by existing power plants. This might be possible in calculations, 
but in practice, this would mean that practically all statistically registrated power plants, including 
those for reserve, will be used, independent of their technical condition or availability of staff, and 
will have to run over 6000 hours per year trouble-free. Therefore, it seems to be reasonable to 
assume that 50% of the power plant capacity taken off-grid will immediately have to be replaced by 
building new power plants. 

In the phase-out scenario 2019 it is assumed that an agreement will be reached that until the 
end of the year 2019 all nuclear power plants will be closed down. It remains possible for the 
operators to continue operating the power plants up to reaching the assumed lifetime of 40 years. 
On the grounds of this assumption the remaining capacity is rather small and will reduce 
continually until 2030, so the lower production possibilities make no big difference. 

Choice of energy source and prices 

Electricity generators always will invest in a portfolio of gas and coal to limit the increase of the gas 
price. This we take into account by mixing gas and coal in the future power generation, accordingly, 
in the simulation model in relation to their relative costs. The right mixture of this portfolio might 
be assessed differently by different protagonists on the market. A scientific analysis of the future 
market behaviour of supply and demand on the gas market is nearly impossible. But it is plausible 
to suppose that a fast switch to natural gas will lead to turbulent reactions on the gas markets that 
could be reflected in considerably higher prices for power plant gas. To show these effects we 
calculated the scenarios with varying price scenarios. 

The meaning of prices 

When prices change, also the relative economic efficiency of different power generation 
possibilities changes. At a low gas price relative to other fuels, and expecting this low gas price to 
remain stable, the generation of power from natural gas is especially favourable. But for a slightly 
higher gas price (compared to the coal price) these relation changes fast in favour of coal. In the 
simulation model, the power plant stock is being optimised economically for every price-scenario. 
The optimal power plant distribution and the optimal planning of application of power plants is 
being determined year after year on the basis of existing power plants and their cost, as well as on 
the basis of considerations about the additional erection of new power plants. 

Thus another price scenario automatically means a different power plant distribution and a 
different use of power plants as well as for new as for old plants. 
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Carbon dioxide emissions 

When burning fossil fuels, the greenhouse gas carbon dioxide emerges. The scenarios differ 
considerably according to the amount of emissions of this greenhouse gas created. There is a 
considerable conflict between different targets of economic policy: Domestic generation from hard 
coal and lignite (domestic value added) is in conflict with the target of climate policy of CO2 
reduction, a high use of natural gas in power plants to avoid further CO2 emissions, can be in 
conflict with the target of the power generation being as economic as possible. 

We included environmental requirements in our simulation model as follows: Nuclear power 
plants are not emitting CO2, therefore, for the reference path of a slow phase-out of nuclear power 
plants, a gradual reduction of CO2 emissions from power generation can be assumed. First of all 
because new fossil power plants emit a lot less CO2 per unit of generated power, due to their higher 
efficiency, secondly because renewable energy sources will be of greater importance in the future 
and third because until then the whole potential for CO2 avoidance of nuclear power plants will still 
be available. That way, the electricity sector contributes to a significant extent to the abatement of 
CO2 emissions (in the year 2015 a level of 220 Mt will be reached). 

The above-mentioned conflict of targets shows that in the phase-out scenarios the 
maintenance of lignite conversion into electric energy is not compatible with a CO2 target of this 
kind. Therefore, in all scenarios the conversion of lignite was fixed at a minimum amount of 70 
instead of 130 TWh from the year 2010 on (for the reason of comparability this also applies to 
unlimited CO2 emission). It is clear that due to the different CO2 content of different energy sources 
(see tab. P 3), gas will have to play a special role in power generation, if CO2 emissions have to be 
reduced and at the same time nuclear energy is not available anymore. 

 
Tab. P 3: Emission factors for CO2 

CO2 Emissions (Primary 
energy) 

kg/kWh 

Hard coal 0.335 
Lignite 0.407 
Gas 0.200 
Oil light 0.267 
Oil heavy 0.285 
 

This means on the other hand that by restricting CO2 emissions the demand for natural gas 
will increase strongly. Can this remain without effects on the gas price? 

For the few gas suppliers in Germany, naturally an interesting market evolves, when 
restricting coal use for climate policy reasons and when phasing out nuclear energy in Germany. 
There being no alternative to natural gas - at least at the moment - it is obvious that a restricted use 
of coal induces an increase of natural gas prices. In the simulation model, we reflected this by 
allowing the prices to rise by 20% above the trend value, according to the demand for natural gas. 
The trend value remains constant in the course of time in the price level "constant prices", however, 
in the price level "high prices" it is increasing according to the Prognos-scenario of 1995 (PROGNOS 
1995). How high the increase according to the higher demand of gas will be compared to the trend 
value, depends on the demand. 

It can be assumed that the demand can grow up to a certain trend amount, without leading to 
price increases, but price increases could happen, when the demand exceeds this trend. 
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Results 

In a short form, the figures show the results of the simulation calculations (see tab. 4 for the names 
of scenarios). Shown are the new power plants that have to be built up to the year of 2030, the 
power generation according to types of power plats and the total costs of power generation (all costs 
in DM of 1998) cumulated up to 2030. To make the comparison easier, the differences between the 
scenarios are shown in the table, respectively. 

 
Tab. P 4: Names of Scenarios 

 CO2 unlimited CO2 limited 
 Prices  Prices   
Phase-out constant increasing constant increasing 
2005 5K 5S 5CK 5CS 
2019 19K 19S 19CK 19CS 
2029 29K 29S 29CK 29CS 
In addition: sensitivity calculations with decreasing/ 
increasing electricity consumption and gas price increases 
related to quantities as well as different operating costs 
 

In all scenarios about 70 GW of power plant capacity will have to be newly erected within 
the next 30 years. In the case of constant prices, gas power plants will take over the main share; a 
small part will be matched by coal. However, when interpreting the results, the methodology has to 
be taken into account. Coal power plants would preferably be used for base load and gas power 
plants for centre and peak load. 

For constant prices, the distribution of the power plant stock nearly does not differ at all, and 
also in the scenario with increasing prices the structure of the power plant stock is almost the same 
in all phase-out variations. The gas price increasing stronger than the coal price, the economic 
threshold tends to move more towards coal, so considerably fewer gas power plants will be erected. 
In the scenario with increasing prices this is the more economic solution. 

 
Fig. P 2: Electricity Production Costs until 2030 
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Tab. P 5: Shares of Energy sources of Production 

[%] NPP Lignite Hard Coal Gas 
5K 7 25 21 46 
5S 7 25 58 9 
19K 24 25 19 32 
19S 24 25 42 9 
29K 27 25 19 29 
29S 27 25 39 9 

 

As shown in tab. 5, at constant prices and phase-out in 2005, about half of the power generation up 
to the year 2030 will be covered by coal, about 7% by nuclear energy and the rest by gas. In the 
same phase-out scenario for increasing prices, the share of gas drops towards about 9% in favour of 
coal. 

The shares of fossil energy sources are lower in the scenarios with a later phase-out, 
respectively. For the phase-out in 2019, nuclear energy makes up for 24%, for the phase-out in 2029 
it is 27% of the total generation. Thus, the share for gas is lower for these scenarios also with 
constant prices, respectively. Here about the same amount of gas power plants are being erected, but 
they are used later. 

The costs of power generation differ according to the phase-out and price-variation. Fig. P 3 
shows the extra costs compared to the phase-out in 2029. For constant prices, they amount to about 
46 (2005) or 10 (2019) billion DM, for the case of rising prices, extra costs are about 52 (2005) or 
17 (2019) billion DM (in another study we calculated a value of 75 billion DM, but assumptions for 
the price development and the share of lignite were slightly different. This is shown as (prices R) in 
fig. P 3). 

 
Fig. P 3: Additional Costs of Abandoning Nuclear Power 
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From the macro-economic point of view, the economy of Germany initially would loose these 
amounts of money, if abandoning nuclear energy early. As also shown in fig. P 3, these amounts are 
considerably lower for a later phase-out, due to the reduced production potential of nuclear power 
plants. You have got to be aware that these costs concern the whole period up to the year 2030. 
Applied to the total generation in this period, of about 14,000 TWh, additional costs of between 0.4 
and 0.1 Pf/kWh are the result (see tab. P 6). 
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Tab. P 6: Additional Costs in Pf./kWh 

Extra Costs  Pf./kWh   
(until 2030) 5K 5S 19K 19S 
CO2 unlimited. 0.3 0.40 0.1 0.1 
CO2 limited 0.6 0.8 0.1 0.2 

 

But these are not the whole costs that have to be considered. An early phase-out of nuclear energy 
leads to increasing emissions of the greenhouse gas carbon dioxide. The extra emissions depend on 
the time of the beginning of the phase-out, and on the price scenario. The comparability of the cases 
is only given, if the emissions do not differ. For the economy there are two possibilities of 
achieving the particular emission avoidance: 
• Either additional effort in other areas of the economy is made to reduce CO2. This leads to 

corresponding extra costs in those areas. STE of the Forschungszentrum Jülich recently 
presented calculations that have been made with the so-called IKARUS-model. The model 
comes to the result that short-term (until 2005) extra costs for CO2 reductions amount to 5 to 10 
billion DM per year, given the 25%-reduction target. However, this is only the case for a short-
term phase-out. For a longer-term phase-out, many more possibilities for legal changes and new 
laws exist, which will take place anyway, for climate gas reductions, so additional costs could 
be much less.(MARKEWITZ 1999) 
But on the whole, the calculation presented here underestimates the extra costs, because they are 
being compared to the reference scenario, which itself is a nuclear energy phase-out scenario. 
Also, when phasing-out nuclear power plants, the reduction of CO2 provided by them 
permanently has to be compensated by other means. Here, in the future additional studies sure 
will be necessary to put the replacement options of CHP and renewable energy sources in the 
framework of an economically oriented scenario. 

• The second possibility of CO2 reduction that we will present is to choose the distribution of 
energy sources in the phase-out scenarios so that it leads to the same CO2 emissions in the 
different variations. The extra costs of CO2 reduction then have to be borne by the electricity 
sector and not by other economic sectors. As described above, we calculated all variations of 
phase-out and prices also with such a " CO2 break". 

For the phase-out paths with a corresponding CO2 restriction natural gas plays an even more 
important role than for a phase-out without such a restriction. In all variations, mainly gas power 
plants and only to quite a lesser extent coal power plants will be erected. The use of power plants 
differs slightly according to the prices of fuels, but the differences are relatively small. 

Tab. P 7: Shares of Energy Sources (CO2 Restriction) 

[%] NPP Lignit
e 

Hard 
Coal 

Gas 

5K 7 25 13 55 
5S 7 24 14 54 
19K 24 25 19 32 
19S 24 25 24 27 
29K 27 25 19 29 
29S 27 25 27 21 
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From the difference in the costs of phase-out paths with and without restriction of emissions of 
carbon dioxide, the additional costs of the restriction of CO2 can be calculated. They are shown in 
fig. P 4. The costs of CO2 avoidance are about the same range as the costs of phase-out without 
such a restriction. So phase-out costs more or less double. However, these costs are relatively low 
compared to a later phase-out. That is, because here we compare with respect to the reference path, 
which itself is a nuclear energy phase-out path. 

Fig. P 4: Costs (CO2 Restriction) 
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Fig. P 5: Additional Costs Phase-out (CO2 Restriction) 
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Fig. P 6: Costs of Avoiding CO2 
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Two conclusions can be drawn from that: 

1. A reduction of CO2 emissions in the electricity sector also is possible to a certain degree with 
natural gas. 

2. The important role natural gas will have to take over in that case, will very much increase the 
price risk for changes in natural gas price. 

 

2.3.  Energy Security and the External Dimension of Energy Supply 

On account of the manifold interactions, there are a lot of effects when there are changes in the 
energy supply system. If, for example, gas power plants replace coal power plants, the following 
lines of influence can be directly identified: The investment requirements for a natural gas power 
plant of the same capacity are considerably lower, and this has effects on the power plant industry. 
If a new power plant replaces domestic fuel by imported fuel, there are repercussions for domestic 
energy production and the employment situation. On the other hand, the possible price effects 
induced have an effect on the economy. If electricity becomes cheaper, the electricity customers 
save money that can be spent for other purposes. The whole structure of consumption, and, 
depending on that, also the structure of production and of imports can be affected. 
In the following, we describe some of the economic effects, but they do not show all possible 
repercussions. The analysis of employment effects is based on a macro-economic input-output-
model. With this model, the employment factors, which are important for the different effects, and 
which have to be considered, have been determined. They tell how many employees directly and 
indirectly are necessary in the economy for the production of a certain value. 

Balance of payments effects 

Tab. P 8 shows the additional imports of fuel necessary in the phase-out scenarios (compared to the 
reference case). This contribution to the balance of payments can be desirable or not depending on 
the particular macro-economic situation, either way, the additional payments have to be 
compensated by additional export profits. 

Tab. P 8: Balance of Payments Effect 
Additional imports 
compared to reference 
case 

5K 5S 19K 19S 

 Billion DM   
CO2 unlimited. 121 94 21 18 
CO2 limited 134 183 21 40 

 

Employment effects 

Compared to the economy as a whole, the electricity sector is a very small sector. Nevertheless, big 
changes, as e.g. a fast change in the structure of the power plant stock, have quite a noticeable 
effect, because the capital intensity of the electricity sector is especially high. We analyse the 
macro-economic effects with an input-output-model. The changes in the structure of the power 
plant stock induce investments lead to orders at suppliers of investment goods, their supplier’s etc. 
Thus they create demand. 
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On the other hand a change in the structure of the power plant stock, when phasing-out 
nuclear energy, also leads to extra costs. These mean higher expenditures for the electricity 
customers. For households, those expenses compete with other expenses to be paid from their 
budget, and would tend to reduce the latter. For companies that compete internationally, and those 
needing larger quantities of energy, as e.g. in certain industrial sectors, the production costs rise, so 
the international competitiveness suffers. On the whole, quite complex repercussions could result 
(PFAFFENBERGER 1995). 
 

Employment effects  
1. Investment effect 
 Investments in new plants for power generation induce direct and indirect employment effects. 
2. Operating effect  
 Maintenance and operation incl. provision of fuels. 
3. Budget effect 
 Extra costs of phase-out replace other expenses of electricity customers. 
4. Regional effect 
 In relation to location there are changes in the form of different direct and indirect employment 

as well as by changes in the local tax revenue: additional employment at the locations of 
replacement power plants, losses at the location of nuclear power plants. 

5. Dynamic effect 
 Market changes caused by adjustments to a different price level and other availability with the 

corresponding effects on the structure of industry. 
6. Foreign trade effect 
 a. Export / import of plants, fuel and electricity 
 b. Different currency receipts for suppliers (plants, gas, and imported coal) with consequences 

for their purchases of goods in the home country (international budget effect). 
 

Fig. P 7: Employment effects 

Some important effects have been listed in fig. P 7. 
The investments necessary for changing the structure of the power plant stock can be 

determined very exactly from the scenarios. But for economic effects the extra costs are also 
relevant. They are assessed in a rough calculation, assuming that extra costs only lead to increasing 
prices for tariff customers. As described above, increasing prices are less easy to be pushed through 
for electricity customers who compete internationally. 
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Fig. P 8: Loss of Jobs 
Loss of jobs

(relative to reference case)
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Fig. P 8 points out the effects on employment in the phase-out scenarios (PFAFFENBERGER 1998). 
They mainly show the calculated losses of jobs of the different phase-out scenarios. Two effects 
mainly can explain them: 

• Extra costs of electricity have a negative effect on employment (budget effect), 

• When phasing out nuclear energy, the high operating costs of nuclear power plants, which to a 
great extent are domestic value added, become unnecessary. The operating costs of replacement 
power plants (natural gas or coal) are considerably lower and amount only to 25% of the 
operating costs of nuclear power plants. The operating costs contain direct employment at 
nuclear power plants (this is only a small number of persons) and all suppliers who render 
maintenance and repair services. 

Especially for a short-term phase-out, the corresponding losses of jobs are high, because the 
corresponding domestic value added is lost for a longer period of time. In the replacement power 
plants, mainly imported fuel is used, which only leads to a small amount of value added in 
Germany, caused by the necessary transport. 

Looking at the whole period of time, the investment effects do not matter a lot, because 
investments are about the same amount in all scenarios over the total period of time. However, they 
emerge at different times. During the corresponding periods there can be very different effects, 
which in this context cannot be described in detail. 

 

2.4.  Phasing out Nuclear Energy 

The objective of scenario calculations is not to make forecasts, but to identify relevant areas of 
problems where various alternatives are considered. Therefore, here are some concluding remarks. 

1. The aim of our analysis was not the overall assessment of nuclear energy as a source of energy. 
For that a long-term and global analysis would be necessary. In reality the perspective of 
nuclear energy in Germany heavily depends on political decisions to come. Existing nuclear 
power plants are competitive, but building new ones is highly unlikely under competitive 
conditions. Only by government intervention could the nuclear option be maintained. This is 
true for the British model of competition as well as the German "cul de sac" in energy policy. If 
a society decides pro-nuclear it must follow the French, Korean or Japanese way. Private 
investors in nuclear power need security. 
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2. If this phase-out (disregarding economic aspects) is to come, the question is how to phase out 
the plants operated at present. These plants are able to provide contributions to power 
generation over a longer period of time, which in total could even be higher than the 
contribution they have already made. 

3. A fast phase-out of nuclear energy means destroying a considerable amount of capital. The 
assessment of this capital depends on the assessment of the replacement of nuclear power 
plants. That depends e.g. on future energy prices and especially on the pace of phase-out. Here 
we calculated very different scenarios. A scenario of replacing nuclear power to a great extent 
by gas power plants offers favourable chances at today’s prices and costs. At the same time such 
a strategy requires natural gas to be available in sharply rising amounts without changes of 
price. The last condition seems not very probable in view of the natural gas market structure. 

4. A mixed strategy for the substitution of nuclear energy by a mixture of natural gas and coal is 
more acceptable considering price and cost aspects, but it raises larger problems with climate 
policy, because much higher emissions of greenhouse gases are related to such a strategy. 

5. A phase-out neutral to climate issues raises the costs of phase-out. Because either other 
economic sectors have to contribute more to greenhouse gas reduction, than in case of nuclear 
power being available, or the electricity sector itself one has to increase the use of natural gas to 
be able to reduce greenhouse gases. This means refraining from creating a great part of domestic 
value added in the area of coal production. 

6. A higher contribution of renewable energy cannot solve the problem: The use of RES is not 
directly related to the emission of greenhouse gases. If nuclear energy could be replaced by 
renewable energy sources, the climate balance would remain neutral in the long-term. But this 
would not be a contribution to the reduction of greenhouse gases. 

7. There are large potentials for combined heat and power generation in Germany, which are not 
yet exploited. In connection to decentralised plants that could provide cheap heat, such plants 
could make an important contribution to power and heat generation in the future. Under today’s 
economic conditions big obstacles for the introduction of such plants exist, because the market 
does not remunerate the environmental advantage of co-generation. 

8. When phasing out nuclear energy, energy policy faces the problem of combining environmental 
soundness and economic soundness in the framework of a global economy as well as the 
stability of political conditions. Considerable tasks of adjustment in legislation are related to 
this. Macro-economically seen, it would be a great advantage, if the earning power from nuclear 
power plants - as far this is compatible with security aspects - could be invested in these 
constitutional change tasks. A social pact with a prolonged time of operation for nuclear power 
plants in connection with an emphasised beginning of support for RES and CHP, as well as the 
exploitation of energy saving potentials, would be an economically rational way of approaching 
this. 
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2.5.  Issues of Reprocessing Nuclear Fuel and the Treatment and Storage of Nuclear Waste 

For nuclear energy use, the purchase of fuel takes place analogously to the purchase of other 
primary energy sources on international markets. But for nuclear energy the governmental influence 
and the disposal of nuclear waste is specific. Research and development (R&D) especially for basic 
research as well as the governmental supervision are important. The motives are protection of the 
population as well as control of dissemination of material that could be used for the production of 
arms (non-proliferation), which is included in international contracts (e.g. non-proliferation treaty, 
EURATOM). Both aspects also are relevant for the disposal of nuclear waste. Here, another 
problem is that there are several decades between power generation and final storage, depending on 
the technically-physically necessary intermediate storage. Besides, the necessity for disposal will 
arise independent of the further future of nuclear energy, because waste has been produced in the 
past and the reactors themselves have to be pulled down.  

The nuclear fuel cycle consists of the entire process chain, from exploitation to the use in the 
reactor and towards disposal. The supply side (front-end) comprises extraction, conversion, 
enrichment and fuel element production. 

The fuel demand of a reactor is technically fixed by capacity, load factor and mass burning 
rate (energetic use of fuel) in quantity and quality (enrichment). Nuclear fuel is being "consumed" 
by using it in the reactor, so annually - mainly when revising the nuclear power plant, when it is off-
grid anyway - a certain share of the fuel elements (FE) will be replaced by new ones. 

After discharge of burned fuel elements (SNF = spent nuclear fuel) the disposal stage of the 
nuclear fuel cycle (back-end) begins. According to general understanding, there is a choice between 
direct ultimate waste disposal or reprocessing. At ultimate waste disposal the SNF will be stored 
externally after it had been stored in a nuclear power plants’ own intermediate store (wet storage 
approx. 5-7 years) and will be stored ultimately after the end of the period of intermediate storage 
(approx. 25-40 years) as well as a particular preparation (conditioning). At reprocessing, the spent 
fuel elements will be mechanically dismantled; the fuel will be dissolved and separated into used 
uranium, plutonium and waste. The plutonium will be supplied to the nuclear fuel cycle again, 
together with (natural) uranium in so-called mixed oxide fuel elements (MOX), while the used 
uranium can be used again after conversion, enrichment and FE-production in a special form of fuel 
elements.  

For reprocessing, the demand for natural uranium is lower compared to ultimate waste 
disposal; however, a conclusion about the economy of reprocessing cannot be drawn from this 
statement about the alleged "protection of resources". In the context of an overall assessment, 
reprocessing would only be economic if the additional costs were lower than the costs for fresh 
uranium. It is controversial how many times uranium can be reprocessed. The tendency towards a 
higher mass burning rate changes the composition of the spent fuel, which makes reprocessing 
technically more difficult and more expensive. If today ultimate waste disposal were cheaper, 
economic logic would demand the choosing of ultimate waste disposal, which for the time being 
will be long-term intermediate storage. Later, technically it would still be possible to opt for 
reprocessing. 

At reprocessing the volume of radioactive waste is higher than at ultimate waste disposal, 
but it is mainly low and medium active waste (LAW = low active waste, MAW = medium active 
waste). On the other hand, the spent fuel at ultimate waste disposal will be stored as high active 
waste (HAW). When reprocessing capacity is limited, this can be interpreted as a delayed ultimate 
waste disposal. Therefore the classification of reprocessing as a "closed nuclear fuel cycle" and of 
ultimate waste disposal as an "open nuclear fuel cycle" is misleading. 
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While HAW is exclusively created when using nuclear energy, MAW and LAW also evolve 
from other sources (e.g. medicine, research, industry, agriculture, and military) to quite an extent. 

In addition to the waste from the nuclear fuel cycle, there is further waste to dispose of, from 
operating the nuclear power plant (operating waste, like suits, gloves etc.) and after closing down 
the nuclear power plants, from their dismantling. They differ in their radioactivity. The main share 
of radioactive waste develops only very little heat (MAW or LAW). They are ultimately stored in 
several countries, e.g. the United Kingdom, France, Finland, Sweden, South Africa and Germany in 
near-surface storage. The final waste storage of waste from reprocessing or ultimate waste storage 
is not yet being realised. For HAW the final storage in deep geological formations is favoured 
worldwide. The German waste disposal concept aims at storing this waste in the salt dome of 
Gorleben, which still has to be examined as to whether it is suitable, and the use of which still is 
controversial.  

On the supply side (front-end) Germany is not very present. It is dependent on international 
markets for natural uranium. Within Germany there have only been a plant for enrichment operating 
in Gronau and a fuel element factory in Lingen since 1995. Further plants (e.g. MOX-production in 
Hanau) have been closed down or did not even begin operation. The former uranium mine of the 
GDR (soviet-german Wismut) has been closed down as well. 

