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1. Introduction 

The CPS Model has been developed by E3-Modelling in the context of Contract 7182219/15.02.2017 

between E3-Modelling and the World Bank.  

This document is the UserΩǎ Manual to the CPS Model (Compact-PRIMES Single Country model). It aims 

to serve as a methodological and technical guide to users so that they become fully equipped to utilize 

the CPS, appreciate itsΩ unique features and comprehend the mathematical approach implemented 

within. 

The model, developed in the General Algebraic Modelling System (GAMS)1, is a fully-fledged energy 

demand and supply model, designed as a single-country compact tool.  

The model allows users to assess the impact of European and national climate and energy policy decisions 

with a horizon up to 2050. The model includes key energy sector metrics at a detailed level: demand of 

energy by sector, modelling of energy efficiency possibilities, energy and electricity use, technology 

capacities, power generation, cogeneration, energy supply technology and energy form mix, fuel prices 

and system costs from an end-user perspective, investments by sector and energy-related CO2 emissions.  

The CPS model runs up to 2050 and the electricity model performs hourly simulations. The model 

structure permits linkages with the external (outside the country) markets, to get international fuel prices, 

carbon prices of ETS etc. It allows for a flexible definition of technological parameters and technological 

learning, overall efficiencies, and specific investment lead times for technologies.  

¢ƘŜ ƳƻŘŜƭ ƛǎ ŀŎǘƻǊ ŀƴŘ ƳŀǊƪŜǘ ƻǊƛŜƴǘŜŘΣ ŀƴŘ ǎƻ ƛǘ ǊŜǇǊŜǎŜƴǘǎ ƛƴŘƛǾƛŘǳŀƭ ŀŎǘƻǊǎΩ ŘŜŎƛǎƛƻƴǎ ƛƴ ǎǳǇǇƭȅ ŀƴŘ 

demand of energy and the balancing of their decisions in simultaneous markets cleared by prices. In this 

way, the model explicitly projects energy formǎΩ prices into the future as derived from cost minimization 

in the supply side and the price-elastic behaviors of demanders for energy. In this sense the model has no 

overall objective function, but as economic theory suggests, the simultaneous market clearing under 

perfect competition conditions leads to an overall optimum of economic welfare, which coincides with 

minimum cost of energy for the end-users. In the energy supply sectors, the model performs a detailed 

breakdown of cost categories, such as capital, operational, emission-related and maintenance costs. All 

external assumptions, including fossil fuel prices, price elasticities, technological or policy constraints are 

presented in a transparent manner and can be tested in sensitivity analysis. 

A substantial part of the mathematics of CPS are derived from the well-known PRIMES2 model, a large-

scale modular system of sub-models, covering multiple countries also developed within our group. 

                                                           
1 https://www.gams.com/  
2 PRIMES (Price-Induced Market Equilibrium System) energy system model is a development of the Energy-Economy Environment 

Modelling Laboratory at National Technical University of Athens 
(http://www.e3mlab.eu/e3mlab/PRIMES%20Manual/The%20PRIMES%20MODEL%202016-7.pdf).  

https://www.gams.com/
http://www.e3mlab.eu/e3mlab/PRIMES%20Manual/The%20PRIMES%20MODEL%202016-7.pdf
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Figure 1 Schematic of the CPS model structure 

The CPS comprises four Modules: 

¶ Demand Module: The Demand Module projects energy demand and investments in the 

industrial, domestic and transport sectors, as well as refineries. 

¶ Power Module: The Power Module includes all necessary mathematical formulations for 

projecting energy supply. It includes detailed and distinct representations of the Slovak power 

system, including district heating plants (boilers and CHP plants). The Power Module also 

accounts for the steam and power produced in the industrial sector (industrial boilers and 

CHP). 

¶ Biomass Module: The Biomass Module projects the primary energy-feedstock consumption 

required to satisfy the demand for bioenergy from all demand sectors, as well as the power-

heat generation system. 

¶ Balance Module: The Balance Module receives the results of energy consumption from the 

CPS Demand, Power and Biomass Modules and produces the annual energy balances. 

The four modules communicate as shown in Figure 1, and iterate in order to reach a market equilibrium. 

The following paragraphs provide further details on the outputs of each Module: 

ü Demand Module:  

Á Energy Demand by sector and fuel 
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Á CO2 emissions by sector 

Á Energy Savings, Energy and Carbon Intensity 

Á Costs (capital, fuel, non-fuel, emissions & taxation costs) 

Á Investments & Investment Expenditures 

ü Power Module: 

Á Power & Heat Generation by plant type 

Á Fuel Consumption by plant type and fuel 

Á CO2 emissions & Carbon Intensity by plant type 

Á Costs of electricity & heat supply (capital, fuel, non-fuel, emission & taxation, grid costs) 

Á Capacity Expansion & Investment Expenditures by plant type 

ü Biomass Module: 

Á Production of Bioenergy per fuel 

Á Price of Bioenergy per fuel 

Á Net Imports of Biomass Feedstock & Bioenergy 

Á Domestic Production of Biomass Feedstock 

Á Capacity Expansion per Biomass Technology  

ü Balance Module: 

Á Energy balance for each projection year (End-use approach) 

The simulation results are dynamic over time and are influenced by factors which are exogenously 

specified. The user can easily build multiple scenarios to assess a variety of parameters. Input data for 

each scenario include the following: 

Á GDP, Income per capita, population 

Á Fuel availability constraints (e.g. renewables potential, domestic reserves for fossil fuels, 

import limitations) 

Á Technology characteristics (energy conversion rates, CAPEX, OPEX) 

Á Taxes and subsidies 

Á Discount rates 

Á Technology standards  

Á Emission, renewables and energy efficiency regulations 

Á Targets for emissions, renewables and energy efficiency 

Á Perceived or hidden costs 

Á Exogenous investments, decommissioning or retrofitting of power and heat plants. 

The next Chapters highlight the features of the CPS Model.   

A brief description of each Chapter is listed below. Appendices III, IV and V offer a detailed listing of the 

mathematical formulation of Demand, Power and Biomass Modules. 
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¶ Chapter 2 Starting and Executing the CPS model describes the mechanics of using the graphical 

user interface in order to run an existing scenario, create a new scenario, check for possible errors 

in the model run and view scenario results.  

¶ Chapter 3 Input and Output Data describes the information inserted in the Model and the form 

ŀƴŘ ŎƻƴǘŜƴǘ ƻŦ ǘƘŜ ǊŜǎǳƭǘǎΩ ŦƛƭŜǎ.   

¶ Chapter 4 Overview of the CPS Demand Module describes the main principles of the CPS Demand 

Module and guides the user towards the formulation of alternative scenarios related to 

influencing and projecting energy demand. 

¶ Chapter 5 Overview of the CPS Power Module describes the main principles of the CPS Power 

Module and guides the user towards the formulation of alternative scenarios related to power 

supply. 

¶ Chapter 6 Overview of the CPS Biomass Module describes the main principles of the CPS Biomass 

Module and guides the user towards the formulation of alternative scenarios related to biomass 

supply. 

¶ Appendix I /t{ aƻŘŜƭΩǎ {Ŝǘǎ  

¶ Appendix II Sectoral structure of the demand sectors 

¶ Appendix III Mathematical formulation of the Demand Module 

¶ Appendix IV Mathematical formulation of the Power Module 

¶ Appendix V Mathematical formulation of the Biomass Module  
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2. Starting and Executing the CPS model  

This Chapter provides instructions for starting and executing the CPS Model through the custom-made 

CPS Graphical User Interface (hereinafter CPS GUI).  The Chapter is structured as follows: 

¶ Section 2.1: Starting the CPS GUI 

¶ Section 2.2: The CPS GUI Features  

¶ Section 2.3: Locating the CPS Model Subfolders and the respective Gams Files 

¶ Section 2.4: The structure of the Scenario name subfolder  

Note that the CPS user may alternatively omit the GUI and run directly the model through GAMS interface. 

2.1 Starting the CPS GUI 

Before running the CPS GUI for the first time, the user needs to install the CPS Model and all itsΩ Modules 

(including the CPS GUI) in drive C or D, in a predefined directory named CPS_SK_2018_new. 

The CPS GUI runs by double clicking upon the CPS_GUI application located in the path 

CPS_SK_2018_new\GUI, see Figure 2.   

 

Figure 2 Location of the CPS_GUI Application file 

Alternatively, the CPS user can access the CPS GUI through a shortcut created on the desktop (or in any 

other location that the CPS user is comfortable with) 

2.2 The CPS GUI features 

The CPS GUI is a facilitator, which allows the user to access and interact with the CPS Model in a simple 

and user friendly way, through a variety of graphical icons. 

The CPS GUI allows the CPS user to perform the following: 

¶ Create a new CPS Scenario 

¶ Run a CPS Scenario 

¶ Perform an error checking analysis. The error check functionality reports on any errors that may 

have prohibited the successful conclusion of a scenarioΩǎ Ǌǳƴ 

¶ Create the final reporting files and view the final results 

The next paragraphs provide further details. 
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For the purposes of the next paragraphs it is assumed that the CPS user has already loaded the CPS GUI 

as described in Section 2.1 Starting the CPS GUI. 

 

Figure 3 Starting with CPS GUI, step 1, choose folder directory 

 Preparing a Scenario with the CPS GUI 

To run a Scenario with the CPS GUI, the CPS user should do the following: 

¶ tǊŜǎǎ ǘƘŜ άChoose Folder Directory έ ǇǳǎƘōǳǘǘƻƴΦ {ŜƭŜŎǘ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ŦƻƭŘŜǊ ŦǊƻƳ ǘƘŜ 

ōǊƻǿǎƛƴƎ ǿƛƴŘƻǿ ǘƘŀǘ ǿƛƭƭ ŀǇǇŜŀǊΦ 9ƭƛƎƛōƭŜ ŦƻƭŘŜǊ ŘƛǊŜŎǘƻǊƛŜǎ ŀǊŜ ƴŀƳŜŘ ά/t{ψ{YψнлмуψƴŜǿέ όŜΦƎΦ /Υ\ 

CPS_SK_2018_new or D:\  CPS_SK_2018_new), see Figure 3; 

¶ tǊŜǎǎ ǘƘŜ άClick here to set the options to r un a CPS Scenario έ ǇǳǎƘōǳǘǘƻƴΣ ǎŜŜ Figure 4. 

¶ {ŜƭŜŎǘ ǘƘŜ ǘȅǇŜ ƻŦ ǎŎŜƴŀǊƛƻ ǘƻ ōŜ Ǌǳƴ ōȅ ǎŜƭŜŎǘƛƴƎ ŦǊƻƳ ǘƘŜ άChoose a scenario type έ ƭƛǎǘ ŦǊƻƳ ǘƘŜ 

two available options (see Figure 5): 

Á Reference 

Á Scenario 
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Figure 4  Starting with CPS GUI, step 2 

 

Figure 5  Starting with CPS GUI, step 3, choose a scenario type 
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Figure 6 Starting with CPS GUI, running a reference scenario 

 Defining a Scenario Type and a new Scenario with the CPS GUI 

The CPS GUI allows the user to select between the following Scenario Types: 

¶ Reference : A Reference Scenario represents a current situation scenario (for example a 

Reference Scenario is a scenario that includes all adopted national and EU policies up to 2020) 

¶ Scenario : Other (decarbonization) Scenario 

To run a Reference Scenario, the CPS uǎŜǊ ƴŜŜŘǎ ǘƻ ǎŜƭŜŎǘ ǘƘŜ άwŜŦŜǊŜƴŎŜέ ŦǊƻƳ ǘƘŜ ƭƛǎǘΣ ŀǎ ǎƘƻǿƴ ƛƴ Figure 

6.  

To run a decarbonization scenario, the CPS uǎŜǊ ƴŜŜŘǎ ǘƻ ǎŜƭŜŎǘ ǘƘŜ ά{ŎŜƴŀǊƛƻέ ǘȅǇŜΣ ŀǎ ǎƘƻǿƴ ƛƴ Figure 7.  

Upon this specific selection, further options regarding the run of a decarbonization scenario will appear. 

These options are explained below. 
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Figure 7 Starting with CPS GUI, running a decarbonization scenario 

To create a new Scenario, the CPS user takes the following actions as shown in Figure 8: 

¶ Types the name of the Scenario basis in the Scenario bas is  text box. 

¶ Types the Scenario Name in the Scenario Name  text box. 

¶ /ƭƛŎƪǎ ǘƘŜ άCheck scenario name έ ǇǳǎƘōǳǘǘƻƴΦ   

 

Figure 8 Creating a new scenario 
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.ȅ ǇǊŜǎǎƛƴƎ ǘƘŜ άCheck scenario name έ ǇǳǎƘōǳǘǘƻƴ ǘƘŜ /t{ ǳser instructs the GUI to search 

for a subfolder named after the Scenario name (hereinafter Scenario name subfolder). In case that 

a Scenario name subfolder is found in the ά{ŎŜƴŀǊƛƻǎέ folder of the CPS directory then a 

notification message will appear on the screen, as shown in Figure 9.   

 

Figure 9 Message confirming that the decarbonization scenario typed by the CPS user in the Scenario name text box exists 

In case that a Scenario name subfolder does ƴƻǘ ŜȄƛǎǘ ƛƴ ǘƘŜ ά{ŎŜƴŀǊƛƻǎέ folder, a message 

prompting the CPS user to create a new scenario will appear, Figure 10. 
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Figure 10 Message confirming that the decarbonization scenario typed by the CPS user in the Scenario name text box does not 
exist 

¶ If the Scenario name subfolder does not exist, the CPS uǎŜǊ ǇǊŜǎǎŜǎ ǘƘŜ άCreate a new 

scenario έ ǇǳǎƘōǳǘǘƻƴΣ Figure 11. This action generates the required new subfolder. Further 

subfolders are also created within the Scenario name FolderΦ  ¢ƘŜ άCreate a new scenario έ 

action also copies the Input excel files of the Scenario Basis  in the Scenario Folder.  All input 

ŦƛƭŜǎ ŀǊŜ ǇƭŀŎŜŘ ƛƴ ǘƘŜ άLƴǇǳǘȄƭǎȄέ ǎǳōŦƻƭŘŜǊΦ 

¢ƘŜ ǳǎŜǊ Ŏŀƴ ŀŎŎŜǎǎ ǘƘŜ ƛƴǇǳǘ ŦƛƭŜǎΣ ōȅ ǇǊŜǎǎƛƴƎ ǘƘŜ άOpen the scenario name input excel file έ 

pushbutton, which opens the relevant input files in Excel. 

 

Figure 11 CPS GUI, creating a new scenario 

 Running a CPS scenario 

To run a CPS scenario, the CPS uǎŜǊ ŎƭƛŎƪǎ ǘƘŜ άRun a CPS Scenario έ ǇǳǎƘōǳǘǘƻƴΣ Figure 12. 
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Figure 12 CPS GUI, running a CPS scenario 

 Checking for runtime errors 

The CPS user should always check for any runtime errors. The CPS GUI has been purposely designed to 

allow such a check through a very straightforward process. 

Following the end of a GUI CPS run, the CPS uǎŜǊ ǎŜƭŜŎǘǎ ǘƘŜ άErrors Check έ ŎƘŜŎƪōƻȄΦ ¦Ǉƻƴ ŎƘŜŎƪōƻȄ 

selection, ǘƘŜ άCheck logs in Scenario έ ƻǇǘƛƻƴ ǿƛƭƭ ŀǇǇŜŀǊΣ ŀǎ ǎƘƻǿƴ ƛƴ Figure 13.   

 

Figure 13 CPS GUI, error check 
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¢ƘŜ ǳǎŜǊ Ŏŀƴ ŜƛǘƘŜǊ ǘȅǇŜ ǘƘŜ {ŎŜƴŀǊƛƻ ƴŀƳŜ ǘƻ ōŜ ŎƘŜŎƪŜŘ ƻǊ ǇǊŜǎǎ ǘƘŜ άIŜƭǇέ ǇǳǎƘōǳǘǘƻƴΣ ǘƻ ǎŜƭŜŎǘ ŀ 

Scenario by selecting the Scenario name subfolder from a browser window.  

Then, the CPS user must press ǘƘŜ άErrors Check έ ǇǳǎƘōǳǘǘƻƴΦ ¢ƘŜ /t{ D¦L ǇǊƻŎŜŜŘǎ ƛƴ ŀ ŘŜǘŀƛƭŜŘ 

check of the status files of Demand Module for all iterations. The status files are output text files that are 

created by the Demand Module after completion of every iteration of the model run, indicating whether 

the module has or has not solved. It also checks all the log files of Power, Biomass and Balance Module, 

in order to trace possible error notifications. In case the scenario has run without errors a verification 

message appears on the screen, as shown in Figure 14 (e.g. for the 1st iteration) and Figure 15. In case 

error notifications are found in the log files, then an appropriate message informs the user on the type of 

the errors that have occurred.  

 

Figure 14 CPS GUI, Message informing the user of normal completion of the Demand Module 
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Figure 15 CPS GUI, Message informing the user of no encountered errors in the Power Module 

 Reporting  

The άEnable Reporting έ ŎƘŜŎƪōƻȄ ŀƭƭƻǿǎ ǘƘŜ ǳǎŜǊ ǘƻ ŀŎŎŜǎǎ ǘƘŜ Cƛƴŀƭ wŜǎǳƭǘǎ 9ȄŎŜƭ CƛƭŜs, see Figure 16.  

The procedure is completed in three simple steps as follows: 

1) !ŦǘŜǊ ŎƭƛŎƪƛƴƎ ǘƘŜ άEnable Reporting έ check box, the user types the name of the Scenario to 

be processed in the corresponding field. Alternatively, the user may click the help pushbutton and select 

the Scenario name subfolder. 

2) Then, ǘƘŜ ǳǎŜǊ ŎƭƛŎƪǎ ǘƘŜ άRun Final Report for Scenario έ ǇǳǎƘōǳǘǘƻƴΦ ¢ǿƻ messages 

informing the user that the άǘƘŜ Ŧƛƴŀƭ ǊŜǇƻǊǘκŘŀǘŀōŀǎŜ report file has been createdέ will appear on the 

screen, see Figure 16. 

3) ¢ƘŜ ǳǎŜǊ Ŏŀƴ ǘƘŜƴ ǇǊŜǎǎ ǘƘŜ άOpen Final  Results Excel File έ pushbutton to gain access to 

the report excel files.   
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Figure 16 CPS GUI, Creation of results files 

 Resetting Scenario Inputs  

The CPS GUI also provides a reset inputs option, see Figure 17.   

.ȅ ŎƭƛŎƪƛƴƎ ƻƴ ǘƘŜ άReset Scenario inputs έ ǇǳǎƘōǳǘǘƻƴΣ ǘƘŜ ǳǎŜǊ ǊŜǎŜǘǎ ŀƭƭ ǇŀǊŀƳŜǘŜǊǎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ 

input excel files to the values of the Scenario basis. This is a very useful functionality provided by the GPS 

GUI, as it allows the user to quickly reset all changes (including potential errors) and start again the 

Scenario definition. 
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Figure 17 CPS GUI, Resetting the Scenario input file  

 Exiting the GUI CPS Model 

¢ƘŜ ǳǎŜǊ Ƴŀȅ ŜȄƛǘ ǘƘŜ D¦L ōȅ ŎƭƛŎƪƛƴƎ ǘƘŜ άExitέ ǇǳǎƘōǳǘǘƻƴΦ  

 

Figure 18 Exiting the CPS GUI 

 



REIMBURSABLE ADVISORY SERVICES (RAS): CONSTRUCTION OF ECONOMIC MODELING TOOLS AND BUILDING CAPACITY IN MODELING FOR 

SUSTAINED GROWTH IN THE SLOVAK REPUBLIC 

 

 

 

    
 

Page | 23 
 

2.3 Locating the CPS Model Subfolders and the respective GAMS Files 

The CPS Model folder structure comprises 5 subfolders: 

1. The CommonData subfolder  which includes the excel input files that are common between 

scenarios. These are the Sets_CPS  and Exogdata  excel files, described further in section 3.1 

Common Input Data.  

2. The GUI subfolder  which includes the GUI application file. 

3. The Model subfolder  which includes all gams (.gms) files of the model, the corresponding gams 

project and the solver option files that are used by the CPS model. The overview of the gams files 

comprising the model, as well as the way the CPS Modules are linked with each other are shown 

in Figure 19. 

4. The Scenarios subfolder  which contains the Scenario name subfolders (i.e. subfolders for 

every scenario that has been created, e.g. Reference, DCarb1, DCarb2 subfolders). The structure 

of the Scenario name subfolder is explained below, in Section 2.4 The structure of the Scenario 

name subfolder. 

5. The Templates subfolder  which includes the excel template files for the Final Report and 

5ŀǘŀōŀǎŜ ŜȄŎŜƭ ŦƛƭŜǎΣ ǿƘƛŎƘ ƛƴŎƭǳŘŜ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ŀ ǎŎŜƴŀǊƛƻΩǎ ǊǳƴΦ 
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Figure 19 Overview of CPS gams files and linkage 
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2.4 The structure of the Scenario name subfolder 

The Scenario name subfolder includes 7 subfolders: 

1. Inputxlsx : containing the input excel files of the scenario 

2. Inputgdx : containing the input data that are relevant to the scenario in gdx format. The input 

gdx files are created by the model during runtime   

3. Outputxlsx : containing the results of the model run in excel format 

4. Outputgdx : containing the results of the model run in gdx format 

5. Lst : containing the lst files of the model run. Lst files are created at every iteration of the model 

ǊǳƴΣ ƘŜƴŎŜ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ƴǳƳōŜǊǎ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ŦƛƭŜǎΩ ƴŀƳŜǎ  

6. Log : containing the log files of the model run. Log files are created at every iteration of the model 

ǊǳƴΣ ƘŜƴŎŜ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ƴǳƳōŜǊǎ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ŦƛƭŜǎΩ ƴŀƳŜǎ 

7. Save : containing intermediate work files 
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3. Input and Output Data  

3.1 Common Input Data 

As described in Section 2.3 Locating the CPS Model Subfolders and the respective Gams Files, the 

CommonData  subfolder contains two excel files, Sets_CPS  and Exogdata . Both files are essential 

for the CPS Model to run. 

These files contain information which are common between scenarios. The data types included in these 

files are sets and parameters. Before proceeding it is useful to clarify the meaning of sets and parameters 

in GAMS. 

 Definitions 

¢ƘŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ǎŜǘǎ ŀǎ ƳŜƴǘƛƻƴŜŘ ƛƴ D!a{ ¦ǎŜǊΩǎ DǳƛŘŜ3 is presented in Box 1 Definition of sets in GAMS.  

Box 1 Definition of sets in GAMS 

Sets: Sets are the basic building blocks of a GAMS model, corresponding exactly to the indices in the 

algebraic representations of Models 

CƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ ǎŜǘ ά{²έ ƛǎ ǘƘŜ ǎŜǘ ƻŦ ǘŜŎƘƴƻƭƻƎȅ ŎŀǘŜƎƻǊƛŜǎ ƛƴŎƻǊǇƻǊŀǘŜŘ ƛƴ ǘƘŜ /t{ aƻŘŜƭ ŀƴŘ ƛƴŎƭǳŘŜǎ 

the technology types shown in Table 1. 

Table 1 Elements of set SW 

Technology type Description 

ORD Ordinary 

ORI Ordinary-Improved Intermediate 

IMR Improved 

IMA Improved-Advanced Intermediate 

ADV Advanced 

ADF Advanced-Future Intermediate 

FUT Future 

A parameter is a data type, which enables the data entry of list oriented data. The dimensions (or indices) 

of a parameter are sets. For example, the capital cost of an equipment is inserted in the Model in the form 

of a parameter. The values of this parameter depend on the equipment (e.g. blast furnace, appliance for 

material preparation, electric arc), the technology category of the equipment (ordinary, improved, 

advanced) and the running year. Thus, capital cost is a parameter defined upon the sets of processes, 

technology categories and years. 

                                                           
3 https://www.gams.com/24.8/docs/userguides/GAMSUsersGuide.pdf 

https://www.gams.com/24.8/docs/userguides/GAMSUsersGuide.pdf
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 Sets_CPS.xlsm 

The excel file Sets_CPS  includes sets and parameters that constitute the core of the CPS Model. Table 

2 below presents a selected/indicative list of the sets included in the Sets_CPS file, in order to familiarize 

the user. All sets included in Sets_CPS.xlsm can be found in Appendix I.  

