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ABSTRAKT 

 

Cílem práce je podat komplexní pohled na problematiku modelování energetických 

systémů při zaměření se na energetické modely dílčí rovnováhy a na specifické podmínky 

České republiky. Popíšeme základní charakteristiky českého elektrického systému. Poté 

budeme diskutovat výhody a nevýhody modelů dílčí rovnováhy a představíme několik 

energetických modelů využívaných v Evropě a ve světě. Dále budeme diskutovat 

nejdůležitější parametry v modelech dílčí rovnováhy a vývoje energetického systému. Na 

závěr sestrojíme model českého elektrického systému v modelu MESSAGE a analyzujeme 

možný budoucí vývoj českého elektrického systému na základě čtyř scénářů.  

 

Klíčová slova:  Optimalizace energetického systému, PE model. 

 

 

ABSTRACT 

Our aim is to show a complex picture of energy system modelling with a focus on 

partial equilibrium energy models and on specific conditions in the Czech Republic. We 

describe the basic characteristics of the Czech electric system. Then we discuss the 

advantages and drawbacks of partial model and introduce a few energy models used in 

Europe and in the world. Furthermore we discuss the key parameters of partial equilibrium 

models and energy system development. In the end, we construct a model of the Czech 

electric system in the MESSAGE
1
 model and analyze the possible future development of the 

Czech electric system on four scenarios. 

 

Keywords: Energy system optimisation, PE model. 

  

                                                             
1 Acronym for Model for Energy Supply Strategy Alternatives and their General Environmental Impacts 
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1. Introduction 
 

Energy systems have rigid structures and the decisions made in energy sectors are 

long-run because energy systems require high specific investments. Energy sectors are 

network sectors. Those are the main reasons why energy markets are still mainly oligopolies 

though the liberalization processes in the EU in the past years. 

Energy sectors subject to regulation. Nowadays the regulation has unlocked market 

conditions and has focused more on environmental regulation. And needless to say that 

energy sector still has a strategic-political importance. 

The EU - and the Czech Republic - stays for the question how to satisfy its energy 

needs in the future. There is a global warming threat as well as other ecological and political 

problems, such as the need of energy independency, which must be solved. 

The energy models could show us how to solve these problems and could help us to 

answer the question of satisfying our energy needs in the future. 

 

The objective of this thesis is to show a complex picture of energy system modelling 

with a focus on partial equilibrium energy models and on specific conditions in the Czech 

Republic. First we will provide the reader with fundamental conditions of the Czech electric 

system and we will give an insight into the issue of energy system modelling and partial 

equilibrium energy model. In the practical section we apply the MESSAGE model to the 

Czech Republic we try to find the optimal electricity generation portfolio and the optimal 

fuel mix. 

The thesis is organised as follows. In chapter 2 we describe the basic characteristics 

of the Czech electric system. In chapter 3 we focus on energy system modelling. We discuss 

the advantages and drawbacks of partial model and introduce a few energy models used in 

the world and Europe – the MESSAGE model we describe in more details and explain the 

model structure, which is used in the application for Czech electric system in chapter 5. 

Furthermore, we discuss the key parameters of partial equilibrium models and energy system 

development in chapter 4. In chapter 5 we construct a model of the Czech electric system in 

the MESSAGE model and analyze the possible future development of the Czech electric 

system on four scenarios on which we want to evaluate the impacts of EU ETS and of 

restriction or non-restriction of nuclear energy on the cost of power generation and on 

emissions of CO2 and SO2. The final chapter offers our conclusions on the key issues 

mentioned throughout this piece. 
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2. Description of Czech Electricity sector and market2 
 

The Czech electricity market has been gradually liberalized after the Velvet 

Revolution. It was accomplished the unbundling of production and distribution in ČEZ 

group, E.ON group and PRE group.  

On 5th March 2007, the Prague Energy Exchange (PXE) was established. PXE is a 

business platform for trading with electricity in the Czech Republic and Slovak Republic 

which aims at setting new rules for trading with electricity, where the price is driven mainly 

by the relationship between the current supply and demand. The Prague Energy Exchange is 

the first market of its kind in Central and Eastern Europe. (Prauge Energy Exchange, 2009) 

 

2.1. Primary electricity consumption 

Czech electricity consumption in 2007 was 72 TWh including transport losses which 

is a 0,5% increase in comparison with 2006. Table 1 shows the gross electricity consumption 

by sectors. 

Year maximum gross load in the CZ with value of 11 059 MW was reached at 5 pm 

on 29
th
 November 2007 and year minimum gross load with value of 4 881 MW at 6 am on 5

th
 

August 2007. So the year maximum load was more than 2,2 times bigger than the year 

minimum load. 

Table 1 Gross electricity consumption in 2007 by sectors 

Industry Energy 

sector 

Transport Building 

industries 

Agriculture Households Services Others 

25,3 TWh 13,0 TWh 3,0 TWh 0,4 TWh 1,3 TWh 14,7 TWh 6,6 TWh 7,7 TWh 

35 % 18 % 4,1 % 0,5 % 1,8 % 20,4 % 9,1 % 10,7 % 

Source: own illustration based on (Ministerstvo průmyslu a obchodu, 2008 p. 23) 

 

 

 

 

                                                             
2 This section is based on (Ministerstvo průmyslu a obchodu, 2008) 
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2.2. The main reference energy technology and power plants being operating  

Total installed capacity of Czech power plants is 17 562 MW (at 31
st
 December 2007) 

Current structure of operating power plants due their installed capacity is shown in 

the Table 2. Need to say brown coal PPs have the biggest share on heat PPs.   

Table 2 Power plants in the Czech Republic 

Installed capacity Type of power plant Percentage share on total 
installed capacity 

10 648 MW   Heat PP 60,7 % 

3 760 MW   Nuclear PP 21,4 % 

2 176 MW   Water PP including Pumped-
storage power plant 

12,4 % 

815 MW   Gas and Combined-cycle Gas 
PP 

4,6 % 

163 MW (114 MW) Alternative PP (Wind PP) 0,9 % 

Source: Own illustration based on (Ministerstvo průmyslu a obchodu, 2008 p. 43) 

In 2007, the installed capacity of heat PP does decrease by 43 MW in comparison 

with 2006. On the other hand, installed capacity of gas and Combined-cycle Gas PP does 

increase by 11 MW and the biggest increase of staled capacity was by renewable resources 

by 86 MW – mainly by wind PP (70 MW). Total accrual of installed capacity in the CZ was 

54 MW in 2007. 

  

2.3.  The main producers and distributors 

The most important and dominant electricity producer in the CZ is company ČEZ, a.s. 

with almost 70% share on installed capacity and 74% share on produced electricity. The 

second biggest producer is company Sokolovská uhelná, právní nástupce, a.s. with only 3.5% 

share on the market and the third biggest producer is Dalkia Česká republika, a.s. with 3% 

share on the market.
3
 

                                                             
3 Other important electricity producers with installed capacity bigger than 200 MW are: International 

Power Opatovice, a.s., ECK Generating, s.r.o, Energotrans, a.s., United Energy, a.s.. Also some big 

industry concerns have electricity source for own consumption - Unipetrol RPA, s.r.o., and Mittal 

Steel Ostrava, a.s. have sources with installed capacity bigger than 200 MW. 
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There are only three vertical integrated companies in Czech electricity market, which 

have (due to their subsidiaries) licence for electricity distribution and also for trading with 

electricity. These companies are ČEZ, E.ON and PRE.  The share of these three electricity 

deliveries on total consumption of end consumers is bigger than 95 % and even bigger than 

99 % by the consumer on low voltage. 

3. Energy system modelling 
 

Energy systems are complex and miscellaneous. All of us and almost all of human 

activities are dependent on their stable run today. A good understanding and managing of 

energy system are essential for the trouble free energy system run. The energy system 

modelling helps us to better understanding of energy systems, to evaluate the energy strategy 

alternatives. In this part, we will try to describe the main aspects of energy system modelling 

and add a few examples of energy models. 

Energy systems have to deal with increasing energy demand, limited resources and 

reserves and not in the last row with political decisions and regulations. Nowadays the 

modelling of energy systems is an essential tool to secure the energy security – which 

guarantees the energy demand coverage with rational costs. Energy modelling is not only an 

useful tool for each energy producers to optimize his production and plant equipment, but in 

these days and especially in the EU it is the tool – which can help energy regulators to make 

rational decisions. Energy system modelling allows simulating impacts of regulative 

practices, technological or price development and it is very important for environmental 

impacts evaluations.  

But energy system modelling is only the tool, very useful but still only a tool. Energy 

modelling is not able to give us the undoubtedly right and true answers. It is dependent on 

good input data and it could be governable by the modeller. The one and only model for 

energy system modelling doesn’t exist. Each model has its advantages and disadvantages.  

For all these reasons the energy system modelling has become an important argument 

tool in political decisions and negotiations on international, European, national and regional 

levels. Energy system modelling plays an anchor role by negotiations and determination of 

the National Emissions Ceilings within the EU and other fundamental strategic decisions. 

Because a good decisions (or the best possible) come from discussions and consensus 
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usually, it is very important that each EU country has its energy system modelling and could 

negotiate and argue with EU commission using the energy system modelling. 

3.1.  Energy model classification4 

We can assort the energy models into several categories by various aspects. The 

classification of energy models helps us to better understanding of models roles and their 

application possibilities. We have a number of ways how we can classify the energy models. 

Some models are very flexible and we cannot classify them unequivocally. So there are often 

no sharp borders and some model could be classified in more than one category. 

Thierry Lefevre from Centre for Energy Environment Resources Development 

distinguishes the following model categories and evaluation aspects: 

 

Objective/Purpose of models; 

Model packaging; 

Modelling approach; 

Time and geographical coverage. 

3.1.1. Objective/Purpose of models 

One of the basic model characteristics is its objective/purpose. Energy models can be 

classified based on their objectives/purposes broadly into three types:  

 Demand models 

Energy demand models are basically designed and used for energy demand forecasting 

(e.g., MEDEE-S, MAED). 

 Supply models 

Energy supply models are designed and mainly used for energy supply simulation and 

forecasting (e.g., MARKAL, MESSAGE, EFOM-ENV, WASP, DECPAC). Some supply 

models can also be extended by incorporating the demand side (e.g., MARKAL, EFOM-

ENV). 

 System models 

Energy system models are configurationally for overall energy system analysis including 

demand, supply and balance (e.g., LEAP, ENPEP, NEMS, and POLES). 

 

Some energy system models also incorporate macro-economic analysis together with 

energy system analysis. Hence Lefevre classifies energy system models further into two 

types: 

                                                             
4 This section is based mainly on Lefevre (2005) 
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o Energy system models with macro-economic modelling components are referred to as 

energy-economic model (e.g., MICRO MELODIE, POLES, and PRIMES). Some energy-

economic models consider energy price equilibrium while balancing supply and demand. 