Plans for the construction of a commercial reprocessing plant (in Karlsruhe a small plant for 
research has been operated) came to nothing in 1979 (Gorleben) and 1989 (Wackersdorf). Because 
until 1994 reprocessing was required for operators by the nuclear energy law (Atomgesetz), 
contracts with foreign companies like the French Cogema (reprocessing plant in La Hague) and the 
British BNFL (Sellafield) were signed. These contracts are long-term and contain the option of 
prolongation over the millennium. Since 1994, the nuclear energy law allows the choice between 
reprocessing and ultimate waste storage. 

The question of whether reprocessing is economic or not, can be discussed by comparison 
with a fuel equivalent fuel element. Reprocessed material leads to capital and energy costs, as well 
as wages for the extra effort, compared to ultimate waste disposal, but is a substitute for new 
uranium. The cheaper uranium becomes and the cheaper enrichment is by low costs of separation, 
the cheaper a fuel element from primary material becomes.  

The margin for fuel elements from used uranium or rather MOX-fuel elements decreases, 
because the production costs for fuel elements are much higher, as for fuel elements from primary 
uranium (on account of the unfavourable mixture of radioactive and toxic material) 

The German waste disposal concept at present aims at three sites of final storage. The 
ultimate storage Morsleben (ERAM) in Sachsen-Anhalt has been taken over from the former GDR. 
It is only suitable for certain kinds of waste with low development of heat and its operation is 
limited until the year 2000. 

The former mine Schacht Konrad (Niedersachsen) is in the process of getting a licence 
procedure as an ultimate storage project for all kinds of waste without heat development. As an 
ultimate storage project for heat developing waste or rather spent fuel elements, the salt dome in 
Gorleben (Niedersachsen) is being examined. There is an external intermediate storage for 
HAW/spent fuel elements in Gorleben and Ahaus (Nordrhein-Westfalen). In addition there is an 
intermediate storage for LAW/MAW (e.g. Gorleben, Mitterteich) and an East-German intermediate 
storage in Greifswald. Waste that does not come from nuclear energy normally is stored at 
collecting sites in each federal state. 

The existing waste disposal system is not based on a closed concept, but rather the result of 
historic developments. Originally, the salt dome in Gorleben was planned to be the (only) final 
storage for all kinds of nuclear waste. Until its starting, which was initially planned for 1988, the 
use of Schacht Konrad was meant to be a buffer. Facing much lower amounts of waste, as well as 
the uncertainties about the future of nuclear energy, already from the point of view of costs the 
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question arises of whether the system with simultaneous operation of two sites of ultimate storage 
will be realised. 

For the costs of waste disposal there is the "polluter pays principle". For future costs 
(including dismantling) operators are building reserves. Costs for today’s projects are paid by the 
operators as well, according to a special regulation (Endlagervorausleistungsverordnung). Further 
parties responsible for waste (e.g. federal government, federal states for research plants) also 
contribute to the problem. Waste disposal is a considerable cost factor for nuclear energy. It is 
estimated that the dismantling costs for reactor amounts to about 15-20% of the construction costs. 
For the costs of the nuclear fuel cycle, the back-end side has a share of approx. 60% compared to 
40% for supply: The "disposal of ashes therefore is more expensive than the fuel". (HENSING 1998) 
 

2.6.  Forms and Effects of an Ecological Tax Reform in the Netherlands, Denmark and 
Sweden 

In the Netherlands energy sources are taxed with a general value added tax and additionally with 
four energy-oriented taxes. The general consumption tax on energy and the tax for financing oil 
reserves are not counted as ecological taxes due to having mainly a financing character. 

However, the Environmental Tax on Fuels taxes petrol, diesel, light and heavy heating oil, 
natural gas, coal and uranium-235, when used as fuels, as well as certain input material in the 
industrial sector. Electricity is taxed only indirectly, by taxing certain input fuels for generation. In 
addition to the energy component also the CO2 content is being taxed.  

The tax has to be paid when exploiting, producing or importing energy sources to be used as 
fuels. Despite power imports being favoured by the indirect burden on domestic power generation 
due to taxing primary energy, there is no compensating import tax. 

Since 1992 the use of the tax revenue for certain ecological expenditures is not ring-fenced, 
but flows into the general budget. There are no special regulations for industry concerning 
competition, only for large customers there are more favourable tax rates from a certain amount 
onwards. 

Because this tax did not produce the desired effect on CO2 reduction, a second tax, the 
Regulatory Tax on Energy was introduced in 1996. This tax is imposed on natural gas, petroleum 
product (e.g. light heating oil) liquid gas and power. The Regulatory Tax on Energy is also a 
combination of an energy tax with a CO2 component. The price for power rises by about 15%. Tax 
is paid by companies when selling to the final consumer. There are minimum and maximum limits, 
to prevent on one hand negative effects of distribution as a burden for low-income groups and on 
the other disadvantages in competition for large customers of power and gas. 

The problem is that here under certain conditions an increasing energy consumption can be 
an advantage. The tax is related to the pre-condition of implementing compensation neutral to the 
states’ revenue, which is done with different measures. Large companies can sometimes achieve tax 
relieves higher than the tax burden.  

In addition, there are exemptions for certain sectors (greenhouse operators) and special 
regulations for renewable energy. The tax reaches approximately 95 % of all enterprises and private 
households. For imports, similar taxation can be assumed. Electricity is taxed doubly, because of 
the indirect burden of the Regulatory Tax on Energy and additionally the Environmental Tax on 
Fuels, on other fuels up to four ecological taxes are imposed at the same time. 

Concerning employment the ecological tax reform in the Netherlands has had a slightly 
positive effect, but concerning the emissions a final judgement can not yet be made. Further 
ecologically motivated taxes (e.g. on wastewater, waste, waste oil etc.) complement the ecological 
taxes. (ARNDT 1998)  
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In Denmark, taxes on electricity as well as diesel and heating oil were already introduced in 
1977 under the impression of the first oil price crisis. These taxes were based on the energy content 
of the different energy sources. On heating oil there was a tax rate, which was much higher than for 
coal, but the tax on electricity that was divided among the consumers, was by far the highest. 
Partially or totally exempted from tax payments was the production of the domestic energy sources 
renewable energies and natural gas. On the consumption side industry and agriculture were 
exempted from the taxes. 

In the meantime, the tax rate has been increased several times. In 1992 a comprehensive tax 
reform took place, in the scope of which, in addition to energy taxation, taxes on CO2 were also 
introduced. 

While all other areas had to pay an energy tax related to the energy source as well as the 
CO2 tax, companies only had to pay the CO2 tax. The latter could be reimbursed up to 50% 
depending on the share of the CO2 burden from the value added of the company, so actually this 
was a far reaching exemption from energy taxes for the industrial sector. The difference between 
tax payments of companies and other sectors was very high, due to the system of partial or total 
reimbursements to companies, sometimes about 10- to 100-fold. 

In 1995 this regulation was amended. The tax rate continues to be different for different 
energy sources. For electricity, the tax is imposed on the generated power, not on the input fuel used 
for electricity production; there is a combination of primary and secondary energy tax. The energy 
is taxed on the basis of the energy content; the CO2 component is based on the CO2 content and an 
additional sulphur tax (only on coal and heating oil) on the sulphur content.  

The criteria for an energy intensive company have been redefined, now the following apply: 

• The single units of a company count, not the company as a whole 

• There is a difference between the production process (and here further between energy intensive 
and light processes) and demand for room heating 

• Criterion for the definition of "energy intensive" is a share of 3% of the tax burden compared to 
the value added and additionally a share of 1% of turnover 

• When attending an energy audit, a reduction of the tax burden is possible. 

Compared to the tax of 1992 the tax rates have increased, e.g. for the energy source heating oil. An 
exemption is energy intensive producers that attend an energy audit. A higher tax burden is very 
significant in the area of room heating, where a greater incentive for energy saving has been 
created. The tax rates basically are increasing, but for energy intensive processes they are not 
dynamic. 

Danish taxes are also imposed on power imports. The levy is based on the methodology for 
the levy of value added taxes. By decreasing the labour costs, investment incentives and other 
measures, the tax is meant to be neutral to the government budget. The compensation is divided 
between households and companies to avoid cross subsidies. The ecological as well as the 
economic targets do not seem to have been achieved; the desired effects on employment of the tax 
reform are rather low. In addition to the mentioned taxes there are other ecological taxes in 
Denmark such as taxes on products, waste and transport as well as for water protection. (ARNDT 
1998) 

Sweden is most advanced with introducing energy taxes form an ecological point of view. 
At the time of introduction of the ecological tax reform, other taxes have been lowered (income tax) 
or abolished (luxury tax). There are three areas of energy taxation: 

• The real taxation of energy with a general energy tax, a CO2 tax, a sulphur tax and a tax on 
electricity,  
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• Production taxes on hydro power plants and nuclear power plants as well as 

• Emission taxes on nitrogen oxide and emissions of domestic air transport. 

Taxes are imposed on primary as well as on secondary energy sources. The energy CO2 and CO2 
tax depends on the particular energy- or rather CO2 content and is imposed on petrol, liquid gas, 
heating oil, methane, natural gas, coal and petroleum coke. Petrol, diesel and heating oil are further 
divided into three classes, depending on the share of sulphur and hydrocarbons. Class 3 is the most 
environmentally harmful. 

With this tax system the desired allocation effects could be achieved in Sweden. Companies 
invested in modern refineries, and in 1993 about 20% of diesel oil could already be classified “class 
1” and 57% “class 2”, while the share for class 1 and 2 together was only 1% in 1990. The sulphur 
tax is imposed on the same fuels mentioned for the energy CO2 and CO2 tax as well as on peat. It is 
based on the sulphur content of fuels measured in weight percentage. 

Both exploitation, production and imports are taxed. There are exemptions, e.g. for certain 
stocks, for some biological energy production processes and also for the industrial sector, which is 
almost completely exempted from the tax, by possibilities of tax deduction for the energy 
component by 100% and for the CO2 component by 75% – the aim is to maintain competitiveness 
in the exposed sector. 

As far as the electricity tax is concerned, the tax is imposed on the consumption in kWh; 
taxes on the fuel used for power generation can be deducted, to avoid double taxing. Industry again 
is nearly totally exempted. All taxes also apply on imports, while exports are tax-free. Taxes are 
imposed on electricity generated domestically, as well as abroad; thus the domestic generators are 
not put at a disadvantage. The demand for taxation neutral for the budget came rather late, but it 
made financing of constitutional change possible. 

The production taxes are imposed on hydro power plants according to the age of the plant 
and there is a high, strongly dynamic tax on nuclear energy. Nuclear energy is to be phased out by 
2010. Here, no compensation for imports exist, so domestic operators are at disadvantage. 

In addition to the two mentioned tax forms, there are taxes on emissions. Since 1992, there 
has been a NOx-tax, the amount of which depends on the emissions measured during combustion. 
Taxes on domestic air transport depend on the distance of the flight and the type of aeroplane, but 
not on the fuel consumed. But, especially for nitrogen oxide, undesired processes of substitution 
took place towards untaxed, but environmentally more harmful, fuels were the result. In addition to 
the here mentioned taxes on energy there are several other ecological taxes e.g. on waste water, 
pesticides, an emission-related automobile tax and some others (ARNDT 1998). 
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3.  Ecological Tax Reform: Theory, Modified Double Dividend and 
International Aspects 

3.1. Basic Theory  

Economists have discussed the options of an ecological tax reform for many years. There is indeed 
a broad range of literature on ecological tax reform (e.g. BOVENBERG et al., 1994, 1995; 
SCHOLZ, 1997; KLEPPER/SCHOLZ/PEFFEKOVEN/VON WEIZSÄCKER, 1998; WELFENS, 
1999) which suggests that raising energy taxes could internalize negative external effects from 
production and energy-intensive consumption while reducing labour costs from the additional tax 
revenue in order to stimulate more employment. As regards the objective of internalizing negative 
external effects in energy generation charges should be differentiated according to the specific CO2 
content (we disregard other emissions) which is rather high in the case of coal but low for gas and 
zero for hydroelectricity. 

The theoretical and empirical debate has not always been conclusive, and there is the open 
question, whether or not changing bargaining behaviour under the new tax regime would reduce 
any positive employment effect. A critical question also concerns the potential fall of output as a 
consequence of rising energy prices in the context of an ecological tax reform. Since one typically 
assumes that industrial energy demand has low price elasticity, there should be only minor negative 
welfare effects from rising energy prices in the context of an energy tax reform. Furthermore there 
is no clear argument which ecological tax revenue should be used to cut payroll taxes. However, a 
general theoretically convincing argument could be that the ecological tax reform is part of a 
broader reform of the tax system aimed at internalizing negative external effects (requiring adequate 
subsidization) on the one hand while reducing highly distortionary effects on the other hand. The 
view developed here will be applied within our concept of an innovation-augmented ecological tax 
reform. CO2 energy taxes internalize negative external effects; R&D promotion internalizes positive 
external innovation effects; and cutting highly distortionary payroll taxes reduces factor market 
inefficiencies – the overall impact of our approach should be efficiency gains in allocation and 
hence positive income and welfare effects. In a rigorous theoretical perspective the optimal tax 
reform would be characterized by equalization of negative social marginal effects from energy 
emissions (and labour market distortions) with the positive social marginal benefit from innovation. 

CO2 emissions are a crucial problem for the global climate as are FCKWs (LOSKE, 1996); 
technical change, discounting and the need to limit the speed of global warming are important 
aspects of modelling (AMANO, 1998). For a sustainable development worldwide it is necessary to 
cut CO2 emissions in OECD countries because the natural growth and catching-up process in 
developing countries will bring about a long term increase of gaseous emissions anyway. As the 
experience of the OPEC price shock has shown – with prices going up strongly and specific energy 
use falling gradually as the consequence of induced innovations and substitution effects – the price 
mechanism can be quite useful for raising energy efficiency. This experience is an essential 
background for the discussion about a green budget reform in OECD countries 
(GALE/BARG/GILLIES, 1995; VAN DEN BERGH and VAN DER STRAATEN, 1994).  

 

3.2. Crucial Issues 

Experiences in several EU countries point to the positive impact of an energy/ CO2 tax on the 
environment (SCHLEGELMILCH, 1999). Sweden, Finland, Austria and Denmark are among the 
countries with energy/ CO2 taxes; typically ecological tax policies are designed in a way which 
impose a relatively low burden on industry as politicians are afraid of negative tax reform effects on 
competitiveness. 
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A double dividend from a revenue-neutral ecological tax reform could be achieved under 
certain circumstances, but theoretical analysis and empirical finding point to uncertainties with 
respect to the likelihood of a double dividend. The first dividend should occur from the 
improvement of environmental quality as higher energy/ CO2 taxes – with charges corresponding to 
the negative external effects from pollution - should reduce emissions. The environmental 
improvement effect will be rather modest in the short term, as short-term price elasticities typically 
are low in absolute terms. By implication this means that tax revenue from an ecological tax is 
fairly stable in the short term. In the long run price elasticities are higher, and firms will react to the 
rise of energy prices with product and process innovations. The share of energy-intensive products 
in total output is likely to fall unless there is a strong offsetting effect from high-income elasticities 
for that product group.  

The second dividend should come from the reduction of distortionary taxes, i.e. mainly the 
fall of social security contribution rates (more generally: payroll taxes) and non-wage labour costs, 
respectively. Payroll taxes are known to have distortionary effects on labour supply and the 
efficiency of resource allocation. This means that a revenue-neutral ecological tax reform which 
takes the revenue from eco-taxes to reduce labour taxes – or income taxes – should create positive 
output effects in the context of tax rate reductions. In an economy with high unemployment there 
could be an additional benefit, namely that the fall of relative labour costs contributes to higher 
employment. With lower taxes on labour and higher emission taxes, which are corrective, one 
might expect that there is always a positive welfare effect. However, as emphasized by OATES 
(1995) there is a typical second best problem, namely that introducing a green tax could exacerbate 
existing tax distortions. This would mean a negative (income and) consumption effect – i.e. a 
negative welfare effect. Only in the hypothetical case (SANDMO, 1975) that revenue from 
environmental taxes – set efficiently in a way that the tax rate is equal to the marginal social 
damage from pollution – would fully finance the government´s budget would one not have to worry 
about the second-best problem mentioned above.  

One can modify Sandmo´s argument slightly by arguing that any tax mix, which has small 
distortions, is likely to go along with a double dividend for a revenue-neutral ecological tax reform. 
From this perspective the likelihood of a double dividend depends on initial distortions related to 
the structure of the tax system and the size of tax rates. We may add that the positive welfare effects 
of reduced emissions could be underestimated if one takes into account only the direct effect of 
higher energy taxes; there could be indirect effects both with respect to the health care system 
whereby there are lower costs in a cleaner environment; and there could be positive wealth effects 
to the extent that reduced emissions typically go along with an increase in the value of real estate. 
For welfare analysis it matters, of course, whether wealth directly enters the utility function – 
similarly, whether the risk of unemployment enters the individual utility function. However, a 
revenue enhancing tax reform would be adequate (Pareto-superior) if – given politically fixed 
[other] expenditures – outlays for R&D support would be below the level at which the cost of 
innovation is equal to the marginal social benefit from innovation. 

Empirical analysis can shed further light on the issue of a double dividend although many 
studies strictly focus on income, price and emission changes. In Sweden green taxes were 
introduced in 1991, and a Swedish Green Tax Commission was created in 1995. Based on the 
Commission´s general equilibrium model BRÄNNLUND (1999) gives an analysis of the double 
dividend issue for Sweden. Initially disregarding emission effects he found a negative welfare effect 
of an ecological tax reform. The equivalent variation – as an indicator of the welfare effect 
(indicating how much households would be willing to pay for the tax reform to occur or not) – was 
negative; i.e. households would have been willing to pay a certain amount if government would not 
impose the tax reform. Interestingly, the equivalent variation was more negative in the case of a 
lump sum transfer than in the case of reducing payroll taxes, which can be interpreted as a weak 
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case of the double dividend hypothesis. One should note that general equilibrium models are 
difficult to apply to conditions of high unemployment, as the implicit market clearing assumptions 
of the model might be inconsistent with the problem at hand.  
 

3.3. Innovation-Augmented Tax Reform 

From a theoretical perspective positive or neutral growth effects of tax reform are more likely if part 
of ecological tax revenues are used to promote higher R&D expenditures as was suggested by 
WELFENS (1999b). With higher R&D expenditures the knowledge capital stock of society will 
increase and output growth will be reinforced; i.e. the negative output impact of the rise of energy 
prices will be mitigated or even fully offset. In the simulation approach we will not focus on the 
issue of an optimal tax split; rather we will impose the requirement that higher energy taxes should 
not reduce output relative to the base scenario (without new energy taxes). 

The modelling approach of the innovation-oriented ecological tax reform can be 
summarized by the following elements (see figures): 
• The goods supply side can be represented by an aggregate supply function where real output Y 

depends on the stock of real capital K (machinery and equipment, buildings), energy inputs E, 
the R&D capital stock R (reflecting accumulated knowledge in the context of R&D 
expenditures), labour L and the natural capital stock N; the latter could be a scale variable in 
the context of an extended simulation model. The more energy is used the higher are certain 
emissions – above all CO2.  

• Ecological tax reform: This tax reform is associated with a tax on the use of energy or a charge 
on CO2 emissions where the revenue is used by government to replace part of social security 
contributions of firms; i.e. non-wage labour costs are reduced which stimulates labour demand 
(there will also be a positive supply effect). The implied employment growth – going along 
with reduced demand for energy inputs – stimulates aggregate demand; however, as cheaper 
labour partly substitutes for real capital, investment demand will fall so that aggregate demand 
might indeed be reduced. Note that this could mean a new goods market equilibrium with a 
lower output level which is consistent with reduced energy and capital inputs. 

• Innovation-enhancing government expenditures: In the context of an innovation-oriented 
ecological tax reform part of government revenue is used to finance higher R&D expenditures, 
which should help to internalize positive external effects of R&D. It is well known that the 
marginal social benefits of innovations are higher than the private benefits appropriated by the 
respective innovator. We assume that initially the optimal R&D shock has not yet been 
reached. If R&D expenditures are increased – relative to GDP – there is possibly a negative 
employment effect because a higher R&D capital stock will raise labour productivity (and 
capital productivity) which in turn will reduce the demand for labour in a setting with a given 
aggregate demand (or a vector of sectoral demand in the context of an input-output model used 
to generate aggregate demand in a bottom-up approach). As regards the supply side of the 
goods market the rise of the R&D capital stock will raise potential output (ADAMS, 1990). To 
the extent that a higher R&D capital stock stimulates consumption – a higher R&D intensity 
goes along with more product varieties or with higher wealth as households, owning joint 
stock companies, anticipate higher profits from intensified Schumpeterian competition – 
aggregate demand will increase. This also holds if a higher R&D capital stock stimulates net 
exports, mainly through higher exports from R&D intensive industries. In the context of a 
bottom-up macro model, relying on input-output analysis, it would be possible to analyze not 
only aggregate effects but also crucial sectoral impacts of an innovation-oriented ecological 
tax reform; sectoral shifts can be analyzed. 
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• To the extent that R&D capital accumulation leads to positive international technology 
spillover effects an innovation-oriented ecological tax reform will have positive growth effects 
on the rest of the world. From the literature (BAYOUMI/COE/HELPMAN, 1999; 
COE/HELPMAN, 1995) it is known that knowledge is diffusing internationally via exports of 
technology-intensive intermediate products, technology trade, R&D networks and capital 
goods (JUNGMITTAG/MEYER-KRAHMER/REGER, 1999). Since Germany is a major 
exporter of technology intensive products an innovation-oriented ecological tax reform lets 
one indeed expect significant external growth effects for EU partner countries and OECD 
countries, respectively. In a macro-model this international growth bonus effect could be 
modelled in the form of a higher exogenous world import demand – part of which will benefit 
the exporting sectors of the country with the innovation-oriented ecological tax reform. 
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Fig. M/W 1: Building-Blocs of Innovation-oriented Ecological Tax Reform 
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3.4. The Modified Double Dividend 

3.4.1. The Traditional Approach: Reducing Labour Costs 

A traditional approach for creating more employment is to cut wages and labour costs, respectively, 
so that more jobs become profitable. However, wages are not only a cost element but also determine 
aggregate demand. Therefore cutting wages is adequate only if there is a large excess supply of 
labour. Naturally, one would have to carefully consider differentiation across sectors, regions and 
skills. Moreover, the efficiency-wage hypothesis, which emphasizes that workers´ efforts are raised 
if relatively high wages are paid, lets one expect that a fall of labour productivity could be the result 
of strong wage cuts. This is not to deny that Germany and other EU countries need more wage 
differentiation and more labour market flexibility (ADDISON/WELFENS, 1998). However, policy 
must be carefully designed and should not overlook the recent analysis on the theory of 
employment protection (GROENEWOLD, 1999); and it should take into account that government´s 
R&D policy offers opportunities for raising factor productivity, including labour productivity. The 
equalization of real wages and marginal labour productivity cannot only be achieved by cutting 
wages but also by raising labour productivity. 
 

3.4.2. The Schumpeterian Approach: Raising R&D Support 

The positive impact of technological change and innovation on fostering economic growth is 
generally acknowledged today. Although the growth enhancing effects of new products and 
processes had been known for some time, it took some decades to attract the interest of researchers 
to study technical change. This lack of interest may be explained in part by complex procedures 
ruling science and technology (S&T) and the unknown mechanisms translating innovations into 
broad-based economic effects. However, if it is a matter of fact that technological change is a 
driving force behind economic growth, any analysis of macro-economic policies should take these 
impacts into account. 

Thus, it is not surprising that recent approaches in growth theory pay much attention on 
technological change or its “mate”: human capital respectively knowledge. The basic models of 
new growth theory which are in the meantime standards in modern textbooks are presented in 
ROMER (1986), LUCAS (1988) and ROMER (1990). A large part of new growth theory assumes a 
beneficial know-how “transfer” from a knowledge-generating sector, which performs R&D to the 
sector of the economy in which companies simply adopt it. Part of this knowledge as a result of 
R&D efforts is paid for by the receiving firms while some part diffuses without appropriate 
compensation. Thus, external effects of knowledge creation (so called spillover effects) are 
followed by increasing returns in production of the remaining sectors and cause all-over economic 
growth. One essential difference between neo-classical and new growth theory may be found in 
these growth-creating effects. This recent line of research regards national growth to be independent 
of stocks of knowledge and human capital elsewhere. Thus, economies with own knowledge- or 
human capital-creating sectors are growing faster in the long run than those without.  

