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Introduction

he Czech Government faces important decisions that

will have alarge impact on future energy supply and

demand. These decisions need to be taken in the
preparation of the Energy Policy Document of the Czech
Republic, which has been carried out in the year 1999. This
paper contains an executive summary of the results of the
study “Development of integrated energy-environment sce-
narios for the Czech Republic”, which was carried out in the
scope of the EU Synergy Programme. The study aimed at
providing policy makersinsight in the impacts of key policy
decisions in Czech energy policy in the next 35 years. The
results were used for the preparation of the new Energy
Policy.!
Methodology

To deal with the many uncertainties within a transition
economy, a scenario approach was chosen asthe basis of the
analysis. Thetimehorizon of these scenariosistheyear 2030.
Becausetheintegrationintothe EU isakey political objective
in the Czech Republic, three EU scenarios were used as the
starting point to develop scenarios for the Czech Republic.
These EU scenarios, which were devel oped by the European
Commission, are called Battlefield (BF), Forum (FO) and
Hypermarket (HM)[2]. The BF scenario assumes protection-
ism, fragmentation and low economic growth, combined
with strong government intervention and an active social
policy. Inthe FO scenario, global political consensuswill pull
economic growth. The European integration will stimulate
technological innovation and harmonisation of taxes. The
prospering economy and high environmental awareness re-
sult in a largely ecologically influenced energy policy.
Finally, the HM scenario describes a well-devel oped market
economy driven world, with little market imperfections such
as trade barriers and ineffective government interventions.
Short-term economic growth will be very high, but market
tensions will slow down this growth in the longer run.

The EU scenarios provide quantitative time-series on a
wide range of macro-economic indicators for the EU as a
whole, like the price of oil and gas on the world market, the
economic growth within Europe, general technological inno-
vation, and|abour and capital productivity. Onthebasisof the
EU-scenarios, afurther translation of quantitative and quali-
tative macro-economic scenario indicators to the Czech
Republic was made. Assumptions were made on national
economic growth, the integration of the Czech Republic into
the EU, environmental restrictions and the development of
VAT and excise taxes.

The modelling system that was used for the analysis has
two components. The macro-economic analysis and the
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calculation of future energy demand were carried out with a
Computable General Equilibrium (CGE) model of the Czech
Republic. The CGE model takes account of all the interac-
tions between markets, as well as the functioning of indi-
vidual markets. In other words, all transactions within the
economy are covered. The Energy Flow Optimisation Model
(EFOM-ENV) wasused to analyse the optimal energy supply
and demand system. The EFOM-ENV model is a linear
programming energy model, which describes the energy
system by specifying energy conversion, transport, distribu-
tiontechnol ogiesand energy saving options. Thecalculations
are based on minimisation of thetotal discounted costs of the
energy system.

Economic Growth and Energy Demand

Average economic growth in the Czech Republic is
expected to range between 1.9 and 3.3% annually. Somewhat
higher economic growth can either be achieved on the basis
of European political consensus (Forum), or within the
market-driven economic world as is assumed in the
Hypermarket scenario. The realisation of an average macro-
economic growth of 3% over aperiod of 35yearswould bring
the Czech Republic to an economically stable situation that
significantly decreases the gap with EU economies.

Final energy demand (FED) is expected to increase over
the time period considered, mainly as a result of economic
growth. The yearly increase in total FED ranges between
0.4% (BF) and 0.8% (FO). FED growth rates are lower than
economic growth rates since high increases in energy effi-
ciency are assumed. Higher GDP growth ratesin FO and HM
induce relatively higher growth in FED than in BF. The
relative share of industry will decrease, especially of energy-
intensive industries in the FO and HM scenarios. The share
of commercial services in the tertiary sector, and transport
will increase.

In all scenarios the share of electricity increases: from
14% in 1995 to 18% in 2030. This matches the increasing
electrification that has taken place in other European coun-
tries in the past years. Demand for heat also increases. The
share of heat in FED goes from 17% in 1995 to 23-24% in
2030. Thisresultsin a growth of the district-heating sector.