Price equilibrium energy-economic models we can further divided into two categories: 

 

 Partial equilibrium models (e.g., PRIMES) 

 General equilibrium models (e.g., MERGE, GTEM) 

 

o Energy system models without macro-economic modelling component (e.g., ENPEP, 

LEAP).  

3.1.2. Model packaging  

Another view on energy models represents the model packaging aspect. Based this 

aspect we divide the energy model into two types: 

 

 Single Package Model 

Single package model appears as a single package (e.g., EFOM, MARKAL,        

MESSAGE, etc…) but in some cases they include some sub-models. 

 Modular Package 

Modular packages offer separate modules-models for different components of the 

energy chain (e.g., resources, supply, demand, economic and environmental impacts, 

etc…). Modular packages interconnect these separate different models into one 

complex system. For example the energy system models are mostly of a modular type 

(e.g., ENPEP, PRIMES). 

3.1.3. Modelling approach 

Based on modelling approach we can classify energy models into following four 

types: 

 Econometric energy models come out from macro-economic indicators and they are 

basically developed and used for analyses and academic researches rather than for real 

energy planning. 

 Optimization models come out mostly from real data statistics. Mainly energy supply 

models are optimization model type (e.g., MARKAL, EFOM, WASP, MESSAGE).
5
 

 End-use accounting models deal basically with the demand site. One example of such 

model is energy demand model MEDEE-S. 

                                                             
5 There is some ambiguity because optimization models are sometimes understood also as partial equilibrium 

models. This will be also our case. In the following sections, we will write about PE models in this sence. 
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 Hybrid approach models combine different modelling approaches in their modules. Most 

of the energy system models with modular packages employ hybrid approach but also 

some other models employ hybrid approach like POLES model that employs econometric 

approach in the macroeconomic module, whereas end-use accounting approaches in energy 

modules. 

3.1.4. Time and geographical coverage 

The classification based on time or geographical coverage is fuzzy because the 

application in this way depends more on the user rather than the model itself. Furthermore 

many models are designed not only for one time horizon or one type of geographical 

coverage. 

However we can differentiate following types of models or better types of model 

applications: 

 Short-term (< 5 years)  

 Medium-term (15 to 25 years) 

 Long-term (30 to 100 years) 

 

 National models  

 Regional models 

 Global models 

Some models can be also used on local level. 

3.2.  CGE models versus Partial Equilibrium models 

Now we will try to give a basic description of the difference between Computable 

General Equilibrium (CGE) models and Partial Equilibrium (PE) models and their 

advantages and drawbacks. Our thesis deals only with basic characteristics of this theme, 

however, for deeper understanding further analysis will be required. 

 

Computable General Equilibrium
6
 models are based on Walrasian General 

Equilibrium Theory and capture linkages among all sectors of an economy. CGE models are 

usually aggregated. So on one hand, they don’t require so detailed input data. But on the 

other hand, they give only “aggregated” results – in the best case on the same level as the 

input data.  

The aggregation of input data causes that the technological change is usually an 

exogenous factor. In some CGE models focused on energy or environmental policy analysis 
                                                             
6 Full definition of CGE models you can find in annexes. 
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the “autonomous energy efficiency improvements” (AEEI)
7
 is incorporated. (Bergman, 2003 

p. 12) Bergman writes further that in environmental CGE models with a “bottom-up” 

description of the technology of the energy sector it is quite common to incorporate a “back-

stop” technology that becomes available sometime in the future which is typically based on 

non-exhaustible resources. The date when the back-stop technology is available is 

exogenously determined, but when (after the availability) the back-stop technology will be 

actually used is endogenously determined in the model.(Bergman, 2003 p. 12) 

 

David Abler writes that most Partial Equilibrium models are not consistent with 

theory on either supply or demand sides.(Abler, 2006) PE models have no linkages among 

sectors of an economy, they focus only on one (or in some cases on a few similar) sector. The 

demand (or by some models supply) is usually determined either exogenously (in the 

optimisation models like MESSAGE) or it is implicitly given by macroeconomics parameters 

such as GDP and population growth or energy intensity. 

PE models work usually with non-aggregated input data or less aggregated than CGE 

model. PE models allow modelling of selected sector into more details including choice of 

various constrains which make the model closer to the reality. So PE models give us a more 

detailed insight into the problem which allows us a better understanding of the problem.  

In energy PE models, a database with extensive set of current and future available 

technologies is usually incorporated. So the problem of technological change is solved with 

help of this set of technologies, where the use of each single technology is endogenously 

determined in the model. Under some assumption technological change can be solved more 

sophisticated.
8
 

                                                             
7 „The AEEI-factor is assumed to be exogenously determined and to reflect all factors, except current price-
induced substitutions, that make the input of energy in a given production sector grow slower than the output of 

that sector. The numerical value of the AEEI-factor is often assumed to be in the interval 0-2 percent per 

annum.”(Bergman, 2003 p. 12) 
8 See (Messner, 1997) 
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3.3.  Overview of partial equilibrium energy models 

In this part, there are presented representative partial equilibrium energy models that 

are used in Europe and therefore they are relevant from EU and Czech Republic point of 

view. Most equilibrium models assume following preconditions: competitive markets for all 

commodities, all actors maximize their utility. 

 

3.3.1. BALANCE 

The BALANCE and also the following WASP-IV are components of Energy and 

Power Evaluating Programme (ENPEP) which was developed by Argonne National 

Laboratory (ANL) under the auspices of the U.S. Department of Energy (DOE) and the 

International Atomic Energy Agency (IAEA). BALANCE is a simulation energy model. 

BALANCE processes a representative network of all energy production, conversion, 

transport, distribution, and utilization activities in a country (or region) as well as the flows 

of energy and fuels among those activities. The environmental aspect is also taken into 

account by calculating the emissions of various pollutants. In addition to energy costs, the 

model also calculates the environmental costs. These costs can be used to affect the solution 

found by the market equilibrium algorithm. The main purpose of the software is to provide 

analytical capability and tools for the various analyses of energy and environmental systems, 

as well as for the development of a long-term energy strategy of a country or region. 

The BALANCE model works with an energy sector network that consists of nodes 

and links. The nodes of the network represent energy activities or processes, such as 

petroleum refining. The user connects the nodes with a set of links. The links represent 

energy and fuel flows and associated costs among the specific energy activities. Links 

convey this information (e.g., price and quantity) from one node to another. The energy 

network is developed by defining the energy flows among 10 types of nodes. Each node type 

is associated with specific equations that relate the prices and energy flows on the input and 

output links of the node. The model allows editing the input data in each node.  

The algorithm within the BALANCE module processes a system of simultaneous 

nonlinear equations and inequalities. These relationships, defined by input parameters 

associated with each node in the energy network, specify the transformation of energy 

quantities and prices through the various stages of energy production, processing, and use. 

An equilibrium model, represented by the energy network, is solved by finding a set of 

energy prices and quantities that satisfy all relevant equations and inequalities. To find the 
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solution, the model requires initial estimates of values of fuel importation and production 

quantities at the bottom of the network. (Argonne National Laboratory, 2007). 

 

3.3.2. WASP-IV 

The Wien Automatic System Planning Package (WASP) was originally developed by 

the Tennessee Valley Authority (TVA) and Oak Ridge National Laboratory (ORNL) of the 

United States of America to meet the needs of the IAEA's Market Survey for Nuclear Power 

in Developing Countries conducted by the Agency in 1972-1973.(IAEA, 2006 p. 1) IAEA 

has developed the model since further. The WASP-IV is the latest version which includes 

environmental and health impacts. 

WASP-IV is designed to find the economically optimal generation expansion policy 

for a closed electric utility system within user-specified constraints. It utilizes probabilistic 

estimation of system-production costs, -unserved energy cost, and -reliability, linear 

programming technique for determining optimal dispatch policy satisfying exogenous 

constraints on environmental emissions, fuel availability and electricity generation by some 

plants, and the dynamic method of optimization for comparing the costs of alternative system 

expansion policies.(IAEA, 2006 p. 2) The optimum is evaluated in terms of minimum 

discounted total costs. 

WASP-IV allows to set 12 types of plants grouped by fuel-mix types (of which: 10 

types of thermal plants, 2 composite hydroelectric plants and one pumped storage plant); up 

to 2 types of environmental pollutants; relative flexible load curves for each period and year 

and also up to 5 hydrological years. The model is designed up to 30 years of study period and 

each year can by divided into 12 periods. 

Unlike the others energy models WASP-IV is designed to deal solely with electric 

sources within an electric system. The model is unable to simulate combine heat and power 

production.   

 

3.3.3. MARKAL – EFOM – TIMES model family  

MARKAL and TIMES models have been developed under the auspices of the 

International Energy Agency (IEA) within the Energy Technology Systems Analysis 

Programme (ETSAP). Both models are used in many countries of the world. 
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3.3.2.1. MARKAL 

MARKAL (MARKal ALocation) is a “bottom up” partial equilibrium, multi-regional 

energy model. MARKAL computes a partial equilibrium via maximization total net surplus. 

The model deals load curves and it distinguishes Baseload Plants and others that satisfy Peak 

requirements. MARKAL includes a set of technologies (current and future) with technical 

and economic characteristics. MARKAL differentiates from other technology explicit models 

so that it doesn’t require information about abatement technology implementation but it 

chooses itself the way of the implementation according the abatement technology’s 

characteristics. 

 

In recent versions the MARKAL has got end-use demands that are sensitive to their 

own prices, and thus capture the impact of rising energy prices on economic output and vice 

versa. This means that MARKAL as one of few linear model includes a feedback between 

prices and demands. MARKAL does not treat the energy sector as a hierarchical structure. 

All production and consumption technologies are on the same level.(Tichý, 1996 p. 49) 

The MARKAL deals with following main variables: Demands - that represent the 

energy services (e.g., space heating, lighting, vehicle-kilometres travelled,) that must be 

satisfied by the system; Energy sources (mining or imports), that represent methods of 

acquiring various energy carriers; Sinks, that represent exports; Technologies (also called 

processes), that either transform an energy carrier to another form or into a useful energy 

service; and Commodities consisting of energy carriers, energy services, materials, and 

emissions that are either produced or consumed by the energy sources, sinks, technologies 

and demands.(R. Loulou, 2004 p. 12) These variables are interconnected in a system which is 

called Reference Energy System (RES)
9
. 

 

MARKAL has also some other variations: MARKAL-MICRO, MARKAL-MAKRO, 

MARKAL- STOCHASTIC and MARKAL-ETL/LI. The first two of them are the most 

frequent.  