Table 2 Sets included in Sets_CPS.xlsm 

Universal CPS Sets Description 

Year_all Set of all years that may be used in the Model: from 1960 to 2050 in 5-year steps 

Year Set including the basis year 2015 (year of calibration) and projection years 2020 to 2050  

Fuel_all Set of all fuels used in the Model 

Demand Module Sets Description 

SA Set of demand sectors upper level 

SB Set of demand sectors second level 

SC Set of demand sectors third level 

SD Set of demand sectors fourth level 

SE Set of supply of demand sectors upper level 

SF Set of supply of demand sectors second level - supply processes 

EP Set of self-producing equipment/cokery 

AG Set of representative agents 

SW Set of technology categories 

TC Set of equipment vintages in 5-year steps 

Stndrds Set of types of standards 

SF_F Mapping of input fuels used in supply processes of demand sectors (ex. heat recovery) 

SA_SF Mapping of supply processes SF and demand sectors SA 

foutprimary Set of fuels that are primary outputs of self-producing equipment 

foutsecondary Set of fuels that are secondary outputs of self-producing equipment 

lifecat Set of lifetime categories 

SF_HER Mapping of supply processes SF eligible for heat recovery and HER fuel 

Power Module Sets Description 

hour Set of typical hours 

day Set of typical days 

plant Set of all plants of Power Module 

cluster Set of labels of unit clusters 

unit Set of power plants 

unit_region Set of locations of units 

unit_limit Set of power plants with operation constraints in unit commitment 

indCHP Set of onsite CHP power plants 

storage Set of storage facilities 

PtoX Set of power to X plants 

dhh Set of district heating plants producing heat 

CCS Set of plants with a carbon capture and storage possibility 

ancillary_all Set of ancillary services 

ancillary_up Set of upward ancillary services 

ancillary_down Set of downward ancillary services 

load_type Set of types of load 

hour_day Mapping of hours belonging to the same day 

fuel_dhh Subset of fuels used in district heating plants 

fuel_limit Subset of fuels with a nonlinear cost supply curve 

cleanfuel Subset of clean fuels 

type_dhh Set of types of district heating plants 
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type_limit Set of types of plants with nonlinear cost supply curves 

type_storage Set of types of storage power plants with nonlinear cost supply curves 

level Set of levels in the cost supply curves 

mapday Mapping of hours in days 

hour_seq Mapping indicating the sequence of hours 

fuelplant_init Mapping of fuels used by a plant 

For example, set Fuel_all includes, among others, the following fuels: 

Table 3 Elements of Fuel_all set 

Fuel Fuel description Fuel Fuel description Fuel Fuel description 

GSL Gasoline BMS Biomass Solids H2F Hydrogen 

GDO Diesel WSD Waste Solids HER Self-produced heat recovery 

KRS Kerosene BGS Biogas NUC Nuclear 

LPG LPG WSG Waste Gas HYDR Hydro 

RFO Fuel Oil BFC Biofuel conventional WON Wind onshore 

CRO Crude oil BFA Biofuel advanced WOF Wind offshore 

NGS Natural Gas SOL Solar TID Tidal 

HCL Hard Coal GEO Geothermal WSLD Waste solid 

CKE Coke ELC Electricity WLQD Waste liquid 

CKE_self Self-produced Coke HET Heat WGAS Waste gas 

LGN Lignite STM Self-produced Steam FDS Feedstock 

The parameters included in Sets_CPS.xlsm are presented in Table 4: 

Table 4 Parameters of Sets_CPS.xlsm 

Demand Module 
Parameters Description 

TcHist Histogram/mapping between vintages and lifetime categories 

Stock Stock of vehicles in thousand vehicles in 2015 

Occupancy Occupancy factor in passengers or tons per vehicle-trip 

fopportunity Ratio denoting fraction of price of marketed fuel saved due to self-production of fuels 

Power Module Parameters Description 

ImpExp Net Imports product pattern [%] 

respattern Hourly pattern for variables RES generation [%] 

elecpattern Hourly pattern for electricity demand [%] 

heatpattern Hourly pattern for heat demand [%] 

netimportspattern Net Imports pattern [%]  

onsitechpelecpattern Electricity generation pattern from onsite CHP plants [%]  

sectors_alloc Mapping of sectors and voltage type [%]  

first Mapping between days and first hour of each day 

last Mapping between days and last hour of each day 

freq_hour Annual frequency of a typical hour 

freq_day Annual frequency of a typical day 

sectors_load_type Mapping of demand sectors and load types [%]  

 Exogdata.xlsx 

The Exogdata  input file includes exogenous data inserted in the CPS Model in the form of parameters.  

Exogdata includes consumption data of previous years by demand sector and process, as well as 
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exogenous parameters used in the Balance Module and the fuel blend of industrial plants. A detailed 

description of the parameters included in Exogdata.xlsx can be found in Table 5. 

Table 5 Parameters of Exogdata.xlsx 

Parameters Description 

Exogdata 
Fuel consumption of all processes of demand sectors for years 2015 to 2050. 2015 
ǾŀƭǳŜǎ ŀǊŜ ǳǎŜŘ ŦƻǊ ŎŀƭƛōǊŀǘƛƻƴ ǇǳǊǇƻǎŜǎΣ ǿƘƛƭŜ ŦǳǘǳǊŜ ȅŜŀǊǎΩ ǾŀƭǳŜǎ ŀǊŜ used for 
initialization purposes 

Blend Predefined fuel shares for fuels consumed in industrial CHP plants and boilers 

Balance_rep_exog 
Projection of Energy Consumption in Mines & Patent Fuel/Briquetting plants, in Oil 
and Gas Extraction and Non specified Transport balance sectors used for the first 
iteration of the Power Module 

BAL_PAR Exogenous trends used for the calculation of the energy balances in Balance Module 

Balance_rep_Exog2015 
Consumption of purchased (not produced by industrial plants) steam in certain 
industrial sectors for year 2015 

The values of the ŀōƻǾŜ ǇŀǊŀƳŜǘŜǊǎ ŀǊŜ ŘŜǊƛǾŜŘ ŦǊƻƳ 9ǳǊƻǎǘŀǘ ōŀƭŀƴŎŜǎ ŦƻǊ Ǉŀǎǘ ȅŜŀǊǎΣ ŀƴŘ twLa9{Ω 

projections for future years, using the results of the Reference Scenario 2016 

(https://ec.europa.eu/energy/sites/ener/files/documents/20160713%20draft_publication_REF2016_v1

3.pdf). 

The information existing in the input excel files Sets_CPS and Exogdata are not  to be changed by 

the user and should remain as provided by E3Modelling for every existing or to be created scenario. 

3.2 Output Data 

The results files of the CPS Model are created by pressing the άRun Final Report for Scenario έ 

pushbutton, as mentioned in section 2.2.5 Reporting, and are placed in the outputxlsx subfolder of the 

corresponding scenario folder (e.g. D:\CPS_SK_2018_new\Scenarios\DCarb1\outputxlsx). The results are 

presented in two excel files, each one having a different form: 

ü Final Report : Results presented in a Report Form, suitable for a printed version of the CPS 

outputs (e.g. file name: FinalReport_DCarb1.xlsx) 

ü Database : Results presented in a Database Form (e.g. file name: DCarb1_db.xlsm) 

 Final Report file 

The Final Report  excel file consists ƻŦ но ǎƘŜŜǘǎΦ 9ŀŎƘ ǎƘŜŜǘΩǎ ƴame and contents is described below: 

ü Scenario_Assumptions 

Á Macroeconomic drivers (GDP, Population, GDP per capita) 

Á International fuel prices of hard coal, crude oil and natural gas 

Á Sectoral Value Added for all sectors 

Á Key policy drivers 

https://ec.europa.eu/energy/sites/ener/files/documents/20160713%20draft_publication_REF2016_v13.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/20160713%20draft_publication_REF2016_v13.pdf
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¶ Carbon price for ETS sectors 

¶ Carbon value for non-ETS sectors  

¶ Average renewable value  

¶ Average energy efficiency value 

ü Summary&Indicators 

Á Key Policy indicators  

¶ Total CO2 emissions from energy combustion (% change w.r.t. 2005) 

¶ CO2 emissions of ETS sectors (% change w.r.t. 2005) 

¶ CO2 emissions of non-ETS sectors (% change w.r.t. 2005) 

¶ Overall RES share (%)  

¶ RES-H&C share (RES share in heating and cooling)  

¶ RES-E share (RES share in electricity generation) 

¶ RES-T share (RES share in transport) 

¶ Primary energy savings w.r.t. the respective year value of PRIMES 2007 baseline 

projection (%) for years 2020-2030 

¶ 9ƴŜǊƎȅ LƴǘŜƴǎƛǘȅ ƻŦ D5t όƛƴ a²Ƙκaϵύ 

¶ Carbon Intensity of GDP (in tnCO2κaϵύ 

¶ Import Dependency % 

Á Key energy results 

¶ Primary energy production per fuel type 

¶ Net imports for electricity and fuels 

¶ Gross inland consumption for electricity and fuels 

¶ Final energy demand in Non Energy sector 

¶ Total final energy consumption per fuel 

¶ Power generation per fuel type 

¶ CO2 emissions per sector 

¶ Average electricity price 

Á Key economic results for Industry, Households, Tertiary and Transport 

¶ Capital, non-fuel and fuel costs 

¶ Emission and energy taxation costs 

¶ Subsidies 

ü Fuel_Prices 

Á Pre-tax price 

Á Excise tax 

Á VAT 

Á End user price  

  per fuel and sector 

ü Industry 

Á Sectoral Value Added per industrial sector 
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Á Physical output indicator (for certain sectors) 

Á Fuel consumption per sector and fuel 

Á CO2 emissions per sector 

Á Energy intensity per sector 

Á Carbon intensity per sector 

Á For industrial CHP plants and boilers: 

¶ Fuel consumption per sector and fuel 

¶ Gross electricity production 

¶ Steam production 

¶ CO2 emissions per sector 

ü Sheets of industrial sectors: Iron&Steel to Other_Industries 

Á Sectoral Value Added 

Á Direct use of fuels per fuel  

Á CO2 emissions 

Á For industrial CHP and boilers: 

¶ Installed capacity 

¶ Investments 

¶ Electricity production (for industrial CHP only) 

¶ Steam production 

¶ Fuel consumption per fuel type 

¶ Total CO2 emissions of industrial plants 

Á Energy savings 

Á Carbon Intensity 

Á System costs 

Á Investment expenditures 

Á For Iron & Steel, Non Ferrous, Chemicals, Building Materials and Paper & Pulp sectors the 

physical output indicator is also being reported 

ü Non_energy 

Á Sectoral Value Added 

Á Final energy demand by fuel 

ü Residential & Tertiary 

Á Private consumption  

Á Population 

Á Final energy demand (per use and fuel) 

Á CO2 emissions 

Á Energy savings 

Á Energy efficiency indicator (Useful energy over Final energy demand) 

Á Energy intensity 

Á Carbon intensity 
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Á System costs 

Á Investment expenditures 

ü Transport 

Á Transport activity separated in passenger and freight transport 

Á Final energy demand per transport activity and fuel 

Á CO2 emissions 

Á Specific energy consumption per transport activity 

Á System costs 

Á Investment expenditures per transport activity 

Á Stock of vehicles per type of vehicle and fuel consumed 

ü Power_Generation 

Á Domestic consumption of electricity per demand sector 

Á Transmission and Distribution Losses 

Á Storage and Demand Response Losses 

Á Self-Consumption of power plants 

Á Consumption of electricity in Power to X units 

Á Exports of electricity 

Á Total Gross Demand for electricity 

Á Total Gross Domestic Power Generation 

Á Total Supply of electricity 

Á Gross Electricity Generation per plant type  

Á Net Electricity Generation per plant type  

Á Net Installed Capacity per plant type 

Á Capacity Expansion per plant type 

Á Fuel Consumption per fuel (for thermal power plants) 

ü Heat_Generation 

Á Domestic Consumption of heat 

Á District Heating Losses 

Á Total Gross Demand for Heat 

Á Total Gross Domestic Heat Generation 

Á Total Supply of Heat 

Á Heat Generation per plant type 

Á Net Installed Capacity per plant type 

Á Capacity Expansion per plant type 

Á Fuel Consumption per fuel 

ü PowerGeneration-Costs 

Á Costs of electricity and heat supply 

¶ Capital, non-fuel and fuel costs 

¶ Emission and energy taxation costs 
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¶ Other costs/revenues 

¶ Transmission and distribution costs 

¶ Fees related to RES support 

Á Investment Expenditures in Electricity, CHP & Heating Plants per plant type 

Á Investment Expenditures for Storage per storage type 

Á Investment Expenditures for Power to X plants 

Á Average cost of electricity generation  

Á Additional supply costs  

Á Pre-tax average price of electricity 

Á Excise tax and VAT on electricity  

Á After-tax average price of electricity 

ü PowerGeneration-Indicators 

Á Ratio of provided ancillary services over domestic electricity consumption including 

transmission and distribution losses 

Á Shares of various plant types (Carbon free generation, Renewables, Variable renewables, 

CHP, CCS) in net electricity generation 

Á CO2 emissions  

Á CO2 emissions captured 

Á Carbon Intensity per plant type (e.g. Thermal power plants, Industrial Boilers, District 

Heating heat plants and Total power generation) 

ü Biomass_Supply_Model 

Á Demand of bioenergy per fuel 

Á Domestic production of Biomass Feedstock 

Á Net Imports of Biomass Feedstock  

Á Net imports of Bioenergy  

Á Bioenergy Production  

Á Installed Capacity of Biomass Technologies  

Á Capacity Expansion of Biomass Technologies 

Á Fuel Consumption  

Á Total Cost of Biomass Supply  

Á Commodity Price per fuel type 

ü TransformationP_EnBR 

Á For cokery and refineries 

¶ Capacity 

¶ Investments 

¶ Input Fuel 

¶ Output Fuel 

Á Energy consumption of Energy branch 

¶ Self-consumption in Electricity, CHP and Heat plants 
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¶ Self-consumption in Storage plants (losses) 

¶ Direct Fuel Consumption in Refineries 

¶ Fuel Consumption in Coke-Oven and Gas-Works Plants  

¶ Fuel Consumption in Mines and Patent Fuel\Briquetting Plants 

¶ Fuel Consumption in Oil and Gas Extraction 

Á For CHP plants and boilers of Refineries 

¶ Installed capacity 

¶ Steam production 

¶ Fuel consumption per fuel 

¶ Gross Electricity Production (CHP only) 

Á Energy Savings 

Á Energy intensity production related (GWh consumed over GWhfuel produced) 

Á CO2 emissions of the Energy Branch  

Á CO2 emissions of CHP Plants and boilers of Refineries  

 Database file 

The database  file includes all information presented in the Final Report file in database form, plus two 

additional sheets: Balance_db and Baldat_2015_db. The former presents the energy balances for each 

year as calculated by the CPS Balance Module, through the application of the End Use approach. The latter 

presents the energy balance of 2015, as calculated by the CPS Balance Module using the so called Baldat 

approach. Both the End-Use and the Baldat approach are further explained at the end of this section. 

ü Scenario_Inputs 

¶ Includes the information in Scenario_Assumptions sheet of Final Report 

ü Summary_db 

¶ Includes the information in Summary&Indicators sheet of Final Report 

ü Fuel_Prices 

¶ Includes pre-tax prices, excise tax, VAT and end user prices per fuel & sector 

ü Demand_db  

¶ Includes the results of the Demand Module for all demand sectors, existing also in sheets 

Iron&Steel to Transport of Final Report 

ü PowerHeat_db 

¶ Includes the results of the Power Module, existing also in sheets Power_Generation to 

PowerGeneration-Indicators of Final Report 

ü Biomass_Supply_db 

¶ Includes the results of the Biomass Module, similar to Biomass_Supply_Model sheet of 

Final Report 

ü Balance_db  
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¶ Includes the Energy Balances of every projection year following the End Use approach. 

The assumptions of the End Use balancing approach are explained below. 

ü Baldat_2015_db 

¶ Includes the calculated energy balance of 2015 following the Baldat approach of Eurostat. 

The assumptions of the Baldat balancing approach are explained below. 

ü TransProcesses_db 

¶ Includes results regarding transformation processes (cokery, refineries, energy branch), 

similar to TransformationP_EnNR sheet of Final Report. 

 Approaches used in Energy Balances Reporting 

Energy Balances reported in sheets Balance_db and Baldat_2015_db have been calculated by the 

implementation of two approaches: the End Use approach (sheet Balance_db ) and the Baldat approach 

(sheet Baldat_2015_db).  

Details of each approach and additional information concerning the structure of each Excel sheet are 

provided below: 

ü End Use approach (sheet Balance_db): 

Á Fuel consumption for the production of electricity and steam in industrial CHP and boilers 

are ǊŜǇƻǊǘŜŘ ƛƴ ŎƻƭǳƳƴǎ ƭŀōŜƭƭŜŘ ά¢ǊŀƴǎŦƻǊƳŀǘƛƻƴ ƛƴǇǳǘ ς LƴŘǳǎǘǊƛŀƭ /Itέ ŀƴŘ 

ά¢ǊŀƴǎŦƻǊƳŀǘƛƻƴ ƛƴǇǳǘ ς Industrial BoƛƭŜǊǎέ ǊŜǎǇŜŎǘƛǾŜƭȅ 

Á Steam and electricity output from industrial plants (meaning the steam and electricity 

produced in the industrial plants) ŀǊŜ ǊŜǇƻǊǘŜŘ ƛƴ ŎƻƭǳƳƴǎ ƭŀōŜƭƭŜŘ ά¢ǊŀƴǎŦƻǊƳŀǘƛƻƴ 

output ς LƴŘǳǎǘǊƛŀƭ /Itέ ŀƴŘ ά¢ǊŀƴǎŦƻǊƳŀǘƛƻƴ ƻǳǘǇǳǘ ς Industrial .ƻƛƭŜǊǎέ 

Á The column labelled ά9ƴŜǊƎȅ /ƻƴǎǳƳǇǘƛƻƴέ represents fuel consumption and includes 

only the fuels directly consumed in industrial sectors (including refineries) by the 

processes of these sectors, including the entire amount of steam and electricity 

consumed, which could be either steam and electricity produced by the industrial plants 

or purchased from the market 

¶ [ŀōŜƭ ά9ƴŜǊƎȅ /ƻƴǎǳƳǇǘƛƻƴέ ƻŦ ƛƴŘǳǎǘǊƛŀƭ ǎŜŎǘƻǊǎ ŘƻŜǎ not include the fuel 

consumption for the production of electricity and steam in industrial plants 

The End Use accounting approach is appropriate for modelling self-production of energy, but End 

Use data are not fully available. Therefore the required process of calibration of the model in the 

basis year (2015) has been done via the use of the available energy balances of 2015 in Baldat 

approach, and the results of the calibration are available in the sheet Baldat_2015_db of the 

database file. 

ü Baldat approach (sheet Baldat_2015_db, official EUROSTAT approach): 

Á Industrial Boilers 

¶ Fuel consumption for the production of steam is reported in the column labelled 

ά9ƴŜǊƎȅ /ƻƴǎǳƳǇǘƛƻƴέ ƻŦ ŜŀŎƘ ƛƴŘǳǎǘǊƛŀƭ ǎŜŎǘƻǊ  
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¶ The steam output of industrial boilers is not reported  

Á Industrial CHP plants 

¶ Fuel consumption in industrial CHP plants is split into fuel consumption for the 

production of steam and fuel consumption for the  production of electricity 

¶ Fuel consumption for the production of steam from industrial CHP is reported, 

ŦƻǊ ŜŀŎƘ ƛƴŘǳǎǘǊƛŀƭ ǎŜŎǘƻǊΣ ƛƴ ǘƘŜ ŎƻƭǳƳƴ ƭŀōŜƭƭŜŘ ά9ƴŜǊƎȅ /ƻƴǎǳƳǇǘƛƻƴέ  

¶ The steam output of industrial CHP plants is not reported  

¶ Fuel consumption for self-production of electricity is reported in the column 

ƭŀōŜƭƭŜŘ ά¢ǊŀƴǎŦƻǊƳŀǘƛƻƴ ƛƴǇǳǘ ς LƴŘǳǎǘǊƛŀƭ /Itέ ŀƴŘ ƛǎ not ƛƴŎƭǳŘŜŘ ƛƴ ά9ƴŜǊƎȅ 

/ƻƴǎǳƳǇǘƛƻƴέ ƭŀōŜƭ ƻŦ ƛƴŘǳǎǘǊƛŀƭ ǎŜŎǘƻǊǎ 

¶ ElectriŎƛǘȅ ƻǳǘǇǳǘ ƻŦ ƛƴŘǳǎǘǊƛŀƭ /It ŀǇǇŜŀǊǎ ƛƴ ƭŀōŜƭ ά¢ǊŀƴǎŦƻǊƳŀǘƛƻƴ ƻǳǘǇǳǘ ς 

LƴŘǳǎǘǊƛŀƭ /Itέ ŀƴŘ ƛǎ ŀƭǎƻ ƛƴŎƭǳŘŜŘ ƛƴ ά9ƴŜǊƎȅ /ƻƴǎǳƳǇǘƛƻƴέ ƭŀōŜƭ ƻŦ ƛƴŘǳǎǘǊƛŀƭ 

sectors 

¢ƘǳǎΣ ƭŀōŜƭ ά9ƴŜǊƎȅ /ƻƴǎǳƳǇǘƛƻƴέ ŦƻǊ ƛƴŘǳǎǘǊƛŀƭ ǎŜŎǘƻǊǎ ƛƴŎƭǳŘŜǎ ŦǳŜƭǎ ŎƻƴǎǳƳŜŘ ŦƻǊ ǘƘŜ ǇǊƻŘǳŎǘƛƻƴ 

of steam in industrial plants, but not fuel consumption for the self-production of electricity. Moreover, 

ά9ƴŜǊƎȅ /ƻƴǎǳƳǇǘƛƻƴέ ƭŀōŜƭ ƛƴŎƭǳŘŜǎ ƻƴƭȅ ǘƘŜ ŀƳƻǳƴǘ of steam distributed (purchased from third 

parties), and not the amount of steam produced from industrial CHP and boilers, as well as the total 

amount of electricity consumed (self-produced and purchased).   
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4. Overview of the CPS Demand Module 

This chapter provides an overview of the main principles of the CPS Demand Module. 

¶ Section 4.1: Basic concepts in the CPS Demand Module 

¶ Section 4.2: Mathematical Structure, unknown variables and exogenous parameters 

¶ Section 4.3: Model features, considerations and assumptions 

¶ Section 4.4: Policy Focus ς Demand 

¶ Section 4.5: Explaining the demand-related scenario input file 

4.1 Basic concepts in the CPS Demand Module 

The CPS Demand Module includes all necessary mathematical formulations for projecting energy demand 

in the industrial, transport, residential and tertiary sectors, as well as refineries. For each energy demand 

sector, a representative decision-making agent (or numerous agents for certain sectors) is considered to 

operate. 

In general, demand is modelled in terms of useful energy services (such as heating, electric appliances, 

mobility, raw material preparation, metal melting etc.) and in terms of final energy commodities, ensuring 

energy balance between useful and final energy. Figure 20 provides a very simple illustrative example 

relating useful energy to the energy input in a process. In the example, energy input reflects final energy 

demand (here electricity), which is converted to useful energy (here light). 

Box 2 Definition of useful energy 

Useful energy: The portion of final energy which is actually available to the consumer for the respective 

use after the energy conversion. In final energy conversion, electricity becomes for instance light, 

mechanical energy or heat. 

 

Figure 20 Illustrative example of the conversion of energy input to useful energy. For all cases (a) ς (c), useful energy is equal to 
0.8 J. The more efficient the conversion of energy input to useful energy, the less energy input is needed 
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Energy efficiency investments may reduce demand for useful energy, as simplistically shown in Figure 20. 

The costs of such energy efficiency investments are included in the investment expenditures and annuity 

payments accounting of the CPS Demand Module.  

The calculation sequence of the CPS Demand Module is:  

a) Macroeconomic drivers are inserted as input 

b) Activity-useful energy per demand subsector is then computed 

c) Technology equipment is employed to meet useful energy demand. Final energy demand, in the 

form of purchased fuels or self-produced energy forms, is calculated in order to meet the demand 

for useful energy  

d) The need for new investments is derived from the demand for useful energy and the capacity of 

ǘƘŜ ŜȄƛǎǘƛƴƎ ŜǉǳƛǇƳŜƴǘΦ ¢ƘŜ ŎƘƻƛŎŜ ƻŦ ǘƘŜ ƛƴǾŜǎǘƳŜƴǘǎΩ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƛǎ ōŀǎŜd on cost minimization 

criteria. 