The growth in the demand of energy services is partly
compensated by the implementation of cost-effective energy
efficiency improvement in supply and demand. Therewith,
the average yearly increase in total primary energy require-
ment (TPER) is moderate in both the FO and HM scenario
(about 0.5%/year) and small in the BF scenario (+0.1%/
year).

Energy Efficiency and Energy Mix

Five factors influence the energy efficiency of the Czech
economy: changes in economic structure, energy efficiency in
end-use (energy conservation), technological innovation in
energy supply and appliances, energy pricingand fuel switching.

The relative low increases in final and primary energy
demand result from the modelling assumption of maximal
increase in energy efficiency in energy supply and demand,
i.e., all cost-effective measures are implemented. In reality,
there are different kinds of market barriers that hamper the
increasein energy efficiency, resulting in higher growth rates
for energy demand. Therefore, strong and effective policy
measuresarerequired to reach therelatively low growth rates
mentioned. Large efficiency increases can especialy be




obtained in heat supply.

The technical energy saving potential till the year 2010
isestimated at 48%. The economic potential (potential which
isrepaid during the lifetime of measures) is about 20%. For
further details on the potential s of end use energy efficiency,
barriers and energy efficiency policy, see [3].

Figure 1 shows the fuel mix of TPER in the base year
1995 and in the year 2030. Clearly the large share of brown
coal significantly reduces. As aresult of the commissioning
of the Temelin NPP, the share of nuclear significantly
increases. When appropriate policy measures are taken, the
share of renewables could be increased to around 7% of
TPER, but astrong promotion policy isrequired for this. The
share of coal in the Czech Republic remains relatively high
compared to the EU. Whereas the EU highly depends on
imported oil products, the share of oil in the Czech Republic
could remain almost stable, if sufficient measures are taken.

Figurel
Structure of TPER, 1995 and 2030 (FO). BC: brown
coal; HC: hard coal
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Prolonging Domestic Coal Production

Although in recent years its share has decreased signifi-
cantly, domestic coal is still the dominant energy carrier in
the Czech Republic. In the current Czech energy policy,
geographical restrictionsto coal mining have beenintroduced
for environmental reasons, which would lead to a further
decrease of production capacity in the future. In the period
1995-2030 brown and hard coal production capacity will
decrease by more than 50% and more than 90% respectively
(see Figure 2).

Since coal prices are expected to remain lower than
natural gas prices (environmental externalities are not taken
into account), the switch to natural gasin the power and heat
production is limited. In central electricity production, the
share of coal diminishes and is replaced by nuclear power.
Commissioning the Temelin nuclear power plant and retro-
fitting the Dukovany nuclear power plant increases the share
of nuclear power in public electricity production, leaving
fewer opportunities for maintaining coal-fired public power
production. New coal-fired technologies, inparticul ar fluidised
bed combustion, will replace conventional thermal coal-fired
technologies, of which alarge part will haveto be decommis-
sioned around the year 2015. The share of combined heat and
power production increases strongly in industrial heat and
power production as well as in district heating.

If the current coal-mining restrictions are abolished,
relatively more brown coal is used in electricity and heat
production. In central electricity production, condensing
hard and brown coal power plants maintain a higher share
than in the base cases (see Figure 2). Existing coal-fired
plantsare used at full capacity throughout thewhole planning
period and conventional plants are retrofitted, partly to
fluidised bed combustion plants.

Figure 2
Development domestic brown coal (BC) and hard coal
production (HC), and hard coal imports, with and
without coal-mining restrictions (HM scenario)
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TheRole of Nuclear Power

If both the lifetime of the Dukovany NPP are extended
till the year 2030 and the Temelin NPP is commissioned as
planned, the share of nuclear power in public electricity
productionincreasesfrom 25%in 1995 to about 50% in 2030.
The Temelin nuclear power plant will partly replace the
production of existing coal fired plants. If nuclear power is
phased out, the amount of gas-fired power production (com-
bined-cycle technol ogy) increases, which resultsin afurther
increase of gas imports. If, in addition, the coa-mining
restrictions are abolished, part of nuclear power production
is taken over by domestic coal-fired power production.