The MARKAL-MICRO is an alternate partial equilibrium formulation of MARKAL 

that allows endogenous, price sensitive useful energy demand, jointly with the price sensitive 

supply of energy. It accomplishes this by means of minimizing the total surplus for the entire 

energy system via non-linear, convex programming.(R. Loulou, 2004 p. 368)  

                                                             
9 We can see here some analogy with the Energy Chain in MESSAGE model which is described in the next part. 
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The MARKAL-MACRO is a hybrid model combining the technological detail of 

MARKAL with a succinct representation of the macro-economy consisting of a single 

producing sector. MARKAL-MACRO is able to compute a general equilibrium in a single 

optimization step.(R. Loulou, 2004 p. 26) 

3.3.2.2. EFOM-ENV  

EFOM-ENV (Energy Flow Optimization Model - Environmental) is a supply techno-

economic dynamic energy model that simulates and/or optimises the primary energy 

requirements and the related investments in energy production and consumption necessary to 

satisfy a given exogenous demand of useful or final energy.(P.A. Pilavachia, 2008) The 

model is focused on economy, energetic and environment. Like other optimization models 

EFOM-ENV computes the optimum as a discounted total costs minimum within user-

specified constraints. EFOM-ENV allows the user to change the maximized or minimized 

function, e.g., to find a solution with minimum emissions. EFOM-ENV treats the energy 

sector as a hierarchical structure. The model allows to create groups for balance purposes 

(e.g., to aggregate). That makes it easier to change the energy structure. 

 

EFOM-ENV has been developed by group of EU countries under the support of EU 

commission. The model is used in many EU countries. In the Czech Republic EFOM-ENV 

has been used mainly in studies for Czech government since the first halve of 90’s. EFOM-

ENV model was used for example also within EU SYNERGY programme years 1998-1999. 

The company Enviros, s.r.o. develops the EFOM model still in the Czech Republic. 

 

3.3.2.3. TIMES 

TIMES is an acronym for The Integrated MARKAL-EFOM System. TIMES is the 

latest member of this model family. The model was inspired with these two models and it 

was introduced in 1999. It has very similar structure like MARKAL and EFOM. We could 

say TIMES incorporates the advantages of both models, like you can see on the next figure. 

The model has been designed for the long-term analysis of energy, environmental and 

economic (E3) issues over a time-horizon ranging from several years to decades. (U. 

Remme) 
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Figure 1 Integration of EFOM-ENV and MARKAL qualities into TIMES 

 

Source: Lehtilä, 2006, Notes on the Use of TIMES at VTT p. 3 

3.3.3. PRIMES model 

The PRIMES model is an energy system model that plays an important role because 

the outputs from the model’s energy balance are used within GAINS program to National 

Emissions Ceilings estimating. The model was developed by Energy-Economy-Environment 

Modeling Laboratory (E3Mlab) mainly for European Commission purposes. PRIMES covers 

all EU-27 member-states individually and furthermore candidate member-states and EU 

neighbours, such as Norway, Switzerland, Turkey or South East Europe. 

The PRIMES model is a modelling system that simulates a market equilibrium 

solution for energy supply and demand. The model determines the equilibrium by finding the 

prices of each energy form such that the quantity producers find best to supply matches the 

quantity consumers wish to use. The equilibrium is static (within each period) but repeated in 

a time-forward path, under dynamic relationships.(E3Mlab, 2000 p. 3) 

PRIMES model is a hybrid model that combines engineering-orientation with 

economic market-driven representations. It means that the model has mixed representation 

and consists of bottom-up (engineering, explicit technology choices) and top-down parts 

(microeconomic behaviours, consistent economic decisions by agent). We can characterize 

the model as a partial equilibrium or generalized equilibrium model for energy system. The 

model focuses on market mechanisms and modularity for demand and supply. PRIMES 

formulates a non-linear mixed complementarily problem (MCP). This MCP is solved under 

GAMS which allows finding the market equilibrium.(Capros, 2005 p. 4) 
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It is designed with detailed technology representation well-developed demand side.  

The technology representation includes more than 150 explicit technologies (E3Mlab, 2007 

p. 29). PRIMES goes out international databases such as EUROSTAT (e.g., fuel and energy 

consumption) or IEA (fuel prices) but for the future development, the model uses outputs 

form other models. The connections between PRIMES and other models we can see on 

following figure. 

Figure 2 PRIMES model and links with other models 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Source: Energy-Economy-Environment Modeling Laboratory, 2007, p. 16 

3.3.4. POLES model 

POLES (Prospective Outlook on Long-term Energy Systems) is an econometric, 

global energy partial equilibrium model. The model has been used in many European studies 

for EU Commission or French ministries to evaluate energy and GHGs emissions reductions 

policies. It has been also used by creating the WETO – H2 2050 report. 

POLES model is fully integrated model that aggregate the different modules through 

feedback effects and recursive process. The model is designed for a year-by-year recursive 

simulation. It simulates the energy demand and supply for 32 countries and 18 world 

regions.(Kitous, 2006 p. 4) There are 15 energy demand sectors (main industrial branches, 

transport modes, residential and service sectors), 12 large-scale power generation 

technologies and 12 new and renewable energy technologies. For the demand, behavioural 

equations take into account the combination of price effects, technical-economic constraints 

and trends.(Enerdata) For the energy demand estimation, the model deals with 

macroeconomic parameters like GDP, population, technological development and their 
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trends. POLES model estimates also the world fuel prices and it takes into account the 

extraction costs, the R/P ratio (Reserve/Production) and capacity utilization of the biggest 

producers. The model includes the integration of import demands and export capacities too. 

POLES model allows us set different parts of year and days and we can create a load 

curve on this way. Besides energy demand and supply, with POLES we can simulate CO2 

emissions and technology development for electricity supply too. For this model was created 

the TECHPOL database which includes the investment cost and technical parameters for 

each technology from the model and a representation of technologies for cars, buildings and 

steel. 

 

3.3.5. Model MESSAGE 

3.3.5.1. Basic characteristic 

Model for Energy Supply Strategy Alternatives and their General Environmental 

Impacts (MESSAGE) is a linear model developed by the International Institute for Applied 

Systems Analysis (IIASA). The model is able to simulate and optimise an energy system 

from resources mining or import to the final demand. But like it was told, it is a linear model. 

This means that there are no cycles in the model and that the resultant values do not enter 

back into the model
10

. So the MESSAGE cannot simulate reaction of demand on changed 

prices and supply. Demand is one of the main inputs into the model. Therefore we have to 

make a lot of simulations with different demands and energy and fuel prices. 

On the other hand the model is very detailed. MESSAGE is designed to formulate and 

evaluate alternative energy supply strategies consonant with the user-defined constraints such 

as limits on new investment, fuel availability and trade, environmental regulations and 

market penetration rates for new technologies.(IAEA, 2002 pp. I-3) The model includes also 

a possibility to calculate in the simulation with some regular demand fluctuations during a 

time period. There is a potential to differentiate day and night, winter and summer, etc. The 

model is then able to calculate the load curve and optimise the power plant’s inventory on 

this base. 

The MESSAGE allows us to create more scenarios of our case study on a simply way. 

This is useful for the sensitive analyses because we can change some parameters in the 

scenarios easily. 

                                                             
10 The MESSAGE’s objective function you can find on Figure 19 in Annexes 
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In the results part MESSAGE shows not only the optimal (under entered premises) 

composition and structure of the energy system but we can choose any item from the model 

and the model shows us the development of the item (e.g., investment costs, fuel mix) and 

that for each power plant separately. MESSAGE produces the results in its own format but 

they are easy to export into an excel sheet.  

3.3.5.2. Input data and model structure 

The MESSAGE requires a considerable amount of input information in order to 

simulate the energy system so detailed. The main input data are technical and economic data 

of the technologies (e.g., potential fuel types, efficiency, capacity, emission factors, and 

investment costs), discount rate, fuel costs, energy demands and their trends. We have to feed 

all the data into the model carefully. But unfortunately some of the data are not completely 

easy to get. Especially the price and demand development we have to take only from 

regarded forecasts and investment costs of new technologies too. 

The MESSAGE works with three databases: Technology Database, Application 

Database and Local Database. The Technology Database includes a set of default 

technologies and energy forms which we can use by creating our case study. The Application 

Database serves for the creation of our base scenario – here we feed almost all data into the 

model. The Local Database is based on the Application Database and it serves only for 

creation of possible another scenarios. We can change some parameters from the base 

scenario in this database but unfortunately only some parameters. In some cases we have to 

copy our base scenario and to create a new case study for changing some key parameters. 

 

User interface of Application and Local Databases is made up of eight sections into 

which we put the data: General, Load regions, Energyforms, Demands, Constrains, 

Technologies, Storages and Resources.
11

 

The key data in section General are discount rate and years. By the years we set the 

time horizon of the case, number of periods to optimise and number of time steps for which 

activity and capacity variables are integer variables – length of the base time unit for 

optimise. The last model year we should set approximately twenty or thirty years behind our 

desired end year because the model needs to spread also the investments from the last years 

                                                             
11 The following description is common for both databases but in the Local Database we can set only a part of 

the parameters. 
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of our simulated time area. We set also the default units like currency, energy and power unit 

here. 

The MESSAGE model allows modelling of variations in energy demand within a year 

with seasons, types of days or time of a day. This requires additional parameters to form the 

pattern of the energy demand, which is referred to as load region or load curves. (IAEA, 

2002 pp. III-5) This means we can define any number of seasons in the year, types of day 

(e.g., workday, weekend or holiday) in each season and parts of each type of day. So if we 

wanted and had enough required data, we could simulate an energy system with exactitude 

on hours. 

The basic structure of our simulated case we create in the section Energyforms. Here 

we define the energy level from end demand to over the production of heat and electricity to 

the fuel resources. We can make an energy level for trading with emission allowances too. 

We can simulate the trading with emission allowances on level of individual power plant (or 

heating plant) or for the whole energy system as a complex on this way. In each energy level 

we set the concrete energy forms. This means the concrete power plants, heat plants, fuels, 

types of demand, etc. To these prepared items we add their values and other parameters in the 

other model sections. 

By Demands we choose the single, in Energyforms predefined, demands and set their 

values. We have to do this with all demands and actually for all our load regions. The model 

gives us four choices how to define the demand’s escalation. They are adduced in the Table 

3. On the same way we can set all parameters in the model by which it is needed - like all 

costs or constrains. 

Table 3 Types of Data Set 

 

 

 

 

 

 

 

 

 

     

 Source: International Atomic Energy Agency, 2002, MESSAGE-User manual, p.III-52 
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In the section Constrains there are four group of constrains at our disposal: 

cumulative, cumulative per period and two free undefined groups, which give us some 

latitude for our own specific needs. Here we set for example the emission factors for each 

technology and fuel, emission limits and also the possible payments for the emissions. The 

model gives us also the possibility to set unlimited number of types of payments and 

constrains for the emissions or other activities. We can define the upper and lower limit for 

all constrains. We set the unit costs for activity unit and we can add penalties, either negative 

for the activity values below the lower limit or positive for the values above the upper limit. 