New growth theory is no exception to other economic modelling, as it does not pay much 
attention to the details either of what generates external effects in innovation or of the channels 
which link knowledge generation and adaptation (see e.g. JAFFE/TRAJTENBERG/ HENDERSON 
(1992)). Moreover, to switch from the inward perspective of new growth theory to a more outward 
“global” perspective seems to be useful, because it would be highly unrealistic (particularly for 
developed countries) – for the economies of the European Union, it would be simply wrong – to 
assume that knowledge flows will not leak out of the area delimited by national borders. In view of 
the increasing share of trade in world wide production and the recent surge in the exchange of 
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production factors, technological as well as economic developments are influenced to a non-
negligible degree by other economies via the world markets. In this respect think, for example, of 
those channels where scientific and technological knowledge accompanies exports of goods and 
services, the mobility of human capital within global firms or the policy of the European 
Commission to support preferentially trans-border R&D. An extensive discussion of the trend, 
motives and consequences of the globalisation of R&D and technology markets can be found in 
JUNGMITTAG/MEYER-KRAHMER/REGER (1999). Here, a view on new trade theory and some 
branches of evolutionary economics following the Schumpeterian tradition, which have in common 
a certain overlap with traditional theory, but stress the importance of technology and innovation as 
complementary determinants, can provide additional insights (see JUNGMITTAG/GRUPP/ 
HULLMANN (1998) and GRUPP/JUNGMITTAG (1999)). 

As far as new trade theory is concerned, a model that has been developed as part of a 
comprehensive analysis by GROSSMAN/HELPMAN (1991, chapter 9) is particularly instructive. 
It deals with the situation most common to high technology trade among OECD countries. The 
focus is on the long-term growth prospects of countries opening up – step by step – to different 
degrees of market integration. Basically, the model is built up according to the following principles: 
Countries are “endowed” with labour, human capital and technological knowledge. To keep the 
analysis of the model’s main properties simple, Grossman and Helpman restricted complexity in 
that the economy consists of one sector only. The focus is set on the working of integration – not on 
structural change within any one country. Technological knowledge generates external effects and 
increasing returns for the production of traded goods. In the long run, adding some further – more 
technical – assumptions, growth rates depends on innovation rates – that is, on the speed with which 
new technological knowledge is built up.  

Integrating two economies similar (or even identical) in terms of traditional endowments 
would lead to either unchanged trade patterns and growth rates or to increased specialisation and 
higher growth rates in both countries. The dynamic properties of this model heavily depend on the 
characteristics of the stock of accumulated knowledge before integration. Because of similar 
endowments with traditional factors the only difference before globalisation lies in the degree of 
knowledge specialisation in different areas. Given hat both economies are completely specialised on 
complementary fields of knowledge, integration will have no effects, neither on technological, 
production and trade pattern nor on long-run growth. Instead, if the stocks of knowledge have a 
certain overlap in both economies (e.g. knowledge accumulated in the same fields of science and 
technology) integration will weed out these “inefficiencies”. Each country specialises on one part of 
this knowledge available to both economies via full integration of markets. In this situation growth 
is higher in both countries compared with those in closed economies. 

Apart from new growth and new trade theory, evolutionary economics in a Schumpeterian 
tradition is concerned with the relationship between technology, trade and growth. Although it lacks 
a consistent body of formal modelling tools, evolutionary economics has provided a lot of 
interesting insights into the details of the working of economic systems. Evolutionary thinking is 
fundamentally based on the variation-selection principle which allows to look at the dynamic 
properties of systems and, thus, on economic development. Basically, evolution is thought of as 
being generated by creating a variety of different products and processes. Selection processes (e.g. 
markets) then work on reducing this variety to a certain number of viable products. The diversity of 
evolutionary theorising cannot be dealt with here (on this see DOSI/PAVITT/SOETE (1990), WITT 
(1993) or HODGSON (1993)). One of the main forces that generate new products or processes 
(and, thereby, increase variety) is innovation and technical change. 

Concentrating first on variation, empirical studies have found that higher rates of innovation 
lead to higher rates of economic growth (e.g. FAGERBERG (1988)). The larger the number of dif-
ferent products and the higher the rate of new product generation the higher the rate of long-run 
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growth. Saviotti has worked out a conceptual and semi-formal tool to show that we are observing a 
constantly increasing number of different products. Higher degrees of product variety cause higher 
consumer utility. This is a main reason for economic growth (SAVIOTTI (1991)). This mechanism 
mainly works through better adaptation to specific consumer needs (higher utility) as well as 
through higher efficiency of production processes. When we turn to the selection environment, most 
studies have found tighter selection mechanisms to favour higher growth. From a theoretical point 
of view, tighter selection does not necessarily prove more efficient because in this case a large 
number of product variants, which have incurred development costs, are selected out. But this waste 
of resources may be compensated by long-run efficiency of fewer but superior products (see, e.g. 
COHENDET/LLERENA/SORGE (1992) for a discussion of this fundamental problem in 
evolutionary economics). Market competition as one of several possible selection environments in 
ideal sense weeds out all inefficient types of products in order to ensure the survival of the best-
fitting alternatives. Then, in face of selection, generation of new products adapts to the 
characteristics of the successful variants. Therefore, it is essential for economic agents to learn 
quickly from the fate of successful as well as unsuccessful products on the markets and, then, to 
develop better variants which sell at higher prices or larger quantities. Thus, the particular strength 
of companies comes from learning adaptation. However, learning and adaptation are fundamentally 
path-dependent processes. That means, the probability to learn something useful will be much 
higher in areas where knowledge has already been accumulated in former times. This path-
dependency of technological change and learning may be observed at the level of single companies, 
industries, regions and countries. It does not only explain a great deal of innovation but also the 
dynamics of division of labour and economic development. DOSI (1982) used this basic principle 
for a “theory” of technological chance. Scientific and technological change is following 
“trajectories” until a “breakpoint” (radical change) disrupts the smooth and gradual development. 

The stock of accumulated knowledge does not only consist of scientific or otherwise 
codified and easily accessible findings but also of acquired “tacit” practical skills. Knowledge 
therefore has a “public” and a “private” part. Apart from a few really globalized and highly science-
based technologies the main part of worldwide knowledge has a local character in that its 
geographical diffusion is limited in scope because of mobility barriers to human capital or skilled 
labour. Accordingly, empirical studies have found a lot of evidence that the ability to learn and to 
innovate greatly differs between sectors, regions and countries. See e.g. PAVITT (1984), PAVITT 
ET AL. (1987), DOSI/PAVITT/SOETE (1990) and GEHRKE/GRUPP (1994). Thus, stocks of 
technological knowledge differ in scope and character between economic entities over long periods 
of time. They can account for innovation and growth rate differentials. 
 

3.4.3. Empirical Links Between R&D, Output, Exports and Employment: Germany, France and 
Sweden 

R&D and Output 

The empirical investigation of the effects of technological change or more generally innovations on 
economic growth has produced a voluminous and diverse literature. Roughly, there are three types 
of studies: historical case studies, analyses of invention counts and patent statistics, and 
econometric studies relating output or productivity to R&D or similar variables (GRILICHES 
1995). Here, we will confine ourselves on econometric studies, which used some indicator variables 
to approximate the impact of technological change and innovations.  

First, one important input factor for technological change and innovation can serve as a 
proxy variable: R&D. Most research in this vein uses an augmented Cobb-Douglas production 
function which includes some kind of a R&D stock beside the usual production factors. The 
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coefficient belonging to this R&D stock can then be interpreted as production or output elasticity of 
R&D. Alternatively, this kind of production function is transformed into growth rates and the R&D 
intensity (R&D/Y) is included. The parameter belonging to this R&D intensity yields the rate of 
return to knowledge. Similar to these approaches is another procedure where total factor 
productivity is calculated first. Then again, either the logs of levels of total factor productivity are 
linked to some kind of log R&D stock or the first differences of log total factor productivity are 
regressed on the R&D intensity. The interpretation of the estimated coefficients is the same as 
before: the regression of the levels of log total factor productivity on a log R&D stock yields a 
measure of the elasticity of output to knowledge, while the regression of total factor productivity 
growth yields a measure of the social gross (excess) rate of return to knowledge 
(GRILICHES/LICHTENBERG, 1984 and GRILICHES, 1995). 

A general problem for the measurement of the effects of R&D on output is that a number of 
externalities arise in the innovation process. Summarizing the relevant literature on this topic, 
CAMERON (1998) distinguishes between four kinds of externalities. First, a standing on shoulders 
effect which reduces the costs of rival firms because of knowledge leaks, imperfect patenting, and 
movement of skilled labour to other firms. In a wider sense international technological spillovers 
due to foreign trade can also be considered as standing on shoulders effect. Secondly, there exists a 
surplus appropriability problem because even if there are no technological spillovers, the innovator 
does not appropriate all the social gains from his innovation unless he can price discriminate 
perfectly to rival firms and/or to downstream users. Thirdly, new ideas make old production 
processes and products obsolescent: the so-called creative destruction effect. Fourthly, congestion 
or network externalities occur when the payoffs to the adoption of innovations are substitutes or 
complements. This is sometimes called the stepping on toe effect. The adequate consideration of 
these effects in empirical investigations offers a wide field for further research. Ups to now, these 
effects are only taken rather roughly and partially into account in most empirical studies. 

Generally, studies which are based on time series data on levels of output and R&D stocks 
for individual US, French and Japanese companies found output elasticities lying between 0.06 and 
0.1 (GRILICHES 1995). Considering results of this kind of studies for Germany and France at 
different levels of aggregation, the estimated output elasticities turned out somewhat higher. For the 
total economy of West Germany PATEL/SOETE (1988) estimated 0.21 as the output elasticity of 
R&D. However, in a recent study BÖNTE (1998) estimated only output elasticities between 0.03 
and 0.04 for the R&D stock of selected sectors of West German manufacturing. At firm level 
CUNEO/MAIRESSE (1984) estimated for the R&D stock output elasticities between 0.22 and 0.33 
for France, MAIRESSE/CUNEO (1985) estimated values between 0.09 and 0.26 and 
MAIRESSE/HALL (1996) between 0.00 and 0.17. At the level of the total economy 
PATEL/SOETE (1988) estimated a value of 0.13 for the output elasticity of R&D for France. 
COE/MOGHADAM (1993) estimated with their preferred specification an output elasticity of 0.17 
for the R&D stock of France. 

When growth rates are used as dependent variable and R&D intensities as independent 
variables, the estimated rate of return lies – summarising the bulk of empirical results for different 
countries and different levels of aggregation – mainly between 0.2 and 0.5, with most of the recent 
estimates falling in the lower part of this range (GRILICHES 1995). However, the results for West 
Germany are a little bit puzzling. At a firm level, BARDY (1974) estimated direct rates of return to 
R&D between 0.92 and 0.97. But at an industry level MÖHNEN/NADIRI/PRUCHA (1986) 
estimated a direct rate of return to R&D of 0.13 and O’MAHONY/WAGNER (1996) found at the 
same level a direct rate of return of 0.00. With a different approach BÖNTE (1998) calculated net 
rates of return for selected sectors of West German manufacturing between 0.23 and 0.3. This is 
quite in accordance with the general results and with the results for France at the firm level where 
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GRILICHES/MAIRESSE (1983) estimated a rate of return to R&D of 0.31 and HALL/MAIRESSE 
(1995) found values between 0.22 and 0.34. 

However, most of the studies considered here simply treats R&D as another form of 
investment and does not allow for the effects of the externalities mentioned above. Therefore, it is 
unclear whether such studies under-estimate or over-estimate the effects of R&D. 
JONES/WILLIAMS (1997) derived an endogenous growth, which takes these externalities into 
account, and calibrated it to a range of plausible parameter values. They find that in most cases the 
excess returns to R&D (calculated as the social return minus the private return) are positive, but less 
than 20 per cent. If the large degree of risk and uncertainty in the innovation process as well as 
information asymmetries between capital markets and R&D spenders are taken into account, it is 
not surprising that large social returns to R&D can coincide with relatively low rates of R&D 
investment. JONES/WILLIAMS (1997) conclude for the USA that the optimal amount of R&D 
investment is about four times the amount actually invested. However, other studies found less 
overwhelming empirical evidences. Bartelsman et al. applied the Jones/Williams model to Dutch 
manufacturing firm-level data and found that the private rate of return probably under-estimates 
social returns by only a few percentage points. Examining the effects of R&D on productivity in a 
panel of French and US manufacturing firms, Mairesse/Hall (1996) found that R&D earned a 
normal private rate of return in the USA during the 1980s. For selected sectors of German 
manufacturing, BÖNTE (1998) concluded that his results provide no evidence for “over-normal” 
rates of returns” due to intra-industrial spillovers. 

Another important source for externalities is international R&D spillovers, i.e. the impact of 
foreign R&D on domestic productivity and output. COE/HELPMAN (1995) captured these effects 
by augmenting the above mentioned total factor productivity equation with import-weighted foreign 
R&D stocks. For West Germany they calculated elasticities of total factor productivity with respect 
to foreign R&D of 0.056 (1971), 0.072 (1980) and 0.077 (1990). The elasiticities for France were a 
little bit lower: 0.045 (1971), 0.061 (1980) and 0.067 (1990), whereas the elasticities for Sweden 
were higher: 0.067 (1971), 0.087 (1980) and 0.093 (1990). BAYOUMI/COE/HELPMAN (1999) 
applied the same approach to a larger sample of countries and found important differences between 
the values of the coefficients for domestic and import-weighted foreign R&D for different groups of 
countries. Comparing the G-7 countries and small industrial countries, the coefficient of import-
weighted R&D stocks has the same value but the coefficient for domestic R&D turned out to be 
much smaller for small industrial countries. For developing countries they assume that R&D capital 
is constant and the coefficient of import-weighted foreign R&D turned out to be clearly higher. 

Up to now we do not differentiated between the possibilities of financing R&D. R&D can 
either be financed by companies or by government and there is a lively controversy on the effects of 
government financed R&D on output and productivity. In his summarising overview GRILICHES 
(1995) concluded that most elasticity estimates are not sensitive to whether one uses total or only 
company-financed R&D stocks, but that there are other indications in the data that government-
financed R&D produces less benefit than privately-financed R&D. Concretely, he presents 
estimations where the privately versus government-financed R&D mix variable has a significant 
positive coefficient, indicating a the premium on government-financed R&D is smaller, but still 
quite large. GRILICHES/LICHTENBERG (1984) found those spillovers between academic 
research and some types of government R&D and the private sector exist, but they are smaller than 
those between firms themselves are. ACS/AUDRETSCH/FELDMAN (1994) concluded that small 
firms (particularly high-tech start-ups) might benefit more from such spillovers. Furthermore, 
ADAMS (1990) found the output of the academic science base is a major contributor to 
productivity growth, but the time lag is approximately twenty years. 

Connected to the controversy about privately or government-financed R&D are other 
empirical findings concerning basic research. GRILICHES (1995) presents estimation results where 
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the basic research coefficient is highly significant and shows a rather large size. He concluded that 
firms which spend a larger fraction of their R&D to basic research are more productive, have a 
higher level of output relative to the other measured inputs, including R&D capital, and that this 
effect is relatively constant over time. Based on other estimation results and additional 
computations he concluded that the premium for basis research over the rest of R&D is 3 to 1 as far 
as its impact on productivity growth is concerned. 

Secondly, one output of the innovation process can be used as a proxy variable for 
technological change and innovation: patent applications respectively the stock of patents. Such a 
proceeding has several advantages. On the one hand, this indicator variable avoids a lot of data-
technical problems, e.g. unlike to R&D stock measures, no artificial depreciation rate must be 
assumed, on the other hand, it includes also the results of other knowledge sources apart from 
explicit R&D activities. BUDD/HOBBIS (1989) estimated for UK manufacturing long-term output 
elasticities with respect to a constructed stock of patents between 0.21 and 0.23. In a second paper, 
they estimated with a slightly different approach long-term elasticities of patenting of 0.114 for 
France, Germany and the United Kingdom, whereas the elasticity for Japan was 0.135 
(BUDD/HOBBIS 1989a). For the West-German business sector in the period from 1960 to 1990, 
JUNGMITTAG/WELFENS (1996) estimated an output elasticity of the real patent stock of 0.23. 
For a longer time period from 1960 to 1996 and with a slightly different approach, 
JUNGMITTAG/BLIND/GRUPP (1999) found a output elasticities of the patent stock lying 
between 0.16 and 0.19. Altogether, these results suggest that the estimates of the output elasticities 
of the R&D stock and the patent stock are in most cases very similar and that they contribute 
substantially to economic growth. 

R&D and Exports 

It is well known from a bulk of empirical studies that a strong link between R&D intensity and trade 
performance exists (see e.g. ENGELBRECHT, 1998, WAKELIN, 1998 and GRUPP/ 
JUNGMITTAG, 1999). However, since trade statistics are in most cases only available in a product 
group classification and R&D data are collected on industry level, strong concordance and 
aggregation problems occur in such studies. These problems are solved only very rudimentary up to 
now. But with a concordance between the International Patent Classification (IPC) and SITC III it is 
possible to avoid this problem in an elegant manner. Such a concordance elaborated at the 
Fraunhofer Institute for Systems and Innovation Research contains 42 R&D-intensive (R&D 
intensity above 3.5 %) three-digit SITC III product groups (this High-tech list has proved to be very 
useful in the annual reports on Germany’s technological performance for the Federal Ministry for 
Education, Science and Research as well as in other empirical investigations). Based on these 42 
R&D-intensive product groups, table 1 shows the correlations between revealed comparative 
advantages (RCA) in foreign trade in 1995 and the relative patent shares (RPS) from 1993 to 1995 
for the nine strong patent applicants. For large countries, the correlations between the RPSs and the 
RCAs are significant on the usual levels. In the cases of the USA, Japan, Germany, the United 
Kingdom, France, Sweden and Italy these links are significant on levels between 1.8 % for the 
United Kingdom and smaller than 0.1 % for Germany and Sweden. 
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Tab. J 1: Correlation between RPS and RCA for nine countries 

Country Coefficient t-value Significance1) 
USA 0.481 2.545 * 
Japan 0.548 2.918 ** 
Germany 0.706 5.237 *** 
United Kingdom 0.415 2.478 * 
France 0.366 3.537 ** 
Canada 0.147 0.877  
Sweden 0.547 4.424 *** 
Italy 0.641 3.675 ** 
Netherlands 0.279 0.207  
1) Significance levels: * < 5 %, ** < 1 %, *** < 0.1 % (White’s heteroscedasticity-
consistent estimators of the variance matrix of the regression coefficients are used 
to calculate t statistics). 

Source: JUNGMITTAG ET AL. (1998) 
 

R&D and Employment 

A wide range of different opinions exists on the relationship between technological change or 
innovation and employment. Roughly examined, the discussants are allocated on two camps. One 
group emphasises the displacement effects of technological change. In this view, technological 
change increases the rationalisation potential, so productivity grows faster than production and 
more workers are displaced than can be absorbed elsewhere. The other group stresses the 
compensation effects. MEYER-KRAHMER (1992) summarises four compensation effects: 

 Technological change leads to new product markets and new opportunities of employment which 
increase final demand and therefore stimulate employment, although this effect is primarily a 
result of complementary product innovations and not of substitutive ones. 

 More efficient production methods reduces costs and prices (which implies raising real incomes) 
and increases profits, thus stimulating the effective overall demand and so compensating or over-
compensating for any initial demand declines due to elimination of jobs. 

 Labour-saving machines must themselves first be produced, so that the displacement of labour in 
the operations that are rationalising generates positive employment effects for the machine 
manufacturers and their suppliers. 

 As a result of technological change, the ability of firms to compete internationally is improved, 
which has also positive effects on employment. 

Which effects – displacement or compensation – can only be accessed empirically. Thereby, 
direct and indirect effects must be taken into consideration because labour-saving and labour-
generating effects do not always coincide in time or space or do not occur in the same sector. 
Therefore, it is essential to examine income circulation relationships, the characteristics of specific 
sectors, relationships between different sectors, and the emergence and spread of new technologies 
over time (MEYER-KRAHMER 1992). 

MEYER-KRAHMER (1992) found in his empirical study for West Germany, that above all 
the R&D expenditures of the corresponding sectors have a stimulating effect on labour demand. 
The only exception is here mechanical engineering. Thus, increasing R&D expenditures lead first 
and foremost to additional employment in the original sectors. Rationalisation effects are 
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conversely caused primarily by the purchase of investment goods with greater R&D contents. Such 
effects have greater importance in the automotive and textile industry, in electrical engineering and 
electronics, and for energy supply, communications and transportation. By contrast, these effects 
have only little importance for the service sector, trade and commerce. Thus, MEYER-KRAHMER 
(1992) concluded that technological change also leads to a shift in the structure of employment 
away from manufacturing towards the service sector. 

These results are generally in accordance with the development of employment in the 
manufacturing industry in OECD countries. Figure 1 displays the long-term development of 
employment in total manufacturing and differentiated for R&D-intensive and non-R&D-intensive 
industries in Germany, France and Sweden. The data are taken from the OECD STAN database, 
which allows only a rather rough assessment of R&D-intensive industries. We assume that 
industries with a large part of R&D-intensive production are manufacturers of chemical products, 
non-electrical machinery, and electrical machinery and transport equipment. For all three countries 
under consideration we can observe similar but not identical patterns of development of 
employment. Generally, the R&D-intensive sectors show less reduction of employment than the 
non-R&D-intensive sectors. For the R&D-intensive sectors in Germany, there were only small 
decreases of employment after the first and second oil price crisis, which had only transitory 
character. In the mid 1980s a rather strong increase of employment in the R&D-intensive sectors 
took place with ended 1991. Thereafter, employment reduces to 5 % below its initial level in 1970. 
Employment in the non-R&D-intensive sectors decreased strongly and permanently after the first 
and second oil price crisis. A moderate increase from 1989 to 1991 was only transitory and from 
1992 to 1994 we can observe a further decrease to 2/3 of the initial level in 1970. For France, there 
was a strong increase of employment in R&D-intensive sectors from 1970 to 1974, but only a 
moderate one in the non-R&D intensive sectors. Thereafter, employment decreased more or less 
continuously, but the R&D-intensive sectors reached 84 % of their initial level, whereas the non-
R&D-intensive sectors fall on 67 % of their initial level in 1970. 
 
The employment in the Swedish R&D-intensive sectors oscillated between 95 % and 110 % of its 
initial level until 1991. Thereafter it falls rather drastically to 79 %. Employment in its non-R&D-
intensive sectors moved in steps with a small transitory increase in the second half of the eighties 
down to 64 % of its initial level. 
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Fig. J 1: Employment in Manufacturing Industries (1970 = 100) 
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3.5. Reforms of the ESI in England and Wales – lessons for other European countries 

In 1989/90 the Electricity Supply Industry (ESI) in England and Wales was restructured and 
privatised, but the reforms under consideration was rather a process that these actions commenced, 
than a one-off event. Privatisation will be complete only after the BNFL is sold, which is apparently 
planned for 1999/2000. The ESI in other parts of the United Kingdom, i.e. in Scotland and Northern 
Ireland is structured in a different way and in part operates according to different principles. BNFL 
- British Nuclear Fuels Limited - is still a publicly owned company, comprising reprocessing 
facilities as well as Magnox Electric - nuclear power stations with Magnox reactors, a left-over 
from the 1996 privatisation of British Energy. The industry is subject to various regulatory 
interventions and operation of market forces, which to a larger or smaller extent change its 
structure. This in turn was one of the factors which in 1999 necessitated changes in the regulatory 
structure: the Office of Electricity Regulation (Offer) was merged with the Office of Gas Supply 
and the new energy regulator, Callum Macarthy, appointed in the Autumn of 1998 initially to 
regulate electricity and gas industries separately, now has the Office of Gas and Electricity Markets 
(Ofgem) to assist him in his duties. If one adds to this the planned reform of the electricity pool, it 
will soon become obvious that the years 1989 - 1999 witnessed a dynamic, evolutionary process, in 
which various parties - the government, the regulator, the antitrust authorities, and the firms, both 
from the industry and from outside it, both British and foreign, as well as the consumers - have all 
been using their prerogatives and freedoms, but which in its totality is no longer controllable by any 
single party. As a complete and thorough analysis of all aspects of this process would go far beyond 
the scope of this brief paper, we shall focus in it only on some issues: the initial restructuring, 
regulation for competition, privatisation, and the fossil fuel levy (nuclear power stations and 
renewable energy sources). The paper will attempt a brief assessment of the reforms, based on 
relevant data on various aspects of the ESI in the UK.  
 