As a part of the strategy focused on the reduction of
natural gasimport dependency and self-sufficiency in power
production, a further increase of nuclear power has been
analysed. In this case, due to the lack of domestic coal
resources and restrictions on net power import, the most cost
efficient option is commissioning an additional nuclear unit
of 600 MW around the year 2030. Nevertheless, additional
investigations are needed as this can seriously diminish the
necessary load flexibility of power supplies and should be
politically acceptable.

Import Dependency and the Role of Natural Gas

One of the main reasons to build new nuclear power is
to reduce the future import dependency of the Czech Repub-
lic. Whereas currently the import dependency is very low
(17%), it isexpected that thiswill increase significantly inthe
next decades, even to over 50% when nuclear power capacity
isnot expanded and domestic coal-mining restrictionsare not
abolished. The largest contribution to increased imports are
thelargeincreasesin gasimports, supported by continuing oil
imports and even small increases in coal imports. The costs
of energy imports increase in absolute terms, but in relative
terms — as a share of GDP - will remain at the current level
of around 5%.

The share of imported natural gas in the TPER has
constantly increased in the Czech Republic over the last
years, from 16% in 1995 to 18% in 1997. It is assumed that
the contracts for Russian and Norwegian gas will last until
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Czech Republic (continued from page 5)

2030. In addition, new contracts become available on the
mid-term. As aresult, the share of natural gas will continue
to increase strongly. The largest increase occurs after the
year 2015, when many coal-fired power plants will be
decommissioned. The increase in imports are the highest in
the HM and FO scenarios as result of the higher economic
growth and the relatively low gas prices. Although the
average rate of increase of gas imports in the period up to
2015 (3%lyear) seems incredibly high, it is good to realise
that thisis still much lower than the rate of increase in recent
years, and, therefore, not unfeasible. The resulting relatively
high share of gasin total energy supply in the year 2030 (up to
50%) could beathreat todiversity of energy supply. Maintaining
theroleof nuclear power would keep the share of gason amuch
lower leve (around 35%).

Large gas imports will lower the security of supply
where import dependency is concerned. On the other hand,
theresultinglarger fuel diversification positively supportsthe
security of supply. With large gas imports diversification of
supplier is important. The increase in gas imports would
reguire significant investments in the transport infrastruc-
ture. These costs have been considered in the analysis.

The Development of CO, Emissions

Several strategies are possible to reduce CO,-emissions:
promotion of energy efficiency inend-use (‘ energy conserva-
tion’), promotion of renewable energy, increased efficiency
in energy supply, and fuel switching. All four options are
considered in the analysis. Apart from reducing CO, emis-
sions, these options have other important benefits, in particu-
lar the reduction of SO, and NO, emissions.

Energy-related CO,-emissions in 1995 have decreased
by 24% compared to 1990. Therefore, the Kyoto Protocol
(8% reduction of greenhouse gas emissions in 2008-2012,
compared to the 1990 level) seemsrelatively easy to achieve.
However, further reduction of emissions may be necessary.
Figure 3 showsthe devel opment of total energy-related CO,-
emissionsintheperiod 1995-2030for thethree scenarioswith
nuclear power and with current coal-mining restrictions. The
resultsindicate that CO,-emissions could largely decrease if
all cost-effective measures are implemented. The growth in
TPER will cause a growth of CO, emissions. However, the
use of nuclear power in both the Dukovany and Temelin
plants significantly reduces CO, emissions. On the longer
term, the decrease in coal consumption and increase in gas
consumption will further reduce the emissions.

Abolishing the restricting on coal mining will lead to
moderately higher CO, emissions beyond the year 2010
(+4% in the year 2030). A nuclear phase-out will increase
CO, emissions with 7% in the year 2030. Thisisthe result of
thelimited shareof nuclear inthe primary energy balanceaswell
asthe fact that nuclear in the policy caseis mainly replaced by
the low carbon energy carrier natural ges.