For each single penalty we set its limit. There is created a range between each two limits on 

this way, in which the penalty is put on the base unit costs. This means the final price of the 

activity unit can be lower than base unit costs (or even negative) if the activity value ranges 

below the lower constrain limit of the activity. In the case that the activity value exceeds the 

upper limit, the unit costs rises by the penalty but only for the volume above the upper limit – 

the base unit costs for the remainder is unchanged. This way we can receive a motivational 

scheme with graduated payments for any constrain which we put into the model. 

 

The section Technologies poses something like the heart of the model because we 

create the final structure of energy system here – the energy chain. We define technologies 

for each energy form from the Energyforms section. Under technologies are understood 

single steps and processes in the proceeding from primary energy resources right to final 

demands (e.g., fuels, fuel mixes, power plants, demands). The section Technologies consists 

of two parts: Activity and Capacity. 

In Activity part we set input and output flows by each technology (Imported fuels, 

electricity or heat have no entry only unit costs and demands have only inputs – they close 

the energy chain.). We can add more than one input or output for each technology and 

change the proportion of the single inputs and outputs also. This way we link all our energy 

forms linearly. With the proportion of inputs to outputs we define the effectiveness of the 

given technology. In each technology we can set variable activity unit costs and their 

escalation if any variable costs are created directly in this technology. There are all constrains 

from the section Constrains at our disposal and we can integrate them into given technology. 

But the MESSAGE offers us even more constrains like Annual bounds on activity, Lag times 

for output fuels and materials, Bounds on activity or Market penetrations on activities. 

The Capacity part is important mainly for new technologies and capacities which are 

not constructed yet – especially for the power plants, CHP or heat plants. In this section we 
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put into the model the capacity of the new technology unit (the model has to build the whole 

unit not only a part of it), the plant life, maximal availability of the technology per year or 

load region if it has a defined load region, but primarily the investment costs per unit of main 

output (in our case per MW) and construction time of the technology unit. We can also set 

the minimum utilization rate of the technology or fixed O&M costs per year – but these costs 

are only crude and in the most cases insignificant compare to the variation costs. The model 

allows us to restrict the new capacity addition per year, the cumulative installed capacity for 

given technology or market penetration of new capacities. 

Figure 3 shows us a schematic illustration of some energy chain. 

Figure 3 Schematic illustration of some energy chain 

Source: International Atomic Energy Agency, 2002, MESSAGE-User manual, p. I-2 

The Storages can be used for simulation of transfers of energy from one period to 

another (e.g., from night to day, from summer to winter). We should define similar 

parameters like in part Capacity of section Technologies here – plant life, unit capacity, 

investment costs and construction time. Moreover we choose a type of storage - continuous, 

seasonal, annual, weekly or daily - and we set storage costs and technical parameters of the 

storage (e.g., maximal and minimal energy volume, storage losses). 
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In the section Resources we define the fuel cost multiplier – the relationship between 

resource cost and fuel cost – and the total resource extraction limit. The model allows us to 

define more product categories from the same resource. For each of product we set the 

resource cost, remaining resources and upper limit on annual extraction for given product. 

For each product we have all constrains from the section Constrains at our disposal and 

further we can set bounds on extraction for given product and market penetrations of the 

product. 

4. Key parameters of PE models and energy system development 
 

The results of simulations and optimisations in all energy models are depended on the 

input variables. We must deal with uncertainty, because we know only the today values of 

the input data and by the future values we have to be satisfied only with estimates and 

forecasts of them. Because some variables are predictable better and some worse, we will 

discuss the main variables and some aspects that can influence their development. 

4.1.  Costs 

The costs are the most important parameter in energy system modelling and they 

determine the structure of energy systems. Unfortunately, the costs are very difficult 

predicable and the variances (especially by fuel costs) of the estimates are big. So by the 

energy modelling, we must work usually with a few price scenarios. 

Discount rate is an important parameter witch influences the total costs of power 

generation. The discount rate reflects the capital cost and plays a fundamental role by 

calculation of net present value of each investment and by optimization of the objective 

function in each energy system model. Discount rate reflects the stability of economy and the 

specific conditions of given economic sector. So we should work with a discount rate 

specific for the concrete economic sector. For example Auerswald (2009, p. 8) estimated the 

discount rate for  German power generating industry as weighted sum of equity cost and debt 

cost regarding the influnece of taxes with value of 9,02 %.  

The structure of energy production costs is following: investment, fix- and variable 

operation costs. Today we must take into account also the pollution abatement costs which 

are usually already included in the investment and variable costs by new sources, but not by 
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the current operating sources. The abatement costs have became important due the emission 

regulation. 

 

Investment costs create a significant part of total energy production costs. The 

investment costs of current technologies are known and by the new, expected technologies, it 

is not so difficult to estimate them. Generally, gas power plants have the least investment 

costs and nuclear power plants together with the expected future high-efficient coal plants 

require very high investment costs. (see the Table 7 in Annexes) 

 

Fix costs are almost insignificant in comparison with other costs. Operating 

personnel’s loans and protective systems create usually the main part of them.  

 

Variable costs - Fuel costs create almost all variable costs by energy production and 

we will describe them more in detail. Fuel costs are together with investment costs the most 

crucial costs of energy production. So the fuel price (including emission certificates) and fuel 

availability are the key factors by energy planning. 

 

Abatement costs we can divide into investment and operating costs of technological 

equipment which reduce the emissions of pollutants and into costs of fuel switching – it is the 

difference between the original and new fuel prices plus potential required investments in 

technological adaptations.   

4.1.1. Fuels and fuel prices 

Fuel costs create almost all variable costs by energy production and we will focus on 

them now. As mentioned before, the fuel prices (including emission certificates) and fuel 

availability are the key factors by energy planning.  

Prices of most of the fuels used to energy produce are created on the world market. 

Only brown coal and biomass constitute an exception, their prices are created on local level 

because the transport of them is not profitable (Their energy content is too small.). Nowadays 

the situation on global energy markets is very volatile. We can observe oil price range from 

40 to 150 $/bbl within only one year. 
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4.1.1.1. Natural gas  

Now we make a short note about natural gas, because natural gas has a specific 

position in energy sector today. Natural gas market is one from the most dynamic energy 

markets. In Europe, the liberalization of gas market is still under process. The EU tries to 

diversify natural gas imports. And the development of Liquefied Natural Gas (LNG) 

technology enables intercontinental natural gas transport, which connects slowly the 

originally separate gas markets into one global market. 

The role of gas tends to increase in the EU. Ekawan writes that it is expected to 

supply 37 % of power production in the EU-15 in 2020, instead of 17 % in 2000. (Ekawan, et 

al., 2006 p. 1496) 

Gas power plants are common use as peak plants and for this reason they create an 

important stabilisation component unit in electric nets. In the Czech Republic, Gas PPs have 

only a small share on total installed capacity (4,6%) today, but this share could increase. The 

emission certificates support also natural gas as a relative “clean” fuel which could lead to 

increase the number of Gas PPs in the CZ. 

4.1.2. Abatement costs 

It is not simply to estimate abatement costs absolutely exactly. The abatement costs 

are dependent mainly on type of fuel and technology in power plants and of course on 

selected abatement technology. For example in model GAINS developed by IIASA, the 

average SO2 abatement cost for CZ are moving from 430 to 1500 € for one ton of 

SO2.(Ščasný, et al., 2008 p. 14) Generally we can say the average abatement costs decrease 

with increasing content of pollutant in fuel. 

As mentioned above, there are two ways how to reduce the emissions by constant 

production. The technological processes like Wet Flue Gas Desulphurisation (WFGD) or 

Non-Selective Catalytic Reduction (NSCR) are used to reduce SO2 and NOx respectively. 

The second way - fuel switching has great potential for CO2 reduction because the only 

technology able to reduce CO2 emissions is Carbon Capture and Storage (CCS) technology, 

but this technology is still in swaddling-clothes and its real significant utilization in the near 

future is uncertain. 

Generally, abatement costs are bigger in retrofits than in new installations. 
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4.2. Demand 

The electricity demand has only slight price elasticity and except price it is depended 

mainly on macroeconomic parameters such as GDP, population and energy intensity. The 

population in the Czech Republic, we consider constant or at least not significantly changing 

in our time horizon. Let us assume that the long run average GDP growth can by predicable. 

The electricity demand has so a predicable growth in this case. 

The energy intensity should slowly decrease with the technological development but 

there is one more important aspect: European energy prices and regulations create hard 

conditions for energy intensive industries. It is a question if the today and future development 

will not lead to transposition of energy intensive industries into other countries on massive 

way. This phenomenon would hit also Czech economy and very probably it would lead to the 

carbon leakage effect
12

. So it would be very negative and disserviceable from environmental 

point of view.  

We can assume an increasing price elasticity of demand for electricity in the future 

because the consumers
13

 will become very probably more self-sufficient due to the 

development of passive buildings and photovoltaic cells – they will have bigger possibility to 

react on the price due to the opportunity of choice to invest for example into photovoltaic 

cells.  

The heat demand has also only slight price elasticity, but in our case really only in 

short term because we consider only the district heat. The households can disconnect from 

district heating and switch to own local heating. This decision would be almost permanent 

because the households need to invest in their new heat equipments. 

The heat demand is also depended on weather but we can usually take the average 

values as a simplification. 

 

4.3. Strategic and environmental regulation 

As mentioned before, the development of energy sector is still subject to state 

regulation and for this reason the regulation creates an important parameter in energy 

                                                             
12 “Carbon leakage is defined as the increase in emissions outside a region as a direct result of the policy to cap 

emission in this region. Carbon leakage means that the domestic climate mitigation policy is less effective and 

more costly in containing emission levels, a legitimate concern for policy-makers.” (Reinaud, 2008 p. 2) For 

more details see also Ishikawa & Kiyono (2000) 
13 The consumers could also produce electricity but only in little amounts. Under producers we mean the firms 

that produce energy (or only electricity) as the main business. 
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planning and of course also in energy system simulation. The regulation reflects political and 

social preferences and it is bundled with all positive and negative aspects like any other 

regulation.  

There we focus on three regulation areas which are relevant and actual in the Czech 

Republic. 

4.3.1. Brown coal mining limits 

Since 1991 there are so called mining limits for brown coal mining. These limits 

determine the territorial limits which bound the extraction area. The mining limits protect 

rare environment and human residences. A significant part of Czech brown coal reserves lies 

behind these mining limits.  

The availability of brown coal in the Czech Republic in future years is so depended 

on Czech government’s decision. Nowadays it is still not clear if the mining limits will be 

cancelled or not. Below on Figures 4 and 5 you can see the probably difference in coal 

mining capacity with and without mining limits. The most significance difference is in mine 

ČSA 7000. There is the mining possible only to 2013 with mining limits and minimally to 

2080 without mining limits. Approximately 870 million tons of brown coal are blocked 

behind the mining limits. 