The reader is referred to Appendix III for a detailed mathematical representation. The Demand ModuleΩǎ 

mathematical formulation is a mixed complementarity problem, which concatenates the individual 

optimization problems, written in the form of Kuhn-Tucker conditions. 

Figure 21 shows the basics of the CPS Demand Module. The Module is based on concluding a number of 

choices, such as choice of technology, fuel, investment and premature replacement.    

 

Figure 21 CPS Demand Module basics 
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4.2 Mathematical structure, unknown variables and exogenous parameters 

 Mathematical structure 

The basic mathematical problem of the Demand Module is to calculate the final energy that needs to be 

ŎƻƴǎǳƳŜŘ ōȅ ǘƘŜ ŘŜƳŀƴŘ ǎŜŎǘƻǊǎ ƛƴ ƻǊŘŜǊ ǘƻ ǎŀǘƛǎŦȅ ǘƘŜ ǎŜŎǘƻǊǎΩ ŀŎǘƛǾƛǘȅΣ ǿƘŜǘƘŜǊ ǘƘŀǘ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ 

physical output, e.g for some industrial sectors, or energy services, as in the case of 

heating/cooking/appliances etc. for the domestic sector, or demand for passenger/tonne-kilometers in 

the transport sector. In order to project final energy demand/consumption, the CPS Demand Module 

decomposes each sector in subsectors (sets Ὓὃ to ὛὊ of Table 2), following the structure of a nesting tree:  

¶ Initially, macroeconomic drivers, such as GDP per capita and Income per capita are inserted in the 

Demand Module as an input defined exogenously. 

¶ The first level of the nesting tree, corresponding to set Ὓὃ, represents the most aggregated form 

of the demand sectors. 

It must be noted that level SA is used in the Demand Module solely as a modelling tool for the 

avoidance of scaling problems during the model run. Set SA is incorporated in the model in order 

for the demand sectors to run sequentially (separately) and not simultaneously.  

¶ In the second level Ὓὄ of the nesting tree, sectors of level Ὓὃ are split in subsectors representing 

a more detailed categorization, e.g. Iron & Steel splits in Integrated Steelworks and Electric Arc, 

Chemicals are decomposed in Fertilizers & Petrochemicals and Pharmaceuticals & Cosmetics and 

Tertiary splits in Services and Agriculture. At this level, the macroeconomic drivers are converted 

to demand for activity-useful energy for each subsector of level SB, through the use of an 

econometric function.  

¶ At the third Ὓὅ and fourth ὛὈ level of the tree, activities are allocated in further subsectors, which 

may be complementary or substitutable. For example, Services subsector consists of 5 subsectors, 

which are: Electric Uses, Lighting, Heating, Air Cooling and Water heating & Cooking. In the case 

of Services, the subsectors are complementary to each other. However, in the case of Land/Water 

passenger transport, the demand for passenger-kilometers can be satisfied by inland navigation, 

private passenger transport, public passenger transport or rail, which are substitutable subsectors 

belonging to the third level Ὓὅ. In fourth level ὛὈ, the subsector of private transport is further 

split in cars and 2 wheelers, whilst public transport is split in metro/tram and road transport, 

where substitutability also applies. 
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Figure 22 depicts the whole structure of Land/Water passenger transport sector from level Ὓὃ 

to ὛὈ.  
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Figure 22 Structure of Land/Water Passenger Transport sector for levels SA to SD 

¶ The last two levels of the nesting tree (5th and 6th level, corresponding to sets ὛὉ and ὛὊ 

respectively) no longer represent a further categorization of subsectors of level ὛὈ, but rather 

the processes or uses of every subsector that are meant to provide the useful energy needed to 

satisfy the energy demand for the calculated activity-useful energy of the 4th level ὛὈ, and are 

thus called supply processes. Every process/use is considered to correspond to a relevant 

equipment category. In the previous example, the processes/equipment of the 5th level that 

correspond to Private cars subsector of the 4th level are: Internal Combustion Engine (ICE) cars, 

Electric cars and Hydrogen-consuming cars. At the lowest level ὛὊ of the nesting tree, the most 

detailed categorization of processes/equipment is presented, e.g. ICE cars are comprised of 

Diesel, Gasoline and Gas consuming cars, as shown in Figure 23. To provide another example from 

the industrial sectors, the Basic Oxygen Furnace subsector of Iron & Steel is comprised of 4 

processes/uses: horizontal energy uses, raw material preparation, thermal & electric processing 

and product finishing. The detailed structure of every demand sector is presented in Appendix II. 

The calculated activity-useful energy of the subsectors of level ὛὈ is translated into useful energy 

needed to be produced by the supply processes of level ὛὉ. Similarly, useful energy produced by 

the supply processes level ὛὉ defines the need for useful energy production from the supply 

processes of level ὛὊ. 
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Figure 23 Supply processes/equipment of land/water passenger transport 

¶ The final level ὛὊ of the nesting tree, is the level in which useful energy produced can be 

translated to final energy consumption, as this is the level of the most detailed equipment 

categorization. All technical characteristics of equipment, including specific energy consumption, 

utilization rates, investment/fixed costs etc. are defined for the equipment of level ὛὊ. At this 

level, the choices that have to be considered are of two categories: 

o Choice of the equipment type mix: the equipment type is defined by two parameters: the 

technology advancement level, as this has been described in Section 3.1.1. Definitions 

(ordinary, improved, advanced etc.), and the vintage of the equipment. Thus, in level ὛὊ, 

the combination of the equipment types that will operate needs to be defined. 

o Choice of the fuel mix: meaning the share of each fuel in the total final energy 

consumption of every equipment type. 

Having defined the decomposition of demand sectors in subsectors and processes/equipment, the 

remaining problem to be solved is the calculation of the percentage to which every process/equipment 

or subsector of a lower level contributes to the satisfaction of the demand for activity-useful energy of 

the corresponding upper level process/equipment or subsector.  



REIMBURSABLE ADVISORY SERVICES (RAS): CONSTRUCTION OF ECONOMIC MODELING TOOLS AND BUILDING CAPACITY IN MODELING FOR 

SUSTAINED GROWTH IN THE SLOVAK REPUBLIC 

 

 

 

    
 

Page | 43 
 

In economics, discrete choice models or qualitative choice models describe, explain and predict choices 

between two or more discrete alternatives, such as choosing between modes of transport, choosing 

amongst different processes or fuels, through the use of logit functions.  

Consequently, in the CPS Demand Module the allocation of the activity of an upper level between the 

subsectors or processes of the lower level is defined through the use of logit functions. The decisive 

variable that is inserted in the logit function in order to calculate the shares of the lower level subsectors 

or processes is the cost. The logit function compares the costs of the available choices of the lower level 

subsectors or processes and defines the share of every subsector or process in the composition of the 

activity-useful energy of the upper level. Logit functions are applied also for the choice of the equipment 

type mix and fuel mix. The above description of the mathematical structure of the CPS Demand Module 

is summarized in Table 6. 

Table 6 The nesting tree structure of the CPS Demand Module 

Level Description Mathematical Formulation 

SA Top level of the nesting tree - 

SB 
Conversion of macroeconomic driver to activity-useful 
energy of subsectors of level SB 

Econometric function 

SC 
Allocation of activity-useful energy of subsectors of level SB 
to subsectors of level SC 

Logit functions 

SD  
Allocation of activity-useful energy of subsectors of level SC 
to subsectors of level SD 

Logit functions 

SE 
Allocation of activity-useful energy of subsectors of level SD 
to processes/equipment of level SE 

Logit functions 

SF 
Allocation of useful energy of processes/equipment of level 
SE to processes/equipment of level SF 

Logit functions 

SF 
Calculation of equipment type mix and fuel mix in a process 
SF 

Logit functions 

 

Before the extended review of the mathematical formulation of the Module it is useful to present the two 

types of economic behaviors of the representative decision-making agents considered in the Module: the 

short term behavior and the long term behavior. The notions of the two behaviors are presented in Table 

7. 

Table 7 Details on the modelling of long term and short term behavior 

Long Term behavior Short Term behavior 

Å Focuses on actions with a long-term effect 
Å Involves decision making related to the operation of 

existing equipment with fixed capital vintage 

Å Takes into account annuity payments Å Defines the fuel mix used in operating equipment 

Å Determines the volume of investments needed Å Does not take into account annuity payments 

Å Determines the technology type and fuel of investments   
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Long term behavior is reflected in the calculation of long term marginal costs, while short term behavior is 

represented through short term marginal costs. For example, an industry may differentiate fuel usage (e.g. 

a cement industry may decide to use a combination of waste and coal as fuel, rather than 100% coal) by 

comparing short term marginal costs between the fuel options. On the other hand, the decision regarding 

the upgrade or renewal of equipment involves the consideration of capital costs embedded within. In this 

decision making process, the comparison of long term marginal costs will determine the technology type of 

the new investment, as well as the capacity of the new equipment and the fuel it will consume.  

Equipment of levels ὛὉ and ὛὊ have both short and long term costs, as mentioned previously. In order to 

calculate the investments in new equipment, the model projects the optimum technology mix, via the use 

of long term costs assuming no existing capacity of equipment and calculates the capacity of new 

investments as: 

ü Capacity of new investments 

ὍὲὺάὥὼπȟέὴὸὭάόά ὸὩὧὬὲέὰέὫώ άὭὼὩὼὭίὸὭὲὫ ὧὥὴὥὧὭὸώ 

4.2.1.1 Calculation of sectoral activity of level Ὓὄ 

At the second level of nesting Ὓὄ, activity is derived from macroeconomic drivers, such as GDP, income and 

population. The projection of macroeconomic drivers is exogenous to the model.  

For the projection of second level activity-useful energy ὃὅὝȟ an econometric-type equation is used, 

which involves elasticity ὦὥὧὸȟ regarding the macroeconomic drivers άὥὧὶέȟ. The elasticity ὦὥὧὸȟ 

is changing over time, depending on the distance of the macroeconomic driver of the previous period 

άὥὧὶέȟ  from the value of the macroeconomic driver at the inflection point άὥὧὶέȟ, divided by the 

benchmark value of the macroeconomic driver άὥὧὶέȟ. For the calculation of elasticity ὦὥὧὸȟ a logit 

function is used.  

ü The econometric equation for the calculation of sectoral activity 

ὰέὫὃὅὝȟ ὥὥὧὸȟ ὦὥὧὸȟẗὰέὫάὥὧὶέȟ  

Where 

ὥὥὧὸȟ: Additive parameter of the econometric equation  

ü The logit function for elasticity ὦὥὧὸȟ 

ὦὥὧὸȟ ὦὥὧὸȟ ὧὥὰȟẗ
ὦὥὧὸ ὦὥὧὸȟ

ρ Ὡ
ȟẗ

ȟ ȟ

ȟ

 

ὧὥὰȟȡ ρ Ὡ
ȟẗ

ȟ

ȟ  
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Where 

ὸ: Year 

ὦὥὧὸ: Maximum value of elasticity 

ὦὥὧὸȟ: Benchmark value of elasticity 

ὦίὴὩὩὨȟ: Speed of convergence 

άὥὧὶέȟ : Macroeconomic driver equal to activity level at the inflection point 

 άὥὧὶέȟ: Benchamrk value of macroeconomic driver 

4.2.1.2 Allocation of activity-useful energy along the suōǎŜŎǘƻǊǎΩ ƭŜǾŜƭǎ Ὓὄ to ὛὈ 

The allocation of activity-useful energy ὃὅὝȟ of an upper level ὛὟ between the subsectors of a lower 

level Ὓὒ is calculated through the use of two generalized logit functions: the Inertia Share and the 

Optimum Share logit function. The Inertia Share logit function ὛὌȟ ȟ projects the shares of subsectors, 

as these would be defined influenced by the current observed preferences, while the Optimum Share logit 

function ὛὌȟ ȟ projects the shares of subsectors defined solely by their costs, deprived of market 

preferences.  

The mathematical formulations of the Inertia and Optimum share logit functions are: 

ü The Inertia Share logit function  

ὛὌȟ ȟ άόὰὸὭȟẗ
‏ ȟ ȟẗὩ ȟẗ ȟ

В ‏ ȟ ȟẗὩ ȟẗ ȟ
 

ü The Optimum Share logit function  

ὛὌȟ ȟ άόὰὸὭȟẗ
‏ ȟ ȟẗὩ ȟẗ ȟ

В ‏ ȟ ȟẗὩ
ȟẗ ȟ

 

Where 

ὸ: Year 

άόὰὸὭȟ: Parameter distinguishing between substitutability and complementarity of subsectors Ὓὒ (equal 

to 1 for substitutable subsectors or equal to the number of relevant choices of level Ὓὒ for complementary 

subsectors)  

‏ ȟ ȟ: Scale parameter of inertia logit function of level Ὓὒ depicting preferences between subsectors 

Ὣ ȟ: Exponent of inertia logit function of level ὛὟ 

ὴ ȟ: Cost per unit of activity of subsector Ὓὒ  
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‏ ȟ ȟ: Scale parameter of optimum logit function of level Ὓὒ (equal to the inverse of the number of 

relevant choices of level Ὓὒ, used for scaling purposes) 

Ὣ ȟ: Exponent of optimum logit function of level ὛὟ 

The above generalized logit functions have to the ability to represent both substitutability and 

complementarity cases in one compact formula. This is established via the application of proper values for 

ǘƘŜ ŦǳƴŎǘƛƻƴǎΩ ǇŀǊŀƳŜǘŜǊǎΥ άόὰὸὭ and Ὣ.  

The share ὛὌȟ ȟ of each subsector of level Ὓὒ which belongs to a corresponding subsector of level ὛὟ, 

is calculated as the weighted average of the two generalized logit functions ὛὌȟ ȟ and ὛὌȟ ȟ: 

ü The share of a subsector/process Ὓὒ in the activity of level ὛὟ as the weighted average 

ὛὌȟ ȟ ρ — ẗὛὌȟ ȟ — ẗὛὌȟ ȟ 

ü The generalized unit cost of level ὛὟ  

ὴ ȟ ὛὌȟ ȟẗὴ ȟ 

ü The activity-useful energy of lower level Ὓὒ 

ὃὅὝȟ ὛὌȟ ȟẗὃὅὝȟ  

Where 

— : Parameter depicting the degree of tendency towards the optimum share of level ὛὟ 

ὴ ȟ: Cost per unit of activity of subsector ὛὟ 

ὃὅὝȟ: Activity of subsector Ὓὒ 

Through this mathematical mechanism, the exogenous macroeconomic drivers have now been translated 

to activity volumes per subsector of levels Ὓὅ and ὛὈ.  

The energy demand corresponding to the calculated activity of level SD must be satisfied by the 
production of useful energy by the supply processes of final levels SE and SF. Once more, the variable 
which defines the useful energy produced by each supply process is the cost/price. In order to depict 
the way the model calculates the cost of each supply process, a bottom-up approach will be used 
below for the description of the decision making included in the last two levels. 

4.2.1.3 Choice of fuel mix 

At the level of each equipment type of a process ὛὊ - technology ὸὩ and vintage ὺ - the model applies the 

same logit mechanism to select the fuel mix of each equipment type. For the choice of the fuel mix, the 

allocation of equipment types is considered known and only fuel-related short term costs (ὛὝὅȟȟȟȟ) 

apply in the logit functions. At this level of decision making, the goal is to minimize the operational/short 
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term cost of each equipment type (ὛὝὅȟȟȟ). It should be noted that, at the point of the definition of the 

fuel mix, only fuels purchased from the market compete with each other. The share of heat recovery/energy 

savings in the fuel mix of a process ὛὊ is calculated separately, as described in Section 4.2.1.4 Modelling of 

heat recovery.  

Some of the fuels may have a limited availability potential, e.g. biomass, waste, solar or geothermal, 

meaning a significant risk of exhaustion exists. The model applies asymptotic cost-supply curves of 

ascending slope to represent the cost impact of potential exhaustion (ὓὖέὸȟȟ), through the use of a 

polynomial function of 6th degree. The amount of availability potential (maximum available volume of a 

fuel) relates to the nature of the use or process and is defined at the last level of subsectors ὛὈ. Promotion 

of renewable fuels (ὙὉὛὺὥὰόὩȟ ȟ) and carbon pricing (ὴέὴὶὭὧὩȟ ȟ for ETS sectors and ὴέὺὥὰόὩȟ ȟ 

for non-ETS sectors) are also inserted in the calculation of fuel-related short term costs and thus influence 

the choice of the fuel mix.  

ü Fuel related short term cost 

ὛὝὅȟȟȟȟ Ὤȟ ȟȟȟ

ẗ ὴὧȟȟ ὴὶὭὧὩȟȟ  ᶰ
ὓὖέὸȟȟ

ͺ ȟ
 ɴ ȟȟ

ὙὉὛὺὥὰόὩȟ ȟ  ɴ
ὴέὺὥὰόὩȟ ȟẗὩάὪȟȟ

  ɴ  

ὴέὴὶὭὧὩȟ ȟẗὩάὪȟȟ

  ɴ 

 

ü Cost impact of potential exhaustion 

ὓὴέὸȟȟ ὥὴȟȟẗ
В ὊὉȟȟͺ ȟ

ὴέὸȟȟ
 

Where 

ὸὩ: Technology advancement level 

ὺ: Vintage  

Ὢ: Fuel 

Ὤȟ ȟȟȟ: Heatrate of fuel Ὢ, process ὛὊ, technology ὸὩ and vintage ὺ 

ὴὧȟȟ: Perceived cost of process ὛὊ and fuel Ὢ 
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ὴὶὭὧὩȟȟ: Market price of fuel Ὢ for process ὛὊ 

ὩάὪȟȟ: Emission factor of fuel Ὢ for pollutant ὴέ 

‘: Degree of polynomial function 

ὥὴȟȟ: Coefficient of polynomial function (cost-supply curve of fuel Ὢ) of degree ‘ 

ὊὉȟȟ: Final energy consumption of process ὛὊ and fuel Ὢ 

ὴέὸȟȟ: Availability potential of fuel in ὛὈ level 

The share ὛὌȟȟȟȟ of each fuel Ὢ for an equipment type of a process ὛὊ, technology ὸὩ and vintage ὺ is 

calculated as the weighted average of the two generalized logit functions (ὛὌȟȟȟȟ,ὛὌȟȟȟȟ):  

ü The Inertia Share logit function  

ὛὌȟȟȟȟ
‏ ȟȟȟȟẗὩ ȟȟȟȟẗ ȟȟȟȟ

В ‏ ȟȟȟȟẗὩ ȟȟȟȟẗ ȟȟȟȟ
 

ü The Optimum Share logit function 

ὛὌȟȟȟȟ
Ὡ ȟȟȟȟẗ ȟȟȟȟ

В Ὡ ȟȟȟȟ
ẗ ȟȟȟȟ

 

ü The share of fuel Ὢ calculated as the weighted average 

ὛὌȟȟȟȟ ρ — ȟ ẗὛὌȟȟȟȟ — ȟẗὛὌȟȟȟȟ 

Where  

‏ ȟȟȟȟ: Scale parameter of inertia logit function of fuel Ὢ, process ὛὊ, technology ὸὩ and vintage ὺ 

depicting preferences 

Ὣ ȟȟȟȟ: Exponent of inertia logit function of fuel Ὢ, process ὛὊ, technology ὸὩ and vintage ὺ 

Ὣ ȟȟȟȟ: Exponent of optimum logit function of fuel Ὢ, process ὛὊ, technology ὸὩ and vintage ὺ 

— ȟ: Parameter depicting the degree of tendency towards the optimum share for process ὛὊ 

4.2.1.4 Modelling of heat recovery 

This section addresses the specific topic of modelling heat recovery/energy savings. In industrial sectors, 

heat recovery represents the equipment that take advantage of waste heat derived from the industrial 

processes and redirect it back to the system in order to be reused. In buildings, investments concern 

renovation of structures using insulation and other materials, thus heat recovery investments aim at the 
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reduction of heat losses in the building. Heat recovery can also derive from energy management and control 

systems. 

The objective is to define the share of recovered heat in the final fuel consumption of a process ὛὊ. The 

share of heat recovered (ὛὌͅὌὉὙȟȟȟ) in a process ὛὊ is calculated as the share of the previous year 

(ὛὌͅὌὉὙȟȟȟ ) plus the additional share (ὛὌͅὌὉὙͅὃὈȟȟȟ) of the current year:  

ü Share of heat recovered 

ὛὌͅὌὉὙȟȟȟ ὛὌͅὌὉὙͅὃὈȟȟȟ ὛὌͅὌὉὙȟȟȟ  

In order to assess the additional share of heat recovery for the current year, the model compares the long 

term cost of heat recovery (including heat recovery investments of current year) for a process ὛὊ, 

technology ὸὩ and vintage ὺ ὒὝὅͅὌὉὙȟȟȟ  and the short term cost of the process ὛὊ, technology ὸὩ 

and vintage ὺ (ὛὝὅͅὔέὌὉὙȟȟȟ  assuming no new investments are made.  

ü Additional share of heat recovery  

ὛὌͅὌὉὙͅὃὈȟȟȟ
Ὡ ȟ ȟẗ ͺ ȟȟȟ ȟ ȟȟȟ

Ὡ ȟ ȟẗ ͺ ȟȟȟ ȟȟȟ Ὡ ȟ ȟẗ ͺ ȟȟȟ
 

Where 

Ὣ ȟ ȟ: Exponent of heat recovery for process ὛὊ 

ὴὧ ȟ ȟȟȟ: Perceived cost of heat recovery for process ὛὊ, technology ὸὩ and vintage ὺ 

For the calculation of the long term cost of heat recovery, the availability potential has to be taken into 

account. Availability potential of heat recovery, or energy savings, is limited (ὛὌͅὌὉὙͅὖέὸȟ represents 

maximum share of energy savings that can be achieved in a process ὛὊ). The model applies the same 

asymptotic curve of ascending slope to represent the cost impact of potential exhaustion 

(ὓ ὌͅὉὙͅὖέὸȟȟȟ), through the use of a polynomial function of 6th degree. 