RenewableEnergy

The currently low share of renewables in TPER (1.5%)
could increase to around 4% in 2010 and 7% in 2030 if large
additional policy efforts are taken. Biomass and waste have
the largest potential, up to 100 PJ in the year 2030. The
potential of wind power is small, only a small market share
is gained. Extension of hydropower and installation of solar

thermal systems and solar photovoltaic capacity is not cost-
effective without additional promotion measures. Figure 4
shows the potential development of renewables, with other
renewables comprising wind power and hydropower. For
further information on the potential of renewable energy in
the Czech Republic, the market barriers and promotion
policy see[3].
Figure3
Total CO,-emissions 1995-2030 in per centage of 1990.
The historical time series 1990-1995 has been added.
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Development of renewables, 1995-2030
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Energy Taxation

Introduction of an environmental tax in the form of a
carbon tax could significantly support theincrease of energy
efficiency in both energy supply and end-use, thereby signifi-
cantly reducing emissions, particularly CO, emissions. The
| atest tax scheme as proposed by the Ministry of Environment
starts from the year 2010 and gradually increases tax levels
till the year 2025. These taxes, that will effectively double
energy prices on the long term, could result in additional
decreases in emissions asis shown in Figure 5. TPER in the
period 2015-2020 will decrease by 200 PJ as a result of the
increase in energy efficiency, induced by higher end-use
prices.

The direct impact on renewable energy production,
however, is limited in the short-term, because of the limited
technical potential and thelimited cost-effectiveness. Thetax
will increase end-use consumer prices, since the production
and distribution companies will pass on the increased fuel




costs to their customers. Furthermore, if the government
decidesto compensatethese consumersby partly subsidisingthe
price rises, governmental expenditures will rise accordingly.

Figure5
Reduction of emissions after introduction of a carbon
tax
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Conclusions

The results of analysis for the period 1995-2030 of
energy supply and demand in the Czech Republic lead to the
following conclusions:

* Average annual economic growth ranges between 1.9 and
3.3%.

¢ Tota primary energy requirementsincrease from 1750 PJ
in 1995 to around 2000 PJ if all cost-effective energy
measures are implemented. If not, total requirements are
significantly higher.

* The economic potential of end-use energy savings is
around 20% of total primary energy demand in the period
2000-2030.

* The structure of energy requirements will change signifi-
cantly. Coal will largely be replaced by natural gas and
partly by nuclear power (except in case of a phase-out of
nuclear power).

* The share of imported gas increases largely up to 3% per
year (in the non-nuclear case). Diversification of supplier
should have high priority.

¢ |f coal-mining restrictions are not abolished, the available

domestic hard coa and brown coal production capacities
reduceto 30 milliontonsin 2030. Otherwise, domestic coal
production capacity will be 43.5 million tons in 2030.

* Prolonging the lifetime of the Dukovany nuclear power
plant and commissioning the Temelin nuclear power plant
as planned will increase the share of nuclear power in
public power production to around 50%.

* Import dependency will increase to over 50% if coal-
mining restrictions are kept in place and nuclear power
capacity is not expanded.

* The long-term cost-effective potential of combined heat
and power generation is around 35% of total electricity
production.

* The Kyoto target on reduction of greenhouse gases could
be met without large difficulties. Beyond 2010, CO,
emissions could remain constant or even decrease if al
cost-effective measures are implemented.

* Renewableenergy could gainamarket shareof 4%in 2010
and 7% in 2010 if appropriate policy measures aretaken to
tackle market barriers.

* Energy taxation would, in the long-run, double end-use
prices and largely increase energy efficiency. The impact
on promotion of renewable energy is only small, because
of limited potentials and limited cost-effectiveness.