Figure 4 Brown coal mining capacity outlook with mining limits 

 

Source: Enviros & VUPEK- Praha, 2003, p. 19 

0

5000

10000

15000

20000

25000

30000

35000

40000

45000

50000

20
0

0

20
1

0

20
20

20
3

0

20
4

0

20
5

0

20
6

0

20
7

0

20
8

0

th
o

u
s.

to
n

s

Years

ČSA 7000

Družba 2500

Jiří 7000

Libouš 12000

Bílina 8000

Hrabák 8000



30 
 

Figure 5 Brown coal mining capacity outlook by cancelling of mining limits 

 

Source: Enviros & VUPEK- Praha, 2003, p. 20 
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assessment (EIA) procedure is now running and it will be running even year. The South 

Bohemian Regional Council does allow this build-up in Temelín on 7
th

 April 

2009.(Hospodářské noviny, 2009) 

4.3.3. Emission regulation 

The regulation of emissions has only one main goal – the reduction of harmful 

emissions. The current concentration of greenhouse gases in the atmosphere is equivalent to 

ca. 430 ppm CO2e
14

 and the current annual grow is around another 2 ppm 

CO2e.(Hirschhausen, 2008 p. 11) In comparison with 280 ppm CO2e (Stern, 2006 p. iii) 

before the Industrial Revolution, we can see an enormously rapid increase of CO2e 

concentration in recent epoch. There (especially in the EU) is a political consensus that 

GHGs emission may blaze down and the CO2e concentration should stabilize between 450 

and 550 ppm CO2e until 2050. But the worldwide consensus on the way how to achieve these 

goals has not been found yet. 

The current environmental policy trend is to achieve the GHGs emission reduction at 

the most effective way. We will discuss the pollution control instruments hereafter, but 

generally we can say that pollution control are slowly moving from command and control 

instruments to market based instruments, which should internalise the environmental 

externalities. 

The following table shows the base evaluation criteria for selection of pollution 

control instruments. These criteria should be taken into account by choosing of control tools. 

Based on these criteria we will short discuss the single types of pollution control instruments. 

A detailed analysis of pollution control instruments is not object of this study and it needs a 

whole special study for pollution control instruments. 

  

Table 4 Evaluation criteria for selection of pollution control instruments 

Criterion Criterion Brief description 
Pareto-

Optimality 

An environmental target is Pareto-optimal if the marginal damage is equal to the 

marginal benefit of pollution. 

Cost-

Effectiveness 

An instrument should enforce the environmental target in a least cost manner. 

It can be shown that this implies that all firms have to have equal marginal 

abatement costs. 

Long-run effects An instrument has long-run effects if it’s his influence is constant or strengthen over 
time. 

Dynamic 

Efficiency 

An instrument is dynamically efficient if it enforces incentives to invest in the 

development of environmental friendly technologies. 

                                                             
14 Parts per million CO2 equivalent 
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Transaction 

Costs 

An instrument is preferable if transaction costs are low. 

Cost of use 

under 

uncertainty 

Efficiency losses when the instrument is used with incorrect information. 

Political 

Enforceability 

An instrument needs to be put into force and supervised easily. 

Information 

Requirement 

An instrument should require easily assessable information. 

Source: Own illustration based on Perman (2003, p.203) and Hirschhausen (2008, p.19) 

 

4.3.3.1. Command and control instruments 

The so called command and control instruments include quotas, prohibitions, non-

transferable licenses, controls, and obligations. The command and control instruments are the 

most common tools, because they can be applied to almost any stage of production and they 

allow set a exact emission target which might be reached and that makes the command and 

control instruments very ecological efficient. Another advantage of command and control 

instruments is that they can be applied to almost any stage of production. 

On the other hand, command and control instruments are not Pareto-optimal nor cost-

efficient because every polluter has to achieve the same emission target and the standards do 

not reflect the different abatement costs of the firms. The information requirements are also 

quite high because the government needs to know abatement costs of each firm to efficiently 

run of the system. There is needed to introduce a monitoring system including penalties for 

non-compliance. The introducing and operating of such system is usually connected with a 

high transaction cost. 

 

4.3.3.2. Economic incentive instruments  

Economic incentive instruments create no obligatory or restriction but they motivate 

to change of polluter’s behaviour. Economic incentive instruments we can further distinguish 

on market-based instruments using prices and market-based instruments using quantities. 

4.3.3.2.1. Market-based instruments using prices 

These instruments include taxes on emissions and subsidies for the abatement of 

pollution, which we can understand as negative taxes.  

Roger Perman (2003) has developed a nice theory to these instruments which is 

illustrated on the next figure. This diagram uses aggregate marginal benefit and marginal 

damage functions (so it doesn’t represent individuals or single firms but the economy as a 
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whole). The marginal benefit is a benefit from additional emission – so the firms produce, till 

the marginal benefit is zero. Without the tax or subsidy the firms would produce  

emissions. After the introduction of the optimal tax (t
*
) it will be produced only E

*
 and it will 

be reached the originally equilibrium. 

 

Figure 6   An economically efficient emissions tax 

Source: Perman (2003, p. 217) 

 

Market-based instruments using prices are cost – and dynamic – efficient and they 

allow reach the Pareto-Optimality under the condition of perfect information. There are also 

very low transaction costs. But there is a danger that if price is not set at the optimal level, 

ecological target will be missed. Political decisions are usually pressured by different lobbies. 

This often causes tax rates to be fixed to a level lower than the optimal tax. Market-based 

instruments using prices require knowledge of marginal damage and marginal abatement 

costs to implement Pareto-optimal tax rate.(Hirschhausen, 2008 p. 21) 

4.3.3.2.2. Market-based instruments using quantities 

The most famous and common instruments of this category are tradable emission 

permits – the EU ETS have the biggest influence in energy sector, because there is a 

possibility to emission reduce by changing of fuel mix.  
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In contrast to taxes, where the price of emissions is being specified, permits fix a total 

amount of emissions. The basic concept is to create a tradable right of usage for a 

nontradable good (i.e. air) by restricting the amount available. By allowing the permit owner 

to emit a certain amount over a specified time-frame an exclusive right of exploitation – but 

no ownership – is established. By allowing firms to trade the certificates they do not use 

themselves a market develops.(Hirschhausen, 2008 p. 21) 

The way of permits distribution can significantly influence the function and effects of 

this pollution control instrument. The EU ETS should switch from grandfathering to auction 

after 2012. 

By the tradable emission permits, it could be reached Cost-Effectiveness and Pareto-

Optimality, but the welfare losses are possible if marginal damage is reported incorrectly. 

Tradable emission permits can be ecological efficient if the optimal amount of permits is 

distributed. Transaction costs are higher here than for taxes. It depends on the allocation 

method (grandfathering vs. auctioning). Tradable emission permits are usually more feasible 

than taxes because the public perceives taxes more negative.  But it depends very on the 

allocation of permits. Grandfathering is easily enforced, in contrast auctioning is hard to 

enforce. For the optimal function of tradable emission permits it is needed to know the total 

amount of emissions that may be emitted. The regulator has to know the average marginal 

cost of abatement of the economy and marginal damage of pollutant.  

 

4.4. Technological development 

The future technological development will determine the pattern of energy system. 

The changes will be most probably on both sides of the system – on producer side and also 

on consumer side
15

. The technological development will be one of the determining aspects of 

future energy consumption and of the future way of energy production. For this reason we 

should take it into account by energy system modelling. 

New technologies will be more efficient, new types of fuel can be developed and 

electricity transport
16

 on very long distance with reasonable losses could be able. The 

Learning curve is a very important aspect of technological development because according to 

Learning curve the investment cost of new technologies should decrease with increasing 

number of installations.  

                                                             
15 The consumer side was alredy discussed in section Demand. 
16 First example of it is the planned ±800 kV Interconnection in China (see Trieb (2009 p. 19)) 
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The scientists have today no common opinion on the future development of energy 

sectors. The conventional view forecasts a renaissance of nuclear energy or even comeback 

of coal power plant. On the other hand – on the 4th Conference on Energy Economics and 

Technology in Dresden, there was introduced a vision of big share of renewable resources on 

electricity production, big thermal solar power plants and transcontinental electricity 

transports. 

There is a possibility that the electricity consumption will be partially moderate due 

intelligent nets and appliances (e.g., refrigerators, freezers or air-conditionings)
17

. 

5. Application of MESSAGE in the Czech Republic 

5.1.  Input data and assumptions 

The base year in our simulation is 2006 and all data relate to this or followings years. 

The end year of the study is 2030. All prices in this case study are in Euro 2007 and there 

was used the exchange rate 25 CZK/€ in all conversions. 

The input data into the model MESSAGE were scooped from a few sources. The 

Czech Hydrometeorological Institute provided the main part of the input data about 

electricity production, fuel consumption, emissions, emission quotas and fuel characteristics 

in each single power plant (or heat plant) in the model. Information about electricity demand 

and production in Czech Republic and heat production in each single power plant come from 

the Energy Regulatory Office’s statistics. Some other information (e.g., the shut-down of 

some power plants) come from annual reports or web pages of the Czech energy producers 

(mainly from ČEZ, a.s.). 

Our case study contains the each single thermal power plants, both of nuclear power 

plants, one big company producing heat and electricity (Dalkia, a.s.) as one aggregated 

source and a cumulative production of all water power plants in the Czech Republic. The 

power plants included in the model and their electricity and heat production in 2006 cover 81 

% of electricity production and 95 % of electricity consumption
18

 and approximately 24 % of 

heat production in the Czech Republic in 2006. So we reduce the Czech electricity 

consumption about 5 % and we take it as the base electricity demand in 2006 in our model. 

We reflect the current world recession in a 5% electricity demand fall in 2009 and stagnation 

                                                             
17 See Koch, Gutzwiller, Meier, & Wiederkehr (2008) for more details. 
18 It is meant gross production and gross consumption which include own consumption to electricity production 

and losses in networks. 
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in 2010 and then the demand starts to grow again in 2011 with approximately 2% rate
19

. We 

assume a constant load curve. This is a simplification which makes the optimization easier 

but it gives preferential treatment to base load power plant (e.g., nuclear) and disadvantages 

the peak power plant with quick start up. 

The Czech Republic has self-sufficient electricity and heat production (But not in 

energy at all! CR is depended on resource imports, primarily on gas and oil imports.) and it 

exports a part of its electricity production today. The electricity exports and imports are 

limited by the over-border transfer capacities and a quite significant part of these capacities is 

reserved for German transports from the north to the south of Germany. The heat is produced 

more or less only on local level. For all these reason and for simplification we consider 

Czech Republic as an island which must cover its heat and electricity demands with its own 

production. When we speak about heat we mean only the heat from district heating from 

power plants and some big CHPs and heat plants, because only this type of heat we have 

included in our model. This case study focuses on electricity and the heat production in 

power plants depends in a fix rate on electricity production. 