3.5.1. Pro-competitive restructuring 

In the interwar period the ESI in the UK consisted of literally hundreds of small companies 
generating and distributing electricity. In 1926 the Electricity (Supply) Act set up the Central 
Electricity Board to construct and operate a national system of interconnected generating stations. 
That marked the beginning of efforts to centralise production and control, but was not much of a 
success. In the moment of nationalisation there were still 369 municipal and 200 private electricity 
undertakings. The latter operated mainly in distribution and were heavily regulated by the 
Electricity Commission, established in 1919 to promote, regulate, and supervise the supply of 
electricity on a national scale.  

Rescue from the complications that had grown up through successive layers of regulatory 
legislation and inconsistency in government policy was an important motive for nationalisation 
(Foster, 1992, p. 73). In the process of transferring the industry into public ownership the Attlee 
government radically changed the structure of the ESI in the UK. The Electricity Act 1947 
established the Central Electricity Authority (CEA), a public corporation responsible for the 
generation and supply of bulk electricity, and 14 Area Boards, each of them a public corporation 
which was to take care of the electricity distribution in its own region. Later on in England and 
Wales the Central Electricity Generating Board (CEGB) was created, and more autonomy was 
given to the Area Boards. The CEA was transformed into the Electricity Council; a federal body 
entrusted with a consultative and deliberative function rather than with powers of direction, control 
and supervision. This vertically separated structure survived until the moment of privatisation.  
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The only major legal change in the nationalised period, i.e. the Energy Act of 1983, which 
was supposed to reduce entry barriers and in this way introduce some competition, failed 
completely. The lesson to be learnt from this failure is not that the liberalisation of the ESI, even if 
at the starting point all the assets are publicly owned, is non-viable but that regulation for 
competition is needed, i.e. that new entrants have to be protected against the anti-competitive 
behaviour of incumbent firms. More specifically, freedom of entry is not enough if fairness in 
interconnections (grid access) is not assured. Prices for using transportation facilities have to be if 
not the same, then at least similar for incumbents, whether or not they own and/or control the grid, 
and entrants, and the provisions ensuring this have to be properly monitored and enforced. 

The success of privatisation of gas and telecom utilities as well as the victory over striking 
miners in the 1980s made it possible to privatise the ESI in the UK, but restructuring had to precede 
selling the shares and that for two reasons: firstly, to reduce uncertainty which could strongly 
disrupt the running of the industry in the future, and secondly, to avoid a breach of faith with new 
shareholders, i.e. to avoid their expropriation. 

Two factors strongly affected the final outcome of restructuring. Namely, the misconceived 
efforts to privatise nuclear power stations together with coal fired ones combined with the political 
pressure to complete the ESI privatisation before the next general election strongly affected the way 
in which the electricity generation was restructured: competition [was] twice sacrificed: once upon 
the altar of nuclear power (which forced the duopoly) and secondly to the need to expedite the sale 
(Robertson et al., 1991, p. 97). This is not; however, to deny that the UK privatisation of the ESI 
did represent a revolution in the economics of the industry when judged by international standards. 

Instead of breaking the CEGB power stations into between five and ten groups, as suggested 
by some authors (Sykes and Robinson, 1987, Henney, 1987, Robinson, 1988, Pollitt, 1992), apart 
from Nuclear Electric, most of whose assets remained in the public sector until 1996, only two new 
generating companies were created: National Power and PowerGen, the market shares of which 
were in the moment of privatisation were equal to, respectively, 70 and 30 per cents. Of course, the 
pool receives electricity also from Scotland (Scottish Power, Scottish Hydro-Electric, Scottish 
Nuclear, and from the French EdF) and since then the market share of the two companies privatised 
south of the border declined substantially, but, as we shall see, the worries about some form or 
another of collusion remain and drive efforts to reform the way in which the pool operates.  

In the process of abolishing the CEGB one more company was created, namely the National 
Grid Company (NGC), which was also privatised but not by public offer: initially it was jointly 
owned by the privatised Regional Electricity Companies (RECs) and run at arm’s length, and later 
floated on the London Stock Exchange. In this way generation has been vertically separated from 
transmission. The NGC is a key player in the restructured ESI. Firstly, it is responsible for the high 
voltage transmission of electricity from generators to distributors and some consumers, its wires 
being open to common carriage by third parties. Secondly, the NGC is running the spot market for 
electricity (the so-called electricity pool), acting as an auctioneer and load dispatcher with authority 
over the operation of generating stations. The merit order dispatch is operated on the basis of bids 
made by generators but buyers and sellers are linked not only by the short-term spot market but also 
by various longer-term financial contracts (the so-called contracts for differences). 

The next link of the ESI chain is distribution, in the process of which electricity transmitted 
through the high voltage grid gets to final consumers. The 12 Regional Electricity Companies are 
direct heirs of the same number of Area Boards and, in order to avoid allegedly wasteful duplication 
of network, they enjoy monopoly rights in their own respective territories. They are also responsible 
for system reliability. Distribution with its common carriage provisions should not, however, be 
confused with supply, which essentially consists of the contract between final consumer and 
supplier in which the supplier delivers electricity which it may have bought from a generator, or 
another regional distribution company, or which it may have generated itself. 



Re-Orientation of National Energy Policies in the EU – Germany as a Case Study 
 

 61 PE 168.505 

Until 1998/99, for buyers with maximum demand less than 1 MW, and less then 100 kW 
after 1 April 1994, the RECs were also necessarily their suppliers, but the two roles were 
nevertheless separated in these companies  accounts. The supply business of any REC must 
purchase electricity transportation services from its own distribution business, and that on terms 
similar to those available to other suppliers, whose number is constantly increasing. In other words, 
apart from generation, supply has gradually become fully open for competition and, following a 
similar liberalisation of the gas market, since 1998/99 all final customers have the right to choose 
their suppliers. 
 

3.5.2.  Regulation for Competition 

The creation of the Office of Electricity Regulation (Offer) may be legitimately considered as part 
of the restructuring of the ESI and the Director General of Electricity Supply (DGES) or rather his 
activities as another link in the supply chain (in 1999 this role has been taken over by the Office of 
Gas and Electricity Markets, Ofgem and its Director General). The restructuring was however a 
one-off action or so at least one hoped, while regulation is a process and it is by no means certain 
that it is going to wither away. It may however become more focused on naturally monopolistic 
parts of the industry, while provisions of antitrust legislation may become increasingly used. 

The regulatory agencies created in the process of privatisation in the UK are non-ministerial 
government departments headed by a Director General, appointed by the relevant Secretary of State 
- in most cases it is the President of the Board of Trade, i.e. the Secretary of State for Trade and 
Industry, who after the Department of Energy has been abolished concentrates in his hands most 
powers regarding public utilities - for not more than five years. He may be removed only "on the 
ground of incapacity or misbehaviour". The regulator appoints his staff within a budget provided by 
the Treasury, budget over the size of which he has no control. 

The duties of the regulator are specified in the respective privatisation acts as well as, in 
much more detail, in the licences issued to individual utilities by the Secretary of State. All 
regulators have a primary duty to ensure some form of universal service and to ensure that the 
regulated utility has the financial resources to meet the obligations imposed on it. This means that 
the regulator must not with his or her own actions undermine the financial position of regulated 
companies, and not that they are protected from commercial risks and possibly even bankruptcy. 
Subject to meeting these objectives the regulator has a secondary duty to take steps to increase 
competition, although again the wording differs substantially, to control prices, quality and service 
levels, to promote efficiency and economy and other duties relating to health, safety and R&D. 

The cornerstone of economic regulation UK-style is the price cap "RPI-X", imposed either 
on prices charged for or on revenues from given types of activities. This is enforced by the regulator 
and modified in agreement with the industry, or in absence of this by referral to the MMC (now to 
the Competition Commission). The MMC acts as an "appeal court" for licence revision and re-
setting of the price cap. The reference is usually a general public interest reference rather than a 
narrow determination of the issue in dispute, and the managers of regulated utilities are usually keen 
on avoiding it. One reason for that is that after the MMC report has been published, the regulator 
can change the licences so as to remedy the detriment to the public interest, but in principle he is not 
required to accept the recommendations specified by the MMC. That is why implicit regulation, i.e. 
the very threat of - or the risk of triggering - both a regulatory intervention and a referral to the 
MMC have themselves powerful disciplining effects and play such an important role in the British 
regulatory system. 

Judicial review, or rather its possibility, is yet another important element of the regulatory 
game in the UK. However, the principles of judicial review require that a regulator’s decision not be 
tainted with "illegality, irrationality of procedural impropriety", which is rather difficult to establish 
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if, as is the case in the UK, the decision makers are not obliged - and usually avoid - to present any 
reasons for the decisions reached. 

From the structural point of view the ESI regulation differs from the regulation of other 
utilities in that the DGES has more extensive and more explicit powers to obtain information from 
licensees than there are for some other directors. He also stands out in that he has a primary duty to 
“promote effective competition”. According to the Electricity Act 1989, the Secretary of State, as 
well as the regulator, have duties to promote research into, and the development and use of, new 
techniques, to promote energy conservation and to protect the environment. Finally, the Secretary of 
State not only remains in charge of parts of the ESI; i.e. of nuclear power which remains in the 
public sector (Magnox Electric) but also can veto any licence modification agreed between the 
regulator and the company. How to make the relationship between politicians and regulators more 
transparent has been particularly hotly debated since the Labour Party came to power in May 1997. 

How are consecutive stages of the electricity supplying chain regulated? The principle 
applied in the ESI in England and Wales is that one ought to regulate the naturally monopolistic 
parts of the industry (transmission and distribution), and, initially, supply to smaller users, and to 
rely on competition in generation and in supply to larger users. In consequence, the least regulated 
sector of the ESI is generation where, subject to planning permissions, in itself not at all a trivial 
issue, anybody can enter and produce electricity, using inputs of his choice, with exception of 
nuclear fuels. Such a new establishment has the right to be connected to the national grid and the 
only restriction is that any new sizeable generator must join the electricity pool.  

The supply market was initially divided into two parts: franchise and contract ones. The 
borderline was lowered in 1994 from 1 MW to 100 kW and removed in 1998/99: following the 
experience with total liberalisation of the gas market, it was decided that the final stage of 
electricity supply liberalisation should take place at different dates in different regions. Contracted 
supply is, just like generation, potentially very competitive, even though possible gains from 
competition in terms of lower prices are definitely larger in generation, as supply accounts for only 
4 per cent of overall costs in the industry. 

This leaves us with two sectors of the ESI where we deal with regulation in the strict sense 
of the word: transmission and distribution. In both cases specific to them regulations take the form 
of price caps in the form of the famous RPI-X formula. All forms of regulation and in particular 
respective X terms are subject to regular reviews. 

Apart from the famous formula RPI-X, there is one more aspect of regulation UK-style that 
distinguishes it from its predecessors elsewhere, namely regulation for competition, which, as 
distinguished from general competition and consumer protection laws, is a new invention and 
nowhere can it be seen better than in comparison with regulation in the US: there is nothing in US 
utility regulation approaching a statutory duty to promote competition (Beesley and Littlechild, 
1991, p. 45).  

Promoting competition involves facilitating the entry of new competitors, including the 
entry of existing competitors into new parts of the market, which obviously requires that the 
regulator is aware - and able to assess - the relationship between his actions and the probability of 
entry. Regulation for competition was needed for a few reasons. At the most general level one could 
point out the very complex relationship between restructuring, competition, deregulation, 
regulation, and liberalisation. This relationship is both path- and environment dependent, and 
politics, especially politics understood as process of interaction among various pressure groups and 
vested interests, which differ, from each other in their relative strength, has considerable influence 
on specific outcomes. More specifically, the duty to promote competition reflects in part practical 
difficulties with moving in one go from a nationalised monopoly to a competitive industry. 
However, this [regulation for competition] is a marked departure from the ideal of regulation based 
on a level playing field (Veljanovski, 1993, p. 55). The promotion of competition as a distinct 
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objective of the economic regulator also creates a potential conflict of interest with consumer 
protection: competition can lead to reductions in benefits to some consumers, especially if they 
were previously receiving preferential treatment; it is also hardly compatible with many social 
objectives. The very concept of cream skimming shows the difficulties of squaring rivalry and 
universal service (Veljanovski, 1993). 

 

3.5.3.  Privatisation 

One more question which remains to be answered in the context of presenting British experiences 
with promoting (effective) competition in the ESI may be formulated as follows: was pro-
competitive restructuring of the ESI in England and Wales and regulation for competition 
conditional on privatisation, and if yes, to what extent? Or perhaps more generally, is competition 
dependent on whether or not a given industry is in the private sector, and if yes, to what extent? In 
general it seems that privatisation is an almost necessary condition for competition understood as 
rivalry and for firms being really subject to what is sometimes called competitive pressure. Rivalry 
between state-owned enterprises (SOEs) within one industry is usually only rivalry for resources 
from the Treasury but not in and for the market (e.g. contracts of central and/or local governments).  

There is no doubt, that in Britain in the 1989/90 reforms the government’s commitment to 
privatise the ESI was a necessary pre-condition of pro-competitive restructuring of this industry and 
of introducing regulation for competition. But privatisation cannot solve all problems. It is true that 
despite the multiplicity of objectives that individual governments want to achieve by selling off the 
family silver, the main rationale for such actions should be that it can help to improve economic 
efficiency. It is also true, that the most important insight justifying this hope is that, among other 
things, the economic markets lead to better results than political ones. This can be seen in a 
particularly clear way in what is called the "market for property rights" and the "market for 
managers". The possible gains from depoliticisation of competition and regulation, whatever the 
rationale for the latter, only strengthen this insight. However, one must immediately notice the most 
important paradox present in the case of the privatisation of a firm in a market economy: the 
negative effects resulting from "government failure" can only be remedied by political means. 
Firstly, the very decision to transfer ownership rights has to be taken by politicians. Secondly, the 
decision to go ahead with the transfer is usually accompanied by deliberately introduced changes in 
the degree of competition and/or in the regulatory framework faced by the newly privatised 
companies. In most cases such changes are in fact unavoidable and this is what makes any 
comparison between the periods before and after privatisation almost impossible. Furthermore, 
these changes are discretionary in the sense that even if we assume that they aimed at improving 
economic efficiency, which is by no means certain (not least because of the many goals that each 
privatisation was supposed to achieve), such an aim did not predetermine unequivocally the option 
to be chosen and, as we have seen, changes in competition and in regulations are of crucial 
importance. But the decisions in this sphere were exposed to the same dangers (stemming from the 
political character of the process of taking them) which these decisions were supposed to eliminate. 
This is true also for the choice of the techniques of privatisation, as well as for other strategic 
choices. In other words, it is only politicians who can (re) establish the priority of economics over 
politics, but why should they be interested in doing this at all, not to mention doing it properly, if 
they are, as is plausibly assumed, utility maximizers? Gains from eliminating political interference 
and from exposing agents to economic pressures (conditional upon transfer of property rights) may 
be potentially large, but may remain unachievable within the political processes. And this is the last 
but by no means the least important lesson from the British experiences. In other words, 
privatisation, or rather the decision to privatise the ESI was in fact a necessary precondition for 
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promoting competition in this industry but in the political process of putting it into practice 
particular attention has to be paid to the risk of expediently compromising initial commitments.  
 

3.5.4.  The Fossil Fuel Levy 

Without going into the intentions, revealed or otherwise, of the then Government, at the very 
simplest, the Fossil Fuel Levy is collected from licensed suppliers of electricity - either Public 
Electricity Suppliers (PESs) or Second Tier Suppliers - and the revenue transferred to the Public 
Electricity Suppliers. However, it must be noted that at the beginning was the Non-fossil Fuel 
Obligation, on the basis of which PESs were obliged to buy a pre-specified amount of electricity 
produced by non-fossil fuel generators (nuclear and renewable) in order partly to satisfy the demand 
for electricity from their franchise customers (initially those with peak demand of less than 1 MW, 
from 1.04.1994 until 1998/99 - less than 100 kW). Since at that time such electricity was much 
more expensive than that produced from other sources (which either no longer is the case or will 
soon cease to be the case, if cost and price trends can be relied upon), it was decided that the PESs 
should be compensated for the extra costs incurred in the process of fulfilling this obligation. 
Therefore a levy was imposed on electricity supplied by licensed suppliers (initially 10 per of the 
value of supplied electricity, currently - 0.7 per cent). The levy was collected on behalf of the 
Director General of Electricity Supply, who was responsible for determining its level for the given 
period with three months notice. At the same time, in order to facilitate and simplify dealing, it was 
decided that the PESs would join their forces in the context of the said obligation, so that its 
fulfilment would be handled for them by the Non-fossil Purchasing Agency. 

The way in which the levy is administered is conditional on the organisation of the 
electricity market in England and Wales: all electricity generated by source of more than 1 MW 
capacity, has to be bid into the pool (spot market), which serves as a basis for dispatch operations 
run by the NGC. The bidding regarding half-an-hour long periods of each day results in the so-
called pool price, which in turn becomes a reference point for settlements of contracts between 
electricity suppliers and final customers. These contracts are known as contracts for differences 
(CfDs): if the pool price happens to be different from the price specified in the contract - which is 
most of the time - the difference is paid to the final customer (if the contract price is the higher one) 
or by the final customer (if the contract price is lower); that is so because both parties initially 
receive and pay the pool price for electricity sold to the pool and bought from it, respectively. 

Contracts signed with the producers of electricity from renewable sources, selected on the 
basis of regular tenders - and, initially, with Nuclear Electric - are contracts for differences. 
Electricity from these producers $goes# to the pool, where it is sold at the pool price, and its 
producers are later paid the difference between the pool price and the price specified in their 
contracts. This difference was sometimes called a premium. These contracts were signed between 
the producers and the Non-Fossil Fuel Purchasing Agency, which acted on behalf of the PESs, who 
were under obligation to purchase electricity produced in this way. So, effectively, the money 
collected from all licensed suppliers ended up with renewable and nuclear producers - via, de facto 
PESs, but the chain, as we have seen, is longer and included the collectors and the DGES and the 
purchasing agency. Since the contracts were between producers and the purchasing agency, acting 
on behalf of the PESs, one could say that the PESs themselves did not see any of that money, and - 
without going into unnecessary details - that the levy was used to pay the premium, mentioned 
above. 

Regardless of whether the name of the levy was only a fig leaf for a rescue operation of 
nuclear industry in the UK, there is no doubt that gross of the money - about 1 billion pounds a year 
- ended up with the nuclear generators. Their organisational structure changed over time. Initially, 
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that is in 1990 two publicly owned companies were created: Nuclear Electric in England and Wales 
and Scottish Nuclear north of the border. In 1996 the structure based on location was replaced by 
one based on technology: power stations with AGR and PWR reactors have become parts of British 
Energy (privatised in June 1996), and those with older Magnox reactors - of Magnox Electric, later 
merged with BNFL, plans for privatisation of which were announced in July 1999. There is no 
doubt that the money from the levy helped the nuclear industry in England and Wales not only to 
survive but also to achieve commercial viability - increases in efficiency of nuclear power stations 
in Great Britain have almost miraculous dimensions - although there is no doubt either that the way 
in which nuclear power stations were sold was instrumental in avoiding the so-called stranded costs 
(Jasi¢ski, 1998). At the same time the money from the levy was used to support and indeed hugely 
develop generation of electricity from renewable sources (Ross, 1998). This was achieved in a way 
fully compatible with newly introduced competition in the ESI in England and Wales, and the 
competitive process of allocating support resulted in reducing average price of so produced 
electricity from 4.35 p/kWh in 1994 to 2.71 p/kWh in October 1998! 
 

3.5.5.  Assessment: Market and Prices 

The measures taken and to be taken to introduce competition into the ESI in England and Wales 
constituted a programme the implementation of which was to take eight years, and actually took 
almost a year longer because of delays in removing the last remnants of the franchise market. For 
some RECs that was done only a few months ago, and therefore one will have to wait for quite a 
while before it is possible exhaustively to evaluate the performance of the English and Welsh 
market for electricity. 

Having these caveats in mind, one could nonetheless ask, whether the market for electricity 
in England and Wales is a functioning one, and that functioning well? This question, however, is far 
from being a straightforward one and leads to many others. For example, what is a well functioning 
market in an industry with naturally monopolistic elements? And how can one spot it and/or 
distinguish it from not-so-well-functioning markets? Is it enough to observe firms competing with 
each other, however difficult it may be unequivocally to interpret their behaviour in this way, or do 
we have to approve the effect that their rivalry has for consumers and for the economy as a whole? 
In other words, do we have to like the results and how patient do we have to be in waiting for the 
expected ones? Is not it enough to be convinced that the principles of competitive behaviour are not 
violated?  

Assuming that competition should eventually become a self-sustaining market mechanism, 
we shall look from this point of view at the activities of the Director General first of Offer and now 
of Ofgem. An important element in assessing the competitive electricity markets is also behaviour 
of prices and costs over time, both in themselves and in relation to other sources of energy, changes 
in fuels used for electricity generation and atmospheric emissions. 

In this context it is worth stressing that the regulator has no power explicitly to control 
generation prices and therefore prevent anti-competitive pool prices being bid by the large 
generators, if this was the case. Nevertheless, movements in prices have been attracting quite a lot 
of publicity and in consequence the regulator usually felt that he had to react. Many instances of 
controversy resulted in a “voluntary undertaking” by the generators to bid in such a way that prices 
did not exceed certain level and in them - again “voluntary” agreeing to sell some of their 
generating capacity, and that twice: in 1994 and in 1998/99. In the former case, Financial Times's 
Lex Column described that development as an expression of Prof. Littlechild's curious fondness for 
blunt engineering solution: Faced with the complex but failing market in electricity generation, the 
regulator has finally settled for giving it a couple of healthy bangs with the hammer (12/13 
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February 1994). A representative of the Association of Independent Electricity Producers said 
immediately after the announcement: We do not understand why he [Prof. Littlechild - PJ] thinks 
that artificially depressing prices will encourage competition (in: Financial Times, 12/13 February 
1994). These conflicts translated over time into an increasing level of dissatisfaction with the way 
that the spot market operated especially from the point of view of large energy users. This led to 
attempts to reform the electricity trading mechanisms, but if no consensus appears; primary 
legislation will be necessary, but difficult to assure. Other controversies regarded reopening the 
distribution review in 1995 and the so-called “dual fuel” deals - joint marketing of electricity and 
gas, which became a problem because of different liberalisation timetables for the two energy 
sources. 

What does it all tell us about how well competition works in the ESI in England and Wales? 
This market for electricity has been all the time is a market under close supervision. Market 
mechanisms, to the extent that they have already been introduced are not yet fully trusted. In 
consequence the Director General of Offer is under pressure to react or at least to comment on 
almost any movement (read: increase) in profits of the companies involved and/or in prices charged 
to customers - and almost everybody is a customer. It still also a very politicised market, and the 
change of government in May 1997 did not change much. The Labour Party came to power 
promising a far reaching reform of the regulatory structures but the only change introduced so far 
consisted in merging Offer and Ofgas, which looks like a good idea, but from the point of view of 
the mechanics of regulation is rather cosmetic. Another change introduced since 1997, i.e. the gas 
fired power stations moratorium, was purely political and decisively opposed by both regulators. In 
the whole period not without importance were also multiple mergers and take-overs, which led to 
continuous changes in the industry structure and appearance of the so-called multi-utilities, of 
which the best example is Scottish Power, active in electricity, gas, telecoms and water industries. 

The effects and consequence of liberalisation of the ESI in the United Kingdom - 
admittedly, in its most radical form limited to England and Wales - can be looked at from a few 
different points of view (the remainder of this section is based on various publication by the 
Department of Trade and Industry, and most Figures and Tables come from UK Energy in Brief, 
December 1998). Firstly, the newly acquired commercial freedom of electricity producers could be 
expected to have led them to reassess their use of various fuels and therefore result in changes in 
fuel use changes in electricity generation. This took two forms in the UK: a rapid increase in use of 
natural gas and an equally rapid decline in use of hard coal. The rate of the latter is much higher 
than of the former as one had to add increase production of nuclear power station and more 
effective support for renewables. This is illustrated in Figures Y1 and Y2 and Tables Y1 and Y2, 
where the data for the period 1970 - 1990 were added in order to be able better to assess changes in 
trends. 