Footnote

1 This project was financed by the Synergy programme of the
European Commission, the Dutch Ministry of Economic Affairs,
the Czech Ministry of Industry and Trade, the Czech Ministry of
Environment, the Czech union of employersin the power and heat
sector, the Czech union of employersin the coal and oil sector and
the Czech gas union.
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First Austrian-Czech-German Conference on
Energy Market Liberalization in Central and
Eastern Europe

Thefirst Austrian-Czech-German Affiliates |AEE Con-
ference in September 1999 was dedicated to Energy Market
Liberalization in Central and Eastern Europe. The confer-
ence was organized by the Czech Technical University in
Prague. Prague is a city with secular political, cultural,
scientific and technological traditions. Central and Eastern
Europe, once under atotalitarian regime, now has the opportu-
nity to be part of the European Union, as a resulf of political
changesin 1989. The conference contributed to the changefrom
acentrally planned energy system to alibera energy market.

M orethan 80 participantsfrom eight European countries
attended. These participants had a chance to take part in 40
different lectures. In the plenary session, the Czech partici-

pants gained an overview about accessing the electricity grid
indifferent countries(Wolfgang Pfaffenberger, UNI Bremen),
gas liberaization (F. van Oostvoorn, ECN - Eneragy Re-
search Foundation, Netherlands), backlashes in liberalized
electricity markets (Reinhard Haas, Institute of Energy
Economics, ViennaUniversity of Technology), and an analy-
sis of stranded costs. This session also included a discussion
of the pros and cons of renewables in a liberalized power
market, and the feasibility of biomass in energy projects.
Inturn, the EU participantsreceived information regard-
ing theliberalization processin the Czech Republic. The new
Czech Energy Law (Pavel Brychta, MPO) was presented, as
well as preliminary activity leading toward liberalization of
the Czech Central Dispatch Center (Miroslav Marvan, UED)
future trading with system services (Ludmila Petranova,
CEPS a.s.), and the role of the Czech Energy Agency (Jiri

(continued on page 8)




Austrian-Czech-Ger man Conference (continued from page 7)
Barton, CEA) were presented. In addition, the opinions of
independent Czech organizations on deregulation in the
Czech Republic (Jiri Schwarz, Liberalni Institut) and on
strategic marketing and risk management under new condi-
tions (Ivan Benes, CityPlan spol. sr.0.) were presented.

For the next part of the conference, the participantswere
divided into several groups. One was a cogeneration lecture
with representatives from cogeneration plants and district
heating companies (Miloslav Decker, Elektrarny Opatovice
a.s., Frantisek Samek, TEPO Kladno sr.0., Vaclav Klicnik,
Teplarny Brno as., Milan Bambuch, Zasobovani teplem
Vsetin as., Miloslav Krejcu, Teplarenske sdruzeni).

Next on the agenda was another plenary session dedi-
cated to discussion of detailed experiences from the liberal -
ization of the European gas and power market. Among topics
addressed wereinfluenceson power production costs(Herbert
Lechner, EVA, The Austian Energy Agency), influences on
power production technology (Jan Kartak, CityPlan spol.
sr.0.), the problem of ancillary services (Pavel Becko, Dept.
of Power Plants and Energy Economics, Poland), the prob-
lem of distributed power production (r. Madlener, A.
Wohlgemuth, IHS Carinthia), the new market and industry
structure in the Bulgarian power sector (Konstantin Petrov,
KEMA Consulting GmbH), Tedom's trade experience in
Spain (Josef Jelecek, TEDOM s.r.0.) and the new competi-
tion-based support schemes for electricity generation from
renewabl e energy sources (Isabel Kuhn, Center for European
Economic Research - ZEW, Germany).

Another sessionwasdedi cated tolectureontool sdevel oped
tofacilitatetheenergy business, particularly theregular financial
analysis of the Czech energy sector (Jan Vondras, Invicta
Bohemicas. r.0.) technology for energy trading (Peter Ruggo,
Blue Moon Energy GmbH, Bremen, Germany) and cost mod-
eling for financial control (Libor Holub, CityPlan spal. sr.0.).