The electricity production in water power plants depends on the rainfall which is very 

hard to predicate. For this reason we take the electricity production in water power plants 

from year 2006 as a constant also for the next years. 

The model includes no technology which burns only biomass, but it is allowed the co-

combustion of biomass and brown coal up to 30 % of energy input in all brown coal power 

plants. This is in most cases slightly more than what is able without additional investments, 

but it should compensate the absence of clean biomass technology. 

The current operating power plants are shut down according to the producer’s plans 

or based on the technology age.  

The energy producers keep in secret their real fix and variable costs and their fuel cost 

off course too. Because the fix and variable costs create only a small part of all costs and 

because we don’t know them, these costs are not included into the model for the current 

operating power plants.  The fuel prices and their developments in the model are only 

estimated and common for all producers, although the producers have usually long run 

contracts on fuel deliveries and their real prices could differ from the current market price. 

The model includes also a set of 10 new available technologies. There are 2 

combined-cycle gas power plants, 4 hard coal power plants, 4 brown coal power plants and 2 

                                                             
19 The estimation of electricity demand is based on estimation of Operátor trhu s elektřinou published on ČEZ’s 

web pages. 
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technologies for nuclear power plants. The new technologies produce only electricity and 

they fulfil all emission limits. Detailed characteristics of these technologies and other input 

data you can find in Annexes. 

5.2. Policy scenario modelling 

The electricity demand, fuel prices and payments for SO2, NOX and particulates are 

common for all scenarios. The maximal share of electricity from nuclear power plant on total 

electricity production is bounded on 60 % in all scenarios. The electricity production in 

nuclear power plants Dukovany and Temelín is on level of 26 TWh per year till 2012 and 

then it increases on 31 TWh per year according to ČEZ’s plans. The discount rate is 4 % in 

all scenarios. 

As mentioned before the electricity demand comes out of real gross consumption in 

the Czech Republic in 2006 which is reduced about 5 % and till 2008 it follows the real 

development. The demand reflects the current world recession with 5% decrease in 2009 and 

stagnation in 2010. Detailed development of the demand you can see in Figure 7. 

Figure 7 Electricity demand development 

 

Source: own illustration 
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5.2.1. Business As Usual (BAU) 
We construct a reference scenario BAU which assumes no emission trading and no 

payment for CO2 emission. The only one regulation is created by the current payments for 

SO2, NOX and particulates and by the emission standards for new installed power plants.  

5.2.2. Emission Trading System with constant CO2 quotas for current operating power 
plants (ETS) 

In this scenario the current operating power plants get the same amount of CO2 

allowances as in period 2008 – 2012 in all scenario years. They can sell or purchase the 

allowances depends on their needs. So they sell the allowances if they produce less emissions 

of CO2 than they get allowances and buy the allowances if they produce more emissions of 

CO2 than they get allowances. The allowances from the shut-down power plants are out of 

the system. 

The new constructed power plants get no CO2 allowances and they have to buy all 

needed allowances. 

The price of CO2 allowance starts on 12 €/tCO2 and then it grows gradually till 2020. 

After 2020 the price keeps constant value of 30 €/tCO2. These price assumptions are 

common for all scenarios with emission trading. 

Table 5 The allowance price (€2007/tCO2) 

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020-30 

12 14 15 18 20 21 22 23 24 25 26 27 28 29 30 
Source: own illustration 

5.2.3. Gradual changeover to Auctions (Auction) 
This scenario comes out from the Emission Trading System with constant CO2 quotas 

for current operating power plants scenario. It differs only in the amount of allocated 

allowances to the current operating power plants after 2012. According to the new EU's 

climate change package the energy producers get only 70 % of the emission allowances in 

2013 and then the amount of allocated allowances decreases gradually to zero in 2020. It 

means since 2020 all energy producers have to buy emissions allowances for each emitted 

ton of CO2. 

5.2.4. No new nuclear power plant in Czech Republic (No new nuclear) 
In this scenario the electricity production from nuclear energy is bounded only on the 

two current operating nuclear power plants Dukovany and Temelín. No new nuclear power 

plant can be built. The emission trading System and allowance allocation are the same as in 

the Gradual changeover to Auctions scenario. 
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5.3.  Scenario results 

Now we describe results of each scenario and we focus on new installed power plants, 

fuel consumption, emission production and on emission trading in scenarios where it is 

traded. 

5.3.1.  New installed capacity 
 

Figure 8 Scenario BAU: New installed capacities - cumulated 

 

Source: own illustration based on MESSAGE outputs 

Figure 9 Scenario ETS: New installed capacities - cumulated 

 Source: own illustration based on MESSAGE outputs 
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Figure 10 Scenario Auction: New installed capacities - cumulated 

 Source: own illustration based on MESSAGE outputs 

 

Figure 11 Scenario No new Nuclear: New installed capacities – cumulated 

 Source: own illustration based on MESSAGE outputs 
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In scenario ETS the brown coal technologies have an economic disadvantage because 

they produce more CO2 emissions than technologies with other types of fuels.  Despite it the 

brown coal power plants create with 5980 MW the biggest part of new installed capacity.  

The construction of BCPP 660 begins already in 2015 and continues in 2018 and 2019. 

Compared with BAU scenario there is built only 500 MW of IGCC brown coal technology in 

2025 and together 3500 MW of Ultra Super Critical brown coal power plants. 

The construction pattern of nuclear power plants begins in the same way as in BAU 

scenario in 2020 but the second VVER 1200 nuclear power plant is opened earlier in 2024. 

In 2023 the Advanced Combined-Cycle Gas power plant is built. It is the only one 

opened gas power plant (200 MW) in this scenario.  

 

The brown coal technologies have an economic disadvantage also in scenario Auction 

because they produce more CO2 emissions than technologies with other types of fuels.  

Despite it the brown coal technologies have with 6140 MW of total installed capacities a 

dominant role between new installed capacities. It should be built one brown coal power 

plant (BCPP 660) with 660 MW of capacity in 2015 and another in 2017, 2018 and 2021. 

The brown coal Integrated Gasification Combined Cycle power plants are opened in 2025 

and 2026. Two brown coal power plants with Ultra Super Critical technology and nominal 

installed capacity of 500 MW are installed in 2028 and another three in 2030. 

There are installed 4000 MW of nuclear power plants. In 2020 the first nuclear power 

plants are built and another VVER 1200 power plant in 2024.  

Combined-Cycle Gas power plants get no space and there is no installation of gas 

power plant in this scenario. 

 

Although the brown coal technologies have an economic disadvantage because they 

produce more CO2 emissions than technologies with other types of fuels, they dominate 

between the new installed capacities in scenario No new Nuclear.  There should be built 

together 11 940 MW with different brown coal technologies.  

The installations of BCPP 660 power plant begin with 660 MW in 2015, follow with 

another 660 MW in 2017 and 2018 and they culminate 3300 MW in 2020 when a bigger part 

of old power plants is closed. The last one BCPP 660 is installed in 2023. 

Since 2025 two new high efficiency brown coal technologies are available - 

Integrated Gasification Combined Cycle (IGCC) and Ultra Super Critical (USC) technology. 

The first 1000 MW of IGCC are installed in 2025 and another 500 MW in years 2026, 2027 
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and 2028. The installations of USC power plants begin with 500 MW in 2029 and follow 

with 3000 in 2030. 

The nature gas power plants create only a small part of the new installation. 200 MW 

of Advanced Combined-cycle Gas power plant (ACCG) are built in 2021 and 2021. 

5.3.2.  Fuel consumption 
 

On the next page on Figure 12, we see the energy inputs into the power plants in each 

scenario in detail. In 2013 we can observe the shut-down of some big brown and hard coal 

power plants and the increase of production in nuclear power plant Dukovany and Temelín at 

the same time in all scenarios.  

 

In scenario BAU, the consumption of natural gas increases temporally and then varies 

in 2015. Since 2017 the share of biomass begins to rise because it is co-burned almost only in 

the new installed brown coal power plants. The opening of new nuclear power plants in 2020 

means a big jump in consumption of all fuels. Uranium consumption goes straight up and 

brown coal and natural gas fuel fall down. 

 

In scenario ETS, the biomass share rises rapidly to the prejudice of brown coal in 

2009. The opening of new power plant in 2020 means a big jump in consumption of all fuels 

again. Uranium consumption goes straight up and the other fuel fall down again. In 2023 the 

gas power plant is opened and the natural gas consumption increases, but in 2027 and 2028 

the natural gas is pushed back temporally with nuclear power plants.  

The fuel consumption in scenario Auction is very similar as in ETS, only with the 

exception in natural gas. In Auction, there is combusted almost no gas. 

 

In scenario No new Nuclear, the biomass share rises rapidly to the prejudice of brown 

coal in 2009. In 2013 we observe again the shut-down of some big brown and hard coal 

power plants and the increase of production in nuclear power plant Dukovany and Temelín at 

the same time. Since 2021 the natural gas gets in. The consumption of brown coal rises 

slowly since 2020. The amount of biomass shoots up in 2030. The consumption of hard coal 

falls gradually since 2012. The temporary decreases of total fuel input are caused by 

replacement of old heat power plants with new high-efficiency PP. The total fuel input is 

smaller in this scenario than in others because heat power plants are more efficient than 

nuclear power plants. 
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Figure 12 Fuel consumption 

 

    Source: own illustration based on MESSAGE outputs 
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       Figure 13 Percentage share of fuel types on total energy input 

 

     Source: own illustration based on MESSAGE outputs 
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On figure 13, we can see the percentage share of each fuel on total energy input in 

each scenario. There is clearly to see that in BAU the share of biomass is the least of all 

scenarios. In this scenario, the increase of biomass input is caused almost only by price 

difference between coal and biomass
20

. 

In scenarios ETS and Auction, biomass share is the biggest in the period between 

2009 and installation of new nuclear PP in 2020. 

In No new Nuclear, biomass share keeps rather stable since 2009, only in the last 

year goes up. Uranium share is rather constant with a slight decreasing trend in the second 

half of study period. 

The share of uranium goes over 60 % in some years because the nuclear power plants 

have lover efficiency than coal and gas power plant and they need bigger energy input to 

produce the same amount of electricity and also because the water power plants have no fuel 

inputs
21

. 

5.3.3. Emission 
Generally, the emissions of CO2 and SO2 decrease with the use of biomass and with 

the shut-down of old brown coal power plants. The biggest fall of the emission comes after 

the opening of new nuclear power plant which produces no of these emissions. The 

emissions rise then again temporary because of the increasing electricity demand but the 

trend is to fall in all scenarios, which is caused by introducing of new high efficient 

technologies.  