The capital cost of heat recovery investments ὧὥὴὧȟ ȟ) is thus increased by the cost impact of 

potential exhaustion (ὓ ὌͅὉὙͅὖέὸȟȟȟ), which tends to infinity when the share of heat recovery 

approaches the maximum potential. The long term cost of heat recovery is calculated via: 

ü Long term cost of heat recovery 

ὒὝὅͅὌὉὙȟȟȟ

ở

Ở
ờ
ὧὥὴὧȟ ȟẗρ ίόὦίȟ ȟ ẗὥὲὲὪὥὧὸέὶȟ ȟ

όὸὭὰȟẗψχφπ
ẗρ ὓ ὌͅὉὙͅὖέὸȟȟȟ

έάὧ ȟ ȟ

όὸὭὰȟẗψχφπ
ὉὉὺὥὰόὩȟ ȟ

Ợ

ỡ
Ỡ
ẗὬ ȟ ȟȟȟ 

Where 

ὧὥὴὧȟ ȟ: Capital cost of heat recovery equipment for process ὛὊ  
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ίόὦίȟ ȟ: Subsidy for heat recovery equipment for process ὛὊ 

ὥὲὲὪὥὧὸέὶȟ ȟ: Annuity factor for heat recovery investments in equipment of process ὛὊ 

όὸὭὰȟ: Utilization rate of equipment of process ὛὊ 

έάὧ ȟ ȟ: Operation and maintenance cost of heat recovery for process ὛὊ 

ὉὉὺὥὰόὩȟ ȟ: Energy efficiency value of heat recovery for process ὛὊ 

Ὤ ȟ ȟȟȟ:  Heatrate of heat recovery equipment for process ὛὊ, technology ὸὩ and vintage ὺ 

ü Cost impact of the heat recovery potential exhaustion  

ὓ ὌͅὉὙͅὖέὸȟȟȟ ὥὴ ȟ ȟȟȟ

ὛὌͅὌὉὙͅὃὈȟȟȟ ὛὌͅὌὉὙȟȟȟ
ὛὌͅὌὉὙͅὖέὸȟ

 

Where 

ὥὴ ȟ ȟȟȟ: Coefficient of polynomial function (cost-supply curve of heat recovery for process ὛὊ, 

technology ὸὩ and vintage ὺ) of degree ‘ 

In case no investments in heat recovery equipment are made at the current year, the share of heat 

recovered remains the same as the previous year ὛὌͅὌὉὙȟȟȟ ) and the short term cost of 

process ὛὊ, technology ὸὩ and vintage ὺ (ὛὝὅͅὔέὌὉὙȟȟȟ  is calculated as:  

ü Short term cost of process ὛὊ excluding new investments in heat recovery 

ὛὝὅͅὔέὌὉὙȟȟȟ ρ ὛὌͅὌὉὙȟȟȟ ẗ ὛὌȟȟȟȟẗὛὝὅȟȟȟȟ

ὺὧȟẗὬ
έάὧȟ

όὸὭὰȟẗψχφπ

Ὤ

ẗρ έάὫȟ
 

Where  

ὺὧȟ: Variable cost of process ὛὊ 

Ὤ : Average heatrate of process ὛὊ 

έάὧȟ: Operation & Maintenance cost of process ὛὊ 

έάὫȟ: Growth rate of operation and maintenance cost of process ὛὊ 

Investments in heat recovery are derived from the calculated additional share of heat recovered: 

ü Heat recovery investments 
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ὍὔᾠὌὉὙȟȟȟ
Ὤ ȟȟȟẗὛὌͅὌὉὙͅὃὈȟȟȟẗὟὉȟȟȟ

όὸὭὰȟẗψχφπ
 

Where 

ὍὔᾠὌὉὙȟȟȟ: Investments in heat recovery equipment for process ὛὊ of technology ὸὩ and vintage ὺ 

Ὤ ȟȟȟ: Heatrate of process ὛὊ of technology ὸὩ and vintage ὺ 

ὟὉȟȟȟ: Useful energy of process ὛὊ, technology ὸὩ and vintage ὺ 

Operational capacity of heat recovery equipment is derived from the capacity of the previous year 

(ὅὃὖͅὌὉὙȟȟȟ , multiplied by a probability of survival factor (ὴὶέὦίͅόὶὺὌͅὉὙȟȟȟ , and 

increased by the new investments (ὍὔᾠὌὉὙȟȟȟ : 

ü Operational capacity of heat recovery equipment 

ὅὃὖͅὌὉὙȟȟȟ ὅὃὖͅὌὉὙȟȟȟ ẗὴὶέὦίͅόὶὺὌͅὉὙȟȟȟ ὍὔᾠὌὉὙȟȟȟ 

4.2.1.5 Choice of equipment type mix 

Having defined the fuel mix, as well as the share of recovered heat for each equipment type of process ὛὊ, 

technology ὸὩ and vintage ὺ, the next decision to be taken is the combination of equipment types, 

regarding both the operation of existing equipment, as well as investments in new equipment. 

Choice of existing equipment type mix in operation 
The decision regarding which of the existing equipment will operate is made from a short term behavior 

perspective, taking into account short term marginal costs (operational costs). The short term cost 

ὛὝὅȟȟȟ of an equipment type of a process ὛὊ, technology ὸὩ and vintage ὺ is: 

ü Short term cost of equipment type 

ὛὝὅȟȟȟ ρ ὛὌͅὌὉὙȟȟȟ ẗ ὛὌȟȟȟȟẗὛὝὅȟȟȟȟ ὺὧȟẗὬ
ὓὅὃὖȟȟȟ
όὸὭὰȟẗψχφπ

 

Where: 

ὛὌͅὌὉὙȟȟȟ: Share of heat recovered in process ὛὊ, technology ὸὩ and vintage ὺ 

ὛὌȟȟȟȟ: Share of fueὰ Ὢ in fuel consumption of process ὛὊ, technology ὸὩ and vintage ὺ 

ὛὝὅȟȟȟȟ: Fuel-related short term cost of fueὰ Ὢ, process ὛὊ, technology ὸὩ and vintage ὺ 

ὺὧȟ: Variable cost of process ὛὊ (mentioned above) 

Ὤ : Average heatrate of process ὛὊ 

ὓὅὃὖȟȟȟ: Marginal-shadow value of existing capacity constraints for process ὛὊ, technology ὸὩ and 
vintage ὺ 
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όὸὭὰȟ: Utilization rate or mileage of process ὛὊ 

The share of heat recovered is subtracted from fuel cost as it represents the percentage of energy savings.  

As mentioned in Section 3.1 Common Input Data, the model considers several equipment types for each 

use/process. The CPS Demand Module supports 7 levels of technology progress, shown in Table 1 of Section 

3 Definitions, and 9 possible vintages: from 0 to 40 years of age, in 5-year steps.  

The share (ὛὌȟȟȟ) of an equipment type of a process ὛὊ, technology ὸὩ and vintage ὺ is calculated once 

more as the weighted average of two generalized logit functions (ὛὌȟȟȟ,ὛὌȟȟȟ). The marginal-

shadow value of the capacity constraints (ὓὅὃὖȟȟȟ) influences the choice of existing equipment in 

operation.  

ü The Inertia Share logit function  

ὛὌȟȟȟ
‏ ȟȟȟẗὩ ȟȟȟẗ ȟȟȟ

В ‏ ȟȟȟẗὩ ȟȟȟẗ ȟȟȟ
 

ü The Optimum Share logit function 

ὛὌȟȟȟ
Ὡ ȟȟȟẗ ȟȟȟ

В Ὡ ȟȟȟẗ ȟȟȟ

 

ü The share of equipment type calculated as the weighted average 

ὛὌȟȟȟ ρ — ȟ ẗὛὌȟȟȟ — ȟẗὛὌȟȟȟ 

Where  

‏ ȟȟȟ: Scale parameter of inertia logit function of process ὛὊ, technology ὸὩ and vintage ὺ 

Ὣ ȟȟȟ: Exponent of inertia logit function of process ὛὊ, technology ὸὩ and vintage ὺ 

Ὣ ȟȟȟ: Exponent of optimum logit function of process ὛὊ, technology ὸὩ and vintage ὺ 

— ȟ: Parameter depicting the degree of tendency towards the optimum share for process ὛὊ 

After the calculation of the shares of each equipment type (ὸὩȟὺ) in the equipment mix of process ὛὊ, the 

short term unit cost of each process is defined as: 

ü Short term unit cost of a process ὛὊ 

ὛὝὅȟ ὛὌȟȟȟẗὛὝὅȟȟȟ
ȟ
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Choice of equipment type mix  in investments  
Planning for investments in new equipment is made from a long term behavior perspective, taking into 

account long term costs. The long term cost ὒὝὅȟȟ of an equipment type of a process  ὛὊ and technology 

ὸὩ is: 

ü Long term cost of equipment type 

ὒὝὅȟȟ

ở

ờ
ὧὥὴὧȟȟẗρ ίόὦίȟȟ ẗὥὲὲὪὥὧὸέὶȟ

όὸὭὰȟẗψχφπ

Ὤ

ρ ὛὌͅὌὉὙȟȟȟ

ẗ ὛὌȟȟȟȟẗὛὝὅȟȟȟȟẗρ ὴὧȟ ȟ ὺὧȟẗὬ
έάὧȟ

όὸὭὰȟẗψχφπ

Ὤ Ợ

Ỡ

ẗρ ὴὧȟȟ  

Where 

ὧὥὴὧȟȟ: Capital cost of equipment of process ὛὊ and technology ὸὩ  

ίόὦίȟȟ: Subsidy of equipment of process ὛὊ and technology ὸὩ 

ὥὲὲὪὥὧὸέὶȟ: Annuity factor of investment in equipment of process ὛὊ 

ὴὧȟ ȟ: Fuel related perceived/hidden costs of equipment of process ὛὊ and fuel Ὢ 

έάὧȟ: Operation and maintenance cost of equipment of process ὛὊ 

ὴὧȟȟ: Technology related perceived/hidden costs of equipment of process ὛὊ and technology ὸὩ 

Vintage values in the above equation are set equal to zero, as investments in new equipment are only of 

vintage/age 0. 

The long term share (ὛὌȟȟ) of an equipment type of a process ὛὊ and technology ὸὩ in new investments 

is calculated in the same way as in the choice of existing equipment type mix, as the weighted average of 

the inertia and the optimum share, via the use of corresponding long term parameters and long terms costs.  

After the calculation of the shares of each equipment type in the investments of process/equipment ὛὊ, 

the long term unit cost of each process is defined as: 

ü Long term unit cost of a process ὛὊ 

ὒὝὅȟ ὛὌȟȟẗὒὝὅȟȟ 
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4.2.1.6 Allocation of activity-useful energy of level ὛὉ in level ὛὊ 

Having defined the short term and long term unit cost of the lowest level ὛὊ, it is now possible to apply the 

same mathematical mechanism in order to calculate the extent/share to which each process ὛὊ contributes 

to the production of useful energy of the upper level ὛὉ, both in short term and long term decision making.  

The short term share ὛὌȟ ȟ of a process ὛὊ in the composition of the activity-useful energy of level ὛὉ 

is calculated via: 

ü The Inertia Share logit function  

ὛὌȟ ȟ άόὰὸὭȟẗ
‏ ȟ ȟẗὩ ȟẗ ȟ

В ‏ ȟ ȟẗὩ ȟẗ ȟ
 

ü The Optimum Share logit function 

ὛὌȟ ȟ άόὰὸὭȟẗ
‏ ȟ ȟẗὩ ȟẗ ȟ

В ‏ ȟ ȟẗὩ
ȟẗ ȟ

 

ü The share of a process ὛὊ in the activity of level ὛὉ as the weighted average 

ὛὌȟ ȟ ρ — ẗὛὌȟ ȟ — ẗὛὌȟ ȟ 

Where 

άόὰὸὭȟ:  Parameter distinguishing between substitutability and complementarity of processes ὛὊ (equal 

to 1 for substitutable processes or equal to the number of relevant choices of processes ὛὊ for 

complementary processes) 

The short term cost of a process of level ὛὉ is thus equal to: 

ü Short term unit cost of a process ὛὉ 

 ὛὝὅȟ ὛὌȟ ȟẗὛὝὅȟ 

The same equations apply also for the calculation of the long term share of a process ὛὊ.  

For the levels ὛὉ and ὛὊ of the nesting tree, the calculated costs of processes/equipment and the 

consequential shares are differentiated between short and long term, as these levels have the notion of 

equipment. Thus, long term shares of equipment types in the invesǘƳŜƴǘǎΩ ŎƻƳǇƻǎƛǘƛƻƴΣ ŘŜŦƛƴŜŘ ōȅ ǘƘŜ 

long term costs, have a meaning only for levels ὛὉ and ὛὊ. For the rest levels of the nesting tree ὛὈ to 

Ὓὄ, the costs as well as the shares are not differentiated between short term and long term and only a 

generalized unit cost is calculated.  
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4.2.1.7 Agent heterogeneity 

The logit functions represent heterogeneity of preferences of individual consumers. The CPS Demand 

Module involves further heterogeneity by distinguishing agents with different preferences in the choice of 

private cars and the choice of space heating for residential sector. There are five agent classes considered 

in the CPS Demand Module, shown in Table 8. 

Table 8 Agent classes of CPS Demand Module 

Agent classes (╪) 

High income or consumption class 

Medium High intermediate income or consumption class 

Medium income or consumption class 

Low Medium intermediate income or consumption class 

Low income or consumption class 

 

Once more, agent heterogeneity exists only in the last two levels of processes/equipment ὛὉ and ὛὊ. An 

assumed histogram (ὬὭίὸȟ) denotes the distribution of activity between the agent classes. Also, values for 

certain characteristics are differentiated across the agent classes such as: discount rate, utilization rate or 

mileage, perceived costs and parameters of the logit function. The generalized logit functions apply to each 

agent, with agent specific corresponding parameters, and then aggregate to the share ὛὌȟ ȟȡ 

ü The Inertia Share logit function  

ὛὌȟ ȟ ȟ άόὰὸὭȟẗ
ȟ‏ ȟ ȟẗὩ ȟ ȟẗ ȟ ȟ

В ȟ‏ ȟ ȟẗὩ ȟ ȟẗ ȟ ȟ
 

ü The Optimum Share logit function  

ὛὌȟ ȟ ȟ άόὰὸὭȟẗ
ȟ‏ ȟ ȟẗὩ ȟ ȟẗ ȟ ȟ

В ȟ‏ ȟ ȟẗὩ
ȟ ȟẗ ȟ ȟ

 

ü The share of a process Ὓὒ in the activity/useful energy of level ὛὟ as the weighted 

average 

ὛὌȟ ȟ ȟ ρ —ȟ ẗὛὌȟ ȟ ȟ —ȟ ẗὛὌȟ ȟ ȟ 

ὛὌȟ ȟ ὬὭίὸȟẗὛὌȟ ȟ ȟ 

ü The generalized unit cost of level Ὓὒ for agent ὥ  

ὖȟ ȟ Ὢὅ ȟȟὴὧȟ ȟȟόὸὭὰȟ ȟȟὶȟ  

Where  
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ὖȟ ȟ: Generalized cost of process Ὓὒ for agent ὥ used for the decision  

ὅ ȟ: Short term or long term cost of level Ὓὒ 

ὴὧȟ ȟ: Perceived cost of process ὛὊ for agent ὥ 

όὸὭὰȟ ȟ: Utilization rate or mileage of process ὛὊ for agent ὥ 

ὶȟ: Discount rate for agent ὥ 

4.2.1.8 Technology standards 

At the point of choice for the equipment type mix in new investments ς level ὛὊ ς another policy instrument 

which influences the decision (apart from promotion of RES and carbon pricing mentioned above) is the 

technology standards. The technology standards/ targets (ίὸὲͅὸὥὶὫὩὸȟ ȟ are carbon emissions and 

energy efficiency standards, defined per unit of output in level ὛὈ. These standards influence the decision 

for the equipment type mix in new investments, through the following mechanism:  

¶ every equipment type has a label - nominal performance (ὰὦὰȟ ȟȟ) corresponding to a standard 

type (carbon emissions or energy efficiency) 

¶ the model calculates the weighted average label (performance) of the equipment type mix of new 

investments at the last level of subsectors ὛὈ 

¶ in case the weighted average performance of level ὛὈ is higher than the targeted value of the 

standard (ίὸὲͅὸὥὶὫὩὸȟ ȟ) then a penalty (ὖίὸὲȟȟ) applies to the non-compliant equipment 

types 

¶ hence the model modifies the equipment type mix until the average performance of level ὛὈ 

complies with the targeted value of the standard 

ü Technology Standards Constraint 

ίὸὲͅὸὥὶὫὩὸȟ ȟẗ Ὅὔὠȟȟ
ͺ ȟ

ὰὦὰȟ ȟȟẗὍὔὠȟȟ
ͺ ȟ

 Ṷ ὓ ίͅὸὲȟ ȟ π 

ü Penalty of non-compliance 

ὖίὸὲȟȟ ὓ ίͅὸὲȟ ȟẗÍÁØὰὦὰȟ ȟȟ ίὸὲͅὸὥὶὫὩὸȟ ȟȟπ 

Where 

Ὓὸὲ: Type of standard - carbon emissions or energy efficiency 

Ὅὔὠȟȟ: Investments in equipment of process ὛὊ of technology ὸὩ 

ὓ ίͅὸὲȟ ȟ: Marginal/shadow value of the technology standards constraint for standard Ὓὸὲ defined in 

level ὛὈ. 
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4.2.1.9 Cokery 

In Iron & Steel sector specifically, fuels from the market, including purchased coke, compete with coke and 

derived gasses (DGS) produced from cokery. The fuel mix of the relevant processes is calculated by 

comparing the price of market fuels with the unit cost of coke or derived gasses production, via the use of 

inertia and optimum shares, as described in Section 4.2.1.3 Choice of fuel mix. Derived gasses are a by-

product of coke production and thus have no real cost of production. However, in the CPS Demand Module, 

the unit cost of derived gasses is set equal to the marginal value of the constraint of DGS demand 

satisfaction.  

Calculation of unit cost of coke production 

In order to calculate the unit cost of coke production, the combination of fuels consumed in the production 

of coke (fuel mix of cokery) has to be defined. At the level of choice of ŎƻƪŜǊȅΩǎ fuel mix, ǘƘŜ ŦǳŜƭǎΩ shares 

(ὛὌͅὅέὯὩȟȟȟ) are calculated through the same logit mechanism mentioned in Section 4.2.1.3 Choice of 

fuel mix.  

The same mathematical method applies also for the choice of the equipment type mix that will be used 

both in short term - operation (ὛὌͅὅέὯὩȟ) and long term - planning (ὛὌͅὅέὯᾩὒὝȟ) of cokery, as 

described in Section 4.2.1.5 Choice of equipment type mix. 

Once the above shares are calculated, the costs of coke production are calculated as: 

ü Fuel-related short term cost of cokery for fuel Ὢ, technology ὸὩ and vintage ὺ 

ὛὝὅͅὅέὯὩȟȟȟ

Ὤ ȟȟȟȟ

ẗ ὴᾧὅέὯὩȟ ὴὶὭὧὩȟȟ  ᶰ
ὙὉὛὺὥὰόὩȟȟ  ᶰ

ὴέὴὶὭὧὩὅͅέὯὩȟẗὩάᾪὅέὯὩȟȟ

 ᶰ ȟ

 

Where 

Ὤ ȟȟȟȟ: Heatrate of cokery equipment for fuel Ὢȟ technology ὸὩ and vintage ὺ 

ὴᾧὅέὯὩȟ: Fuel-related perceived cost of coke production for fuel Ὢ 

ὴὶὭὧὩȟȟ: Market price of fuel Ὢ for cokery 

ὙὉὛὺὥὰόὩȟȟ: Renewable value of fuel Ὢ for cokery 

ὴέὴὶὭὧὩὅͅέὯὩȟ: Price of pollutant ὴέ for cokery 

ὩάᾪὅέὯὩȟȟ: Emission factor of cokery for fuel Ὢ and pollutant ὴέ, 
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ü Short term cost of coke production for technology ὸὩ and vintage ὺ 

ὛὝὅͅὅέὯὩȟȟ ὛὌͅὅέὯὩȟȟȟẗὛὝὅͅὅέὯὩȟȟȟ ὺᾧὅέὯὩὓὅὃὖ ȟȟȟ 

Where: 

ὛὌͅὅέὯὩȟȟȟ: Share of fuel Ὢ in the fuel mix of coke production for technology ὸὩ and vintage ὺ 

ὺᾧὅέὯὩ: Variable cost of cokery equipment 

ὓὅὃὖ ȟȟȟ: Marginal-shadow value of existing equipment capacity constraint for technology ὸὩ and 

vintage ὺ 

ü Long term cost of coke production for technology ὸὩ 

ὒὝὅͅὅέὯὩȟ
ὧὥὴὧὅͅέὯὩȟẗρ ίόὦίὅͅέὯὩȟ ẗὥὲὲὪὥὧὸέὶὅͅέὯὩ

όὸὭὰὅͅέὯὩẗψχφπ

ὛὌͅὅέὯὩȟȟȟẗὛὝὅͅὅέὯὩȟȟȟẗρ ὴᾧὅέὯὩȟ ὺᾧὅέὯὩ

ẗ
έάᾧὅέὯὩ

όὸὭὰὅͅέὯὩẗψχφπ
ẗρ ὴᾧὅέὯὩȟ  

Where 

ὧὥὴὧὅͅέὯὩȟ: Capital cost of cokery equipment of technology ὸὩ  

ίόὦίὅͅέὯὩȟ: Subsidy of cokery equipment of technology ὸὩ 

ὥὲὲὪὥὧὸέὶὅͅέὯὩ: Annuity factor of cokery investments 

ὛὌͅὅέὯὩȟȟȟ: Share of fuel Ὢ in the fuel mix of coke production for technology ὸὩ and vintage 0 

ὛὝὅͅὅέὯὩȟȟȟ: Fuel-related short term cost of coke production for fuel Ὢ, technology ὸὩ and vintage 0 

ὴὧ ȟȟ: Fuel-related perceived/hidden cost of cokery for fuel Ὢ 

όὸὭὰὅͅέὯὩ: Utilization rate of cokery equipment 

έάᾧὅέὯὩ: Operation and maintenance cost of cokery equipment 

ὴᾧὅέὯὩȟ: Technology-related perceived/hidden costs of cokery equipment for technology ὸὩ 

ü Long term cost of coke production 

ὒὝὅͅὅέὯὩ ὛὌͅὅέὯᾩὒὝȟẗὒὝὅͅὅέὯὩȟ 

Where 
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ὛὌͅὅέὯᾩὒὝȟ: Long term share of technology ὸὩ in coke production  

Finally, the unit cost of self-produced coke (Ὗὅὥόὸέȟ) is calculated as the long term cost of coke 

production (ὒὝὅͅὅέὯὩ), reduced by the opportunity cost (ὕὴὅέίὸ) ς cost avoided due to not purchasing 

fuels from the market ς plus the additional emissions cost (ὃᾨὉάὅέίὸ).   

ü Unit cost of self-produced coke 

Ὗὅὥόὸέȟ ὒὝὅͅὅέὯὩὕὴὅέίὸὃᾨὉάὅέίὸ 

ü Opportunity cost of self-production of coke 

ὕὴὅέίὸ 
ρ

έόὸὴόὸὶὥὸὭέȟ
ẗέῂὶὥὸὭέȟ ẗὴὶὭὧὩȟ 

ü Additional emissions cost of self-production of coke 

ὃᾨὉάὅέίὸ
ρ

έόὸὴόὸὶὥὸὭέȟ
ẗ ὴέὴὶὭὧὩȟẗὩάὪȟ ȟ  ὩάὪȟ ȟ  

Where  

έόὸὴόὸὶὥὸὭέȟ : Ratio of coke output over the derived gasses output in cokery 

έῂὶὥὸὭέȟ : Ratio denoting fraction of price of marketed natural gas not paid due to consumption of 

derived gasses from cokery 

ὴὶὭὧὩȟ: Market price of natural gas 

Output fuels of cokery 

The coke volume needed to be produced is derived by the total final consumption of coke for all demand 

processes: 

ü Coke output needed to be produced 

ὕόὸὴόὸͅὖὶὭάȟ  ὊὉ ȟ ȟ  

Where 

ὊὉ ȟ ȟȡ Final energy consumption of coke in process ὛὊ 

During the production of coke, derived gasses are produced as a secondary output fuel. The volume of 

derived gasses (ὕόὸὴόὸὛͅὩὧȟ) is directly linked to the volume of produced coke via the output ratio 

(έόὸὴόὸὶὥὸὭέȟ :  

ü Output of derived gasses from self-production of coke 
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ὕόὸὴόὸὛͅὩὧȟ  
ρ

έόὸὴόὸὶὥὸὭέȟ
ẗὕόὸὴόὸͅὖὶὭάȟ  

The produced volume of derived gasses from cokery (ὕόὸὴόὸὛͅὩὧȟ) must be greater or equal to the 

final demand for derived gasses (ὊὉ ȟ ȟ). The marginal-shadow value of this constraint 

is ὓ ὕͅὟὝὛὉὅ ȟ, which is equal to zero when production of derived gasses from cokery is greater than 

demand for DGS and equal or greater than zero when the equality is met. The price of derived gasses 

Ὗὅὥόὸέȟ is set equal to ὓ ὕͅὟὝὛὉὅ ȟ. In case of excess production of DGS, the remaining volume 

(Ὂ ȟ ) is consumed by the power generation plants, in the Supply Module. 

ü Output of derived gasses constraint 

ὕόὸὴόὸὛͅὩὧȟ  ὊὉ ȟ ȟ    Ṷ ὓ ὕͅὟὝὛὉὅ ȟ π 

ü Remaining volume of derived gasses 

 

ὊὉ ȟ ὕόὸὴόὸὛͅὩὧȟ  ὊὉ ȟ ȟ 

ü Price of derived gasses 

Ὗὅὥόὸέȟ ὓ ὕͅὟὝὛὉὅ ȟ 

Investments in cokery are calculated through the estimation of desired capacity, reduced by the survived 

capacity of each year, as in the case of investments in supply processes of demand.  

Operational capacity of cokery (ὅὃὖͅὅέὯὩȟȟ) is derived from the capacity of the previous year, multiplied 

by a probability of survival factor (ὴὶέὦίͅόὶὺὅͅέὯὩȟȟ) and a probability of premature replacement factor 

(ρ ὴὶέὦῂὶὩάὶὅͅέὯὩȟȟ) and increased by the capacity of new investments (ὍὔᾠὅέὯὩȟȟ). 