In the early 1970s the advent of natural gas saw gas consumption grow rapidly. In the last 20 
years industrial consumption has been relatively static, growing by 5%, while domestic 
consumption has grown by 80% and services consumption has more than doubled. However, in the 
last few years the growth in gas use has been dominated by its use for electricity generation, which 
increase almost thirtyfold. Defying world trends in that respect, newly constructed gas fired power 
stations are used in England and Wales mainly to produce base load electricity. Electricity 
generation now accounts for 26% of natural gas consumption, and although there are still new 
CCGT power stations under construction, there is currently in force a moratorium on new power 
stations. As we have already mentioned, this moratorium proved highly controversial and is likely 
to be challenged in the EU institutions. 

Coal production was 3% lower in 1997 than in 1996 due to a 6% fall in deep mined 
production, while opencast production rose by 22%. Coal production in 1997 was only a third of the 
level in 1970. The deep in 1983-4, in Fig. Y2 was due to a prolonged miners-strike, but much more 



Re-Orientation of National Energy Policies in the EU – Germany as a Case Study 
 

 67 PE 168.505 

important it is to notice that the downward trend in coal production started much earlier is 
continuing and expected to continue in the foreseeable future. This is mostly due to changes in coal 
consumption. 

It is true that in the years 1990 - 1997 power stations reduced their coal consumption from 
84.0 to 47.1 million tonnes, but at the same time they accounted for 75% of coal consumption in 
1997 compared with 78% in 1990, 73% in 1980 and 49% in 1970. Coal consumption has declined 
more sharply during the 1990s; over the last six years at an annual rate of 82% compared with 12% 
per year over the previous 20 years. It can therefore be said that putting blame for the long-term 
coal industry demise solely on the electricity liberalisation is simply wrong. 

To changes in the use of coal and gas in electricity generation, one has to add changes in the 
output of nuclear power stations and in the use of renewable energy sources. The relevant data are 
included in Figures Y4 and Y5 and Tables Y4 and Y5.  

The British nuclear power generation industry achieved record output of 89 TWh in 1997 as 
well as contributing, at 28%, its highest ever proportion of total electricity generation. Electricity 
output was over 50% higher in 1997 than in 1990, although in that period only one new nuclear 
power station - Sizewell B - was commissioned. It follows that most of the increase was achieved 
thanks to higher efficiency, which in turn can be traced back to the desire of the then management 
to have their company privatised. In order to achieve this objective it was necessary to prove that 
electricity generation in nuclear power stations was commercially viable without any - hidden or 
otherwise - subsidies.  

Biofuels account for 82% of renewable energy sources with most of the remainder coming 
from large-scale hydro electricity production. Wind power contributes 22%. Of the 2.3 million 
tonnes of oil equivalent of primary energy use accounted for by renewable, 1.4 million tonnes was 
used to generate electricity and 0.9 million tonnes to generate heat. Renewable energy use has 
doubled since 1990. 

The data contained in Figures Y1 - Y5 and Tables Y1 - Y5 (appendix 3) can be summarised 
in tracing changes in fuel use for electricity generation - see Fig. Y6 and Tab. Y6, where the data 
for the years 1970 - 1990 were again added for comparison. On the basis of these data one can 
conclude that the fuel used to generate electricity has changed markedly in recent years. While coal 
still has the largest share of the market for electricity generation, the proportion has fallen from two-
thirds to under two-fifths in seven years. In 1997 gas accounted for 27% of the market for electricity 
generation. This dash for gas, as it is usually referred to, led recently to worries about too high a 
level of dependence on this fuel as well as that it would deliver a final blow to the UK coal industry. 
That is why the current Labour government decided to introduce a highly controversial two-year 
moratorium for gas fired power stations. 

Changes in generation of electricity have to be confronted with changes in its consumption 
as well as with changes in prices, both in absolute and relative terms. The relevant data are 
contained in Figures Y7 and Y8 and Tables Y7 and Y8. As one can see, over the last years 
electricity consumption in the domestic and services sectors has grown by 5% and 15% 
respectively. Industrial consumption varies with business activity, but has risen in each of the last 
three years to be at its highest ever level in 1997. 

The issue of prices attracts a lot of attention in all discussions on potential and actual 
liberalisation of the ESI in any country, and the UK is no exception. At the same time one 
consequence of liberalisation is that it is increasingly difficult to talk about the price of electricity, 
even for a given group of customers, as for example, the obligation to publish tariffs gradually 
disappears in line with effective competition taking roots. At the same time one has to remember 
that the highly publicised pool prices are only very indirectly related to what anybody actually pays. 
That is why one way of looking at what happened to electricity prices in the UK is to compare them 
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with prices of other fuels for the industrial sector, the data for which are provided in Fig. Y8 and 
Tab. Y8.  

Industrial electricity prices fell sharply, by 8 per cent in real terms, in 1997 compared to 
1996, and are now 212 per cent lower than they were in 1990. One factor behind the fall in the latest 
year was the full pass-on of reductions in the Fossil Fuel Levy. Average industrial electricity prices 
are now lower in real terms than for any year since records began in 1970. The same is true for coal, 
where prices have fallen by 36 per cent since 1990. Gas prices rose by an average of 2 per cent in 
1997 (although some larger consumers saw much larger increases), but remain at historically low 
levels, 46 per cent lower than in 1990. Heavy fuel oil prices fell by 7 per cent between 1996 and 
1997 as crude oil prices fell. 

Overall total domestic energy prices including VAT fell in real terms for the third year 
running in 1997. Average real prices in 1997 were 52 per cent lower than in 1996. VAT was cut 
from 8 to 5 per cent from 1 September, which accounts for about 1 per cent of the overall fall. 
Within the overall movement, average electricity prices fell by 7 per cent, heating oils by 5 per cent 
and coal by 12 per cent. The roll out of competition continued in gas throughout 1997 contributing 
to the 32 per cent fall on 1996, although consumers who have moved to new suppliers can have 
seen reductions of up to 20 per cent. Between 1990 and 1997 real prices have fallen by 92 per cent 
for electricity, 12 per cent for gas and 24 per cent for heating oils.  
Last but certainly not least there are worries about the effect of liberalisation on the natural 
environment. As one could expect, since the UK liberalisation resulted in an increased use of 
natural gas and renewable sources in electricity generation and - possibly less directly - in an 
increase of efficiency of nuclear power stations, the contribution of this sector to CO2 emissions 
diminished. This is confirmed by the data in Fig. Y10 and Tab. Y10. 
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4.  The Policy Framework in Europe and Germany 

4.1. EU Energy Policy and Germany´s Ecological Tax Reform 

EU Energy Policy 

The main aim of EU energy policy is to achieve security of supply and protecting the environment 
while maintaining international competitiveness. Each Member States’ energy policy must be 
evaluated in terms of these objectives and, in addition to this, with compatibility with the single 
market as well as the EU’s international climate policy. 

The objectives of EU energy policy were clearly stated in the White Paper on Energy Policy 
for the European Union (COM (95) 682 final). According to this paper EU energy policy is based 
on deregulation and market integration; government intervention should be efficient and effective, it 
should be in the public interest and contribute to sustainable development, consumer protection and 
economic and social cohesion. The Energy Council has adopted the Multiannual Framework 
Programme for actions in the energy sector in the period 1998-2002 (COM (98) 607, final). A core 
idea of this programme is to co-ordinate the manifold energy policy activities and initiatives of the 
Community, to enhance transparency and increase policy efficiency. Funding allocated to this 
policy field is very modest given the ECU 170 million agreed upon by the Energy Council in 
November 1998. Additional funds could be allocated to projects in cohesion fund countries and to 
all Member States to the extent that the Commission assigns the 0.5% from the Structural Funds 
reserved for innovative projects (here in the field of energy policy). 

The EU has emphasized some structural objectives:  
• increasing the share of renewable in energy generation – if possible doubling this share to 15% 

by 2010;  
• raising the share of natural gas which is rather environmentally friendly as an energy input;  
• achieving maximum safety standards in nuclear energy; 
• maintaining the percentage of solid fuel (hard coal and lignite) in total energy consumption 

figures which seems to reflect the desire of some countries – the UK, Germany and Spain - to 
maintain the medium-term competitiveness of their coal fields. One must, however, point to 
the inconsistencies of coal subsidization in several countries (GREENPEACE, 1997). 

• There is also some EU financed research on energy conservation, the development of 
alternative energy sources, nuclear fusion and other projects. 

With respect to the internal market the Community adopted two important Directives. As a follow-
up on Directives of 1990 and 1991 on transit of electricity and gas a considerable opening of the 
electricity markets – including international trade in the context of third party access to the 
electricity network – was agreed upon in the Directive 96/92/EC (Official Journal 30.01.1997). 
Moreover, the Commission and the European Parliament agreed on a common position on a 
Directive (98/30/EC) which liberalized the gas market in 1998. The European Commission is 
reporting once a year on progress in the field of the two Directives. 
 The Community has an action plan for cutting greenhouse gases – especially CO2. This 
policy field became crucial in the context of the UN Kyoto conference of 1997 and other 
international conferences. According to the EU´s commitment it must cut CO2 emissions by 8% of 
the 1990 level by 2008-2012. The Community is facing additional challenges in the context of EU 
enlargement, which will consist of at least two waves of new member countries. The European 
Energy Charter – ratified in late December in 1997 – defines a framework for east-west cooperation 
in the field of energy policy. 
 The electricity output of the EU increased between 1997 and 1999 (EUROSTAT, 1999): 
Comparing 1998 and 1997 there were strong increases in Portugal (+14.9%), Greece (6.5%), 
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Belgium (+6%), Ireland (5.9%), Sweden (+5.4%), the Netherlands (+4%) and Italy (3.3%). 
Production increases were modest in the UK, Finland, Austria, France, Spain and Germany, 
negative growth rates were observed in Luxembourg (-8.3%) and Denmark (-6.5%). With respect to 
the structure of electricity production one may notice that the share of conventional thermal power 
generation has increased (+4.6%) and accounted for 51.5% of total production; electricity from 
nuclear power stations fell slightly and represented 34.1% of total production. Hydroelectric power 
generation increased by almost 5% and represented 14.4% of the total. In 1998 there were EU net 
imports of 13.8 TWh which accounted for 5.9% of production. France, Germany, Denmark, Austria 
and Sweden were net exporters; the largest importers were Italy and the UK. Total electricity 
supplied in the Community was 2329.5 TWh, an increase of 2.1% compared to 1997. As regards the 
structure of electricity sources only a few EU countries recorded shares for hydroelectric (and other, 
non nuclear and non thermal) power of more than 20% in 1998: Spain, Italy and Finland – each 
with a share of 1/5 -, Portugal and Sweden with 34.5% and 47.7%, respectively; the share in 
Luxembourg was 90.9%, where one may note that Western Europe´s top country is Norway with 
99.4%. 

Germany´s federal government has emphasized the goal of energy efficiency policy for 
many years, and there are fiscal measures as well as regulations in the transport and building sector. 
Municipalities and state governments finance a host of measures to improve energy efficiency, in 
particular by giving loans and grants to the business community. All those measures must be 
notified to the European Commission. However, there is no real transparency about energy 
conservation expenditures as one can learn from the OECD (1998) report on Germany´s energy 
policy – a very unsatisfactory situation (in a leading industrialized country) which urgently should 
change on the basis of mandatory full reporting of all municipalities and states. The OECD notes (p. 
42/43)  
“There are no legal or constitutional restrictions on the measures related to energy efficiency which 
local governments are empowered to take, but as a general rule the same project is not allowed to 
receive funds from different public authorities at the same time. Some Laender such as North-
Rhine/Westphalia and Saxony are more proactive in the energy efficiency field than others. They 
have no obligation to report to the Federal government on their activities. However, the Federal 
government seeks to be informed. A survey on the use of Federal government and Laender funds 
was completed in 1997. This survey did not take into account the expenses of the municipalities and 
of some Laender, which did not respond to the survey. Table 5 indicates the result of the survey: 
total expenditure from the Laender who responded to the survey has been rising and in recent years 
has become comparable to that of the Federal government.” 
 
Tab. M/W 1: Energy Conservation Expenditure in Germany, 1990-96 
(Federal Government and Some Laender) 

million DM 
  1990  1991  1992  1993  1994 1995* 1996* 

Federal 
Expenditure 

1 242 1 008 1 212 1 186 1 285  1 316  1 461 

Laender 
Expenditure 

   556    978    802 1 092 1 604  1 169     956 

Total 1 798 1 986 2 014 2 278 2 889   2485  2 417 
* Provisional 
Source: Country Submission 
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EU Proposals for a CO2/Energy Tax 

The European Commission made two draft proposals for a CO2/Energy Tax in 1992 and 1995, 
however, it was only in 1997 (March 12) that the Council of the European Community presented a 
Council Directive „Restructuring the Community framework for the taxation of energy 
products“(COM (97) 30 final). In line with an earlier German proposal – made in the context of 
Germany´s EU presidency in 1994 – it was proposed to increase the minimum tax rates for mineral 
oil and to extend the scope of mineral oil taxes to all energy products like gas, solid energy products 
(hard coal and lignite) and electricity. The proposed Directive would mean than a new tax regime 
would enter into force as of 2002 provided that the European Parliament had agreed to this in its 
deliberations. Existing EU Directives on the taxation of mineral oil products (92/82/EEC and 
92/81/EEC) thus would be replaced. The proposed Directive suggests several tax exemptions – see 
Articles 13-16 – and basically indicates several types of energy use which would be subject to 
different tax rates: motor fuels, motor fuels for certain industrial and commercial purposes (e.g. 
agricultural use), heating fuels and electricity. Particular important exemption clauses stipulate that 
(i) energy products used as raw materials are not taxed; Member States may apply exemptions or 
tax reductions to renewable energy forms and to heat generated during the production of electricity 
(art.14). (ii) Member States may refund part of tax revenues paid by a firm with non-transport-
related energy costs exceeding 10% of total production costs. Member States must refund a certain 
amount of the tax revenue if the energy costs exceed 20%. Applying this measure the net amount of 
tax paid shall not be less than 1% of the firm´s value of sales (art. 15). (iii) Member States can be 
authorized – for specific policy reasons and for a certain time period - to apply exemptions or level 
of taxation below the minimum level specified in the Directive (art. 16). 
 A critical evaluation of the 1997 Directive proposal is given by a report of the 
WUPPERTAL INSTITUTE (1998, p.52): By achieving homogeneous minimum tax rates on all 
energy sources to all Member States, the CEC is trying to achieve a level playing field for all 
competitors. (...) A crucial point is the taxation of solid energy sources, in particular coal. Since 
Member States like Germany, France and Spain still subsidise their coal industries; the taxation of 
coal seems to be a paradox. But from an environmental point of view, a starting tax rate of ECU 0.2 
per GJ on coal seems to be by far too low, coal being the fossil fuel with the highest CO2 emissions 
per energy unit. To tax gas, a relatively „clean“ fuel, at the same rate as coal or peat does not make 
sense from an environmental point of view, either. (...) An electricity end use (output) taxation is 
easy to administrate but does not consider the varying environmental impact (external effects) of 
different primary energy sources used as input for electricity generation which some Member States 
would like to take into account. As a kind of compromise the CEC authorised Member States to tax 
the primary energy input in electricity generation in addition to the end use tax of ECU 1 per MWh 
in 1998. But while not setting minimum rates for an input taxation, it seems unlikely that Member 
States will impose additional taxes to reflect the environmental impact of different ways of 
electricity generation. Electricity is an easily tradable homogeneous good with rather low transport 
costs, and electricity trade in the EU is growing. As long as no harmonized tax levels for input 
taxation are provided, a unilateral (double) taxation is one or more Member States could distort 
competitiveness. 

One should also emphasize that Germany’s Environmental Expert Council advocated 
differentiated taxation of primary energy inputs. 

The above statement adequately summarizes the most important points – except for one 
caveat, namely that differential environmental impacts of various energy inputs in electricity 
generation could be taken into account by a rebate system in which government would apply a 
rebate for a (minimum) share of environmental friendly inputs. The German Government developed 
a concept without much differentiation on the input side of the electricity sector. This sector will 
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face both adjustment pressures from higher ecological taxes, which should raise prices, and from 
EU deregulation which will exert downward pressure on prices. 

EU Liberalization Directives and Energy Policy in Germany 

The EU electricity liberalization Directive came into force on February 19, 1997 and requires that 
national law be adjusted within two years. The required minimum opening up of national electricity 
markets is 23% by 1999, 28% by 2000, 33% as of 2003. A similar EU liberalization Directive was 
adopted for the natural gas market, which came into force in June 1998 (to be adopted into national 
law by June 2000). The three liberalization minimum steps require opening up for 20% by mid-
2000, 28% by mid-2003 and 33% by 2008. Liberalization of the natural gas market is linked with 
the electricity market in the sense that the structurally rising share of gas in electricity liberalization 
leads to secondary liberalization effects in the power market. In the single EU energy market 
emerging in the coming decade one may expect a strong rise of electricity trading across borders. 
Germany´s electricity imports reached only 7% in 1997. Intra-EU trade in electricity is likely to 
benefit both from the politically imposed opening-up and the ongoing international mergers and 
acquisitions in the energy sector. For example, the French EdF recently acquired London Electricity 
and also is eager to buy into the German electricity sector, a development which could be 
accelerated by industrial electricity prices falling below the French EdF domestic price in the wake 
of electricity deregulation in Germany. The Finnish IVO bought Stockholm Energi; one may also 
note that some British companies have acquired stakes in the US, which means the reversal of a 
process of US power generators investing in the UK energy market in the early 1990s. However, 
there are also national merger projects, e.g. in Spain, the UK and Germany, because there are 
considerable economies of scale in traditional energy generation – not in solar energy, of course. 

Since energy is a very crucial input in all sectors and for all households, security of supply 
and full operability of the distribution network are crucial for OECD countries. Given the critical 
problems of nuclear energy generation – especially in the field of nuclear waste storage – many EU 
countries have considered phasing out nuclear energy (e.g. Germany and Sweden) or renouncing 
building nuclear power stations (e.g. Austria). The question arises as to what extent there are 
economically viable and ecologically acceptable alternative ways of electricity generation. Since the 
EU has adopted a liberalization scheme for both electricity and gas there is no doubt that 
competitive forces will shape the substitution process. Experiences from early liberalization 
countries such as the UK or Sweden, Norway and Finland suggest that gas will play an increasing 
role in electricity generation and that combined heat and power offers interesting opportunities in 
terms of efficiency gains. 

Sustainable development requires that OECD countries should reduce the specific use of 
energy in the long run. EU liberalization of energy markets basically will bring about efficiency 
gains and falling energy prices, which could raise emission levels critically in Europe. Therefore it 
will be important to adopt a consistent energy tax policy encouraging continuous energy saving, and 
such a tax policy will mean taxing CO2 and SO2 emissions to some extent. In the long run one could 
combine certain national tax schemes with international emission trading schemes. 

Since the EU has envisaged two stages of eastern EU enlargement and since several east 
European countries – including Russia - have a comparative advantage in electricity generation and 
energy exports, respectively, a future energy strategy of the EU should adopt the principle of open 
energy markets: in the long run eastern European countries could export more energy and 
electricity, respectively, so that modernization investment in postsocialist countries – relying often 
on EU imports of investment goods – could be financed from the revenues from energy exports. If 
EU countries should adopt taxation of energy inputs there will be complex problems of imposing 
adequate tariffs on electricity imports. 
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Modernization investment and expansion of electricity in the Baltic countries and in the 
Visegrad countries and Russia have allowed to create a pan-European electricity network in 1999 so 
that the former East-West division no longer is exists. This means favourable prospects for rising 
international trade in electricity. 

Germany´s energy policy is characterized by several elements: 
a) The natural gas and the electricity sectors in Germany are characterized by a fairly large 

number of enterprises and by the activities of municipal companies. Competition has 
been impaired by concession contracts with municipalities and by demarcation 
agreements. While demarcation agreements are used by potentially competing companies 
to agree in a contract to refrain from market entry in a certain area (this private contract 
between two companies does not preclude other newcomers from market entry) 
concession contracts are the basis for municipalities to collect concession fees from 
electricity and gas distribution companies.  

b) Typically the municipality concludes an exclusive contract with a utility company which 
will have the right to use the territory of the municipality to install lines for the supply of 
end users – sometimes municipal companies will also be involved in local distribution to 
end users. The system of demarcation and concession contracts applied to both gas and 
electricity. Demarcation agreements and concession contracts were allowed under the Act 
against Restraint of Competition of 1957, however, within a sweeping deregulation these 
exemptions from the general principles of competition were removed in the 1998 
amendment to this act.  

Municipalities used concession fees to cross-subsidize deficits in the other fields, mainly in 
public transportation. In 1999 there still were some 900 municipal companies involved in natural 
gas and electricity distribution and in electricity production. New laws which came into force in 
April 1998 eliminated exclusive concession contracts and demarcation agreements, indeed 
electricity and gas markets were liberalized in one go to all consumers, including households. A 
strong deregulation drive characterizes the electricity market where prices came down under 
competitive pressure in 1999. Price reductions had started earlier because of a decision from the 
Constitutional Court: 

c) Germany has been among the few EU countries, which have adopted energy taxes in the 
context of an ecological tax reform in the 1990s. As Germany accounts for ¼ of EU gross 
domestic product and as the country is the EU´s leading exporter it will be quite 
interesting to analyze the effects of alternative ecological tax reform concepts. Germany 
thus is treated as a potential role model for a broader EU ecological tax reform. At the 
same time the analysis can focus on the question to which extent a large economy can 
pursue an isolated national ecological tax policy without major negative international 
effects. The following sections take a closer look at selected theoretical, empirical and 
policy issues. 
Traditionally Germany´s energy policy has relied on voluntary agreements and 
government regulation in the field of energy generation and energy conservation. Besides 
federal regulation, state (Laender) governments and municipalities were involved in CO2 
emission reductions, mostly via energy efficiency programmes and incentives for 
renewable. The Association of Municipal Companies declared in March 1996 that they 
would reduce their CO2 emissions by ¼ between 1990 and 2005. This declaration is part 
of the overall voluntary agreements involving the industry in Germany.  
Voluntary agreements with respect to CO2 emission reductions were made by 14 
industrial sectors, four associations from the BDI (Federation of German Industries) and 
the Federation of German Industries in March 1995; they agreed on voluntary agreements 
to cut CO2 emissions and to increase energy savings. The sectors involved represent some 
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2/3 of industrial energy consumption. Individual commitments were signed by industries 
– partly including firms located in eastern Germany – and the commitment was to 
achieve up to 1/5 reduction between 1987 and 2005 of specific CO2 emissions or specific 
energy consumption (sometimes absolute reductions targets were also specified). German 
industry sharpened its commitment in an updated version of the voluntary agreement in 
March 1996 when they declared that they would reduce specific CO2 emissions by 20% 
between 1990 and 2005. The so-called voluntary agreement programme is supported by 
low interest loans from the KfW (Kreditanstalt für Wiederaufbau that is a state-owned 
bank) and by the Deutsche Ausgleichsbank, which will finance mainly energy efficiency 
investment in small and medium-sized companies. Note, however, that specific energy 
consumption targets have an obvious disadvantage, namely that growth in national and 
international demand allows the raising of absolute output and emission levels. Having 
achieved the voluntary agreements government decided to postpone regulatory steps in 
the field of energy efficiency of heating systems, moreover the federal government 
announced that industrial sectors participating in the voluntary agreements would be 
exempted from energy/ CO2 tax or that this tax would be offset as long as the respective 
industries met the commitments made. 

Three Stage Ecological Tax Reform 

The government decided to adopt a three-stage energy tax reform. The first stage came into force on 
April 1, 1999 when an energy tax levy was imposed on electricity, fuels, heating oil and natural gas. 
A new element in the German tax system is the introduction of an electricity tax where no 
differentiation with respect to the various primary energy inputs is applied. There are certain 
exemptions and reductions for industry. The estimated annual revenue of DM 11.3 bn annually 
slightly falls short of the envisaged reduction of social security contributions, namely 12 bn in 1999. 
 One has to distinguish between the standard tax rate - applying to private households, small 
electricity users and in the field of transportation – and the reduced tax rates for the producing 
sector (industry plus service sector plus agriculture and forestry). 
 