 

5.3.3.1. CO2  Emission 

In BAU, the start value of CO2 emissions in 2006 is 48 951 533 tons of CO2. The 

emissions reach their maximum of 50 685 976 tons in 2008 and then they sink gradually to 

15 344 756 tons in 2030. Till 2020 the amount of CO2 emissions is the largest in scenario 

BAU, but after the opening of new nuclear PP in 2020 CO2 emissions fall significantly down 

and the largest volume of CO2 emissions is produced in scenario No new Nuclear since this 

year. 

 

In ETS, it is emitted 47 006 223 tons of CO2 in 2006. CO2 emissions reach their 

maximum of 47 479 093 tons in 2007 and then they fall gradually (with some breaks) to 11 

                                                             
20 Biomass has usually smaller content of sulphur than coal, so there forms also a difference in SO2 payments. 
21 Water PPs don’t entry to the fuel share but influence the total electricity production which is base for the 60% 

constrain for “nuclear electricity”. 
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799 139 tons in 2030. There are two significant steps in CO2 emission volume. The first 

comes with the jump-increase of biomass co-combustion in 2009 and the second one in 2020 

with the opening of new nuclear PP as in the previous scenario BAU. 

 

The development of CO2 emissions in scenario Auction is very similar as in ETS. The 

emissions begin on a slightly higher level than in ETS but we can say that they are 

approximately on the same level as in ETS till 2020. In years 2021 – 2026 and 2028 – 2029, 

the volume of CO2 emissions is a little bit smaller than in ETS but in years 2027 and 2030, 

there is emitted more in Auction than in ETS.  

In Auction, it is emitted 47 152 423 tons of CO2 in the first year. CO2 emissions reach 

then their maximum of 47 388 429 tons in 2007 and then they fall gradually (with some 

breaks) to 13 303 160 tons in 2030. 

 

Scenario No new Nuclear has exactly the same development of CO2 emissions as 

Auction till 2020 – till this year these scenarios have the same conditions. In 2020 CO2 

emissions grow relative to the other scenarios but absolutely we can observe a little decrease 

also in this scenario. The emissions rice then till 2024 when they reach their local maximum. 

In 2025 new, more efficient technologies are available. That is the reason why emissions in 

all scenarios decrease since 2024. 

In No new Nuclear it is emitted 47 152 423 tons of CO2 in 2006. The emissions reach 

their maximum of 47 388 429 tons in 2007. Between 2009 and 2024 the CO2 emissions 

fluctuate around 35 million tons of CO2 and then they fall gradually to 21 021 564 tons in 

2030. 
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Figure 14 CO2 emission developments 

 

Source: own illustration based on MESSAGE outputs 
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The development of SO2 emissions in scenario Auction is very similar as in ETS but 

since 2017 the outcomes from Auction and ETS differ. In 2006 it is emitted 87 397 tons of 

SO2 in Auction. The emissions reach their peak on level of 89 822 tons of SO2 also in 2007 

and then they fall slowly with some temporary increases to 32 508 tons of SO2 in 2030. 

 

In No new Nuclear SO2 emissions have the same course as in Auction till 2020 again 

as by CO2 emissions. In years 2020 – 2026 they fluctuate around 50 000 tons of SO2 and fall 

to approximately 40 000 tons of SO2. In the last year the emissions rise again slightly to 43 

162 tons of SO2. 

 

Figure 15 SO2 emission developments 

 

Source: own illustration based on MESSAGE outputs 

 

5.3.4.  Emission Trading 
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of the trading with emission allowances in each scenario where it is traded. The curve Quota 

shows us the amount of allocated allowances to the old operating power plants. Balance–

Sales represent the amount of produced CO2 emissions but only to the value of the Quota. 

The amount of emissions over the Quota is illustrated as Purchase. Sales symbolize the 

eventually sold allowances. Because the new installed power plant gain no allowances, they 

0
10000
20000
30000
40000
50000
60000
70000
80000
90000

100000
110000

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

20
21

20
22

20
23

20
24

20
25

20
26

20
27

20
28

20
29

20
30

To
n

s 
o

f 
SO

2

BAU ETS Auction No new Nuclear



49 
 

have to buy them for a whole their production in so called Auction (for the same price like 

the old power plant can sell or buy). 

 

Figure 16 Scenario ETS: CO2 emissions balance and ETS 

 

Source: own illustration based on MESSAGE outputs 

In ETS the amount of allocated allowances to the old operating power plants 

decreases with the shut-down of the power plants which is illustrated with Quota curve pretty 

well. At the beginning the operating power plants have to buy 6 millions of allowances 

approximately. The decrease of electricity demand together with increase of burned biomass 

cause a significant emission decrease which facilitate sales of emissions in years 2009 – 

2011. Then it is always necessary to buy the allowances. After the opening of new nuclear 

power plants and after the stabilization of allowance price in 30 € in 2020, we can see that  it 
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is preferable to sell a small amount of the allocated allowances from old power plants and to 

increase the production in the new more efficient power plants with better emission factors. 

Figure 17  Scenario Auction: CO2 emissions balance and ETS 

 

Source: own illustration based on MESSAGE outputs 

 

In Auction the amount of allocated allowances to the old operating power plants 

decreases with the shut-down of the power plants and between 2013 and 2020 the amount of 

allocated allowances gradually falls to zero which is illustrated with Quota curve again. At 

the beginning the operating power plants have to buy approximately 6 millions of allowances 

as in the previous scenario. The decrease of electricity demand together with increase of 

burned biomass cause again a significant emission decrease which enables sales of emissions 

in years 2009 – 2011. Then it is always necessary to buy the allowances because the amount 

of allocated allowances drops off.  
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Figure 18 Scenario No new Nuclear: CO2 emissions balance and ETS 

 

Source: own illustration based on MESSAGE outputs 

 

In No new Nuclear the amount of allocated allowances to the old operating power 

plants decreases with the shut-down of the power plants and between 2013 and 2020 the 

amount of allocated allowances gradually falls to zero again as in Auction. The pattern of 

emission trading is similar as in the previous scenario only with one significant exception. 

After 2020 it is needed purchase more allowances because no nuclear power plant is built 

and therefore the amount of CO2 emissions is significant bigger than in Auction. 
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5.4.  Results summary and discussion 

The total investments into new capacities needed to satisfy the electricity demand rise 

from 24 491 millions € in BAU scenario via 24 831 and 25 117 millions € in ETS and 

Auction scenarios to 29 652 millions € in No new nucleus. This is caused by high investment 

costs by the advanced brown coal technologies (IGCC&USC) which are even higher than by 

nuclear power plants. 

In all scenarios with emission trading, the CO2 trade balance is negative in the whole 

case study period. As we can assume, the burdens of the electricity production are the 

smallest in ETS scenario. There is the deficit 2 954 millions €. The decrease of allocated 

allowances increases the deficit on 11 337 millions € in Auction and constraints of new 

nuclear power plant construction together with decrease of allocated allowances follow to 14 

931 millions € deficit in No new Nuclear. 

The total produces CO2 emissions in the whole period reach the smallest value of 745 

million tons of CO2 in Auction scenario but in ETS it is produced only by 4 million tons of 

CO2 more (749). The BAU scenario has with 950 million tons of CO2 the most negative 

influence on environment. There are produced 864 million tons of CO2 in the last scenario 

without new nuclear power plants. 

The total electricity and heat generation costs
22

 in our case study are shown below on 

Table 6. We can see that the reference scenario BAU has the least total generation costs. 

These costs rise with the degree of regulation. The scenario No new Nuclear with 

combination of CO2 allowance auctioning and restriction on nuclear power has the biggest 

total generation costs of all scenarios – they are almost one and half times bigger than in the 

reference scenario BAU. The main part of the difference between total costs of ETS and 

Auction is caused by the enforced increase of CO2 allowance purchase due to the auctioning 

of allowances. 

Table 6 Total generation costs 

millions € 
Fuel 
costs 

Investment 
costs 

CO2 

Allowances 
SO2 
Payments23 

Total 
costs 

BAU 30111.44 24490.81 - 79.36 54682 

ETS 32033.44 24831.40 2954.02 58.76 59878 

Auction 31236.76 25116.70 11336.99 57.39 67748 

No new nuclear 35861.79 29652.48 14930.61 61.25 80506 
Source: own illustration based on MESSAGE outputs 

                                                             
22 Including SO2 payments and CO2 allowance purchase but without fix and nonfuel variable operational cost. 
23 The SO2 payments are 40 €/tSO2. 
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Under given assumptions and input data we can say that basically only two types of 

technologies are built – brown coal and nuclear power plants. Based on our results it seems 

that the possibility to build nuclear power plants has bigger influence on CO2 emissions than 

the Emission Trading System in long term. Because - like we can see on Figure 13 - after the 

opening of new nuclear power plant in 2020, CO2 emissions in the scenario with the 

constrain on nuclear PP are even bigger than in the BAU scenario without Emission Trading 

System. 

The role of biomass seems to be strongly dependent on the implementation of ETS 

and on the price of the emission allowances. Because the share of biomass stays almost 

insignificant in scenario BAU but in the other scenarios this share rises up to the technically 

possible maximum. It is question how the share of biomass would develop if we include also 

some technology only for biomass into the model because now the biomass is only co-

combusted in brown coal PPs up to 30 % of fuel input in our simulation. 

In addition to biomass co-combustion increase the Emission Trading System force the 

technological change and the usage of new technologies. This effect we can observe on 

Figure 15 (scenario ETS) on the best way where we clearly see that instead of the full 

capacity utilisation of the old heat PPs the capacity in new PP is used. In other scenarios with 

ETS this effect is too but we need a comparison with utilisation of old heat PPs in BAU to 

find him. 

The role of natural gas could seem as a little surprise because the installations of gas 

PPs do not increase with the ETS, although gas has an economic advantage in comparison to 

coal in the ETS. In scenario Auction, there is installed even no gas PP. But by this 

interpretation we must take into account that the gas PPs are disadvantaged through the 

simplification of load curve in the whole study. 
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6. Conclusions 
 

We described the circumstances in Czech electricity industry which has gone through 

the liberalisation process. We introduced the main challenges of energy system modelling 

and furthermore we concerned on partial energy models, especially on the model MESSAGE 

which was used for the simulation in the Czech Republic. We mentioned the main 

differences between CGE and PE energy models where CGE model are more complex and 

capture linkages among all sectors of an economy but on the other hand CGE models deal 

usually with aggregated input data. PE models are concentrated only on one sector of an 

economy and focus more on details in this sector. PE models usually allow better capture of 

technological change which is important especially in energy system modelling. We 

discussed the key parameters in energy system modelling which must be taken into account 

by all simulations. We foreshadowed the possible ways of technological development.  