ü Operational capacity of cokery equipment 

ὅὃὖͅὅέὯὩȟȟ
ὅὃὖͅὅέὯὩȟȟ ẗὴὶέὦίͅόὶὺὅͅέὯὩȟȟ ẗρ ὴὶέὦῂὶὩάὶὅͅέὯὩȟȟ ὍὔᾠὅέὯὩȟȟ 

 Unknown variables 

The unknown variables of the CPS Demand Module include at least the following: 

Á Activity-useful energy for subsectors/processes of all nesting levels apart from the top level (Ὓὃ)  

Á Useful energy of each supply process ὛὊ by technology category ὸὩ and vintage ὺ 

Á Generalized unit cost for levels Ὓὄ to ὛὈ 
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Á Short term and long term unit cost for levels ὛὉ and ὛὊ (and per agent, where agent heterogeneity 

applies) 

Á Share of fuel Ὢ in final energy consumption of supply process ὛὊ by technology category ὸὩ and 

vintage ὺ 

Á Share of heat recovery in final energy consumption of supply process ὛὊ by technology category ὸὩ 

and vintage ὺ 

Á Final Energy Consumption of supply process ὛὊ by fuel Ὢ  

Á Short term and long term marginal cost of supply process ὛὊ by technology category ὸὩ and vintage 

ὺ (and per agent, where agent heterogeneity applies) 

Á Unit cost of self-produced coke 

Á Volume of self-produced coke and derived gasses from cokery 

Á Survived and operational capacity of supply process ὛὊ by technology category ὸὩ and vintage ὺ 

Á Investments in supply process ὛὊ by technology category ὸὩ 

Á Investments in equipment for cokery by technology category ὸὩ. 

 Exogenous Parameters 

The parameters provided by the user include:  

Á Macroeconomic drivers/data for the calculation of activity 

Á Fuel prices for fuels purchased from the market 

Á Parameters for the calculation of elasticity ὦὥὧὸȟ: maximum value ὦὥὧὸ, minimum value 

ὦὥὧὸȟ, speed of convergence ὦίὴὩὩὨȟ 

Á Carbon price (ETS) and carbon value (non ETS) 

Á Renewable (RES) and Energy Efficiency (EE) value 

Á Carbon and efficiency Standards 

Á Parameters for the calculation of learning-by-doing index, floor cost, inflection year and speed of 

learning 

Á Technical characteristics of processes - specific energy consumption (SEC) of ordinary technology,  

lifetime, capacity factor (utilization rate), efficiency of technology category (normalized, efficiency 

of ordinary technology equal to 1), heat recovery potential, range of penalty, mileage, occupancy 

and specific electricity consumption for all processes of level ὛὊ 

Á Variable cost, operation & maintenance cost and growth rate of operation & maintenance cost of 

processes 

Á Investment cost of processes and subsidies 

Á Perceived costs 

Á Availability potential limitation of fuels 

Á Technical characteristics and costs for heat recovery - heat recovery potential, investment cost, 

perceived cost, subsidies, lifetime of equipment and operation & maintenance cost 
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Á Technical characteristics and costs for cokery ς heatrate, variable cost, operation & maintenance 

cost, growth rate of operation & maintenance cost, lifetime, capacity factor (utilization rate), 

investment cost, heatrate of technology category (normalized, efficiency of ordinary technology 

equal to 1), output ratio 

Á Agent specific characteristics, such as discount rate, utilization factor and population share 

Á Existing capacity of supply processes for year 2015 

Á Parameters for the calculation of probability of survival of equipment for each process 

Á Exogenous improvement of efficiency for ordinary technology of processes 

Á ETS parameters, such as percentage of free allocation of allowances and partial exemption of 

processes from the EU ETS. 

The location of the above parameters in the demand-related input file is mentioned in Section 4.5 Explaining 

the demand-related scenario input file, and the way their values can be changed is explained in Section 

4.5.16 hǇǘƛƻƴǎ ŦƻǊ ŎƘŀƴƎƛƴƎ ǇŀǊŀƳŜǘŜǊǎΩ ǾŀƭǳŜǎ ŜȄƻƎŜƴƻǳǎƭȅ. 

4.3 Model features, considerations and assumptions 

Apart from the attributes of the CPS Demand Module described in the previous sections, the Module 

includes also the following features: 

Á The model solves the short term (operation) and long term (investment) problems simultaneously 

and for each projection year separately, meaning there is no foresight in the decision of new 

investments 

Á The model keeps track of stock of equipment by technology type ὸὩ and vintage ὺ, by dynamically 

applying rotating vintages. ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ ǇǊŜǾƛƻǳǎ ȅŜŀǊΩǎ ǾƛƴǘŀƎŜs become five years older in the 

next projection ȅŜŀǊΣ ŀƴŘ ŀƭƭ ƛƴǾŜǎǘŜŘ ǘŜŎƘƴƻƭƻƎƛŜǎ ƻŦ ǇǊŜǾƛƻǳǎ ȅŜŀǊ ŀƎƎǊŜƎŀǘŜ ǘƻ ǘƘŜ άƻǊŘƛƴŀǊȅέ 

technology category for the ƴŜȄǘ ȅŜŀǊΩǎ Ǌǳƴ 

Á Probability of survival of equipment follows a Gompertz survival probability function. The 

Gompertz survival probability function uses 3 parameters which are defined exogenously and are:  

o the scale parameter of survival function of equipment 

o the survival rate of equipment at the end of lifetime 

o the survival rate of equipment at 80% of lifetime 

Á Premature replacement of equipment is possible for certain processes and is calculated 

endogenously. The processes for which premature replacement is allowed is defined by the user 

in the demand-related input excel file. During the Module run, premature replacement takes place 

when the operation costs of the existing equipment exceed the total cost of new equipment  

Á The technical-economic characteristics of equipment types are fixed over the entire projection 

horizon. However, the choice of the equipment mix is influenced by additional parameters 

representing perceived and hidden costs, as well as learning by doing factors. The latter parameters 

change over time and may vary by scenario  
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Á Naturally, the choice of the equipment type mix influences the degree of energy efficiency 

improvement. 

 Sectoral coverage of the CPS Demand Module  

This section describes the sectoral coverage of the CPS Demand Module. 

4.3.1.1 Industrial Sector 

Industry splits in 10 sectors: Iron & Steel, Non Ferrous, Chemicals, Building Materials, Paper & Pulp, Food, 

Drink &Tobacco, Engineering, Textiles, Other Industries and Non Energy. Sectors Iron & Steel, Non Ferrous, 

Chemicals, Building Materials are further split in two subsectors, as shown in Figure 24.  

 

Figure 24 Industrial sectors' structure 

The supply processes are sector-specific and include: heat uses, raw material preparation, thermal 

processing, product finishing, electric processing, blast furnace, electric arc, smelting, kilns and specific 

electricity uses. Figure 25 presents the processes of Iron & Steel sector. 
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Figure 25 Iron & Steel supply processes 

4.3.1.2 Residential Sector 

Residential sector represents the energy demand in households. The energy services include thermal uses 

ς space heating, air cooling, cooking and water heating ς lighting and appliances, split in black and white 

appliances. White appliances include laundry equipment, refrigerators, freezers and dishwashers, while 

black appliances are ICT-related appliances. The equipment for space heating, water heating and cooking 

are distinguished by fuel type in: boilers (consuming LPG, gasoline or NGS), stoves (consuming solids 

including biomass), renewables (using solar and geothermal energy), electricity and district heating, as 

shown in Figure 26. For lighting and appliances there is no such distinction, as they both use solely 

electricity, thus processes of levels ὛὉ and ὛὊ are identical to the subsectors of level ὛὈ for these uses. 
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Figure 26 Residential sector structure and supply processes 

4.3.1.3 Tertiary Sector 

Tertiary sector splits in services and agriculture. The energy services include thermal uses ς space heating, 

air cooling, cooking and water heating ς lighting and pumping & motors for agriculture subsector. The 

equipment classification for space and water heating is the same as in the residential sector. Pumping & 

motors processes may consume diesel or electricity, while for lighting and electric uses there is no further 

distinction in level ὛὊ, as in the residential sector. 
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Figure 27 Tertiary sector energy structure and supply processes 

4.3.1.4 Transport Sector 

The transport sector is distinguished between Land/Water Passenger transport, Freight transport and 

Aviation. The modes for passenger and freight transport, such as public or private passenger transport, rail, 

inland navigation and road transport, are shown in Figure 28 and Figure 29 below. 
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Figure 28 Land/Water passenger transport structure 

 

Figure 29 Freight transport structure 
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Further classification of transport processes for levels ὛὉ and ὛὊ is based on the type of fuels consumed by 

each mode of transport. Figure 30 presents the structure of passenger inland navigation, private cars and 2 

wheelers for levels ὛὉ and ὛὊ.    

 

Figure 30 SD to SF structure of certain land/water passenger transport modes 

4.4 Policy Focus ς Demand 

The CPS Demand Module has inherited PRIM9{Ω ǊƛŎƘ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ǇƻƭƛŎȅ ƛƴǎǘǊǳƳŜƴǘǎ ŀƴŘ ƳŜŀǎǳǊŜǎΦ 

All drivers are available in the input file as described in the next section and can be modified by the user. 

This section outlines the variety of instruments and policy actions available in the Demand Module to meet 

specific targets set either by the EU or at national level. Table 9 relates policy instruments to the 

corresponding CPS drivers incorporated in the Demand Module. 

Table 9 Policy Instruments and corresponding CSP drivers 

Policy Instrument CPS driver 

EU ETS Carbon price 

Emissions taxation (non ETS) Carbon value 

Promotion of Renewables RES value 

Promotion of energy efficiency improvement EE value 

Perceived costs 
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Removal of uncertainties and non-price barriers ς Enabling 
Conditions 

LBD index 

Optimum share coefficient 

Taxes & Subsidies Taxes & Subsidies 

Discount rates Discount rates 

Promotion of fuel switch Fuel potential 

Fuel restrictions Fuel ban in a certain use/process 

Promotion of advanced biofuels in transport sector Biofuel share 

Technology Standards Technology Standards/targets 

 Policy drivers of Demand Module 

A detailed description of the Demand ModuleΩǎ drivers is presented below. All drivers are available in the 

demand-related input file and can be modified by the user, as described in Section 4.5.16 Options for 

ŎƘŀƴƎƛƴƎ ǇŀǊŀƳŜǘŜǊǎΩ ǾŀƭǳŜǎ exogenously. 

ü Carbon Price (EU ETS): The European Emissions Trading System is included in the model and affects 

all sectors included in the EU ETS. Users can specify the price of the European Union Allowances for 

each projected year. Note that the ETS price ƛǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ŘǊƛǾŜǊ ŦƻǊ ǘƘŜ ǊŜŘǳŎǘƛƻƴ ƻŦ Ŧƻǎǎƛƭ ŦǳŜƭǎΩ 

consumption and RES deployment 

ü Carbon value (non ETS): Carbon value represents carbon emissions taxation and other emissions 

reduction policies and is taken into account to determine fuel mix, but is not finally paid. Carbon 

value applies to sectors not included in the EU ETS   

ü RES value: RES value is a sector-specific driver that represents non ς identified policies aiming at the 

ƛƴŎǊŜŀǎŜ ƻŦ w9{ ǳǎŜΦ Lƴ ǘƘŜ ƳƻŘŜƭΩǎ ŦƻǊƳǳƭŀǘƛƻƴ w9{ ǾŀƭǳŜ ǊŜŦƭŜŎǘǎ ǘƘe shadow cost (marginal benefit) 

of the implicit RES target by sector. RES value is inserted in the calculation of short term (operation) 

costs with a negative sign, thus decreasing short term costs when the consumed fuel is RES. The 

lower short term costs for RES fuels enable RES penetration. RES value is a non-materialized benefit, 

meaning it does not represent subsidies for the use of renewables  

ü EE value: EE value is also defined by sector and represents non ς identified energy efficiency 

promoting policies. EE value reflects the shadow value of an energy efficiency target per sector and 

is inserted in the calculation of long term costs of heat recovery equipment with a negative sign, 

thus decreasing the capital costs of heat recovery investments in industry. The same applies in the 

calculation of capital costs for renovation in buildings, regarding the residential and tertiary sectors. 

In this manner, EE value enhances investments in heat recovery and energy savings measures. 

Similar to RES value, EE value is a non-materialized benefit and does not represent subsidies for 

energy savings investments 

ü Enabling Conditions: Enabling conditions represent a set of policies aiming at the removal of 

uncertainties or non-price barriers associated with the use of new technologies or fuels. There are 

several drivers belonging in this category of drivers: 

Á Perceived costs: Perceived or hidden costs are a main driver used in the CPS Demand 

Module to control the emergence of enabling conditions. Perceived costs can be 

associated with both processes ς parameter AgentPerceivedCost ς and fuels ς 
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parameter FuelPerceivedCost. AgentPerceivedCost parameter represents the perceived 

costs of equipment by process ὛὊ and agent and is used in the calculation of long term 

costs. FueltŜǊŎŜƛǾŜŘ/ƻǎǘ ǇŀǊŀƳŜǘŜǊ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǇŜǊŎŜƛǾŜŘ Ŏƻǎǘ ƻŦ ŀ ŦǳŜƭΩǎ 

consumption and is inserted in the calculation of long term costs also. By reducing the 

perceived costs of equipment or fuels in time the user has the ability to promote 

investments in new technologies or the consumption of emerging fuels respectively. 

Á LBD index: Learning-by-doing index represents the removal of uncertainties regarding 

the use of new technologies, via a learning-by-doing process. In CPS Demand Module, 

LBD parameter is directly multiplied with the capital cost of equipment, thus reducing 

investment costs and assisting the increase of investments in new technologies 

Á ThetaOptimum: ThetaOptimum parameter is defined upon all nesting levels of the 

demand sectors and corresponds to the coefficient — of the optimum share in the 

calculation of the final share: 

ὛὌȟȟ ρ — ẗὛὌȟȟ —ẗὛὌȟȟ 

By increasing ThetaOptimum, optimum shares receive an increased weight, shifting final 

shares towards the optimum mix, as this is defined by marginal costs  

ü Taxes & Subsidies: Fuel taxes ς excise tax and VAT ς are exogenous in the CPS Model and follow the 

level of detail of regulations. The CPS Demand Module allows users to assess in detail the impact of 

taxation imposed on specific fuels and sectors 

ü Discount rates: The CPS Demand Module takes into account the level of the discount rate for 

investments. To reflect uncertainty surrounding a certain investment, the user can use the discount 

rate to introduce in the model a specific risk premium, which affects the weighted average cost of 

capital (WACC) of an investment. Discount rates are differentiated by sector and by agent, where 

agent heterogeneity exists 

ü Potential: Availability pƻǘŜƴǘƛŀƭ ǇŀǊŀƳŜǘŜǊ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ƳŀȄƛƳǳƳ ǇƻǘŜƴǘƛŀƭ ƻŦ ŀ ŦǳŜƭΩǎ 

consumption per year and can be used to assist fuel shifting towards biomass & waste fuels versus 

the consumption of fossil fuels 

ü Doff_f: Doff_f parameter is used in the CPS Model to represent the ban of a fuel in a certain process. 

LŦ ŀŎǘƛǾŀǘŜŘ όǾŀƭǳŜ Ŝǉǳŀƭ ǘƻ мύ ŘƻŦŦψŦ ƛƳǇƭƛŜǎ ǘƘŜ ǊŜǎǘǊƛŎǘƛƻƴ ƻŦ ŀ ŦǳŜƭΩǎ ŎƻƴǎǳƳǇǘƛƻƴ ƛƴ ǘƘŜ 

corresponding process 

ü BiofuelShare: BiofuelShare parameter corresponds to the blend of conventional and advanced 

biofuels in transport sector. Increasing the share of advanced biofuels in this parameter results in 

the increase of advanced biofuel consumption versus conventional biofuels 

ü Standards: As mentioned in Section 4.2.1.8. Technology standards, technology standards, such as 

carbon emissions and efficiency targets, are included in the model in the form of constraints that 

have to be met by the equipment type mix in investments.   



REIMBURSABLE ADVISORY SERVICES (RAS): CONSTRUCTION OF ECONOMIC MODELING TOOLS AND BUILDING CAPACITY IN MODELING FOR 

SUSTAINED GROWTH IN THE SLOVAK REPUBLIC 

 

 

 

    
 

Page | 71 
 

4.5 Explaining the demand-related scenario input file 

To run alternative scenarios the user would need to modify accordingly the demand-related scenario input 

file located in the Scenarios\έ{ŎŜƴŀǊƛƻ ƴŀƳŜέ\Inputxlsx\  folder (see section 2.4 The structure of the Scenario 

name subfolder) ŀƴŘ ƴŀƳŜŘ άScenario nameέψLƴǇǳǘψ5ŜƳŀƴŘ.xlsb. 

The main sheets from where the user can affect parameters of the Demand Module and assess the impact 

of alternative policy options are: 

1) Macro_data : The sheet includes macroeconomic input data such as population, GDP, GDP per 

Capita and Income per capita, used for the calculation of activity-useful energy of level Ὓὄ. Also, 

Macro_data sheet includes activity values for years 2015 to 2050 for nesting levels Ὓὄ to ὛὊ, as well 

as capacity of equipment/stock figures per process ὛὊ. Activity and stock values for 2015 are used 

ŦƻǊ ŎŀƭƛōǊŀǘƛƻƴ ǇǳǊǇƻǎŜǎΣ ǿƘƛƭŜ ŦǳǘǳǊŜ ȅŜŀǊǎΩ ǾŀƭǳŜǎ ŀǊŜ ǳǎŜŘ ŦƻǊ ƛƴƛǘƛŀƭƛȊŀǘƛƻƴ purposes 

2) Vintages : The sheet includes the distribution (shares) of vintages for the stock of equipment in 2015 

per process ὛὊ  

3) Drivers_data : This sheet includes several policy drivers such as the  carbon price (for the ETS 

sectors) and carbon value (for the non-ETS sectors), renewable (RES) value and energy efficiency (EE) 

value and parameters for the calculation of the ƳŀŎǊƻŜŎƻƴƻƳƛŎ ŘǊƛǾŜǊǎΩ elasticity 

4) Doff_f : This sheet lists the values of the parameter doff_f which represents the ban of a fuel in a 

certain process (value 1 means the fuel is forbidden as input for the corresponding process)  

5) Prob_premat_poss : This sheet allows the user to denote if premature replacement of equipment 

per process ὛὊ is allowed (value 1 for existing possibility, value 0 for no possibility of premature 

replacement) 

6) Prices_data : This sheet includes pre-tax prices of imported or domestically produced fuels, 

transport costs, markups, additional costs for biomass and hydrogen, excise tax and VAT in % 

7) Techdata_sf : This sheet summarises all technical characteristics of the CPS Demand Module 

processes, such as specific energy consumption (SEC) of ordinary technology, variable cost, operation 

& maintenance cost, growth rate of operation & maintenance cost, lifetime, capacity factor 

(utilization rate), investment cost, efficiency of technology category, heat recovery potential, range 

of penalty, mileage, occupancy and specific electricity consumption for all processes of the Module 

8) Techdata_ep : This sheet summarises the specific technical characteristics of coal gasification units 

for the production of coke (cokery)  ς heatrate, variable cost, operation & maintenance cost, growth 

rate of operation & maintenance cost, lifetime, capacity factor (utilization rate), investment cost, 

heatrate per technology category, output ratio 

9) Policy_dem_data : This sheet includes discount factors (rates), utilization factors and population 

shares per agent. It also includes carbon and efficiency standards for cars and freight duty vehicles 

and the elasticity parameter of deviation of the share of a subsector from the benchmark value 
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10) Carbonpricing : This sheet is related to the Emissions Trading Scheme. It includes the percentage 

of free allocation of allowances to the industrial sectors that participate in the EU ETS per process 

ὛὊ, as compensation for the risk of carbon leakage 

11) ETSsplit : This sheet is also related to the Emissions Trading Scheme. Values between 0 and 1 denote 

the proportion of CO2 emissions of a process ὛὊ that are not included in the EU ETS  

12) EquipmentSubsidy : This sheet allows the user to include subsidies for equipment of processes 

per technology type 

13) EquipmentPerceivedCos t : This sheet includes the cokery perceived cost ὴᾧὅέὯὩȟ by 

technology ὸὩ 

14) AgentPerceivedCost : This sheet includes equipment perceived cost ὴὧȟȟȟ by process ὛὊ, 

agent ὥ and technology ὸὩ 

15) FuelPerceivedCost : This sheet includes fuel perceived cost ὴὧȟȟ of fuel Ὢ per process ὛὊ  

16) Potential : This sheet includes potential limitation of fuels for every projection year           

17) LBD: This sheet includes the learning-by-doing parameters ς floor cost, inflection year and speed of 

learning 

18) ThetaOptimum : This sheet includes the coefficient — of the optimum share, for all nesting levels, 

for both short term and long term operation and per agent, for processes where agent heterogeneity 

applies  

19) Exo_effi_ORD : This sheet includes the trend of improvement of the efficiency of ordinary 

technology, which is defined exogenously. The value of Exo_effi_ORD is applied in all other 

technology categories in the Module during runtime 

20) HER_logit : This sheet includes the parameters of heat recovery ς coefficients ὥὴ  of the 

polynomial function of heat recovery potential, investment cost, perceived cost, subsidies, lifetime 

of equipment and operation & maintenance cost 

21) Sheets dACTSBC_inert  to dACTSEF_AG_ST_inert : These sheets include the scale parameter 

‏ ȟ ȟ of the inertia logit function 

22) dSW_F_inert _av :  The sheet includes the scale parameter ‏ ȟȟȟȟ used for the calculation of 

the inertia share of fuel Ὢ in a process/equipment ὛὊ of technology ὸὩ and vintage ὺ 

23) Sheets da1_POT_SD to da6_POT_SD  include coefficients ὥὴ of the polynomial function of 

the  fuel potential 

SVA: This sheet includes the Sectoral Value Added for Iron & Steel, Non Ferrous Metals, Chemicals, Building 

Materials, Paper & Pulp and Tertiary (split in Services and Agriculture) sectors. The specific sheet is used for 

reporting reasons only.   

A more detailed presentation of the most important sheets is cited in the following paragraphs. For 

simplicity reasons, figures do not depict the real version of the corresponding sheet, but a selection of rows 

and columns. 
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 Macro_data 

Á Population:  Projection of population in million inhabitants 

Á GDP, Total:  Projection of  D5t ƛƴ ōƛƭƭƛƻƴ ϵΩ13 

Á GDP, Per Capita, Dummy:  Projection of GDP ǇŜǊ ŎŀǇƛǘŀ ƛƴ ϵκŎŀǇƛǘŀ 

Á GDP, Per Capita, Benchmark:  Projection of GDP per capita benchmark value in 

ϵκŎŀǇƛǘŀ 

Á GDP, Per Capita, Inflection Point:  Projection of GDP per capita inflection point in 

ϵκŎŀǇƛǘŀ 

Á Income, Per Capita, Dummy:  Projection of Income ǇŜǊ ŎŀǇƛǘŀ ƛƴ ϵκŎŀǇƛǘŀ 

Á Income, Per Capita, Benchmark:  Projection of Income per capita benchmark value in 

ϵκŎŀǇƛǘŀ 

Á Income, Per Capita, Inflection Point: Projection of Income per capita inflection point in 

ϵκŎŀǇƛǘŀ 

Á Activity:  Activity per nesting level Ὓὄ to ὛὊ for calibration and 

initialization purposes, as described above. Units of activity differ from one sector to 

another, or between the uses of a sector, as shown in Table 10. 

Á Stock:  Capacity per supply process SF in GW or thousand 

vehicles for transport sector ς for calibration and initialization purposes, as described 

above. 