Tab. M/W 2: Tax Rates and Expected Tax Revenue in Stage I of Ecological Tax Reform,   
                     Germany 

Type of Energy  Standard Tax Rate Reduced Tax Rate 
(for Producing Sector) 

Tax Revenue for 
Period April-Dec. 99 

Fuels 6 Pfennig/l (increase) 6 Pfennig/litre DM 2 800 million 
Heating oil 4 Pfennig/l (increase) 0.8 Pfennig/litre DM 1 000 million 
Natural gas 0.32 Pf./l (increase) 0.064 Pfennig/litre DM 1 400 million 
Electricity 
(trams and busses) 
(existing heating) 

2 Pfennig/kWh 
 
1 Pfennig/kWh 

0.4 Pfennig/kWh 
1 Pfennig/Kwh 

DM 3 300 million 

  Basic tax payment: 
50000 kWhx2Pf/kWh 
=DM 1000 

 

   DM 8 5000 million 
(=DM 11.3 bill. p.a.) 

Source: German Ministry of Finance 
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The expected tax revenue of DM 300 million p.a. from renewable energy sources will be fully used 
for financing further investment in renewable energy generation. This element of the tax reform 
together with the energy-saving incentives from the rise of energy prices is the environmental 
improvement effect of the ecological tax reform – i.e. a (first) dividend for society. Note that 
combined heat and power generation with an annual efficiency ratio of 70% or more will not have 
to pay taxes otherwise imposed by the mineral oil tax. The second main aspect of the ecological tax 
reform (the second dividend) is that revenue will be used to reduce social security contributions by 
0.8 percentage points: down from 20.3 to 19.5 points. This reduction in social security contributions 
will be equally shared between employers and workers/employees which – in a legal sense – both 
contribute to social security financing (in early 1998 the overall contribution rate reached 42.3%). 
With the second and third steps of the ecological tax reform the social security contributions are 
expected to be reduced to below 40%. 
 The producing sector will benefit from a rebate model for firms and sectors, respectively, 
which pays relatively high additional taxes under the rules of the ecological tax reform: All firms 
face a basic tax burden in the context of electricity use which means that 2 Pfennig/kWh are applied 
to the first 50 000kWh consumed, i.e. there is a basic payment of DM 1000 p.a. For every kWh 
above this limit, the reduced tax rate is applied, where firms can get a rebate if the ecological tax 
payment exceeds a critical ratio relative to the firm´s savings in social security payments. The 
critical ratio is 1.2, that is firms exceeding this ratio can obtain from the Customs Authorities the 
(corrected) excess payment. To give an example: The additional energy tax payment for a firm in 
the context of the ecological tax reform is DM 1.5m, it benefits from the reduction of the employer 
contribution rate (minus 0.4 percentage points) – the reduction of social security contribution 
payments is DM 1m. The ratio 1.5 m/1m = 1.5 so that the threshold ratio of 1.2 is exceeded. The 
excess payment which can be recouped from the customs authorities is DM 1.5m minus 1.2m = DM 
0.3m. This rebate system was introduced as the European Commission indicated that the initially 
envisaged plan to exempt all energy intensive sectors – defined by a share of at least 6.4 percent of 
energy costs in total costs- would violate Community law because it represented a subsidy/financial 
aid to certain industries for which the Commission might be hesitant to give its ok.  
 The German federal government has decided on June 23, 1999 that the next stage of the 
ecological tax reform for the period 2000-2003 will witness an increase of fuel tax rates by 6 
Pfennig/l and of electricity tax rates of 0.5 Pfennig/kWh – with the producing sector paying again 
only 1/5 of the standard rate. The expected additional tax revenue of DM 21bn in the period 2000-
2003 will be used to reduce the social security contribution rates by 1-percentage points. The first 
and second stages of the ecological tax reform thus reduce the contribution rates by 2 percentage 
points. 

Manufacturing industry accounted for 26% of final energy use in Germany in 1997, down 
from 31% in 1985. Households and transportation recorded 30% and 27.8%, respectively, in 1997, 
while the service sector accounted for 16.2%. The largest share increase was for transportation the 
figure for which increased by roughly 10 percentage points in the period 1985-1997. The ecological 
tax reform will impose a relatively large burden on transportation and private households. The 
overall tax incidence will largely fall on private households, however, the expected price level 
increase of 0.2 percent (RWI, 1999) in the first stage of tax reform is unlikely to trigger aggressive 
wage bargaining. There is no doubt that private households will bear the burden of the new 
ecological tax reform; but they also will benefit from positive welfare effects of an adequately 
designed tax reform. It is unclear to what extent the ecological tax reform will stimulate energy-
saving investment and innovation in the long run, however, the experience of the OPEC shocks in 
the 1970s leads one to expect favourable dynamics.  

In Germany, industry was resistant to an energy tax and declared that self-commitments of 
industry would be an adequate policy strategy. In the early 1990s industry wanted to convince 
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government to give up the idea of any broad energy tax. Indeed, the German government decided to 
postpone regulatory and fiscal measures and decided to support the “self-commitment strategy” at 
the EU level. However, one may anticipate that with an efficient split of ecological tax revenues, a 
considerable part of Germany´s industry would be in favour of a phased ecological tax reform. To 
the extent that an innovation-oriented ecological tax reform would strengthen the system of markets 
while stimulating Schumpeterian dynamics the envisaged modified tax reform would reinforce the 
market economy system. It is obvious for many reasons that nominal corporate and labour tax rates 
should be reduced in Germany (LOEFFELHOLZ, 1999). 

The German government´s energy policy mainly relied for many years on regulatory policy, 
which defined certain technological minimum standards. While the large scale combustion plant 
ordinance sets maximum standards for large facilities, the small scale combustion plant ordinance 
defines maximum heat losses and pollution levels for combustion facilities with heat output of less 
than 1 MW – in the case of solid fuels used -, less than 5 MW – case of liquid fuels – and less than 
10 MW (gaseous fuels). This ordinance was tightened in November 1996 when further required 
reductions with respect to heat losses in new oil and gas-fired heating systems were set. As regards 
existing plants heat losses have to be reduced to certain threshold levels after a grace period. 
 

4.2. Modelling an Innovation-Augmented Ecological Tax Reform  

We base our further argumentation for a European ecological tax reform on a CO2 tax, which lies 
on every energy carrier in relation to its carbon contents. But only those energy inputs are taxed, 
which are used for power generation. We take for our further discussions the carbon tax without any 
exceptions, because this is from a theoretical point of view the ideal taxation. Many arguments for 
exceptions from this general principle for specific sectors or energy carriers, such as we just 
described for the German example and that can be found in other national solutions, will be more or 
less obsolete in the case of a EU wide ecological taxation. 

We will discuss the effects of such a European carbon tax according to different ways of 
using the tax revenue. MEYER/BOCKERMANN/EWERHART/LUTZ (1999) have shown in their 
simulation studies with the model PANTA RHEI, that a carbon tax can reach the environmental 
targets and have positive effects on employment, if the tax revenue is used for a reduction of social 
security payments. But a reduction of GDP-growth is unavoidable. This result is also met in 
simulations with other models (SCHMIDT/KOSCHEL, 1999, WELSCH 1999). Our question is, 
which effects can be achieved for the German economy if we generally reduce the social security 
payments but use a smaller part of the tax revenue for support of R&D expenditures of firms.  

The instrument of our analysis is the model PANTA RHEI, which is an ecologically 
extended version of the 58 sector econometric simulation and forecasting model INFORGE 
(Interindustry Forecasting Germany) (MEYER/EWERHART 1997, MEYER/EWERHART 1998). 
Its performance is founded on the INFORUM philosophy (ALMON 1991), which means to build 
econometric input-output models bottom up and fully integrated. The construction principle bottom 
up states that each sector of the economy has to be modelled in great detail and that the 
macroeconomic aggregates have to be calculated by explicit aggregation within the model. The 
construction principle fully integrated means a model structure that takes into account a variable 
input-output structure, the complexity and simultaneity of income creation and distribution in the 
different sectors, its redistribution among the sectors, and its use for the different goods and services 
the sectors produce in the context of globalizing markets. In this way one succeeds in describing 
properly the role of each sector in interindustry relations, its role in the macroeconomic process as 
well as its integration into international trade. 

These conceptual advantages end up in a consistent and powerful processing of sectoral and 
macroeconomic information. The about 30,000 equations of INFORGE describe the interindustry 
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flows between the 58 sectors, their deliveries to personal consumption, government, equipment 
investment, construction, inventory investment, exports as well as prices, wages, output, imports, 
employment, labour compensation, profits, taxes, etc. for each sector as well as for the macro 
economy. In addition the model describes income redistribution in full detail. The model frequency 
is annual; the model updating frequency is semi-annual. 

PANTA RHEI additionally is equipped with a deeply disaggregated energy- and air-
pollution-model, which distinguishes 29 energy carriers and their inputs in 58 production sectors 
and households as well as 8 air pollutants (CO2, SO2, NOx, NMVOC, CH4, CO, N2O) and their 
relations to the 29 energy carriers. Energy demand is fully integrated into the intermediate demand 
of the firms and the consumption demand of the households. 

INFORGE/ PANTA RHEI are part of the INFORUM International System (NYHUS 1991) 
that links 13 national I-O models on the sectoral level via export and import flows as well as the 
corresponding foreign trade prices. The information gain of this system in comparison to isolated 
models allows for a reliable analysis of the important contribution of exports for the performance of 
the German economy. The International System forecasts the economic development of Belgium, 
Germany, France, Great Britain, Italy, the Netherlands, Austria, Spain, USA, Canada, Mexico, 
Japan, and South Korea in full sectoral disaggregation. This world trade model is being developed 
steadily, in the near future models for China, Taiwan, and Poland will be integrated into the system 
(MA 1997, NYHUS/WANG 1997). Besides the goods markets the INFORUM International System 
also represents the international financial markets, though in a less detailed way: American interest 
rates as indicators for international capital market conditions have a weighty influence on German 
interest rates and this means once again on the German goods markets. 

Here PANTA RHEI has been extended by taking into account the influences of the R&D 
stock on factor demand and final demand. Furthermore the R&D expenditures of the firms were 
endogenized. Data on sectoral R&D expenditures used in the enlarged model partly were obtained 
from the Fraunhofer Institute for Applied Systems Analysis so that meaningful R&D capital stock 
variables could be constructed for most sectors. The construction of the stock variable assumes a 
15% depreciation rate. The R&D capital stock variable was found to be significant in the aggregate 
consumption variable, in several sectoral export functions – in line with expectations especially in 
the automotive, the investment goods and the electrical engineering sectors – and in sectoral labour 
demand functions; as regards the latter the sign in most equations was negative and significant, 
R&D expenditures of a sector are depending from its sales and profits (see appendix). 

 

4.3. The Simulation Results 

With this enlarged system we ran simulations from 1999 to 2010. The carbon tax rate is 20 DM per 
t of CO2 in 1999 and rises linearly up to 230 DM in 2010. The following tables give some 
simulation results for the standard case of a carbon tax with full compensation of social security 
costs and three further simulations, in which the tax revenue is split into a reduction of social 
security costs and a 5%, 10% and a 15% usage for a support of R&D expenditures of the firms. This 
means, that the R&D support of the government is distributed to the firms relative to their private 
R&D activity.  

In table 3 the results are given for the year 2010 for GDP and its components, employment 
and CO2 emissions as deviations from the bau (business-as-usual)-scenario. In the standard case of 
a carbon tax with full compensation of social security costs we find a 4.2 % rise of employment 
hours (or 1m persons additionally employed) and a reduction of CO2 emissions of 12.9%, which 
means, that the target of a 25% reduction in relation to the historic value of the year 1990 is 
reached. This bright picture of a pure ecological tax reform is clouded by the fact that GDP reduces 
by 3.8%. The latter means that the average growth rate for the next decade would be about 0.3 % 
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lower than in the bau scenario. Since growing employment reduces expenditures of the social 
security system and raises its revenues and since the government also has a reduction of labour 
costs, the government has a rise in the financial surplus of 92.6 billion DM. 
 
Tab. M/W 3:  Simulation results for GDP, employment and CO2 emissions 

- Deviations from the bau* scenario in percent 
 

  Innovation-augmented policy 
 Standard 

Case 
5 % 10% 15% 

Gdp -3.8 -2.4 -0.9 0.5 
Consumption -4.4 -2.8 -1.2 0.4 
Government expenditure -6.8 -5.1 -3.3 -1.6 
Equipment -5.7 -4.3 -2.6 -0.9 
Construction 0.4 1.4 2.4 3.3 
Exports -1.2 0.8 2.7 4.7 
Imports -2.5 -0.2 2.2 4.6 
Employment in hours 4.2 3.7 3.3 3.0 
CO2 emissions -12.9 -11.9 -11.0 -10.0 

* bau = business as usual 

Schumpeterian ecological tax reform 

The Schumpeterian scenarios perform better than in the standard scenario concerning GDP 
development. Already in the 10% case there is nearly no loss in GDP compared to the bau scenario. 
The positive effects on employment are a little bit weaker than in the standard case: Employment 
hours rise by 3.3%, but the number of employed persons is with a figure of + 942 000 jobs much 
nearer to the standard situation, since higher real wages allow a stronger reduction of working time 
than in the standard case. The reduction of CO2 emissions is a bit smaller than in the standard case, 
since we have more growth. But the loss of CO2 reduction is smaller than the gain in GDP, because 
the rise of R&D stocks also induces structural change. The growth impulse gives a better 
performance of the financial surplus of the government. 
 
Tab. M/W 4:   Simulation results for wages and prices 

- Deviations from the bau scenario in percent 
 

  Innovation-augmented policy 
 Standard 

Case 
5 % 10% 15% 

Labour costs per hour -11.4 -8.5 -6.0 -3.6 
Wages per hour -4.8 -3.0 -0.7 +1.5 
Deflator of consumption 4.0 4.1 4.2 4.3 

 
R&D expenditures raise demand and productivity, so that employment is hardly affected. The 
corresponding effects on wages and prices are depicted in table 4. In the standard case we have a 
reduction of labour costs per hour compared to the bau scenario of 11.1%, which comes from a 
6.3% reduction of social security costs and a 4.8% reduction of wages. The latter results from the 
reduction in labour productivity of 8% and the rise of consumption prices of 4.0 %. All these are 
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measures against the bau scenario. For the average growth of the real wage in the standard scenario 
this means growth of only about 1% per year in the next decade.  

In the Schumpeterian scenarios we have nearly the same prices for the year 2010, but very 
different wages compared with the standard case. In the 15% scenario the wage rate will be 1.5% 
higher than in the bau scenario, because prices are 4.3% higher and productivity is only 2.5% lower 
than in the bau scenario. Labour costs per hour fall by about 3.6% against the bau scenario. What do 
these figures mean for the dynamics of the 15% Schumpeterian case? The real wage rate will in this 
case rise by 1.6-% p.a. over the next decade. 
 
Tab. M/W 5: Simulation results for real gross production for selected sectors and the industry 

average - Deviations from the bau scenario in percent 
 

  Innovation-augmented policy 
 Standard 

Case 
5 % 10% 15% 

Chemicals -1.4 -1.0 -0.5 -0.0 
Machinery -2.4 +1.4 +4.0 +6.6 
Motor vehicles -2.2 +1.3 +3.1 +4.8 
Electrical Machinery -1.8 +1.1 +3.8 +6.4 
Industry average -3.3 -2.0 -0.6 +0.7 
 
To get an impression of the structural effects, which are combined with the innovation-augmented 
policy, we look in table 5 at results for real gross production of several sectors and the average of all 
industries. We have chosen the chemical industry and the most important investment sectors 
machinery, motor vehicles, electrical machinery. These four sectors produce more than 60% of 
German exports. In the standard case we have a slight reduction of around 2% of their gross 
production, which is significantly less than in the average of all industries. Especially the 
investment industries are strongly positively influenced by the innovation-augmented policy. In the 
15% case we have positive deviations from the bau scenario up to more than 6%. Also the industrial 
average will be positively influenced in this case. The gap between the four industries and the 
average is bigger in the Schumpeterian scenarios than in the standard scenario. 
 

4.4.  Some Caveats 

Our analysis is just a first step in the study of an innovation-augmented ecological policy. Further 
research is needed, since we did not analyze externalities as a source of increasing returns. There is 
diffusion of knowledge between the industries, which allows a firm to take advantage from R&D 
stocks that have been built by other firms. Such spillovers can have very different channels 
(GRILICHES, 1995). Since our model PANTA RHEI has a fully integrated and dynamic input-
output system, the approach of using the intermediate demand for the calculation of such 
externalities (SCHERER, 1982, MEYER-KRAHMER/WESSELS, 1989) can easily be endogenized 
in the system.  

At the moment PANTA RHEI has investment only as a vector of final demand. Its source, 
the investment by industries, is not part of the model. So the effects of R&D on investment could 
not be studied sufficiently. The next up-date of PANTA RHEI will close this modelling gap, so that 
a more efficient analysis of R&D on investment can be incorporated. 

This revision of the model structure will also allow the use of the investment bridge matrix 
as a channel for further spillover effects. 
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5. Optimal Ecological Tax Reform: Options and Recommendations for an 
EU-Action Plan 

An ecological tax reform should bring a true double dividend, namely reduced emissions and higher 
employment. For several EU countries with high unemployment problems and high labour taxes the 
option of an ecological tax reform offers some prospect for a double dividend. This holds, however, 
only if nuclear energy is not artificially subsidized as is still the case in most OECD countries with 
nuclear energy – not facing the true cost of nuclear energy generation as energy generators face 
only limited liability (i.e. pay no full insurance) and as nuclear waste storage costs and risks are 
only partly covered. Only Sweden decided to introduce a special nuclear fuel levy in 1999. Another 
caveat concerns the expected output reduction in the context of a pure ecological tax reform. The 
negative output effect can, however, be avoided if government devotes a certain share of ecological 
tax revenue to growth-enhancing measures where higher R&D promotion is particularly relevant for 
EU countries, possibly except for Sweden which already has achieved a relatively high R&D-GDP 
ratio.  

There are strong arguments for raising the R&D ratio in EU-15 since economic globalization 
has intensified the world wide innovation race and since economic opening up and modernization of 
post-socialist east European economies undermines the comparative advantage of west European 
firms in many traditional fields of low and medium technology. Moreover, after the end of the Cold 
War the US has strongly increased the ratio of civilian R&D expenditures to GDP in the 1990s so 
that the EU faces the risk of falling behind the US in terms of technological progress and economic 
growth which, of course, is not only relevant for economic reasons but for political reasons as well. 

EU coordination in the field of energy taxation would be useful for various reasons. First, it 
would help to avoid suboptimally low levels of taxation of emissions; secondly, one would largely 
avoid artificial incentives for costly intra-EU relocation of industrial plants and the EU could make 
a stronger case for environmental improvement at the global level. Since several EU countries 
already have introduced some form of ecological taxation successfully and since there are strong 
theoretical and empirical arguments in favour of a Schumpeterian ecological tax reform 
governments of EU member countries, the European Commission and the European Parliament 
should put the topic on the long term political agenda. While one certainly would like to conduct 
further research on the topic of a Schumpeterian ecological tax reform in EU countries so that 
refined national policies and optimal harmonization could be achieved the very strategy of 
combining higher taxes on emissions, lower labour taxes and higher R&D promotion hardly can be 
refuted for a sustainable economic policy. Therefore the topic of a Schumpeterian ecological tax 
reform also should be pushed by EU member countries at various international fora, e.g. in the 
OECD or at the G-7 meetings. 

 

5.1.  Optimal Split of Tax Revenue 

The optimal split of tax revenue in the context of a Schumpeterian ecological tax reform depends – 
from a theoretical point of view – on the marginal tax burden (including social security payments to 
some extent) and the present divergence between social and private benefits of innovation. 
Empirical analysis will have to shed light on the divergence between the private and social return on 
innovation in individual EU countries. To the extent that a Schumpeterian tax reform would help to 
reduce unemployment rates, social security contribution rates (here for unemployment insurance) 
could be reduced. For EU countries unemployment expenditures relative to GDP reached 1-4.5 % in 
the mid-1990s which is in marked contrast to the US with a figure of 0.3.  

As regards the overall tax burden of labour taxes one should take into account that social 
security reforms could raise the share of private social expenditures – already some 16% in the EU 
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leaders, the Netherlands and the UK, as compared to 8% and 35% in Germany and the US in 1995 
(see Table) – in overall social security while reducing the burden of public social expenditures. One 
also should note that international differences for net social expenditure-GDP ratios are 
considerably lower than gross expenditure-GDP ratios (e.g. comparing the US and some 
Scandinavian countries, high VAT rates in the latter imply higher gross expenditure-GDP ratios for 
Scandinavia). 

Reducing public social expenditures would help to reduce the overall tax burden on labour 
and hence to promote employment, it probably would also encourage a wider differentiation of 
social security coverage. Facing the ageing of societies in EU countries the traditional pay-as-you-
go social security system will need to be reformed in a broader way. The ecological tax reform 
should be used not to postpone structural reforms in the social security system but become a starting 
point for a broader reform. 

 

Gross and Net Social Security Expenditures in Selected OECD Countries, 1995, (% of GDP) 

 AU B Can DK Fin Ger Irl I NL Nor SW UK US 

Gross public social 
expenditure 
Pension spending  
(old age & survivors) 
Unemployment 

17,8 
 

4,7 
 

1,3 

28,8 
 

10,3 
 

2,8 

18,2 
 

4,8 
 

1,3 

32,2 
 

7,7 
 

4,6 

31,9 
 

9,1 
 

4,0 

27,1 
 

10,9 
 

1,4 

19,4 
 

4,6 
 

2,7 

23,7 
 

13,6 
 

0,9 

26,8 
 

7,8 
 

3,1 

27,6 
 

6,2 
 

1,1 

33,0 
 

9,0 
 

2,3 

22,4 
 

7,3 
 

0,9 

15,8 
 

6,3 
 

0,3 
Gross volunt. Private 
social expenditure 

2,8 0,6 4,5 0,9 1,1 0,9 1,8 1,7 4,4 .. 2,1 4,2 7,9 

Gross total social 
expenditure  

20,9 29,4 22,7 33,6 33,2 29,6 21,1 25,4 31,9 28,5 35,5 27,0 24,1 

Private share in  
social expenditure** 

15,0 2,1 19,6 4,1 3,8 8,4 8,3 6,7 16,0 3,1 6,9 16,8 34,7 

Net total social 
expenditure* 

21,6 .. 21,2 24,4 25,7 27,7 18,7 22,3 25,0 .. 27,0 26,0 24,5 

*In percent of GDP at factor cost; **in percent of total social expenditures. 
Source: Willem Adema (1999), Net Social Expenditure, in: OECD: Labour Market and Social Policy, 

Occasional Papers, No. 39, Paris 
 

To the extent that government reforms in social security have already raised the share of 
private social security expenditures to a critical degree, high ecological tax revenues could indeed 
be used not only for stimulating R&D which makes sense economically only to the point where 
private and social benefits from innovation are equalized; rather, employment could be further 
stimulated by reducing (labour) income taxes. Adequate social security reform in combination with 
lower income taxes and higher innovation dynamics are almost certain to stimulate growth 
considerably in Europe and the world economy. 

 

5.2.  Towards Higher R&D Expenditures in the EU 

The R&D-GDP ratio of EU countries could be nearly doubled – i.e. reach some 4% - in the long run 
if member countries would adopt a Schumpeterian ecological tax reform as proposed here. It is 
obvious that simply raising government R&D support would be insufficient since with higher R&D 
promotion it would be crucial to reduce apparent inefficiencies in innovation policies. However, the 
creation of Euroland and the induced integration of capital markets in the EU have reinforced 
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market pressure on managers to achieve a competitive return on investment and innovation. This 
pressure could be helpful in both favouring efficient selections of innovation projects on the one 
hand, while on the other hand it will stimulate EU-wide (and global) diffusion of innovations. To 
put it differently, the positive supply-side multiplier effects from increased R&D promotion could 
be higher in the early 21st century than in the 1980s or early 1990s. An increasing role of capital 
markets also could be helpful with respect to increasing pressure for efficient specialization in 
R&D; insufficient R&D specialization was an apparent weakness of EU countries in the 1980s and 
early 1990s (WELFENS/ADDISON/AUDRETSCH/GRUPP, 1998). Prospects for the creation of 
new technology-oriented firms in the EU would also be improved by the interplay of higher R&D 
promotion and a greater role of capital markets, including venture capital markets. 

With higher R&D expenditures in Europe – and a fortiori higher growth – the EU is bound 
to attract higher external foreign direct investment flows. Germany and Italy as two countries which 
have had low per capita inflows in the 1990s could thus possibly catch-up with leading FDI host 
countries in Western Europe, provided that national government adopts adequate reforms which 
foster the attractiveness of the respective countries as a location for international investors. If 
national reforms remain insufficient in Germany, and some other EU countries with low FDI 
inflows, the regional concentration of external FDI inflows in the Community could be reinforced. 