Last but not |east. a session was devoted to the environ-
ment and global climate change. Theimpact of energy policy
decisionsonenergy supply and demandinthe Czech Republic
(Miroslav Maly, SRC International CS s.r.o.), climate
protection policy in the accessed countries (Lutz Mez, Free
University of Berlin), Poland’'s climate protection policy
(Sybille Tempel, Free University of Berlin), energy and
emissions in Slovenia after Kyoto (Jurij Modic, Ljubljana,
Slovenia), theCO, taxin Slovenia(M.G.Tomsic, A. Urbancic,
Institute “ Josef Stefan”, Ljubljana, Slovenia), and approxi-
mating EU legislation in the area of energy and environment
(Michael Krug, Free University of Berlin).

The conference was very fruitful and created further
personal and professional relationships. The key message of
the First Austrian-Czech-German Conference on Energy
Market Liberalization in Central and Eastern Europe can be
summarized by ten points:
¢ Globalization of the world economy causes liberalization

of energy markets, which demand strategic and innovative
thinking.

* The energy companies are transformed from state to
private entities where the manager’ s responsibility for the
safety of the energy supply are insuffiecient criteron.

¢ Energy for the third millenium requires new technology
and new ideas.

¢ Future success depends on unbundling accounts but bun-

dling services.

* Thenew criterion of managers is added value, successful
marketing and financial control resulting in higher share-
holder value.

* Regulation “cost plus’ is replaced by the market, where
cost must be adjusted to the price, not vice versa.

* Thefull cost can be saved before investment. The invest-
ment must make a profit, otherwise, it is stranded.

¢ Stranded investment due to government decision after EU
directive issue is unlikely to be compensated.

* Ignorance of EU liberd directiveswill be punished by stranded
cost encumbered by the owner of the utility, not the customer.

* Thecurrent price war at the EU power market can support
only strong companies. The weak companies are captured
sooner or later.

Ivan Benes

Note on Indian Affiliate of the | AEE

The Indian Associaion for Energy and Environmenta Eco-
nomics(IAEEE) wasstarted asthel ndian chapter of thel nternationd
Association for Energy Economicsin 1990. The Indian chapter is
represented by Dr. R. K. Pachauri (Presdent, IAEEE).

The IAEEE comprises individuals from diverse fields.
Although almost 50% of the members have generally been
researchers and academicians, close to 30% of its members
havebeenfrom private organizationsand consultancy groups.
Representatives from government organizations have also
taken keen interest in the association and individual members
have often continued their association even after retirement
from offices held during service.

The IAEEE office functions as a facilitator to the IAEE
headquartersin associating with itsmembers and disseminat-
ing information of global IAEE activities to its members.

Apart from its role as a co-ordinating and facilitating
node of the IAEE, the Indian Association for Energy and
Environmental Economics has also hosted Annua Interna-
tional Conferences of the IAEE in Indiain 1990 & 1997.

The Indian Association of Energy and Environmental
Economics (IAEEE), in association with the Tata Energy
Research Institute (TERI), organized the 20th Annual Inter-
national Conference of the | AEE during January 22-24, 1997
around the major theme, “Energy and Economic Growth - Is
Sustainable Growth Possible?” An | AEEE General Member-
ship Meeting was also scheduled during the same time. The
Conference was well attended by more than 250 people from
various countries and from varied backgrounds.

Among recent work of larger current interest in the area
of sustainable energy and resource utilization in the country
is the DISHA document prepared by the Tata Energy
Research Institute (TERI). DISHA stands for Directions,
Innovations, and Strategies for Harnessing Action and was
taken up asthe sequel to an earlier study titled - GREEN India
2047- (Growth with Resource Enhancement of Environment
and Nature). The focus of DISHA isto develop and dissemi-
nate the elements of astrategy by which Indiacan reversethe
damage done to its natural resources in the first 50 years of
independence, and arrive at asustainable structure before the
next 50 years.

Ritu Mathur