Table 10 Units of activity per sector/process 

Sector/Use Unit of activity 

Iron & Steel, Non Ferrous, Chemicals, Building Materials, 
Paper & Pulp ktons product 

Food, Drink & Tobacco, Engineering, Textiles and Other 
Industries MEUR value added 

Refineries GWh throughput (crude oil refined) 

Space heating, air cooling, water heating and electric 
uses GWh useful energy 

Lighting lighting units 

Black and white appliances 000 Appliances 

Passenger transport Mpkm 

Freight transport Mtkm 
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Figure 31 CPS demand input file: Macro_data sheet 

 Drivers_data 

Á CarbonPriceETS: /ŀǊōƻƴ ǇǊƛŎŜ ƻŦ 9¦ 9¢{ ƛƴ ϵκǘƴ/h2 

Á CarbonPriceDHH:  /ŀǊōƻƴ ǇǊƛŎŜ ƻŦ 9¦ 9¢{ ŦƻǊ 5ƛǎǘǊƛŎǘ IŜŀǘƛƴƎ ƛƴ ϵκǘƴ/h2 

Á CarbonPricePower: Carbon price of EU ETS for Power ǎŜŎǘƻǊ ƛƴ ϵκǘƴ/h2 

Á CarbonPriceInd: /ŀǊōƻƴ ǇǊƛŎŜ ƻŦ 9¦ 9¢{ ŦƻǊ LƴŘǳǎǘǊƛŀƭ {ŜŎǘƻǊ ƛƴ ϵκǘƴ/h2 

Á CarbonValueNETS: /ŀǊōƻƴ ǾŀƭǳŜ ŦƻǊ ƴƻƴ 9¦ 9¢{ ǎŜŎǘƻǊǎ ƛƴ ϵκǘƴ/h2 

Á CarbonLeakage:  Percentage of free allocation of allowances per industrial 

sector 

Á CHPValue: Virtual subsidy for investments in CHP plants used in the 

CPS Power Module in ϵκƪ²Ƙe 

Á RenewableValue, Demand: w9{ ǾŀƭǳŜ ǇŜǊ ŘŜƳŀƴŘ ǎŜŎǘƻǊ ƛƴ ϵκƪ²Ƙ 

Á RenewableValue, Power: RES vaƭǳŜ ŦƻǊ ǇƻǿŜǊ ǎŜŎǘƻǊ ƛƴ ϵκƪ²Ƙ 

Á RenewableValue, Transport: w9{ ǾŀƭǳŜ ŦƻǊ ǘǊŀƴǎǇƻǊǘ ƛƴ ϵκƪǇƪƳ 

Á EfficiencyValue: 9ŦŦƛŎƛŜƴŎȅ ǾŀƭǳŜ ǇŜǊ ŘŜƳŀƴŘ ǎŜŎǘƻǊ ƛƴ ϵκƪ²Ƙ 

Á GasBlend: Percentage of clean gas and hydrogen in distributed natural 

gas  

Á Elasticity, Maximum:  Maximum possible value of income or GDP elasticity  

Á Elasticity, Benchmark: Income or GDP elasticity of a mature economy (lower than 

maximum) 

Á Elasticity, Speed:  Speed of convergence of income or GDP elasticity to the 

benchmark 
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Figure 32 CPS demand input file: Drivers_data sheet 

 Prices_data 

Á Fuel prices for imports and domestic production for crude oil, natural gas, lignite, coke 

ŀƴŘ ƘŀǊŘ Ŏƻŀƭ ƛƴ ϵκMwhfuel 

Á Transport fee for natural gas by high pressure, medium pressure and low pressure 

ǇƛǇŜƭƛƴŜǎ ƛƴ ϵκMwhfuel 

Á Markup (%) of natural gas sales per sector 

Á Transport cost of hard coal for bulk transport, medium size transport and retail 

ŘƛǎǘǊƛōǳǘƛƻƴ ƛƴ ϵκawhfuel 

Á Markup (%) of hard coal sales per sector 

Á Transport cost of coke for bulk transport, medium size transport and retail distribution in 

ϵκMwhfuel 

Á Markup (%) of coke sales per sector 

Á Transport cost of lignite for bulk transport, medium size transport and retail distribution 

ƛƴ ϵκMwhfuel 

Á Markup (%) of lignite sales per sector 

Á Additive coefficient of constant elasticity function relating to crude oil prices for diesel in 

heating, diesel in transport, gasoline, kerosene, fuel oil, LPG and naphtha 

Á Multiplicative coefficient of constant elasticity function relating to crude oil prices diesel 

in heating, diesel in transport, gasoline, kerosene, fuel oil, LPG and naphtha 

Á Exponent of constant elasticity function relating to crude oil prices for diesel in heating, 

diesel in transport, gasoline, kerosene, fuel oil, LPG and naphtha 
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Á tǊƛŎŜǎ ƛƴ ǇƻǿŜǊ ƎŜƴŜǊŀǘƛƻƴ ƻǊ ǿƘƻƭŜǎŀƭŜ ǎǳǇǇƭȅ ƛƴ ϵκMwhfuel for biomass solids, biogas, 

waste solids, waste gas and H2 used for heating 

Á tǊƛŎŜǎ ƻŦ ƴǳŎƭŜŀǊ ŦǳŜƭ ƛƴ ϵκMwhfuel used in power generation 

Á tǊƛŎŜǎ ƻŦ ƴŜǿ ǘǊŀƴǎǇƻǊǘ ŦǳŜƭǎ ƛƴ ϵκMwhfuel for biofuel advanced, biofuel conventional, 

biogas, H2 and biomass solids 

Á !ŘŘƛǘƛƻƴŀƭ Ŏƻǎǘ ŦƻǊ ƛƴŘǳǎǘǊƛŀƭ ǳǎŜ ƛƴ ϵκMwhfuel for biomass solids, biogas, waste solids, 

waste gas and H2 

Á !ŘŘƛǘƛƻƴŀƭ Ŏƻǎǘ ŦƻǊ ŘƻƳŜǎǘƛŎ ǳǎŜ ƛƴ ϵκMwhfuel for biomass solids, biogas, waste solids, H2 

for heating and H2 for transport 

Á !ǾŜǊŀƎŜ 9ƭŜŎǘǊƛŎƛǘȅ tǊƛŎŜǎ ƛƴ ϵκMwhe per demand sector 

Á Average Heat Prices in ϵκa²ƘǘƘ ǇŜǊ ŀƎƎǊŜƎŀǘŜ ŘŜƳŀƴŘ ǎŜŎǘƻǊΥ LƴŘǳǎǘǊȅΣ IƻǳǎŜƘƻƭŘǎΣ 

Services and Agriculture 

Á 9ȄŎƛǎŜ ǘŀȄŜǎ ƛƴ ϵκMwhfuel per fuel and aggregate sector 

Á VAT Tax in % applicable to prices for Households and Transport 

 

Figure 33 CPS demand input file: Prices_data sheet (first part) 



REIMBURSABLE ADVISORY SERVICES (RAS): CONSTRUCTION OF ECONOMIC MODELING TOOLS AND BUILDING CAPACITY IN MODELING FOR 

SUSTAINED GROWTH IN THE SLOVAK REPUBLIC 

 

 

 

    
 

Page | 77 
 

 

Figure 34 CPS demand input file: Prices_data sheet (second part) 

 Techdata_sf 

Á SEC:  Specific Energy consumption ς heatrate in GWh per unit of 

activity 

Á Var_cost:  ±ŀǊƛŀōƭŜ Ŏƻǎǘ ǇŜǊ ƛƴ ϵκƪ² 

Á OM_cost:  hǇŜǊŀǘƛƻƴ ϧ aŀƛƴǘŜƴŀƴŎŜ Ŏƻǎǘ ƛƴ ϵκƪ² ŀƴƴǳŀƭƭȅ 

Á GOM_cost: Growth rate of operation & maintenance cost % 

Á Lifetime:  Lifetime of equipment in years 

Á CAPFAC: Utilization rate of equipment 

Á Inv_cost: LƴǾŜǎǘƳŜƴǘ Ŏƻǎǘ ƻŦ ŜǉǳƛǇƳŜƴǘ ƛƴ ϵκƪ² 

Á Effte: Normalized efficiency of technology categories (equal to 1 

for ordinary technology) 

Á Sva: Scale parameter of survival function of equipment 

Á Svt: Survival rate of equipment at the end of lifetime  

Á sv80: Survival rate of equipment at 80% of lifetime  

Á HERpotential: Heat recovery potential of processes % 
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Á Range_penalty:  Penalty index per technology category, multiplied with 

capital cost of a vehicle due to range limitations (e.g. electric, hydrogen or plug-in hybrid 

vehicles) 

Á Mileage:  Mileage per type of vehicle in thousand vehicle-km per year 

Á Occupancy:  Occupancy per type of vehicle in persons or tons per 

vehicle-trip 

Á SEC_Elc:  Specific electricity consumption ς heatrate in GWh per unit 

of activity 

 

Figure 35 CPS demand input file: Techdata_sf sheet (first part) 
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Figure 36 CPS demand input file: Techdata_sf sheet (second part) 

 Techdata_ep 

Á Heatrate:  Heatrate of cokery equipment (GWh consumed per GWh 

output) 

Á Helratio:  Heat to electricity ratio of cokery equipment 

Á Lifetime:  Lifetime of cokery equipment in years 

Á Var_cost:  ±ŀǊƛŀōƭŜ Ŏƻǎǘ ƻŦ ŎƻƪŜǊȅ ŜǉǳƛǇƳŜƴǘ ƛƴ ϵκƪ² 
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Á OM_cost:  Operation & maintenance cost of cokery equipment in 

ϵκƪ² ŀƴƴǳŀƭƭȅ 

Á GOM_cost:  Growth rate of O&M cost of cokery equipment 

Á CAPFAC:  Utilization rate of cokery equipment 

Á Inv_cost:  LƴǾŜǎǘƳŜƴǘ Ŏƻǎǘ ƻŦ ŎƻƪŜǊȅ ŜǉǳƛǇƳŜƴǘ ƛƴ ϵκƪ² 

Á Heatte:  Normalized heatrate of technology categories (equal to 1 

for ordinary technology) 

Á Capexog:  Capacity of cokery equipment per vintage for year 2015 in 

GW 

Á Sva: Scale parameter of survival function of cokery equipment 

Á Svt:  Survival rate of cokery equipment at the end of lifetime  

Á Sv80:  Survival rate of cokery equipment in 80% of lifetime  

Á Outputratio:  Ratio of coke output over DGS output 

Á OUTPRIM_EP:  Coke output of cokery for 2015 in GWh 

Á OUTSEC_EP:  DGS output of cokery for 2015 in GWh 

 

Figure 37 CPS demand input file: Techdata_ep sheet (first part) 

 

Figure 38 CPS Demand input file: Techdata_ep sheet (second part) 

 Policy_dem_data  

Á Discountfactor: Discount rates per agent class, as well as the uniform 

discount rate used for cost reporting 

Á Standards: Technology standards (targets) for efficiency and carbon 

emissions of vehicles in grCO2/km  

Á elas_deviation_bn_ACTSC: Elasticity parameter of deviation of the share of a subsector 

from the benchmark value 

Á UtilizationFactor: Utilization rate by agent class. In the CPS Demand Module 

this factor is multiplied with the capacity factor of each process 
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Á PopulationShare: Population share of each agent class 

Á BiofuelShare:  Shares (%) of conventional and advanced biofuels in 

transport sector  

 

Figure 39 CPS Demand input file: Policy_dem_data sheet 

 EquipmentSubsidy  

Á EquipmentSubsidy: Subsidy for the purchase of equipment of cokery per 

technology category as percentage (%) of the investment cost 

Á ProcessSubsidy: Subsidy for the purchase of equipment per process and 

technology category as percentage (%) of the investment cost  
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Figure 40 CPS Demand input file: EquipmentSubsidy sheet 

 Perceived Costs sheets  

Á AgentPerceivedCost: Perceived cost (%) of process per technology category and 

agent class 
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Figure 41 CPS Demand input file: AgentPerceivedCost sheet 

Á FuelPerceivedCost: Perceived cost (%) of fuel per process 



REIMBURSABLE ADVISORY SERVICES (RAS): CONSTRUCTION OF ECONOMIC MODELING TOOLS AND BUILDING CAPACITY IN MODELING FOR 

SUSTAINED GROWTH IN THE SLOVAK REPUBLIC 

 

 

 

    
 

Page | 84 
 

 

Figure 42 CPS Demand input file: FuelPerceivedCost sheet 

Á EquipmentPerceivedCost: Perceived cost (%) of cokery equipment per technology 

category  

 

Figure 43 CPS Demand input file: EquipmentPerceivedCost sheet 

 Potential      

Á Potential:  Potential limitation of fuels per subsector ὛὈ and year in 

Gwhfuel  
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Figure 44 CPS Demand input file: Potential sheet 

 LBD 

Á year_inflection:  Number of years after 2015 required to reach the inflection 

point of the LBD logistic curve per process, technology category and year 

Á floor_cost: Floor value of the LBD (lowest possible reduction of capital 

cost relative to the ordinary technology, considered as a technology potential) per 

process, technology category and year 

Á speed_of_learning:  Parameter denoting speed of LBD towards the floor value 

per process, technology category and year 
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Figure 45 CPS Demand input file: LBD  sheet 

 ThetaOptimum      

Á ThetaOptimum:  ThetaOptimum  parameter per nesting, per short term and 

long term operation and per agent class 

 

Figure 46 CPS Demand input file: ThetaOptimum sheet 

 Exo_effi_ORD   

Á Exo_effi_ORD: Exogenous improvement of efficiency (%) for ordinary 

technology per process and year. The percentage of efficiency improvement is applied in 

the Demand Module during runtime in all technology categories  
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Figure 47 CPS Demand input file: Exo_effi_ORD  sheet 

 HER_logit 

Á dHER:  tŜǊŎŜƛǾŜŘ Ŏƻǎǘ ƻŦ ƘŜŀǘ ǊŜŎƻǾŜǊȅ ŜǉǳƛǇƳŜƴǘ ƛƴ ϵκƪ² 

Á gHER:  Exponent of logit function for choice of heat recovery 

Á a1:  Coefficient of first degree of the polynomial function of 

heat recovery potential 

Á a2:  Coefficient of second degree of the polynomial function 

of heat recovery potential 

Á a3:  Coefficient of third degree of the polynomial function of 

heat recovery potential 

Á a4:  Coefficient of fourth degree of the polynomial function 

of heat recovery potential 

Á a5:  Coefficient of fifth degree of the polynomial function of 

heat recovery potential 

Á a6:  Coefficient of sixth degree of the polynomial function of 

heat recovery potential 

Á Lifetime: Lifetime of heat recovery equipment in years 

Á Inv_cost: Investment cost ƻŦ ƘŜŀǘ ǊŜŎƻǾŜǊȅ ŜǉǳƛǇƳŜƴǘ ƛƴ ϵκƪ² 

Á OM_cost: Operation & maintenance cost of heat recovery equipment 

ƛƴ ϵκƪ² ŀƴƴǳŀƭƭȅ 

Á Sva: Scale parameter of survival function of heat recovery 

equipment 

Á Svt: Survival rate of heat recovery equipment at the end of 

lifetime  

Á sv80: Survival rate of heat recovery equipment at 80% of lifetime  

Á EquipmentSubsidy: Subsidies for equipment of heat recovery, as percentage 

(%) of investment cost 
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Figure 48 CPS Demand input file: HER_logit  sheet 

 Sheets dACTSBC_inert to dACTSEF_AG_ST_inert 

Á dACTSBC_inert:  Scale parameter of the inertia logit function for the 

calculation of the inertia share of lower nesting level (set Ὓὅ) in the activity of the upper 

nesting level (set Ὓὄ). This parameter is defined upon the sets (Ὓὄ,Ὓὅ,ώὩὥὶᾥὰὰ) 

Á dACTSCD_inert: Scale parameter of the inertia logit function for the 

calculation of the inertia share of lower nesting level (set ὛὈ) in the activity of the upper 

nesting level (set Ὓὅ). This parameter is defined upon the sets (Ὓὅ,ὛὈ,ώὩὥὶᾥὰὰ) 

Á dACTSEF_AG_LT_inert:  Scale parameter of the inertia logit function for the 

calculation of the choice of equipment type mix of level ὛὊ in the aggregate supply 

processes of level ὛὉ, used for decision making of investments. The latter meaning that 

this parameter is used in the logit function of unit levelized total costs (long term costs). 

This parameter is agent-specific, and thus defined upon the sets (ὃὋȟὛὉ,ὛὊ,ώὩὥὶᾥὰὰ) 

Á dACTSEF_AG_ST_inert: Scale parameter of the inertia logit function for the 

calculation of the choice of equipment type mix in operation of level ὛὊ in the aggregate 

supply processes of level ὛὉ. The latter meaning that this parameter is used in the logit 

function of short-term marginal operation costs. This parameter is also agent-specific, 

and thus defined upon the sets (ὃὋȟὛὉ,ὛὊ,ώὩὥὶᾥὰὰ) 
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Figure 49 CPS Demand input file: dACTSBC_inert sheet 
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 dSW_F_inert_av 

Á dSW_F_inert_av:  Scale parameter of the inertia logit function for a fuelΩs 

share per process and year, applied to all technology categories and vintages. 

 

Figure 50 CPS Demand input file: dSW_F_inert_av sheet 

 hǇǘƛƻƴǎ ŦƻǊ ŎƘŀƴƎƛƴƎ ǇŀǊŀƳŜǘŜǊǎΩ ǾŀƭǳŜǎ exogenously 

1) How to change the macroeconomic drivers ï Macro_data sheet  

The user has the ability to change the macroeconomic drivers such as GDP per capita and income per 

capita, by changing the content of the relevant cells in columns G to N, as shown in Figure 51. 

 

Figure 51 How to change the macroeconomic drivers 

2) How to change the policy drivers ï Drivers_data sheet   
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The user may alter the values of the policy drivers such as Carbon price, Carbon value, RES value, and EE 

value, by changing the content of the corresponding cells in columns H to O, as shown in Figure 52. 

 

Figure 52 How to change the policy drivers 

3) How to change perceived costs ς Sheets AgentPerceivedCost, FuelPerceivedCost & 

EquipmentPerceivedCost  

The user has the ability to control the level of perceived costs: 

Á AgentPerceivedCost: In order to change the perceived cost of a process per technology 

category (column C) and agent class (column D), the user needs to access the corresponding 

cells in columns H to O, as shown in Figure 53. 

 

Figure 53 How to change the agent specific perceived cost 

Á FuelPerceivedCost: In order to change the perceived cost of a fuel (column D) per process 

(column C), the user needs to access the corresponding cells in columns H to O, as shown in 

Figure 54. 



REIMBURSABLE ADVISORY SERVICES (RAS): CONSTRUCTION OF ECONOMIC MODELING TOOLS AND BUILDING CAPACITY IN MODELING FOR 

SUSTAINED GROWTH IN THE SLOVAK REPUBLIC 

 

 

 

    
 

Page | 92 
 

 

Figure 54 How to change the fuel specific perceived cost 

Á EquipmentPerceivedCost: In order to change the perceived cost of cokery equipment per 

technology category (column C), the user needs to access the corresponding cells in columns 

H to O, as shown in Figure 55. 

 

Figure 55 How to change the cokery equipment perceived cost 

4) How to change the theta parameter ς ThetaOptimum sheet   

The user has the ability to change the theta parameter per nesting level (column B), per short term and 

long term operation (column B) and per agent class (column D), by changing the content of the relevant 

cells in columns I to O, as shown in Figure 56. 
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Figure 56 How to change the theta parameter 

5) How to change taxesΩ ǾŀƭǳŜǎ ς Prices _data sheet   

The user has the ability to change the excise tax per fuel (column B) and sector (column E), as well as the 

VAT value for households and transport (column B & E), by changing the content of the relevant cells in 

columns I to P, as shown in Figure 57. 

 

Figure 57 How to change the excise and VAT taxes 

6) How to change subsidiesΩ values ς EquipmentSubsidy sheet   

The user has the ability to change the subsidy for the purchase of cokery equipment (FERRO_COK) per 

technology category (column C), as well as subsidies for the purchase of equipment per supply process 

(column B) and technology category (column C), by changing the content of the relevant cells in columns 

H to O, as shown in Figure 58. 
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Figure 58 How to change the cokery and process equipment subsidies 

7) How to change the discount rates ς Policy_dem_data  sheet   

The user has the ability to change the discount rate per agent class (column C), by changing the content 

of the relevant cells in columns I to O, as shown in Figure 59. 

 

Figure 59 How to change the discount rate 
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8) How to change biofuel shares ς Policy_dem_data sheet  

The user has the ability to change the share of conventional and advanced biofuels (column C) in transport 

processes/vehicles (column B), by changing the content of the relevant cells in columns H to O, as shown 

Figure 60. 

 

Figure 60 How to change the biofuel shares 

9) How to change the availability potential ς Potential sheet   

The user has the ability to change the potential limitation per fuel (column C) and subsector ὛὈ (column 

B), by changing the content of the relevant cells in columns D to K, as shown in Figure 61. 

 

Figure 61 How to change the availability potential 
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5. Overview of the CPS Power Module 

This chapter provides an overview of the main principles of the CPS Power Module. 

¶ Section 5.1: Basic concepts in the CPS Power Module 

¶ Section 5.2: Mathematical Structure, unknown variables and exogenous parameters 

¶ Section 5.3: Model features, considerations and assumptions 

¶ Section 5.4: Principles of the pricing model 

¶ Section 5.5: Policy Focus - Power  

¶ Section 5.6: Explaining the supply-related scenario input file 

5.1 Basic concepts in the CPS Power Module 

The CPS Power Module includes all necessary mathematical formulations for projecting energy supply 

with distinct representations for the power system, district heating and CHP, both utilities and industrial. 

The reader is referred to Section 5.3.1 Representation of Plants for a detailed analysis regarding the 

representation of plants. 

 

Figure 62 Overview of the CPS Power Module showing how the model accounts for electricity, steam and heat demand and 
serves electricity demand in High/Medium and Low Voltages 

The power and heat/steam production model solves simultaneously the optimum capacity expansion of 

power plants, district heating units and industrial plants, as further described below, along with the 

dispatching of plants (Unit Commitment Dispatching Algorithm), simulating a wholesale market. The 

simultaneous simulation of power market along with the steam/heat simulation enables the capture of 

trade-offs between the choice of investing in cogeneration and boilers and between CHP and pure-electric 
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plants. The choice of investing in new plants is endogenous in the model, while the optimisation is inter-

temporal (perfect foresight). Thus, investments are driven by the long term marginal costs, subject to 

operational constraints, fuel limitations and demand for energy and ancillary services. 

The co ς optimisation of the system takes into account the hourly profiles of demand, for electricity, heat 

and steam decomposed by sector and energy use of origin, and similarly the hourly production 

possibilities of resources that are variable such as the renewables. The CPS model distinguishes between 

heat consumed in residential, services and agriculture sectors via the district heating network, and steam 

consumed in the industrial sectors and the refineries. The model also treats distinctly steam production 

and demand by industrial sector.  

The production of heat and steam is possible from cogeneration power plants, boilers and heat pumps. 

The calibration data assume that the cogeneration plants operated by power utilities supply heat to the 

district heating sector and that industrial cogeneration plants specified by industrial sector produce the 

industrial steam. The latter are specific to the sectors and are not operated by utilities. Similarly, the 

boilers for heat are operated by the district heating and the boilers for steam distinct by sector are 

operated by the industries. In other words, the cogeneration plants and the industrial boilers are located 

on the industrial sites and can only supply steam to the industrial sector they belong. The model does not 

consider trading of steam among the industrial sectors. The model considers endogenously the possibility 

of industries to purchase electricity from the grid or to self-generate. In the former case, the industry may 

enjoy low supply tariffs but in the latter case the industry reduces total energy costs by cogenerating 

industrial steam together with the self-produced electricity. In some sectors, there is also possibility to 

use industrial by-products, such as gases in iron and steel, refinery gas in refineries or waste in pulp 

industry, which are not tradable commodities. 

Also, a variety of electricity storage facilities are represented in the model, including hydroelectric 

pumping, batteries, and power-to-hydrogen, power-to-gas and power-to liquid technologies. The power-

to-X technologies are providing the so-called chemical storage of electricity, endogenously in the model, 

as they can produce electricity when the resources are in excess of demand and use the outputs of power-

to-X to produce electricity when demand is in excess of resources. In addition, the power-to-X facilities 

can produce endogenously in the model methane, hydrogen and liquid hydrocarbons from a synthesis of 

CO2 and hydrogen to supply demand for such fuels, which may arise in the final demand sectors. Such a 

demand may emerge in the context of scenarios, which aim at replacing fossil fuels with synthetic fuels 

to reduce greenhouse gas emissions or to achieve petroleum or natural gas independence. The unit 

commitment sub-model performs a high hourly resolution optimization of system operation, taking into 

account all kinds of ancillary services and reserve, which ensure power supply reliability. The CPS model 

simulates the operation and expansion of power plants on an individual plant basis and takes into account 

the eventual technical operating restrictions, such as the minimum stable power generation, ramp rates, 

minimum up and down times and resource constraints. The latter applies to hydroelectric plants with 

reservoir, which are subject to water availability and storage limitations.  