 

5.3.  Potential Complementary Measures 

An EU-wide Schumpeterian ecological tax reform would generate limited benefits in terms of 
higher sustainable growth if society would not invest more in higher capital formation at the school 
and university level (including private universities where appropriate) as well as training and 
retraining plus distance learning. Skilled labour is likely to benefit strongly from a Schumpeterian 
ecological tax reform, unskilled labour would also benefit to the extent that substitution effects in 
favour of labour inputs, and growth effects, induce a higher aggregate labour demand. With respect 
to unskilled labour one should, however, note the caveat that a higher R&D capital stock naturally 
raises labour productivity, which in turn could reduce labour demand slightly, especially with 
respect to unskilled labour. Special training and retraining efforts thus might be required in 
particular for unskilled workers and for the long term unemployed, respectively. 

As regards efficient reduction of emissions it is appropriate with respect to certain emissions 
– e.g. CO2 and SO2 – also to stimulate global and regional emissions trading. Taking into account 
the issue of EU competitiveness, cost-minimizing ways of cutting CO2 are important. As the early 
US experiences from emissions trading are positive, the EU might also want to pursue this avenue 
of modern environmental policy. Together with spot and forward electricity markets that will 
emerge in the context of EU electricity liberalization the creation of markets for emission 
certificates could boost financial markets in Europe and contribute to major efficiency and welfare 
gains. 

  

5.4.  Recommendation of EU Action Plan 

We recommend – on the basis of present research – the following elements of an EU action plan: 

• Introducing a Schumpeterian ecological tax reform in each country, leaving to the respective 
member state the choice of splitting the revenue from ecological taxes between R&D 
promotion and cutting social security payments/income taxes. 

• Adopting common minimum CO2 and energy taxes in all EU countries. 
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• Monitoring the environment and the development of national and sectoral R&D stocks, 
respectively. 

• Strengthening private expenditures on social security. 

• Encouraging labour market flexibility and regional mobility. 

• Stimulating innovation and diffusion across EU member countries, including measures of the 
European Commission in the context of Article 10 EFRE funds (0.5% of structural funds can 
be devoted to innovative projects; similar rules apply to ESF/EAGFL funds). 

• Extending the Schumpeterian ecological tax reform to Eastern Europe and the Balkans within 
a European Pact for Innovation, Environment and Growth 

 

5.5.  Facing Global Energy Efficiency Issues 

By bringing the topic of a Schumpeterian ecological tax reform on the OECD and G-7/8 agenda and 
by introducing this concept in UN conferences the EU could become an engine of efficiency-guided 
policy reforms worldwide. There is little doubt that EU countries – along with the US and Japan – 
have a competitive advantage in developing new products and process innovations so that Europe 
could strongly benefit from a global move towards a Schumpeterian ecological tax reform. It would 
be useful if Germany and other leading EU countries could adopt successful models of ecological 
tax reforms early on. 

If EU countries were successfully to adept major policy innovations this would not only help 
to cope with major economic and ecological problems. This also would demonstrate that a club of 
diverse countries could join forces to pursue new ways of achieving prosperity and stability. There 
is, however, some risk that a Schumpeterian ecological tax reform could undermine reforms in the 
field of social security in the EU, although reforms are quite urgent in many greying economies 
where the share of retired persons to the number of people working is declining dramatically. Rising 
ecological tax revenues should be devoted to reducing social security contributions only to some 
extent. 

Given the high-expected growth of world output in the 21st century, strengthening 
innovation in combination with environmental improvement is crucial for the global community. If 
the EU were to establish leadership in the field of Schumpeterian ecological reform it would not 
only remedy serious European problems but it also would prove an ability to influence the global 
agenda in a meaningful way. With respect to CO2 emissions India and China will play a crucial role 
in the 21st century for global warming so that transfer of Schumpeterian policy concepts and 
technology transfer via high foreign direct investment flows could play a crucial role in the future. 
Raising energy efficiency is a topic of common interest also for the EU (plus the US and Japan) and 
Russia so that new policy initiatives and joint international research projects could be developed. 

A Schumpeterian ecological tax reform in the EU could reinforce the economic dynamics of 
Europe and contribute to global environmental improvement. New Schumpeterian dynamics in the 
EU and proven environmental global progress would help to reinforce the role of Europe 
worldwide. 
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6.  Conclusions 
Germany´s energy policy has introduced new elements in the form of phasing-out nuclear energy 
and of introducing an ecological tax reform. At the core of energy policies in the 1990s is the 
electricity and gas market. With the share of nuclear energy declining in the long run the import of 
gas and gas-fired power plants are likely to become more important – creating new opportunities for 
importing gas from Russia which, however, represents some supply risk due to political 
uncertainties and economic instabilities (WELFENS, 1999c). Gas imports and electricity imports, 
respectively, will increase in the long run. There are also prospects for rising German/EU electricity 
imports from transforming economies in eastern Europe where governments increasingly are aware 
of the need to combine modernization of the energy sector with requirements of environmental 
protection; but with respect to individual countries of the Visegrad group there are considerable 
differences (WELFENS/YARROW, 1997; JASINSKI/SKOCZNY, 1996a and 1996b; JASINSKI 
/PFAFFENBERGER, 1999; WELFENS/GRAACK/GRINBERG/YARROW, 1999).  

The gradual liberalization of the EU electricity market and full German liberalization of this 
market will contribute to rising electricity trade (WELFENS, 1999b). Germany is likely to rely on 
higher electricity imports on the one hand, while on the other hand, there will be stronger incentives 
to switch to more energy-efficient power generation, including increasingly combined heat and 
power generation; the use of renewable energy sources also could play a slightly increased role, 
although intensified price competition in the context of a liberalized EU electricity market could 
undermine earlier prospects for a rapid expansion for the share of renewables.  

As practically the whole stock of fossil power plants will have to be replaced in the period 
2000-2030 there is a high potential for combined heat and power plants, and phasing-out nuclear 
energy could create additional investment needs (PFAFFENBERGER, 1999). Facing falling 
electricity prices the political will to encourage expansion of combined heat and power plants will 
remain important for reaching higher energy efficiency in Germany. Since the CO2 emissions (per 
kWh) from gas fired power plants is only half that of lignite we can expect policy will have to 
restrict the role of lignite if CO2 emissions reduction targets are to be achieved. Taking into account 
the goal of phasing out nuclear energy one has to anticipate a strongly increasing German gas 
demand, which could contribute to higher gas prices in Europe and worldwide. A reduction of CO2 
emissions in the electricity sector is possible to some degree with a higher share of natural gas. 
Phasing out nuclear energy power plants and replacing them by less capital intensive natural gas 
and coal power plants could contribute to temporary job losses. 

A greater role for gas, in turn, will mean increasing price risks with respect to changes in the 
natural gas price. One should also note that Euroland´s current account position would suffer from 
rising German gas imports. The additional gas imports mainly could come from Russia but also 
from other countries. Germany and the Community could deliberately use rising gas imports from 
Russia as a means to stabilize the Russian transformation process. However, if Russia is not 
adopting adequate internal reform policies – with a strong focus on the rule of law, budgetary and 
tax reforms plus the creation of a credible and efficient banking system – rising Russian exports of 
natural gas could mainly result in increasing capital flight and rising Mafia activities undermining 
the goal of sustainable economic transformation.  

The ecological tax reform adopted and envisaged in Germany is only partly consistent and 
adequate with respect to reducing emissions and raising employment. Ecological taxes are not 
explicitly differentiated according to the CO2 content; the German approach adopted by the red-
green coalition in late 1998 thus is in contrast to that in the Netherlands, Denmark and Sweden 
(SCHLEGELMILCH, 1999). The main problem of a pure ecological tax reform envisaged in 
Germany – raising energy taxes and reducing social security contributions – is that this strategy 
lacks a policy element which would offset the growth-reducing effects of the tax reform. Based on a 
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broader theoretical framework which emphasised the need of optimal factor allocation which in turn 
requires internalization of positive and negative external effects plus reduction of tax-induced 
distortions a Schumpeterian ecological tax reform is proposed (MEYER/WELFENS, 1999): Part of 
ecological tax revenues would be used to raise expenditures on research and development – 
internalizing positive external effects - so that growth is reinforced; about 1/10 of the tax revenue 
has to be devoted to higher R&D expenditures if a negative growth effect from ecological taxes is 
to be avoided. From a theoretical point of view raising energy/ CO2 taxes should contribute to 
internalizing negative external effects. The simulations show that adequate CO2 taxation can help 
Germany to achieve the Kyoto emission reduction goals. While the parallel reduction of social 
security contributions together with the simulated output path suggests that about 1 million new 
jobs could be created by 2010 – going along with efficiency gains due to lower labour tax 
distortions – it is obvious that a Schumpeterian ecological tax reform can be only part of a broader 
policy strategy to regain full employment and to strengthen international competitiveness in 
Germany and the EU, respectively.  

We recommend that the German government adjusts its ecological tax reform in at least 
three ways: a) switching from an electricity tax towards an explicit CO2 tax, b) introducing an 
element of promoting R&D strongly in order to reinforce economic growth and to encourage 
emission-saving product and process innovations, c) seeking a broader EU consensus on a 
Schumpeterian ecological tax reform. Moreover, government should base tax rates chosen on 
adequate scientific analysis so that tax rate is neither excessive nor too low to achieve an 
internalization of external effects. It is obvious that the scientific basis of modern economic policy 
in Germany could be improved, the improved efficiency and effectiveness of scientifically based 
strategies could help government to avoid costly policy pitfalls and reinforce the legitimacy of its 
reform approach; finally, a consistent and efficient tax reform approach also will facilitate the 
shoring up broader EU and G-7 support for similar reform strategies – this in turn would make 
international Cupertino easier. Comprehensive reforms (beyond the ecological tax reform) of the 
social security system and of labour markets are necessary in Germany (ADDISON/WELFENS, 
2000). 

Taking into account EU growth prospects of 2-2.5% p.a. in the period 2000-2020 
Community GDP will increase by more than 50%, while traffic is likely to more than double within 
the same period so that emission levels and the resource use will increase strongly. Improving 
energy efficiency therefore will remain a crucial challenge for the EU, particularly in the fields of 
electricity and heat generation as well as in traffic. In this context an innovation-oriented ecological 
tax reform could be applied in almost all EU countries yielding high long-term benefits. Except for 
Sweden where the R&D-GDP ratio had reached 3.9% in 1997 already this ratio was below 3% in all 
other EU countries – with Italy achieving roughly 1% only which seems to be insufficient for a high 
wage country with only modest growth but high unemployment. Without further investigation it is 
unclear how strongly the R&D-GDP ratios should increase in individual EU countries and in the 
Community respectively; the EU has spent 1.83% of GDP on R&D in 1997 which seems to be 
inadequate relative to Japan (2.92) and the US (2.79%), especially since the latter has strongly 
raised its civilian share of R&D in overall R&D expenditures. It remains a challenge for future 
research to determine more exactly – and on the basis of empirical investigation – the opportunities 
for an EU-wide ecological tax reform.  

From a theoretical perspective one may argue that all countries with a high conventional tax 
burden should raise ecological taxes in order to internalize negative external effects – the broad tax-
GDP ratio (sum of direct taxes, indirect taxes and social security contributions as % of GDP: 
EUROPEAN COMMISSION, 1999, p.19) in all Euroland countries exceeded 40% in 1998 except 
for Ireland (32.3), Spain (36.9) and Portugal (36.5). It is obvious that an innovation-oriented 
ecological tax reform could be particularly useful for countries with high unemployment rates, and 
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this holds the more the higher the potential growth prospects for R&D-intensive products in output 
and exports are. However, one should study more carefully the macroeconomic and sectoral aspects 
of an EU-wide innovation-oriented ecological tax reform, e.g. based on an adequately extended 
version of the PANTA-RHEI model with its unique approach of combining input-output analysis, 
emission modelling, use of R&D capital stocks and standard macroeconomic accounting.  

Increasing government R&D promotion strongly within a Schumpeterian oriented ecological 
tax reform – as proposed here - raises several issues, including that of raising the efficiency of 
government R&D policies in EU countries which are known to suffer from various problems in 
comparison to the US (WELFENS/AUDRETSCH/ADDISON/GRUPP, 1998). EU countries will 
have to spend more on R&D and in some cases should specialize more strongly in the innovation 
race; moreover, new technology fields should be promoted adequately by government R&D 
policies which mainly require improved conditions for start-up companies and venture capital 
financing, respectively. Reforming higher education in a way which makes the university system 
more responsive to the needs of a high technology (and the information services) society also is 
important. As regards Germany and some other EU countries one could also recommend improving 
conditions for foreign direct investment inflows since multinational companies´ investment plays a 
core role in raising R&D intensity. Moreover, strengthening the role of capital markets by a broad 
social security reform which reinforces voluntary savings for retirement is advisable since broader 
capital markets would put adequate pressure on managers to adopt adequate innovation strategies 
which reinforce long-term profitability of the firm.  

Perspectives 

A Schumpeterian ecological tax reform could not only bring major benefits for Germany but for the 
whole EU (it also would be applicable in the US, Canada and Japan). Since in 1997 per capita CO2 
emissions of Belgium (12 tons) and the Netherlands (11.8 t) were somewhat higher than in 
Germany (10.8 t) the benefits of a Schumpeterian ecological tax reform in these two countries could 
be even higher than in Germany. With British, Italian and French per capita emissions being 
slightly lower – that 9.4, 7.4 and 6.2 percent, respectively – a Schumpeterian ecological tax reform 
would also generate considerable benefits in the UK, Italy and France; the latter, of course, faces 
special problems from its large nuclear power industry. It would be useful to adopt an EU 
harmonization approach in the field of (Schumpeterian) ecological tax reform, the two main reasons 
being that some minimum harmonization would avoid distortionary effects on intra-Community 
trade and foreign direct investment on the one hand, on the other hand taxation of primary energy 
inputs according to the respective CO2 intensity hardly is possible without an EU-wide approach. 
Germany´s ecological tax reform should be modified adequately which means both adopting an 
explicit focus on CO2 emissions of primary energy and splitting the ecological tax revenue in a way 
which would not only reduce labour costs but also raise R&D promotion and R&D expenditures, 
respectively. 

The EU should adopt a Schumpeterian ecological tax reform project, which would generate 
new jobs, strengthen EU competitiveness and stimulate economic growth. Facing the New World of 
economic globalization an adequate EU action program could considerably contribute to 
modernizing the EU and to successfully cope with global warming. 
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Appendix 1 (M/W) 
 
Tab. M/W 6: Electricity prices for EU Industry on 1 January 1999 

Country Industrial users3 Electricity prices1 
(Euro / 100kWh) 

Norway – National La 5.09 
 Li 2.20 
Finland – National La 5.49 
 Li 2.68 
Sweden – National La 6.20 
 Li 2.56 
Denmark – National La 5.31 
 Li 4.21 
Greece – Athens La 8.61 
 Li 4.03 
France – Paris La 8.91 
 Li 4.17 
Netherlands – Rotterdam La 10.09 
 Li 4.54 
Spain – Madrid La 9.77 
 Li 4.86 
Portugal – Lisbon La 10.66 
 Li 4.34 
United Kingdom – London La 9.83 
 Le2 5.94 
Ireland – Dublin La 12.78 
 Li 4.85 
Luxembourg – National La 13.66 
 Li 4.34 
Italy La 14.41 

 Li 4.16 
Belgium – National La 14.64 
 Li 4.15 
Germany – Düsseldorf La 13.57 
 Li 5.55 
Austria – Oberösterreich/Tyrol/Vienna La 14.90 
 Li 5.11 

1 taxes excluded 
2 no dates for li provided 
3 standard industrial users: 

Standard consumer Annual consumption 
(kWh) 

Maximum 
demand (kWh) 

annual utilisation 
(in hours) 

La 30 000 30 1 000 

Le 2 000 000 500 4 000 

Li 70 000 000 10 000 7 000 
Source: Eurostat (1999): Statistics in focus, Environment and Energy, Theme 8 – 3/1999.
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Tab. M/W 7: Gas Prices for EU Industry on 1 January 1999 

Country Industrial users23 natural gas prices1 
(Euro / GJ) 

Finland – National L2 4.24 
 L5 2.49 
Denmark – Copenhagen L1 4.70 
 L4-2 2.12 
United Kingdom – London L1 4.21 
 L4-1 3.02 
Germany – Düsseldorf L1 5.50 
 L5 1.97 
Belgium – National L1 5.59 
 L4-2 2.00 
Netherlands – Rotterdam L1 4.93 
 L3-2 3.09 
France – Paris L1 6.14 
 L4-2 2.40 
Luxembourg – City of Luxembourg L1 5.25 
 L4-2 3.72 
Sweden – Malmö L1 5.89 
 L3-1 3.37 
Spain – Madrid L1 6.54 
 L5 2.53 
Italy – Milan L1 7.24 
 L4-2 2.76 
Ireland – Dublin L1 7.25 
 L3-2 3.09 
Austria – Vienna L1 7.60 
 L4-1 3.71 

1  taxes excluded 
2  lowest and highest standard consumer for each country 

3 standard industrial users: 

Standard Consumer Annual consumption Modulation 

L1 418.60 GJ (i.e.  116 300 kWh) no load factor laid down 

L2 4 186 GJ (i.e.  163 000 kWh)  200 days 

L3-1 41 860 GJ (i.e.     11.63 GWh) 200 days 1 600 hours 

l3-2 41 86  GJ (i.e.     11.63 GWh) 250 days 4 000 hours 

l4-1 418 600 GJ (i.e.   116.30 GWh) 250 days 4 000 hours 

l4-2 418 600 GJ (i.e.   116.30 GWh) 330 days 8 000 hours 

l5 4 186 000 GJ (i.e. 1163.00 GWh) 330 days 8 000 hours 

Source: Eurostat (1999): Statistics in focus, Environment and Energy, Theme 8 – 5/1999. 
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Tab. M/W 8: Export Functions. Elasticities, t-Statistics (in brackets), R2 and D.W., Germany 
                       
Coefficients 
(DW)Sector 

Abs krfei Pegi/fpei fdmI Ttrend D91FF R2 DW 

15 -0.84 0.26 -0.44 0.54 - -0.88 0.98 2.14 

 (-0.91) (2.75) (-2.62) (2.50)  (-3.47)   

21 0.69 0.87 - 0.58 -0.04 - 0.88 1.57 

 (17.89) 3.41  (4.49) (-4.01)    

23 0.21 0.35 -0.28 0.53 - -0.12 0.96 2.08 

 (1.62) (1.13) (-2.28) (1.48)  (-2.50)   

26 -0.06 0.86 -0.20 0.18 - - 0.98 1.79 

 (-0.79) (1.91) (-1.99) (0.49)     

28 - 0.12 -0.18 0.60 - -0.09 0.95 2.22 

  (4.16) (-1.78) (86.34)  (2.79)   

Abs: Intercept 
krfei: R&D capital stocks of sector i 
pegi: German Export Price of good i 
fpei: World market price index of good i 
fdmi: World import demand of good i 
Ttrend: Time trend 
D91FF: Dummy variable (0 until 1990, 1 from 1991) 
 
Tab. M/W 9: Investment in Construction Functions. Elasticities, t-Statistics (in brackets), R2 and 
Durbin Watson Coefficients (DW), Germany 
Sector Abs KRFE RUMLR RUMLRt-1 D91FF R2 DW 

19  0.36 -0.03  0.03 0.97 2.03 

  (5.77) (-1.45)  (5.51)   

20 0.35 0.31 -0.03  0.02 0.96 1.34 

 (2.55) (4.55) (-2.42)  (4.96)   

26 -0.77 0.53 -0.06  0.02 0.97 1.57 

 (-4.28) (9.60) (-3.91)  (5.49)   

41 0.93 0.08  -0.04 0.01 0.96 2.10 

 (15.96) (1.52)  (-5.57) (9.02)   

42 0.78 0.18  -0.03 0.02 0.97 1.57 

 (10.82) (3.06)  (-4.00) (10.30)   

Abs: Intercept 
KRFE: R&D capital stock of all sectors 
RUMLR: Yield of government bonds minus inflation rate 
D91FF: Dummy variable (0 until 1990, 1 in 1991, 0 from 1992) 
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Tab. M/W 10: Investment in Equipment Functions. Elasticities, t-Statistics (in brackets), R2 and 
Durbin Watson Coefficients (DW), Germany 

Sector KRFE GG/PG RUMLR D91 R2 DW 

26 0.64 0.49 -0.05 0.00 0.98 2.08 

 (1.77) (0.34) (-1.08) (-3.87)   

   KRFE: R&D capital stock of all sectors 
   GG/PG: Profit of all sectors in prices of 1991 
 
 
 
Tab M/W 11: Macro Consumption Function. Elasticities, t-Statistics (in brackets), R2 and Durbin 
Watson Coefficients (DW), Germany 

Abs YVH KRFE RKONTR D91FF R2 DW 

0.14 0.79 0.08 -0.02 0.01 0.99 2.42 

(6.38) (12.74) (4.00) (-3.81) (4.96)   

   YVH: Disposable Income of private households in prices of 1991 
   RKONTR: Interest rate on bank loans minus inflation rate 
 
 
 
Tab M/W 12: Labour Demand Functions. Elasticities, t-Statistics (in brackets), R2 and Durbin 
Watson Coefficients (DW), Germany 

Sector Abs krfei xgI wgri D91FF R2 DW 

3 0.28 0.28 0.98 - - 0.90 1.34 

 (4.36) (-4.19) (10.98)     

6 0.38 -0.09 1.04 - - 0.80 1.48 

 (4.65) (-1.25) (7.24)     

11 0.68 -0.12 0.95 -0.50 0.00 0.96 1.26 

 (9.36) (-3.28) (7.49) (-2.37) (1.32)   

12 1.05 -0.17 0.82 -0.69 - 0.94 1.55 

 (16.48) (-10.34) (6.73) (-2.55)    

13 0.94 -0.05 0.98 -0.99 - 0.99 2.36 

 (28.10) (-2.32) (33.47) (-16.99)    

15 1.59 -0.15  0.84 -0.77 0.00 0.95 1.28 

 (11.03) (-3.66) (8.32) (-5.80) (1.53)   

19 0.89 -0.30 0.74 -0.71 0.00 0.95 1.57 

 (25.91) (-4.72) (11.25) (-9.34) (6.21)   

20 1.33 0.19 0.32 -1.00 0.01 0.98 1.35 

 (11.97) (-1.45) (2.62) (-6.05) (2.40)   
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21 0.90 -0.11 0.71 -0.72 0.00 0.92 1.30 

 (10.16) (-1.11) (6.41) (-4.30) (5.79)   

22 0.81 -0.13 0.34 - - 0.58 1.17 

        

23 0.81 -0.32 0.72 -0.38 0.00 0.88 1.86 

 (10.38) (-3.33) (6.92) (-2.49) ((5.10)   

24 1.36 -0.61 0.76 -0.91 0.03 0.99 1.85 

 (18.83) (-9.87) (11.21) (-12.83) (18.52)   

26 0.88 -0.10 0.92 -0.94 0.00 0.94 1.45 

 (22.77) (-0.72) (6.26) (-10.02) (1.87)   

27 1.01 -0.60 0.68 -0.47 0.01 0.90 1.55 

 (8.27) (-1.52) (5.55) (-1.41) (4.21)   

28 0.91 -0.05 0.80 -0.75 0.00 0.96 2.13 

 (27.21) (-3.04) (14.17) (-8.91) (3.31)   

31 1.28 -0.03 0.46 -1.10 0.00 0.97 1.30 

 (19.27) (-1.52) (5.22) (-10.27) (5.08)   

32 0.90 -0.14 0.89 -0.69 0.01 0.92 1.35 

 (8.86) (-3.66) (5.96) (-10.77) (5.49)   

33 0.97 -0.12 0.72 -0.71 0.01 0.90 1.31 

 (17.31) (-5.04) (6.91) (-7.06) (5.22)   

34 1.15 -0.02 0.45 -0.76 0.01 0.92 2.05 

 (18.07) (-1.41) (4.71) (-7.29 (5.76)   

35 1.33 -0.26 0.89 -1.35 0.00 0.98 1.07 

 (8.32) (-2.09) (4.18) (-8.72) (1.26)   

36 0.95 -0.36 0.57 -0.68 - 0.97 1.22 

 (10.14) (-3.53) (3.50) (-3.79)    

37 1.11 -0.18 0.88 -1.24 - 0.99 1.11 

 (15.64) (-2.39) (7.05) (-12.63)    

39 1.44 -0.09 0.20 -0.96 0.01 0.99 1.38 

 (20.28) (-7.05) (1.92) (-30.15) (11.06)   

40 1.77 -0.43 - -1.09 -0.02 0.95 1.96 

 (11.59) (-6.23)  (-10.02) (8.23)   
xgi: Gross productions in sector i in Prices of 1991 
wgri: real wage rate in sector i 
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Tab M/W 13: Negative External Effects of Energy-Related Emissions: International Comparison 

Country Rio emission 
target reduction 
(basis 1991)*: 

% p.a. 