We have used the model MESSAGE to construct very detailed model of Czech 

energy system. Our model contains the each single big thermal power plants, both of nuclear 

power plants, one big company producing heat and electricity (Dalkia, a.s.) as one 

aggregated source and a cumulative production of all water power plants in the Czech 

Republic. The model comprises 81 % of gross electricity production which represents 95 % 

of Czech gross electricity consumption in 2006 and covers also approximately 24 % of heat 

production in the Czech Republic in 2006. The model includes set of 10 new available 

technologies. Our model allows analyzing effects of policy decisions such as environmental 

taxes or subsidies and EU ETS of course.   

We have created four policy scenarios on which we have evaluated impacts of EU 

ETS and restriction or non-restriction of nuclear energy on the cost of power generation and 

on emissions of CO2 and SO2. The reference scenario BAU assumes no emission trading and 

no payment for CO2 emission. The only one regulation is created by the current payments for 

SO2, NOX and particulates and by the emission standards for new installed power plants. 

Scenario ETS assumes for the current operating power plants the same amount of CO2 

allowances as in period 2008 – 2012 in all scenario years but no allocated CO2 allowance for 

new installed PPs. In Auction we simulate a gradual changeover to allowance auctioning. 

According to the new EU's climate change package, in 2013 there is allocated only 70 % of 

CO2 allowances the and then the amount of allocated allowances decreases gradually to zero 

in 2020. Scenario No new Nuclear come out from Auction but the nuclear energy is bounded 
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only on the two current operating nuclear power plants Dukovany and Temelín and no new 

nuclear power plant can be built there. 

In our case study we confirm that a significant emission reduction is possible on 

relative economic way. As the most effective way of the emission reduction seems to be the 

combination of Emission Trading System and permission of nuclear PP construction. The 

reduction of 201 millions tons of CO2 between scenarios BAU and ETS leads to total 

production costs of 5 196 millions €. The average abatement costs of CO2
24

 are 25,85 €/tCO2 

there. But further reduction of CO2 emissions only with significant higher abatement costs. 

This shows that the assumption of increasing marginal abatement costs is also confirmed. On 

the comparison between scenarios ETS and Auction we see only small reduction of 

emissions but significant cost increase in Auction. There is abatement of only 4 millions tons 

of CO2 and total cost increase of 7 870 millions € in comparison with ETS. This means 

average abatement costs of 1967,5 €/tCO2 for the further emission abatement. Therefore the 

question of concentration on programmes leading to emission reduction in developing 

countries (such as Joint Implementation or Clean Development Mechanism) instead of 

further economical restriction in the EU is really actual. 

A categorical restrictive political regulation in technological choice we can 

understand as detrimental because in scenario No new Nuclear the nuclear PP restriction 

leads to total production cost increase of  25 825 millions € and only to 86 millions tons of 

CO2 reduction in comparison with the reference scenario BAU. 

Under given assumptions and data set, brown coal and nuclear energy stay the most 

important sources of electric power and the role of natural gas in electricity generation 

doesn’t growth significantly in the Czech Republic. But because the availability of biomass 

co-combustion in the brown coal PPs was knowingly slightly overrated, the high rate of the 

co-combustion shows a significant potential for biomass also in purely biomass technologies. 

 

Just the incorporation of biomass and other renewable technologies into the model 

stays as one of the biggest challenges of the future research. Further important challenges are 

removing of the load curve simplification at least at some degree and treatment of uncertainty 

– especially by fuel prices. A more detail load curve is needed because the current 

simplification with constant load gives a strong advantage to big electric sources such as heat 

and nuclear PPs with high investment costs but relative low variable costs and because 

                                                             
24 We don’t take into account the coherent abatement of other emissions. So these CO2 abatement cost are 

overvalued for this reason. 
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certain share of peak PPs with quick start is required in the reality. There are at least two 

ways how to deal with the uncertainty. We can effectuate a large number of price scenarios 

for all our current scenarios or estimate the prices with some stochastic process such as 

Geometric Brownian Motion. Another important and uncertain parameter in our energy 

model is the demand, but it is not so much uncertain like price development because 

electricity demand has relative small price elasticity and is mainly depended on GDP and 

technological development. We can quite good predict the possible demand scenarios. A 

better estimation of discount rate would be also helpful. For example Auerswald (2009, p. 8) 

estimated the discount rate for  German power generating industry as weighted sum of equity 

cost and debt cost regarding the influnece of taxes with value of 9,02 %.  

Incorporation of the brown coal mining limits and CCS technology into the model 

could also bring interesting outcomes.  
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Annexes  
 

Figure 19 MESSAGE’s objective function 
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Source: (IAEA, 2002 pp. 37,38) 
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Table 7 Set of new available technologies 

Type of 
technology 

Plant 
factor 

Plant 
life [yr] 

Investment 
cost 
[€/kWe] 

Variable 
cost 
[€/GWh] 

Fix cost 
[€/kWe.a] 

Effectivity 
[%] 

Availability 
[yr] 

Construction 
time [yr] 

Combined-
cycle Gas 
PP 

0.57 25 1000.74 1.010 18.43 54% 2015 2 

Advanced 
Combined-
cycle Gas 
PP 

0.57 25 1158.75 1.141 19.75 58% 2020 2 

Brown coal 
PP 660 MW 0.685 30 2106.81 1.229 45.65 47% 2010 5 

Hard coal 
600 MW 0.685 30 1900.52 1.229 37.31 45% 2010 5 

Integrated 
Gasification 
Combined 
Cycle 
Brown Coal 

0.78 30 3204.11 1.448 57.06 46% 2025 5 

Integrated 
Gasification 
Combined 
Cycle Hard 
Coal 

0.78 30 2760.80 1.361 57.06 48% 2025 5 

NP VVER 
1200 MW 0.85 40 2457.95 3.731 34.24 35% 2020 12 

NP EPR 
1600 MW 0.85 40 2664.24 3.511 41.70 39% 2020 12 

Brown coal 
ultra 
supercritical 
PP 

0.78 25 2475.50 1.448 79.01 48% 2025 5 

Hard coal 
ultra 
supercritical 
PP 

0.78 25 2475.50 1.361 65.84 49% 2025 5 

Source: Own illustration and conversion based on Pur, et al. (2008, pp. 131,132) and own estimate of 

construction time. 
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Table 8 Power plants included into the model 

Name of PP Installed 
capacity 
(MWe) 

Main fuel End of 
production 

Dětmarovice 800 HC 2013 

Počerady 1000 BC 2020 

Hodonín 105 

BC 
(lignite) 2012 

Mělník I 352 BC 2013 
Mělník II, 

III 720 BC 2020 

Tušimice II 800 BC 2038 
Prunéřov I, 

II 1490 BC 2012 
Ledvice 

II,III 330 BC 2028 
Tisová I, 

II 295.8 BC 2018 

Chvaletice 800 BC 2020 

Poříčí II 165 BC 2028 
Dvůr 

Králové 18.3 BC 2013 

Vítkovice 79 HC 2025 
Kladno I a 

II 370 BC 2030 

Vřesová 370 

BC-
energo 
gas 2026 

Opatovice 363 BC 2025 
Dalkia, 

a.s.
25
 525.085 - - 

Dukovany 1808 Uranium 2045 

Temelín 2000 Uranium 2062 

Water PP 2170.95 - - 
Source: Own illustration based on public information from producers or estimation based on information about 

the technology age. 

  

                                                             
25 The data for Dalkia are agregated for the whole company.  There are sources that burn hard coal and also 

sources that burn brown coal as the main fuel. 
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Table 9 Fuel prices used in the model (€2007/GJ) 

  HC BC Biomass NG Heating 
Oil 

Uranium 

2006 3.28 1.93 3.50 5.52 4.92 0.00063 

2007 3.46 2.04 3.53 5.93 4.98 0.00095 

2008 3.56 2.09 3.62 5.80 4.87 0.00127 

2009 3.55 2.09 3.62 5.81 4.88 0.00159 

2010 3.55 2.09 3.62 5.93 4.98 0.00222 

2011 3.58 2.10 3.64 5.99 5.03 0.00222 

2012 3.74 2.11 3.66 6.06 5.09 0.00222 

2013 3.90 2.12 3.68 6.13 5.15 0.00222 

2014 4.08 2.13 3.70 6.21 5.22 0.00222 

2015 4.26 2.14 3.72 6.28 5.28 0.00222 

2016 4.45 2.15 3.73 6.36 5.34 0.00222 

2017 4.65 2.16 3.75 6.44 5.41 0.00222 

2018 4.86 2.18 3.77 6.52 5.47 0.00222 

2019 5.07 2.19 3.79 6.60 5.54 0.00254 

2020 5.30 2.20 3.81 6.68 5.61 0.00254 

2021 5.54 2.21 3.83 6.76 5.68 0.00254 

2022 5.78 2.22 3.85 6.84 5.74 0.00254 

2023 6.04 2.23 3.86 6.92 5.81 0.00254 

2024 6.31 2.24 3.88 7.01 5.88 0.00254 

2025 6.59 2.25 3.90 7.09 5.96 0.00285 

2026 6.89 2.26 3.92 7.18 6.03 0.00285 

2027 7.19 2.27 3.94 7.26 6.10 0.00285 

2028 7.52 2.28 3.96 7.35 6.18 0.00285 

2029 7.85 2.29 3.98 7.44 6.25 0.00285 

2030 8.20 2.30 4.00 7.53 6.33 0.00285 
Source: Own illustration and conversion based on Pur, et al. (2008 p. 131), Štěpán, et al.(2008) and Krejcar 

(2007) 

 

  



62 
 

 

 

Definition of CGE models by Dixon and Parmenter
26

: 

i) They include explicit specification of the behavior of several economic actors (i.e. they are 

general). Typically they represent households as utility maximizers and firms as profit maximizers 
or cost minimizers. Through the use of such optimizing assumptions they emphasize the role of 

commodity and factor prices in influencing consumption and production decisions by households 

and firms. They may also include optimizing specifications to describe the behavior of 
governments, trade unions, capital creators, importers and exporters. 

ii) They describe how demand and supply decisions made by different economic actors determine 

the prices of at the least some commodities and factors. For each commodity and factor they 
include equations ensuring that prices adjust so that demands added across all actors do not 

exceed total supplies. That is, they employ market equilibrium assumptions. 

iii) They produce numerical results (i.e. they are computable). The coefficients and parameters in 

their equations are evaluated by reference to a numerical database. The central core of the 
database of a CGE model is usually a set of input-output accounts showing for a given year the 

flows of commodities and factors between industries, households, governments, importers and 

exporters. The input-output data are normally supplemented by numerical estimates of various 
elasticity parameters. These may include substitution elasticities between different inputs to 

production processes, estimates of price and income elasticities of demand by households for 

different commodities, and foreign elasticities of demand for exported products. 
  

                                                             
26 quoted from Grassini (2004, p. 2)  
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