Once the system is optimally operated and expanded in the future, the model calculates costs and on this 

basis it calculates the tariffs of electricity per sector of final demand, as well as the tariffs for synthetically 
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produced fuels. The tariffs distinguish between energy supply and the provision of grid services, the latter 

being under a regulated monopoly regime. The model calculates tariffs also for industrial steam by sector 

and for district heating. All these prices by sector feed the closed loop of the entire model and return to 

the demand sectors for further adjustment of demand in the next model iteration. Thus, the demand for 

electricity is price-elastic, as the model performs adjustment of demand driven by electricity prices per 

sector. After the optimization two additional steps are included in the model, pricing and reporting as 

shown Figure 63. 

 

Figure 63 Sequence of CPS Power Module 

Through pricing, the Power Module is linked to the Demand Module (Chapter 4 Overview of the CPS 

Demand Module) and solved as a mixed complementarity problem that concatenates the individual 

problems of energy consumers and producers via endogenous calculation of energy prices. CPS simulates 

a well-functioning market, where total costs (capital and operating) are recovered, including also possible 

stranded investment costs. The pricing of electricity commodity is explicit and is based on the Ramsey-

Boiteux methodology. Marginal cost pricing is used, so as to calculate the price in a virtual wholesale 

market; then a fixed mark-up is added according to Ramsey pricing, allocating the not yet allocated system 

costs using the marginal cost pricing. A detailed description of the pricing model is included in the Section 

5.4 Principles of the pricing model. 
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Table 11 Overview of the CPS Power Module 

 

 

Optimisation 
Considerations

The system minimizes total generation costs including annualized capital cost of new investment and 
all variable and fixed costs of generation to meet given demand increased by distribution losses

Demand is price-elastic, i.e. it responds to electricity/heat prices

The optimization is subject to constraints regarding capacity expansion and potential limitations by 
plant type.

Total generation costs include fuel costs and other variable costs. Therefore, the optimisation of 
capacity expansion includes the estimation of the merit order dispatching and takes account in full 
the provision of system reserves

Detailed 
representation 
of the system 
and plant 
characteristics

The integration of a Unit Commitment Problem (UC) allows for a detailed representation of the 
system operation taking into account also the use of parts of the capacities of plants to meet the 
system reserves (ancillary services)

The CPS Power Module takes into account the technical restrictions of plant operation and system 
services and simulates the operation of the Slovakian power system on an hourly basis (Unit-
Commitment Problem)

Investment 
decision

RES investments are decided under a separate support mechanism

Old plants are decommissioned due to their age

The user can define exogenously the extension of  lifetime for each existing power plant, as well as 
fuel switching and fuel blending

Capacity expansion to meet system reserve requirements is part of the optimization, considering 
given levels of reserves

Clean Energy 
Policies

EU and national policies may impose a system-wide clean energy obligation (e.g. RES obligation) or 
an emissions reduction obligation or an energy efficiency saving obligation. These obligations are 
also taken into account by the CPS Power Module in the determination of the endogenous capacity 
expansion
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5.2 Mathematical Structure, unknown variables and exogenous parameters  

 Mathematical Structure 

The mathematical structure of the CPS Power Module is a mixed integer linear problem (MILP), the 

optimisation is inter-temporal (perfect foresight) and solves simultaneously: 

ü A capacity expansion problem and 
ü A unit commitment-dispatching algorithm 

The model determines the optimal capacity mix and dispatching schedule of plants, so as to meet the 

demand for electricity and heat/steam, subject to several constraints, aiming to minimize the total system 

costs. The total system costs include: 

ü Annualized capital costs of new investments based on WACC for discounting over time 
ü Fixed costs (Operation and Maintenance) 
ü Variable (non-fuel) costs 
ü Fuel costs and  
ü Taxes and environmental policies costs/subsidies (e.g. ETS costs, FIT equivalent policies). 

Optimisation constraints can be grouped under the following categories: 

1) Energy equilibrium constraints (electricity, heat, steam) 
2) System ς related technical constraints (reserve requirements) 
3) Investment constraints (limited potential of investing in some plant types, i.e. nuclear plants, RES)   
4) Plant ς related technical constraints (e.g. max capacity, minimum power level, ramp up and ramp 

down constraints etc.) 
5) Fuel Consumption and resource availability constraints  
6) Storage and Power-to-X constraints (e.g. capacity of storage facilities, maximum daily stored 

energy, balance of stored energy etc.) 
7) CCS ς related constraints  
8) Policies and Emissions constraints 
9) Additional Constraints for heat and steam supply  

Figure 64 depicts the Optimisation constraints of the CPS Power Module. 

The next paragraphs provide further details in relation to the mathematical representation of each 
constraint in the CPS Power Module. 
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Figure 64 Optimisation Constraints 

5.2.1.1 Energy Equilibrium constraints 

The energy equilibrium constraints ensure that the given demand4 for each form of energy is met by the 

supply. The energy forms simulated in the CPS Power Module are electricity, heat, steam and hydrogen. 

Although heat and steam are the same form of energy, we have chosen to include both in the CPS Power 

Module as in principle households and tertiary sectors use heat for heating purposes, while industrial 

sectors use steam as input to several industrial processes. The energy equilibrium constraints are included 

in the model as following: 

 

 

 

 

 

                                                           
4 The demand for electricity, steam/heat and clean fuels is endogenous within the CPS model. The CPS Power Module 
is linked with the CPS Demand Module via prices for each energy form, representing a perfect equilibrium. 

Energy equilibrium 
constraints (electricity, heat, 

steam)

System ςrelated technical 
constraints (reserve 

requirements)

Investment constraints

Plant ςrelated technical 
constraints

Fuel Consumption and 
resource availability 

constraints

Storage and Power to X 
constraints

CCS ςrelated constraints

Policies and Emissions 
constraints

Additional Constraints for 
heat and steam supply
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ü Energy equilibrium constraint 

Ὃȟȟ ȟ
ὛὝὕέόὸȟȟ ὍάὴέὶὸίȟȟὭὪ ὩὪɴὩὰὩὧ

πȟ ὭὪ ὩὪɴ ὬὩὥὸ᷾ίὸὩὥά

Ὀȟȟ ȟ

ὛὝὕὭὲ ȟȟ ὖςὢὭὲ ȟȟ ὉὼὴέὶὸίȟȟὭὪ ὩὪɴὩὰὩὧ

πȟ             ὭὪ ὩὪɴ ὬὩὥὸ᷾ίὸὩὥά

 ȟᶅ ὩὪȟὬȟὸ 

Where  

ὴ: Plant 

Ὤ: Typical hour  

ὸ: Year  

ὩὰὩὧ: Electricity 

ί: Demand sector  

ὩὪ: Energy form 

ίὸέ: Storage facility  

ὴςὼ: Type of power to X facility 

Ὃȟȟ ȟ: Generated power for plant ὴ, typical hour Ὤ, energy form ὩὪ and year ὸ  

Ὀȟȟ ȟ: Demand of power for demand sector ί, typical hour Ὤ, energy form ὩὪ and year ὸ  

ὛὝὕὭὲ ȟȟ: Charge of storage facility ίὸέ via electricity for typical hour Ὤ and year ὸ 

ὛὝὕέόὸȟȟ: Discharge of storage facility ίὸέ via electricity for typical hour Ὤ and year ὸ 

ὖςὢὭὲ ȟȟ: Input of type of power to X facility ὴςὼ for typical hour Ὤ 

Ὅάὴέὶὸίȟ: Imports of electricity to Slovakia for typical hour Ὤ and year ὸ 

Ὁὼὴέὶὸίȟ: Exports of electricity from Slovakia for typical hour Ὤ and year ὸ 

Energy demand is calculated by the CPS Demand Module annually and for each sector. The Power Module 

receives energy demand results from the Demand Module and calculates an hourly demand load curve 

via the use of individual load patterns decomposed by demand sector. The hourly patterns of each 

demand sector and the aggregated hourly demand load curve have been calibrated in the base year 

(2015), so as to reproduce the demand load curve based on the ENTSO ς E data. 
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Electricity demand is increased by transmission and distribution losses, for each voltage type, while heat 

demand is increased due to losses in the district heating network. For steam demand no losses are 

assumed, as the generation of steam is met by industrial onsite plants. The reader is referred to Section 

5.3.1.2 Network grids for a more detailed description of the network assumptions. 

ü It must be noted that since the CPS is a single-country model, possible network constraints are not 
accounted for. Ὅάὴέὶὸί and Ὁὼὴέὶὸί are input parameters, applicable only to electricity. 

5.2.1.2 System-related technical constraints 

The system-related technical constraints refer to the minimum hourly quantities of operating reserves. 

The CPS Power Module includes all three types of reserves, as defined by the pan-European harmonized 

terminology of ENTSO-E5: 

1) FCR: Frequency Containment Reserve 
2) aFRR: automatic Frequency Restoration Reserve (upwards and downwards) 
3) mFRR/RR: manual Frequency Restoration Reserve and Replacement Reserve 

The following mathematical formulation describes the inclusion of the system-related technical 
constraints in the CPS Power Module: 

ü System-related technical constraint 

Ὑȟȟȟ  ὛώίὙὩήȟȟᶅ ὶȟὬȟὸ 

Where  

ὶ: Reserve type (FCR, aFRR or mFRR/RR),  

Ὑȟȟȟ: Delivery of plant ὴ of reserve type ὶ for typical hour Ὤ 

ὛώίὙὩήȟ: System reserve requirements of reserve type ὶ 

 

 

                                                           
5 

https://ec.europa.eu/energy/sites/ener/files/documents/SystemOperationGuideline%20final%28provisional%290
4052016.pdf 
 
 

https://ec.europa.eu/energy/sites/ener/files/documents/SystemOperationGuideline%20final%28provisional%2904052016.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/SystemOperationGuideline%20final%28provisional%2904052016.pdf
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Figure 65 Specific constraints for reserves 

ü It must be noted that since CPS is a single country model, no sharing of reserves is taken into 
account. This means that in the CPS Power ModuleΩǎ approach the TSO cannot access reserve 
capacity in ŀƴƻǘƘŜǊ ǎȅƴŎƘǊƻƴƻǳǎ ŀǊŜŀ ǘƻ ŦǳƭŦƛƭƭ ƛǘǎΩ ǊŜǎŜǊǾŜ ǊŜǉǳƛǊŜƳŜƴǘǎΦ Thus reserve requirements 
are solely met by providers located in the same balancing area (i.e. in Slovakia). 

5.2.1.3 Investment Constraints 

Investment constraints reflect a possibly limited potential of investing in some plant types (i.e. nuclear 

plants, RES).  Investment constraints are exogenous to the model and the user can change the maximum 

potential level. The investment constraint is the following: 

ü Investment constraint 

ὖάὥὼ ὍzὔὛὝȟ άὥὼὴέὸȟ ȟ  ᶅὴȟὸ  

Where 

ὖάὥὼ: Maximum installed capacity of plant ὴ 

ὍὔὛὝȟ: Number of installed units of plant ὴ 

άὥὼὴέὸȟ:  Maximum potential of installed units of plant ὴ 
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Investment constraints also include the non-linear cost supply curves with ascending slope (stepwise 

linearized), representing potential resource exhaustion. The user is referred to Section 5.3.1.5 Non-linear 

cost curves for a detailed description. 

5.2.1.4 Plant-related technical constraints  

A unit commitment algorithm (UC) has been incorporated into the CPS Power Module. The UC approach 

allows for detailed representation of technical constraints for plants.  

The following mathematical formulations describe the plant-related technical constraints included in the 

CPS Power Module: 

ü Maximum installed capacity 

Ὃȟȟ ȟ Ὑȟȟȟ
ᶰ

ὖάὥὼzὟὅȟȟ ȟᶅ ὴȟὬȟὸ 

Where  

Ὗὅȟȟ: Number of committed units of plant ὴ for typical hour Ὤ 

ü Minimum stable power generation level 

Ὃȟȟ ȟ Ὑȟȟȟ
ᶰ

ὖάὭὲ zὟὅȟȟ ȟᶅ ὴȟὬȟὸ 

Where 

ὖάὭὲ: Minimum generation level (capacity) of plant ὴ 

ü Minimum up time 

Ὗὅȟȟ ὛὟȟȟ
ᶰ ᷊

ȟᶅ ὴȟὬȟὸ  

Where 

ὛὟȟȟ: Number of starting up units of plant ὴ for typical hour Ὤᴂ  

ü Minimum down time 

ὍὔὛὝȟ  Ὗὅȟȟ ὛὈȟȟ
ᶰ ᷊

ȟᶅ ὴȟὬȟὸ  

Where 

ὛὈȟȟ: Number of shutting down units of plant ὴ for typical hour Ὤᴂ 

ü Maximum upward ramping rates 

Ὃȟȟ ȟ Ὃȟ ȟ ȟ Ὗὅȟ ȟ ὶzὥάὴόὴzφπὛὟȟȟ ὖzάὥὼ ȟᶅ ὴȟὬȟὸ 
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Where 

ὶὥάὴόὴ: Upward ramping rate of plant ὴ 

ü Maximum downward ramping rates (up & down) 

Ὃȟ ȟ ȟ Ὃȟȟ ȟ Ὗὅȟ ȟ ὶzὥάὴὨὲzφπ ὛὈȟȟ ὖzάὥὼ ȟᶅ ὴȟὬȟὸ 

Where 

ὶὥάὴὨέύὲ: Downward ramping rate of plant ὴ 

ü Maximum operating hours 

Ὃȟȟ ȟ ὪzὶὩή άὥὼέὴὩὶ ὖzάὥὼ ὍzὔὛὝȟ ȟᶅ ὴȟὸ 

Where 

ὪὶὩή: Annual frequency of typical hour Ὤ 

άὥὼέὴὩὶ: Maximum operating hours of plant ὴ 

ü Maximum contribution to each type of reserve per plant 

Ὑȟȟȟ άὥὼὶὩίȟ ȟᶅ ὴȟὶȟὬȟὸ 

Where 

άὥὼὶὩίȟ: Maximum contribution of plant ὴ of reserve type ὶ 

ü CHP ς related constraints 

Ὃȟȟ ȟ ίὰέὴὩὋzȟȟ ȟ ὖάὥὼ Ὗzὅȟȟ ȟᶅ ὴɴ ὧὬὴȟὬȟὸ 

Ὓȟȟ ὬὩὰὶὥὸὭέ Ὃzȟȟȟ ȟᶅ ὴɴ ὧὬὴȟὬȟὸ 

Where 

ίὰέὴὩ: Iso-fuel curve of CHP plant ὴ 

Ὃȟȟ ȟ: Steam generation of plant ὴ for typical hour Ὤ 

Ὓȟȟ: Steam generation of plant ὴ for typical hour Ὤ 

ὬὩὰὶὥὸὭέ:  Heat to electricity ratio of plant ὴ 

5.2.1.5 Fuel Consumption and resource availability constraints 

Fuel Consumption in each power plant is a linear function of the electricity generation, depending on a 

heatrate value defined exogenously by fuel and plant type. The choice of fuels derives from the 

simultaneous optimisation of investments and operation, performed inter-temporally.  

The following mathematical formulations describe the fuel consumption and resource availability 

constraints included in the CPS Power Module: 
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ü Fuel Consumption Constraint 

Ὂὅȟȟ ὬὩὥὸὶὥὸὩᶻ ὪὶὩήᶻ
Ὃȟȟȟ ȟ  ᶅὴɵ ὧὬὴȟὸ

Ὃȟȟȟ ίὰέὴὩὋzȟȟ ȟȟᶅ ὴɴ ὧὬὴȟὸ
 

Where 

Ὢ: Fuel consumed 

ὧὬὴ: CHP power plants 

Ὂὅȟȟ: Fuel consumption of plant ὴ and fuel Ὢ 

ü Fuel blending Constraint 

ὦὰὩὲὨȟ  zὊὅȟȟ  Ὂὅȟȟȟᶅ ὴȟὪȟὸ  

Where 

ὦὰὩὲὨȟ: Blending ratio of plant ὴ for fuel Ὢ, denoting the ratio of each fuel to the total fuel 

consumption 

ü Maximum resource availability constraint 

Ὂὅȟȟ άὥὼὶὩίέόὶὧὩȟȟᶅ Ὢȟὸ 

άὥὼὶὩίέόὶὧὩȟ: Maximum available energy of fuel Ὢ 

5.2.1.6 Storage and Power to X constraints 

The CPS Power Module determines charging and discharging of the storage units endogenously. Typically, 

storage units are charged during times of low marginal cost and discharge electricity at times of high 

marginal cost. The investment and operation of the various storage and Power to X options are 

determined simultaneously with the capacity expansion and dispatching of the power system. 

The following mathematical formulations describe the Storage and Power to X constraints included in the 

CPS Power Module: 

ü Capacity constraint of storage 

ὛὝὕὭὲ ȟȟ ὛὝὕέόὸȟȟ ὖίὸέ ȟȟᶅ ίὸέȟὬȟὸ 

Where 

ὖίὸέ : Capacity of storage facility ίὸέ 

ü Maximum daily stored energy 
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ὛὝὕέόὸ ȟȟ Ὠίὸέὶ ὖzίὸέ ȟ  ᶅίὸέȟὨὥώȟὸ 

ᶰ

 

Where 

Ὠὥώ: Typical day 

Ὠίὸέὶ : Maximum daily storage capability of storage facility ίὸέ 

ü Balance of stored energy 

ὛὝὕὭὲ ȟȟ ὬὩὥὸὶὥὸὩ ᶻ ὛὝὕέόὸ ȟȟ ȟᶅ ίὸέ ȟὨὥώȟὸ

ᶰᶰ

 

Where 

ὬὩὥὸὶὥὸὩ : Heatrate of storage facility ίὸέ 

ü Capacity constraint for clean fuel production 

ὖςὢέόὸ ȟȟ ὖὖςὢ ȟȟᶅ ὴςὼȟὸ  

Where  

ὖςὢέόὸ ȟȟ: Output of type of power to X facility ὴςὼ for typical hour Ὤ 

ὖὖςὢ ȟ: Capacity of type of power to X facility ὴςὼ 

ü Balance constraint for clean fuel 

ὖςὢὭὲ ȟȟ ὬὩὥὸὶὥὸὩ  z ὖςὢέόὸ ȟȟ ȟᶅ ὴςὼȟὬȟὸ 

ᶰᶰ

 

Where 

ὬὩὥὸὶὥὸὩ : Heatrate of power to X facility ὴςὼ 

ü Balance constraint for demand and supply of clean fuels 

ὪὶὩή ὖzςὢέόὸ ȟȟ ὈὧὰὪ ȟ ȟᶅ ὴςὼȟὸ  

Where 

ὈὧὰὪ ȟ: Demand of clean fuel of type of power to X facility ὴςὼ 

The reader is referred to Section 5.3.1.1 Representation of Plants for a more detailed explanation of the 

modelling approach used for storage and power to x facilities. 

5.2.1.7 CCS ς related constraints 

Power plants with the technology option of Carbon Capture and Storage (CCS) are among the list of plant 

types incorporated in the CPS Power Module. In a CCS power plant system, part of the emitted CO2 is 
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captured, transported and deposited to a storage site (a geological underground formation), instead of 

being released in the atmosphere, as in the case of conventional plants.  

The cost of underground storage of CO2 is taken into account through a cost-supply curve (defined 

exogenously), representing cost versus potential of storage. The cost of underground CO2 storage is 

included as a cost item in the total cost of CCS power plants.  

The following mathematical formulations describe the CCS ς related constraints included in the CPS Power 

Module: 

ü Annually captured CO2 in CCS power plants 

ὩάὪίὸέὶ Ὂzὅȟȟ ὅὕὧὥὴὸȟ  ᶅὸ

ᶰ ȟ

 

Where 

ὩάὪίὸέὶ: Fraction of emissions of plant ὴ that is being stored  

ὅὕὧὥὴὸ: Captured CO2 emissions from CCS power plants 

ü Cumulatively maximum quantity for captured CO2 in CCS power plants 

ὅὕὧὥὴὸ άὥὼὅὕὧὥὴὸȟ  ᶅὸ 

Where  

άὥὼὅὕὧὥὴὸ: Maximum possible cumulative CO2 stored 

5.2.1.8 Policies and Emission constraints 

Promotion of renewables is represented in the form of an equivalent feed-in-tariff. The equivalent feed-

in-tariff is a virtual subsidy that is taken into account by the CPS Power Module when deciding on 

investments. The equivalent feed-in-tariff for each type of renewable technology and the total budget 

available for the support of RES are exogenous.  

The CPS Power Module has been designed so as to allow the user to include additional support 

mechanisms which are made available under a given budget.  

The following mathematical formulations describe the Policies and Emission constraints included in the 

CPS Power Module: 

ü Annual maximum budget for Feed-In-Tariff equivalent policies 

ὪὶὩή Ὃzȟȟ ȟ ὊzὍὝὩήȟ ὪὭὸὦόὨὫὩὸ ȟᶅ ὸ

ȟ
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Where 

ὊὍὝὩήȟ: Equivalent feed-in-tariff for plant ὴ 

ὪὭὸὦόὨὫὩὸ: Maximum budget available for the implementation of a RES FIT support policy 

ü Additional promoting policies 

ὪὶὩή  zὋȟȟȟ ὴzέὰὭὧώȟȟ ὖίόὴὴέὶὸ ȟᶅ ὸ

Ȣ

 

Where  

ὴέὰὭὧώȟȟ: Additional policy tariff for plant ὴ and fuel Ὢ  

ὖίόὴὴέὶὸ: Maximum budget available for the implementation of the additional policy  

ü Emissions constraint 

ὩάὪȟ Ὂzὅȟȟ ὉὓὍὛ ȟᶅ ὸ

ȟ

 

Where 

ὩάὪȟ: CO2 emission factor of plant ὴ for fuel Ὢ 

ὉὓὍὛ: ¢ƻǘŀƭ ǎȅǎǘŜƳΩǎ ŜƳƛǎǎƛƻƴǎ 

 Unknown variables 

The unknown variables of the CPS Power Module include the following: 

Á Capacity additions by plant type (several types of capacity investment) 

Á Electricity generation by plant 

Á Steam or heat generation by plant 

Á Fuel consumption by type of fuel and plant 

Á CO2 emissions  

Á Storage and Power to X plants: injection or extraction from storage facilities and investments in 

storage equipment 

Á Capacity reserved for the provision of upward and downward ancillary services by plant 

Á Curtailment of  renewable generation 

The integer variables included in the CPS Power Module are the following: 

Á Number of installed plants 

Á Number of plant in operation in typical hour Ὤ 
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Á Number of plant shut down in typical hour Ὤ 

Á Number of plant started up in typical hour Ὤ 

It must be noted that the integer variables apply only for the power plants that are assumed to have 

technical limitations (i.e. nuclear, solids ς fired, CCGT, large biomass plants). 

The reader is referred to Section 5.3.1 Representation of Plants for a detailed analysis regarding the 

representation of plants. 

 Exogenous Parameters 

The parameters provided by the user are:  

Á Installed capacity of existing plants in the beginning of the projection period 

Á Decommissioning plans related to the existing plants (if any) 

Á Capacities of plants under construction in the beginning of the projection period 

Á Grid loss rates 

Á Technical characteristics of plants by technology  (commissioning/decommissioning year, 

technical lifetime, size, heatrate, self-consumption rate, technical minimum output, ramping 

rates, maximum contribution to each type of reserve, minimum up and down time, heat to 

electricity ratio and the slope of the iso-fuel curve for CHP plants) 

Á Economic characteristics of plants by technology  (capital, fixed O&M and variable cost, economic 

lifetime, growth factor of fixed costs, capital cost incurred for extending the lifetime of plant, for 

fuel blending and for fuel switching, additional capital and fixed cost for CHP plants) 

Á Fuel prices 

Á Taxes & subsidies 

Á Carbon price in the context of the  EU Emissions Trading System - EU ETS (i.e. the price of the 

European Union Allowance) 

Á Feed-in tariffs and other support schemes for RES (FIT equivalent) 

Á Costs and availability potential parameters for transportation and storage of captured CO2 

Á Costs and availability potential parameters of storage technologies 

Á Parameters reflecting policy instruments and restrictions (nuclear, CCS, environmental, efficiency, 

CHP, etc.) 