Share in 
worldwide 

energy-related 
CO2 (%) 

GDP per capita 
1992 (in $) 

Energy intensity 
of industry in 
GJ/1000DM 

 EREDV SHARE GDP E/GDP 

Luxembourg 0,00 0,05 31343 5,00 

Greece 3,13 0,34 7686 3,54 

Switzerland -0,28 0,20 35606 3,51 

Portugal 2,76 0,19 8534 3,50 

Australia -1,21 1,24 16715 3,46 

Spain 2,50 1,02 14697 3,27 

Netherlands -1,14 0,74 21130 3,17 

France 0,40 1,74 23149 3,13 

Germany -1,73 4,60 24157 3,07** 

Ireland 2,50 0,16 14484 2,98 

Austria -2,5 0,27 23725 2,97 

Japan 0,75 4,97 29387 2,96 

Belgium -1,53 0,52 21935 2,95 

Canada 0,25 2,02 20600 2,95 

Italy -0,18 1,92 21177 2,94 

Finland -1,04 0,25 21756 2,84 

USA 0,25 22,70 2332 2,81 

Norway 0,39 0,14 26331 2,80 

Denmark -2,03 0,25 27626 2,78 

New Zealand -0,48 0,12 12003 2,77 

Sweden  0,24 0,25 28291 2,75 

* National targets recalculated for 1991 basis;         ** West Germany  
Source: (ROTHFELS, 1999) 
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Appendix 2 (P) 

Tab. P 9: Electricity generation in Germany according to energy sources in TWh 
 1991 1992 1993 1994 1995 1996 1997 1998 
Hard Coal 149.8 141.9 146.2 144.6 147.1 152.7 143.1 151.5 
Lignite 158.4 154.5 147.5 146.1 142.6 144.3 141.7 140 
Heating oil 13.6 12 8.9 8.8 7.8 6.9 5.9 5.5 
Natural gas 36.3 33 32.8 36.1 41.1 45.6 48 51.5 
Other fuels 15.4 15.8 15.3 17.5 18 17.5 19.8 21.5 
Nuclear energy 147.4 158.8 153.5 151.2 154.1 161.6 170.3 161.5 
Hydro 18.5 21.1 21.5 22.5 24.2 21.7 20.9 20.5 
Total 539.4 537.1 525.7 526.8 534.9 550.3 549.7 552 

Source: BMWi, Energiedaten ´99 

 

 

Tab. P 10: Electricity generation in Germany according to energy sources in % 
% 1991 1992 1993 1994 1995 1996 1997 1998 
Hard Coal 27.77 26.42 27.81 27.45 27.50 27.75 26.03 27.45 
Lignite 29.37 28.77 28.06 27.73 26.66 26.22 25.78 25.36 
Heating oil 2.52 2.23 1.69 1.67 1.46 1.25 1.07 1.00 
Natural gas 6.73 6.14 6.24 6.85 7.68 8.29 8.73 9.33 
Other fuels 2.86 2.94 2.91 3.32 3.37 3.18 3.60 3.89 
Nuclear energy 27.33 29.57 29.20 28.70 28.81 29.37 30.98 29.26 
Hydro 3.43 3.93 4.09 4.27 4.52 3.94 3.80 3.71 
Total 100 100 100 100 100 100 100 100 

Source: BMWi, Energiedaten ´99 
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Energy Security and Germany’s External Dimension of Energy Supply 
 
Table P 11: Imports of Primary Energy according to Countries 1997 

 Crude Oil    Natural Gas  
Countries 1000 t %  Countries Billion 

kWh 
% 

Near East 11850.0 12.0  Netherlands 231.1 29.2 
Africa 20693.0 20.9  Norway 209.7 26.5 
Venezuela 2443.0 2.5  Former SU 319.8 40.4 
Former SU 25483.0 25.7  Others 30.6 3.9 
Norway 21812.0 22.0     
Great Britain 16662.0 16.8     
Total 98993.0 100.0  Total 791.2 100.0 

Source: BMWi. Energiedaten ´99 
 
 
Table P 12: Energy imports and exports, 1997 

 Crude Oil Crude Oil-Products Natural Gas Electricity 

Imports 98.993 Million t 49.302 Million. t 791.2 Billion kWh 38.0 TWh 

Exports  12.665 Million t 38.5 Billion kWh 40.4 TWh 

Source: BMWi. Energiedaten ´99 

 

 
Table P 13: Real value of primary energy imports and exports of Germany 1997 

Million DM Crude Oil Fuels. Lubricants. Natural Gas 

Imports 25.199.7 27.996.8 

Exports 221.0 8.083.8 

Source: Statistisches Jahrbuch für die Bundesrepublik Deutschland. 1998 
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Appendix 3 (Y) 
 
Fig. Y 1: Natural Gas Consumption, 1970 to 1997, UK 
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Tab. Y 1: Natural Gas (Includes substitute natural gas and colliery methane), UK, in TWh 

 
 

 
1970 

 
1980 

 
1990 

 
1994 

 
1995 

 
1996 

 
1997 

 
Electricity generators 

 
1.9 

 
4.0 

 
8.2 

 
118.0 

 
149.4 

 
195.0 

 
248.3 

 
Energy Industries 

 
1.2 

 
19.1 

 
39.2 

 
54.9 

 
57.0 

 
65.5 

 
67.9 

 
Industry 

 
20.8 

 
177.5 

 
165.0 

 
164.5 

 
170.2 

 
186.9 

 
182.3 

 
Domestic 

 
18.4 

 
246.8 

 
300.4 

 
329.7 

 
326.0 

 
375.8 

 
345.5 

 
Services 

 
3.9 

 
59.4 

 
86.8 

 
101.7 

 
110.5 

 
120.6 

 
117.6 

 
Total 

 
46.2 

 
506.8 

 
599.6 

 
768.8 

 
813.2 

 
943.8 

 
961.6 
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Fig. Y 2: Coal Production, 1970 to 1997, UK 
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Tab. Y 2: Coal Mining, Million tonnes, UK 

 
 

 
1970 

 
1980 

 
1990 

 
1995 

 
1996 

 
1997 

 
Deep mined 

 
136.7 

 
112.4 

 
72.9 

 
35.1 

 
32.2 

 
30.3 

 
Opencast 

 
7.9 

 
  15.8 

 
18.1 

 
16.4 

 
16.3 

 
16.7 

 
Total (including slurry) 

 
147.2 

 
130.1 

 
92.8 

 
53.0 

 
50.2 

 
48.5 
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Fig. Y 3: Coal Consumption, 1970 to 1997, UK 
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Tab. Y 3: Coal Consumption by Sectors, in Million tonnes, UK 

 
 

 
1970 

 
1980 

 
1990 

 
1995 

 
1996 

 
1997 

 
Power stations 

 
77.2 

 
89.6 

 
84.0 

 
59.6 

 
54.9 

 
47.1 

 
Domestic 

 
20.2 

 
8.9 

 
4.2 

 
2.7 

 
2.7 

 
2.6 

 
Industry 

 
19.6 

 
7.9 

 
6.3 

 
4.5 

 
3.6 

 
3.2 

 
Services 

 
4.2 

 
1.8 

 
1.2 

 
0.5 

 
0.6 

 
0.6 

 
Other energy industries 

 
35.7 

 
15.3 

 
12.5 

 
9.7 

 
9.6 

 
9.6 

 
Total consumption 

 
156.9 

 
123.5 

 
108.3 

 
76.9 

 
71.4 

 
63.1 
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 Fig. Y 4: Gross Electricity Supplied by Nuclear Generation, 1970 to 1997, UK 
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Tab. Y 4: Gross Electricity Supplied by Nuclear Generation, 1970 to 1997, UK 

 
 

 
1990 

 
1995 

 
1997 

 
Electricity supplied (gross) 

 
59 TWh 

 
81 TWh 

 
89 TWh 

 
% of electricity generation 

 
21% 

 
27% 

 
28% 

 
Employment 

 
42,500 

 
26,000 

 
30,500 

 
Turnover1 

 
4.5bn 

 
4.9bn 

 
4.4bn 

 
Gross value added 

 
2.2bn 

 
3.2bn 

 
3.2bn 

 
% contribution to GDP 

 
0.46% 

 
0.53% 

 
0.45% 

 
Exports 

 
300m 

 
500m+ 

 
600m 

       1. Includes revenue from the nuclear premium. 
       All figures are in current prices. 
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Fig. Y 5: Renewable Energy Sources, UK 
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Tab. Y 5: Total Use of Renewable (Thousand tonnes of oil equivalent), UK 

 
 

 
1990 

 
1995 

 
1996 

 
1997 

 
Active solar heating 

 
6.4 

 
8.2 

 
8.6 

 
9.0 

 
Onshore wind 

 
0.8 

 
33.6 

 
41.8 

 
57.2 

 
Hydro 

 
447.7 

 
416.0 

 
289.0 

 
354.8 

 
Landfill gas 

 
79.8 

 
205.8 

 
251.5 

 
308.7 

 
Sewage sludge digestion 

 
138.2 

 
173.5 

 
190.2 

 
191.5 

 
Wood 

 
174.1 

 
702.3 

 
709.7 

 
710.3 

 
Straw 

 
71.7 

 
71.7 

 
71.7 

 
71.7 

 
Municipal solid waste 

 
160.0 

 
357.6 

 
368.7 

 
427.0 

 
Other biofuels 

 
80.6 

 
180.0 

 
175.8 

 
182.0 

 
Total 

 
1,159.3 

 
2,148.7 

 
2,107.0 

 
2,312.2 
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Fig. Y 6: Fuel Use for Electricity Generation, 1970 to 1997, UK 
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Tab. Y 6: Fuel Use for Electricity Generation, 1970 to 1997 (Million t of oil equivalent), UK 

 
 

 
1970 

 
1980 

 
1990 

 
1995 

 
1996 

 
1997 

 
Coal 

 
43.1 

 
51.0 

 
49.8 

 
36.1 

 
33.0 

 
28.6 

 
Oil 

 
13.3 

 
7.7 

 
8.4 

 
3.6 

 
3.5 

 
1.9 

 
Gas 

 
0.1 

 
0.4 

 
0.6 

 
12.5 

 
16.4 

 
20.9 

 
Nuclear 

 
7.0 

 
9.9 

 
16.3 

 
21.3 

 
22.2 

 
23.0 

 
Hydro 

 
0.4 

 
0.4 

 
0.4 

 
0.4 

 
0.3 

 
0.3 

 
Other fuels 

 
- 

 
0.1 

 
0.8 

 
1.1 

 
1.2 

 
1.4 

 
Total 

 
63.9 

 
69.5 

 
76.3 

 
75.1 

 
76.6 

 
76.1 
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Fig. Y 7: Electricity Consumption, 1970 to 1997, UK 
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Tab. Y 7: Electricity Consumption by Sectors, 1970 - 1990 (TWh), and UK 

 
 

 
1970 

 
1980 

 
1990 

 
1995 

 
1996 

 
1997 

 
Energy industries 

 
8.2 

 
8.6 

 
10.0 

 
8.3 

 
8.6 

 
8.2 

 
Industry 

 
81.1 

 
88.6 

 
100.6 

 
99.9 

 
103.1 

 
104.7 

 
Domestic 

 
77.0 

 
86.1 

 
93.8 

 
102.2 

 
107.5 

 
104.5 

 
Services 

 
42.4 

 
58.4 

 
80.0 

 
91.8 

 
95.0 

 
100.1 

 
Total 

 
208.7 

 
241.7 

 
284.4 

 
302.2 

 
314.3 

 
317.5 
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Fig. Y 8: Fuel Price Indices for the Industrial Sector, 1970 to 1997, UK 
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Tab. Y 8: Real Prices, 1990 = 100, UK 

 
 

 
1970 

 
1980 

 
1990 

 
1995 

 
1996 

 
1997 

 
Electricity 

 
111.8 

 
125.2 

 
100.0 

 
91.0 

 
85.3 

 
78.4 

 
Gas 

 
155.7 

 
164.4 

 
100.0 

 
75.4 

 
53.6 

 
53.8 

 
Heavy fuel oil 

 
89.3 

 
241.8 

 
100.0 

 
95.0 

 
101.7 

 
94.9 

 
Coal 

 
106.0 

 
152.2 

 
100.0 

 
72.5 

 
66.9 

 
63.6 

 
Industrial prices 

 
116.9 

 
150.7 

 
100.0 

 
87.7 

 
80.6 

 
75.3 
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Fig. Y 9: Fuel Price Indices for the Domestic Sector, 1970 to 1997, UK 

 
 

1970 1975 1980 1985 1990 1995 1997
0

20

40

60

80

100

120

140

R
ea

l p
ri

ce
s 

in
cl

ud
in

g 
V

A
T

 (
19

90
 =

10
0)

Electricity Gas Heating oils Coal  
 
 
 
Tab. Y 9: Real Prices including VAT, 1990 = 100, UK 

 
 

 
1970 

 
1980 

 
1990 

 
1995 

 
1996 

 
1997 

 
Electricity 

 
83.2 

 
102.8 

 
100.0 

 
100.9 

 
97.4 

 
90.4 

 
Gas 

 
126.6 

 
85.1 

 
100.0 

 
93.9 

 
91.2 

 
88.0 

 
Heating oils 

 
60.6 

 
108.1 

 
100.0 

 
75.1 

 
80.2 

 
76.2 

 
Coal 

 
87.4 

 
107.7 

 
100.0 

 
100.4 

 
98.3 

 
96.6 

 
Domestic prices 

 
 

 
 

 
 

 
 

 
 

 
 

   (fuel & light) 89.1 97.6 100.0 96.9 94.2 89.0 
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Fig. Y 10: Carbon Dioxide Emissions by Source, 1970 to 1997, UK 
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Tab. Y 10: Carbon Dioxide Emissions by Source, 1970 to 1997 (Mill. tonnes of carbon), UK 

 
 

 
1970 

 
1980 

 
1990 

 
1995 

 
1996 

 
1997 

 
Power stations 

 
57 

 
58 

 
54 

 
44 

 
43 

 
40 

 
Industrial combustion 

 
66 

 
43 

 
37 

 
37 

 
38 

 
37 

 
Domestic 

 
26 

 
23 

 
22 

 
22 

 
25 

 
23 

 
Transport 

 
22 

 
26 

 
35 

 
35 

 
36 

 
37 

 
Other sectors 

 
11 

 
14 

 
11 

 
11 

 
12 

 
12 

 
Total 

 
182 

 
164 

 
159 

 
149 

 
154 

 
148 

Source:   Department of the Environment, Transport and the Regions 
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 Box A1: Wage Bargaining Issues 

 
A crucial issue of wage bargaining in the context of ecological tax reform is whether price 
increases stemming from higher ecological taxes – for the first stage of Germany´s phased tax 
reform estimated at 0.2 percentage points – and the reduced wage cost pressure from lower 
social security contributions will translate into pressure for higher wages. With a 
Schumpeterian ecological tax reform which not only emphasizes the reduction of labor costs 
but also stimulation of innovation, the risk for excessive wage settlements (excessive means 
undermining prospects for employment creation) is lower than in a pure ecological tax reform 
since the incentives for process innovations will offset the cost pressure from higher 
ecological taxes. Moreover, as stimulating innovations will reinforce the growth trend slightly 
in the medium and long run there will be a temporary widening output-gap as the growth of 
the production potential will temporarily fall short of the growth of aggregate demand growth. 
This will dampen inflation pressure and should help to avoid excessive wage pressure. 

A special problem could arise if higher R&D promotion particularly would raise labor 
productivity and profits in the key bargaining sector. In Germany this sector normally is the 
automotive and metal industry, the most influential union is the IG Metall (engineering 
workers´ union). The simulation results of MEYER/WELFENS (1999) show that output 
growth in this sector is rising in the context of a Schumpeterian tax reform but it is not rising 
much above average so that we expect no additional short term wage pressure in the short 
term. A more difficult question is which long term developments could occur if cumulated 
first-mover advantages of leading German industries resulted in strong increases of exports 
and profits in these sectors. This could indeed cause rising long term wage pressure across all 
sectors if key bargaining patterns of the past continue into the future. In the context of a 
Schumpeterian ecological tax reform government reforms indeed should encourage a stronger 
differentiation of wage increases across sectors and regions. Already in the 1980s and early 
1990s it was noticed that (regional) labor mobility in most EU countries has declined. Higher 
intersectoral wage differentials could help to reverse this development which undermines 
prospects for employment growth. Finally, one may notice that supporting R&D will 
reinforce the role of multinational companies as owner specific advantages necessary for 
successful multinationalization mostly are technology-related. With more firms producing in 
several EU countries one may anticipate that trade unions´ prospects for achieving excessive 
wage increases are rather limited since firms can credibly threaten to relocate production 
internationally in the long run – an open question is whether national trade unions of EU 
countries will cooperate more strongly in the future. 
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Box A2: Basic Aspects of CO2, Energy Taxation and Innovations in Germany 
 

Development of CO2 Emissions in Germany 

In Germany CO2 emissions were strongly reduced in industry which has cut – within a long term 
shrinking process – its CO2 emissions by 26.1% in the period 1990-97. The emissions of power 
generators and district heating firms fell by 14.9%, while that of private households and traffic 
increased by 8.6 and 6.4%, respectively. Small users in the business community reduced emissions 
by 26.3% in the same period; total emissions fell from 1014 tons to 894 tons. In 1997 power 
generation and district heating accounted for a share in CO2 emissions of 37.3 and 19.9%, 
respectively. Transportation and private households represented a share of 20.5 and 15.5%, 
respectively (small users 6.3%). It will be difficult to reduce the emissions from private households 
as the demand for dwelling space and hence heating requirements are increasing in the long run. 
Even more difficult is transportation since both the numbers of cars and trucks is expected to 
increase in Germany and the whole EU in the future. Improved insulation of new houses and 
technological progress in the automotive industry as well as some incentives to shorten the length of 
average hauls in the transportation industry are potential ways to cut emissions in households and in 
transportation. It remains an open question how strong emissions in industry and power generation 
could be further reduced in Germany and the EU in the very long run. 

Stage II of Ecological Tax Reform 

On August 25, 1999 the German government decided in favour of a further future stage of the 
ecological tax reform. In the period 2000-2003 mineral oil taxes will be raised by 6 Pfennig (0.03 
Euro) p.a. and taxes on electricity will be increased by 0.5 Pfennig per kWh. The revenue will be 
fully used to reduce social security contributions by one percentage point until 2003 (2000 by 0.1 
percentage points, 2001-2003 0.3 percentage point p.a.). As of 2003 the overall tax burden per GJ 
and per t CO2 will differ strongly across primary energy sources (see table). 

Innovations and Environmental Progress 

Since many years it has been recognized that innovations could play a crucial part within overall 
environmental policy (e.g. DOWNING/WHITE, 1986; WALLACE, 1995; 
BLAZEJCZAK/EDLER/HEMMELSKAMP/JÄNICKE, 1999, especially in the form of 
environmental-friendly (low-energy) product innovations and energy-saving or resource-saving 
process innovations. Some countries have implicitly incorporated innovation pressure in energy 
policies, e.g. in the 1990s Denmark with incentives for CO2 efficient refrigerators or the UK in its 
1989 Electricity Act which included non-fossil-fuel obligations and „renewable orders“ (the 
regional distribution companies were compensated for higher electricity prices from non-fossil-fuel 
obligations by payments made out of the fossil-fuel-levy). It is obvious that raising prices of energy 
and energy-intensive products will stimulate certain innovations, which could bring about dynamic 
efficiency gains. There also is little doubt that environmental taxes could be both an element of 
internalizing negative external effects of pollution and an increasingly important element of the 
overall tax system (EEA, 1996; OECD, 1997). However, the concept of an innovation oriented 
ecological tax reform is the first approach for directly combining higher environmental taxes 
designed to internalize negative external effects with higher government R&D promotion aimed at 
internalizing positive external effects from innovations yielding better and cheaper products – a 
concept which could both improve allocation efficiency in a static and dynamic sense and stimulate 
output growth; supporting growth in turn should help to bring about sustained employment effects 
from reduced payroll/social security taxes. Thus the risks are minimized that price increases 
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associated with higher energy/ CO2 taxes and an intensified struggle for income – emerging in a 
situation of depressed growth – will result in renewed wage pressure which undermine initial 
employment gains. R&D promotion could focus both on generally raising private R&D 
expenditures, on creating more high-technology firms [with a high share focussing on 
environmentally relevant innovations] and on accelerating diffusion of new low-emission 
technologies and novel products of high-energy efficiency. 
 
 
Tab W1: Energy Taxation in Germany 
 
 Unit Tax rate as 

of 1.4.1999 
Increase 1999-2003 Total tax burden 2003 

 (U)  Total (cumulated) at 1.4.99  
  Pf/U Pf/U DM/GJ DM/ 

t CO2 
Pf/U Pf/U DM/GJ DM/ CO2 

Coal Kg - - - - - - - - 
Heating oil 
(heavy), 
Heating 

Kg 3,00 - - - - 3,50 0,85 11 

Heating oil 
(heavy), 
Power 
generation 

Kg 5,00 - - - - 3,50 0,85 11 

Heating oil L 8,00 4,00 1,12 15 4,00 12,00 3,37 46 
Natural gas KWh 0,36 0,32 0,89 16 0,32 0,68 1,89 34 
Electricity KWh - 4,00 11,11 71 2,00 4,00 11,11 71 
Fuel L 98,00 30,00 9,27 129 6,00 128,00 39,55 549 
Diesel  L 62,00 30,00 8,38 113 6,00 92,00 25,71 347 

Source:  DIW Wochenbericht 36/99 forthcoming 
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 Tab. W2: EU member state commitments 
 
Member States Commitments in accordance with the Kyoto Protocol 
Belgium 
Denmark 
Germany 
Greece 
Spain 
France 
Ireland 
Italy 
Luxembourg 
Netherlands 
Austria 
Portugal 
Finland 
Sweden 
United Kingdom 
EU 

-7,5% 
-21% 
-21% 
+25% 
+15% 

0% 
+13% 
-6,5% 
-28% 
-6% 
-13% 
+27% 

0% 
+4% 

-12,5% 
-8% 

Source:  Appendix 1 in EU (1998). Community Strategy on Climate Change-Council Conclusions, 
Communiqué from the 2106 Th Council Meeting 16-17 June 1998, Luxembourg 

 
 
 
Tab. W3: Benchmark data for 1990 
 
A. Summary statistics         
 
GDP  (% of EU total) 
C02 (% of EU total) 
C02 (% ton per capita) 
Electricity (ton of CO2/GWh) 

GE 
24 
32 
13 
653 

DK 
2 
2 
11 
892 

SP 
6 
7 
5 

429 

IT 
15 
13 
7 

565 

FR 
19 
12 
7 

105 

UK 
16 
18 
10 
686 

REU 
18 
17 
8 

260 

EU 
100 
100 
9 

462 
B. CO2 emissions sources         
 
Electricity 
Energy production 
Industry 
Transport 
Final demand 
Total 

GE 
36 
3 
20 
17 
24 
100 

DK 
43 
2 
11 
26 
17 
100 

SP 
31 
6 
21 
32 
10 
100 

IT 
30 
5 
20 
25 
20 
100 

FR 
12 
5 
23 
34 
26 
100 

UK 
38 
5 
14 
24 
19 
100 

REU 
23 
5 
24 
26 
22 
100 

EU 
30 
4 
20 
24 
21 
100 

Note: The Rest of the European Union (REU) includes Austria, Belgium, Finland, Luxembourg, Greece, Ireland, 
Netherlands, Portugal and Sweden 

Source: Böhringer, C.; Jensen, J.; Rutherford, T. F. (1999), Energy Market Projections and Differentiated 
Carbon Abatement in the European Union, Discussion paper N. 99-11, ZEW, Mannheim, p. 14 
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