Á Parameters used in the non-linear cost-supply curves 

Á Transmission grid, distribution grid and district heating network tariffs for the basis year 

 

5.3 Model features, considerations and assumptions 

This section presents the main features of the CPS Power Module, comprised of the following subsections: 
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¶ Representation of Plants: this section describes the different types of plants considered by the 

model (Utility, District Heating, electricity/steam production by the industrial sector, storage and 

power to X plants). This description includes detailed information on technologies, technical 

characteristics and main assumptions included in the CPS Power Module  

¶ Fuels and Fuel Consumption: this section outlines the basic considerations in relation to fuel 

consumption 

¶ Network Grids: this section discusses the CPS Power Module approach in relation to the power 

grid 

¶ Imports and Exports: this section presents  the modelling approach to electricity imports and 

exports to and from Slovakia 

¶ Time resolution: the model represents demand variability for electricity and steam/heat by 

introducing an hourly fluctuation of load in typical days. This section describes the main principles 

of this approach 

¶ Non-linear cost curves: including detailed description of cost optimization, taking into account 

current and future exploitation of resources and technological progress (including learning by 

doing) 

¶ Investment decisions: this section outlines the basic considerations for the promotion of 

investments in specific technologies (e.g. RES, nuclear, CHP etc.) 

¶ CHP operation: this section provides information on the modelling approach used for the 

simulation of CHP operation 

¶ CCS and CO2 capture: this section outlines the basic considerations of the CPS Power Module for 

the modelling of plants with the availability of carbon capture and storage (CCS) 

 Representation of Plants 

The CPS Power Module includes all plants currently installed in Slovakia providing electricity and 

steam/heat for district heating or industrial purposes. It also provides for a wide range of technologies 

that may be installed in the future.  

For the sake of simplicity, as well as to ensure a speedy execution, small existing plants have been grouped 

into larger plants (hereinafter Plant Groupings). Plant Grouping has been done by fuel type, technology 

(including CHP) and use (utility or industrial)6. The main categorization of the plants as taken into account 

by the CPS Power Module is summarized in Figure 66 and described below:  

                                                           
6 See for example all plants referred to as Small_CHP_Waste, Small_CHP_Biomass, Small_CHP_Coal, Small_IC_1, 
Small_IC_2, Small_IC_3, in the input data file under the Techdata_plants SHEET. 
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Figure 66 CPS Plant types 

1) Utility power plants: 
a. Electricity only: power plants generating only electricity 
b. Cogeneration utility power plants: CHP power plants with main purpose of generating 

electricity, or CHP power plants used for district heating purposes (i.e. connected to 
district heating network or individual tertiary facilities) 

The following paragraphs highlight the CPS Power Module approach on the treatment of Utility power 
plants. Attention is drawn on special topics, such as new capacity, cogeneration, decommissioning and 
retrofitting. bƻǘŜ ǘƘŀǘ ƛƴ ǘƘŜ ōŜƭƻǿ ǇŀǊŀƎǊŀǇƘǎΣ ǘƘŜ ǇƘǊŀǎŜ άǇƭŀƴǘ ǘȅǇŜέ ǊŜŦŜǊǎ ǘƻ ŘƛŦŦŜǊŜƴǘ ǘŜŎƘƴƻƭƻƎƛŜǎΦ 

ü The model treats existing power plants (including Plant Groupings) individually 

ü New Capacity  

o The model projects investment in individual new power plants at a fixed (standardized) 
capacity per plant type, by the use of integer variable for the operation of all power plants 
(existing and new) and the investments in new units. As some plant types entail severe 
technical limitations7, only specific technologies are considered to have a fixed size in the CPS 

                                                           
7 Plant types considered to have strict technical limitations are the following: nuclear, solids-fired, gas-fired steam 
turbines, CCS, CCGT and biomass-fired steam turbine 
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Power Module. For example, the fixed size of an investment in CCGT is 422MW. The variable 
of investment can take an integer value (e.g. 1,2 etc.) denoting the number of units that are 
being commissioned; if the investment variable takes the value of two, this mean that 2 x 
422MW CCGT are being invested. 

o Investments in the rest of technologies (i.e. RES, gas turbines, peak devices using gas, oil, 
biogas etc.) do not have a fixed size per plant type and are represented as a continuous 
variable. 

ü Cogeneration (CHP) 

o The user indicates which of the existing plants have a cogeneration possibility.  

o For new investments, different plant types (electricity only or CHP plants) are eligible. The 
model chooses endogenously the most cost-effective plant type. 

ü Decommissioning and retrofitting 
o DŜŎƻƳƳƛǎǎƛƻƴƛƴƎ ƻǊ ǊŜǘǊƻŦƛǘǘƛƴƎ όƛΦŜΦ ǘƘŜ ŜȄǘŜƴǎƛƻƴ ƻŦ ŀ ǇƻǿŜǊ ǇƭŀƴǘΩǎ ƭƛŦŜǘƛƳŜύ ƛǎ ŜȄƻƎŜƴƻǳǎƭȅ 

defined by the user, while the decisions regarding the investment in new power plant are 
fully endogenous. 

ü Ancillary services 

o Since the Power Module co-optimizes the fulfillment of electricity and ancillary services 
demand, the power reserved for ancillary services in each power plant is an endogenous 
decision; thus some power plants result in withdrawing a part of their capacity from energy 
production, so as to provide ancillary services. 

As summarized in Table 12, the following technologies are available for utility power plants: coal-firing 

(conventional) plants, coal-firing plants with carbon capture and storage (CCS), lignite-firing 

(conventional) plants, lignite-firing plants with carbon capture and storage (CCS), open cycle oil fired gas 

turbines and oil fired steam cycles, open cycle gas fired gas turbines, combined cycle gas turbines (CCGT, 

gas fired), nuclear plants, CCS-gas, biomass-firing, waste-firing, solar photovoltaic, wind onshore and 

geothermal.  

The model represents hydro (in run river and lakes), and includes storage systems such as hydro-pumping, 

batteries and chemical storage (production of hydrogen and clean gas from renewables). 

A power plant is characterized by the following attributes: 

¶ Thermal (fuel and fuel consumption)  

¶ Operational (gross and net capacity, ramping rates, technical minimum, minimum up and down 

time, maximum contribution to each type of ancillary service) 

¶ Age (commissioning date, date of planned decommissioning) 

¶ Cost (capital cost, fixed O&M cost, variable operating cost) 

¶ Environmental (emissions).  
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These characteristics are known for plants already existing in the beginning of the projection period, as 

well as for plants under construction and for which the commissioning date is known. The user may 

change these data, as explained in Section 5.6.6 hǇǘƛƻƴǎ ŦƻǊ ŎƘŀƴƎƛƴƎ ǇŀǊŀƳŜǘŜǊǎΩ ǾŀƭǳŜǎ ŜȄƻƎŜƴƻǳǎƭȅ.  

Regarding future plants, to be endogenously decided by the CPS Power Module, the respective 

characteristics have been drawn from our experience with PRIMES and many other projection data by 

various stakeholders. Also for these plants the user may change their data. 

Table 12  Available plant technologies for utility power plants 

Utility Plants types 

Nuclear  PPs firing biosolid CCS (Electricity only or CHP) 

Coal (Electricity only or CHP) PPs firing waste  

Lignite (Electricity only or CHP) PPs firing biogas (Electricity only or CHP) 

Gas open cycle (Electricity only or CHP) Hydro power plants - Run of river 

Combined cycle gas turbines (CCGT) (Electricity only or CHP) Hydro power plants - With Dam 

Gas Turbines or ICE Solar Photovoltaic 

Coal CCS (Electricity only or CHP) Wind turbines (Onshore and Offshore)  

Lignite CCS (Electricity only or CHP) Geothermal power  

CCGT CCS (Electricity only or CHP) Solar thermal 

PPs firing biosolids (Electricity only or CHP)   

2) District Heating plants: heating only plants providing heat in the residential and tertiary sectors 
via the use of district heating network. 

The model tracks DH units in vintages both for existing and new plants and includes exogenous technical 

and economic characteristics per vintage. These characteristics may improve in the future for technologies 

candidate for investment due to technical progress. The user may change these assumptions, as explained 

in Section 5.6.6 hǇǘƛƻƴǎ ŦƻǊ ŎƘŀƴƎƛƴƎ ǇŀǊŀƳŜǘŜǊǎΩ ǾŀƭǳŜǎ ŜȄƻƎŜƴƻǳǎƭȅ. Table 13 presents the DH 

technologies that are available in the CPS Power Module: 

Table 13 Available plant technologies for District Heating plants 

District Heating Plants types 

Biomass Fired District Heating Plants 

Gas Fired District Heating Plants 

Solids (Coal/Lignite) District Heating Heat Plants 

Oil Fired District Heating Plants 

Geothermal District Heating Plants 

Solar Thermal District Heating Boilers 

Electric District Heating Boilers 

3) Industrial plants: these plants are specific for each industrial sector and can be distinguished to: 
a. Industrial CHP plants: CHP plants providing electricity and steam, located onsite the 

corresponding industry with main purpose to provide steam for the industrial processes 
b. Industrial boilers: providing only steam and located onsite the corresponding industry 
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Figure 67 Industrial Plants types 

The main purpose of industrial plants is the auto-production of steam to meet the requirements of various 

industrial processes. Steam is produced either by CHP or boilers. The CPS Power Module accounts for the 

fact that cogeneration plants produce electricity. Auto-produced electricity reduces the electricity that 

the industrial sectors would otherwise need to purchase from the market. 

ü In the CPS model it is assumed that each industrial sector is never an overall net seller of 
electricity or steam. This means that the amounts of electricity and steam produced by the 
industrial plants of the corresponding industrial sector has as an upper bound the 
electricity and steam demand of the sector. 

4) Storage plants:  
The following types of storage plants are included in the CPS Power Module: 

a. Pure pumped storage plants 
b. Batteries 
c. Demand Response: demand response acts as demand shifting and not as demand 

shedding (e.g. shifting the use of washing machines from late afternoon to late at night, 
so as to smooth the daily peak) 

The model determines the investment and operation of the various storage options simultaneously with 
the capacity expansion and operation of power and heat plants. The operation of storage plants is the 
charging times, when the storage unit consumes electricity thus increase the electricity demand; and 
discharging times, when the storage unit provides electricity to the grid. Typically the storage units charge 
at low marginal cost times and discharge at high marginal cost times of the system. The balancing cycle of 
storage is daily for hydro-pumping and batteries. The balancing involves loss of electricity with a different 
rate for each storage option. Also, demand response is included in the model and treated as a daily 
balancing storage. The demand response has a linear stepwise cost function with ascending slope and a 
fixed potential. 
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5) Power to X plants: 

The following types of Power to X plants are included in the CPS Power Module: 
a. Power to Hydrogen: plants performing electrolysis, using electricity as input, so as to 

produce hydrogen as output 
b. Power to Clean Gas: plants performing a series of processes such as electrolysis, 

methanation and capture of CO2 from air, so as to transform electricity (input) to synthetic 
gas (clean gas) 

c. Power to Synthetic Liquids: plants performing a series of processes, so as to transform 
electricity (input) to synthetic liquids 

The power-to-X plants produce indistinguishably fuels addressing demand of other sectors, taken as given 
from the projections of the rest of modules, and fuels used to perform chemical storage within the power 
system. To perform chemical storage, the power-to-X fuels are used to produce electricity (discharging) 
and use electricity produced (charging) at different times. The balancing cycle for the power-to-X 
technologies is seasonal. 

5.3.1.1 Fuels and Fuel Consumption  

The CPS includes a wide variety of fuel used as input to the plants. A detailed list of fuels taken into account 

in CPS is shown in Table 3. The choice of fuels derives from simultaneous optimisation of operation and 

investment, performed intertemporally. For the fuels purchased from the market8, the sectors are price 

takers, meaning they cannot affect the fuel costs. The costs of the fuels may include carbon pricing, 

subsidies and hidden costs. All of these can be determined exogenously by the user. All fuels that are 

being produced in the power sector9 have endogenous pricing mechanisms, reflecting production costs. 

For all plants, fuel consumption is endogenously calculated in the CPS Power Module; it is represented as 

a linear variable, depending on an exogenous heatrate value different for each plant category. 

The CPS Power Module assumes that each utility power plant may use as input one or more fuels. The 

new utility plants use only one fuel (e.g. CCGT_2020 uses natural gas, Nuclear_2020 uses nuclear fuel), 

while for the existing plants the possibility of fuel switch or fuel blend exists. The user may choose, 

whether an existing plant will switch its input fuel or whether this plant blends more than one fuels (e.g. 

Vojany coal plant co ς blends coal and biomass) and to what extent (co-blending rates). These two 

mechanisms have been designed for the purposes of the CPS Power Module, so that users can assess the 

economics of potential fuel switching policies. Such assessments are well relevant given the current 

European trend where solids-fired plants are being converted to biomass plants. The reader is referred to 

Section 5.6 Explaining the supply-related scenario input file for more information. 

Industrial onsite CHP and heat plants are represented in a more aggregate approach, compared to utility 

plants; thus it is assumed that multiple fuels are used as input. For the existing fleet the co ς blending 

shares are fixed, meaning that they are not endogenously decided and are a result of the calibration to 

                                                           
8 The fuels that are not purchased from the market, are being auto-produced within the CPS Power Module. These 
fuels are electricity, clean fuels (e.g. clean gas, hydrogen) and heat/steam. 
9 These fuels are electricity, heat/steam, hydrogen and clean gas from Power to X technologies 
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the data of past years. For the new investments in industrial CHP and heat plants, the co ς blending of 

fuels is an endogŜƴƻǳǎ ƻǇǘƛƻƴ ƻŦ ǘƘŜ /t{ ƳƻŘŜƭΦ CƻǊ ŜȄŀƳǇƭŜΣ Ǉƭŀƴǘ άFERRO_BOIOILGAS_2020έ ǊŜǇǊŜǎŜƴǘǎ 

an industrial boiler in the Iron & Steel industry, built in 2020 and has the option of using either natural gas 

or oil. 

5.3.1.2 Network grids 

Power Grid 
After consultation with the Slovakian experts, two types of power grid are considered to CPS. The first is 

the transmission grid (high voltage) and the second is the distribution grid (Medium/Low voltage). Each 

demand sector (customer) is connected to the high or/and medium/low voltage either fully or partially 

(e.g. some small industries are connected to the medium voltage). For each type of power grid a power 

grid loss rate is applied aiming to represent the electricity losses. The user is able to change these loss 

rates, as explained in Section 5.6.6 hǇǘƛƻƴǎ ŦƻǊ ŎƘŀƴƎƛƴƎ ǇŀǊŀƳŜǘŜǊǎΩ ǾŀƭǳŜǎ ŜȄƻƎŜƴƻǳǎƭȅ. 

District Heating Network 
The CPS Power Module distinguishes between heat consumed in residential, services and agriculture 

sectors via the district heating network, and steam consumed in the industrial sectors and the refineries. 

Grid losses for the district heating network are considered in the modelling, while for the steam 

generation no grid losses apply as the production of steam is assumed to be located onsite the industry. 

5.3.1.3 Imports and Exports 

The CPS Model is a single country model and cannot handle the simulation of the EU electricity internal 

market endogenously. The imports and exports of electricity are exogenous parameters, which are 

specific to each scenario depending on the development of the power mix in Slovakia and the relative cost 

of power generation. Possible network constraints are ignored, as the whole country is represented as a 

single node. Nevertheless, the level of imports and exports are modelled in the form of bilateral contracts, 

accompanied with a load profile (i.e. base, medium, high). The user may choose the quantity of imports 

and exports for every load profile. 

The reader is referred to Section 5.6.6 hǇǘƛƻƴǎ ŦƻǊ ŎƘŀƴƎƛƴƎ ǇŀǊŀƳŜǘŜǊǎΩ ǾŀƭǳŜǎ ŜȄogenously for a detailed 

explanation on how to affect import/export quantities and profiles. 

5.3.1.4 Time resolution 

The model represents demand variability for electricity and steam/heat by introducing an hourly 

fluctuation of load in typical days. The operation of power plants and the use of energy input resources 

are also calculated on an hourly basis for each typical day (load segments). Hourly profiles of intermittent 

renewable sources are further considered and load segment synchronisation also applies for electricity 

and steam/heat. The latter is important for capturing the operation of CHP plants and competition 

between cogeneration, boilers and distribution of heat.  

CƻǊ ŀ ōŜǘǘŜǊ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ǎȅǎǘŜƳΩǎ ƻǇŜǊŀǘƛƻƴΣ ŜŀŎƘ ȅŜŀǊ όутсл ƘƻǳǊǎύ ƛǎ ǊŜǇǊŜǎŜƴǘŜd by 4 typical 

days covering the following periods: 
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¶ From 1st of November to 30th of April, considering only working days 

¶ From 1st of November to 30th of April, considering only holidays 

¶ From 1st of May to 30th of October, considering only working days 

¶ From 1st of May to 30th of October, considering only holidays 

Each day is represented by 24 hours, thus each year is represented by 96 segments. 

Note that the load profile is endogenously calculated in the model as a result of a bottom-up accounting 

of load profiles of individual energy uses in the various sectors. The latter are provided by the CPS Demand 

Module.  

 

Figure 68 Time resolution of the CPS Power Module 

5.3.1.5 Non-linear cost curves 

(a) Increased cost due to resource exploitation 

The CPS Power Module is using an elegant approach to account for the relative difficulty in developing 

incremental capacity due to potential fuel exhaustion, site availability restrictions and RES limitations, due 

to resource exploitation. This difficulty is modelled through non-linear cost-quantity curves representing 

the cost-supply locus of a resource (fuel supply, renewable potentials and limitations on development of 

new power plant sites, where applicable e.g. nuclear plant sites, wind sites, etc.). Cost-supply curves are 

numerically estimated functions with increasing slopes serving to capture take-or-pay contracts for fuels, 

possible promotion of domestically produced fuels, fuel supply response (increasing prices) to increased 

fuel demand by the power sector, exhaustion of renewable energy potential, difficulties to develop CO2 

storage areas, acceptability and policies regarding nuclear site development, etc. The non-linear cost-
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supply curves are a unique feature of the PRIMES Model and have been fully included in the power 

investment and plant operation optimisation of the CPS Power Module10. 

Box 3 An example of increased cost due to resource exploitation 

To better understand this feature of the model consider the following example. Assume that a certain 
capacity of biomass plants has already been built.  To build a new plant this would require for the 
investor to acquire a new site that may potentially be far away from the fuel resource. The cost of 
building a new plant in a new site is naturally increased e.g. due to the increased cost of site preparation 
and fuel transportation. 

(b) Reduced cost due to technological maturity 

 

Figure 69 Cost reduction of new technologies driven by technology progress 

The technical-economic characteristics of technologies are assumed to change over time (as a result of 

R&D and eventually economies of scale in mass production). The model evaluates consistently the 

potential of new technologies, by considering endogenous technology learning and commercial maturity, 

so that the unit cost of a technology decreases over time and also due to economies of scale, as shown in 

Figure 69. 

The rate of change of technical-economic characteristics over time is an assumption of the modelling 

which may be altered depending on the scenario. For more information on how the user can specify 

                                                           
10 Data on potentials from various sources including: ECN (Admire-Rebus database), DLR (database), Green-X, RES-
2020, Observer, national sources, various studies and a special data collection for biomass resources. 
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technological maturity as an input to the model see Section 5.6.6 hǇǘƛƻƴǎ ŦƻǊ ŎƘŀƴƎƛƴƎ ǇŀǊŀƳŜǘŜǊǎΩ ǾŀƭǳŜǎ 

exogenously.   

5.3.1.6 Investment decisions 

Targets for renewables, cogeneration of heat and power, and emissions are reflected as shadow values, 

influencing dispatching and choices in investment decision making11.  

(a) Investment in RES and storages 

¶ In case of large development of variable RES, the model determines investment in low capital-

intensive thermal power plants (back-up) in order to meet reliability and reserve power 

constraints. Flexibility of the power system to balance fluctuating RES is endogenously built and 

reflected on investments, as ramping possibilities differ by plant technology. As a result, costs 

increase and the competitiveness of variable RES decreases. 

¶ The hydro resources are considered dispatchable but constrained by yearly available water flows: 

the model shows that they are used at peak hours until the water constraint is met. Large-scale 

storage is endogenous in the model (hydro-based pumped storage, power to X). Depending on 

economics, storage smooths load fluctuations and accommodates transfer of RES energy from 

times when RES availability exceeds load to times when RES production is scarce. 

¶ Investment in RES is projected on economic grounds as for any other technology. The relative 

competitiveness of RES depends on technology progress (change of technical-economic 

characteristics over time, as discussed in the context of Figure 69) and on policies supporting RES 

directly or indirectly.   

¶ Table 14 summarizes the mechanisms available in the CPS Power Module to directly affect RES 

penetration. As stated above, RES penetration may also be increased by modifying the non-linear 

cost curves reflecting increased cost due to resource exploitation and reduced cost due to 

technological maturity.  Nevertheless caution is needed when changing the values of the non-

                                                           
11 Shadow values are essentially dual variables that are calculated endogenously in the model so as to meet certain 
constraints (e.g. RES share or emissions reduction). These values should influence all energy-related decisions of 
energy system actors, i.e. power producers, individual consumers, manufacturers, and technology and infrastructure 
ǇǊƻǾƛŘŜǊǎΦ ¢ƘŜ ƛƴǘǊƻŘǳŎǘƛƻƴ ƻŦ άǎƘŀŘƻǿ ǾŀƭǳŜǎέ όŎŀǊōƻƴ ǾŀƭǳŜǎΣ 9ŦŦƛŎƛŜƴŎȅ ǾŀƭǳŜǎ ŀƴŘ w9{ ǾŀƭǳŜǎύ ƛƴŎǊŜŀǎŜǎ ǘƘŜ 
perceived costs of energy consumers, while ETS prices incur direct carbon payments for power plants and heavy 
industries; thus as climate constraints become more ambitious they influence decisions of energy consumers and 
producers away from fossil fuels and towards low-carbon energy forms and energy efficiency improvements. The 
ŎƻƴǎƛǎǘŜƴǘ ŎŀƭŎǳƭŀǘƛƻƴ ƻŦ άǎƘŀŘƻǿ ǾŀƭǳŜǎέ ǊŜǉǳƛǊŜǎ ŀ ǎƛƳǳƭǘŀƴŜƻǳǎ ǎƻƭǳǘƛƻƴ ƻŦ ǘƘŜ ƻǾŜǊŀƭƭ ƳƻŘŜƭ ǘŀƪƛƴƎ ƛƴǘƻ ŀŎŎƻunt 
the complex interactions via the whole energy system (including operation of the power system) and the costs of all 
energy sources so as to determine simultaneous market equilibrium of demand and supply in all energy markets, 
while at the same time meeting overall system-wide constraints (e.g. on energy savings). This is the reason we 
propose to use this modelling framework instead of simply increasing costs with increasing RES shares. 
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linear curves so that these remain realistic and are supported by literature or well substantiated 

data. 

 

Table 14 Mechanisms to increase RES penetration 

Mechanism Description Details 

Equivalent 
RES Feed-in 
tariffs  

Equivalent RES Feed-in tariffs reflect 
power purchase agreements 
between producers and suppliers 
(or the TSO/Market operator) 
obliged to absorb RES produced 
electricity. 

The RES supporting schemes are represented in the model as 
equivalent feed-in tariff schemes (FiT), although in reality the 
adopted mechanism may be different (e.g. feed in premiums).  
Note that a scheme of feed-in premium which uses a strike price 
to define the premium relative to average wholesale market 
prices can be approximately modelled as an equivalent contract 
for difference (CfD) with the same strike price.  In terms of 
modelling this does not differ from an equivalent FiT. 

Other RES 
facilitation 
policies 

 These are reflected as unknown 
renewable support schemes and 
also by introducing modifications in 
the non-linear curves 

Unknown support schemes may include other schemes to 
mitigate risks (in addition or in replacement of the equivalent 
FiT).  Such schemes may for example include sovereign 
guarantees on investment or other types of subsidies. Scenario-
specific policies, which may increase RES potential and make 
cheaper the access to potential can also be reflected in the 
parameters of the cost-potential curves. 

Renewable 
values 

These are reflected as unknown 
renewable support schemes by 
introducing a virtual subsidy of 
renewable generation. 

Policy measures regarding the penetration of renewable energy 
sources are modelled via the use of renewable values. Renewable 
values are shadow values of a virtual RES constraint considered 
by the actors as a virtual subsidy. However this subsidy is not 
provided neither in reality nor in the model. The renewable 
values reflect policies facilitating renewables, as for example 
legislation and infrastructure easing site access and connections, 
quicker licensing and other. 

 

(b) Investments in nuclear plants and other conventional plants using fossil fuels 

Investments in nuclear power and other plants using fossil fuels are treated as economic decisions. 

Deployment depends on electricity demand, load profiles, economic features of competing 

technologies and the cost of the European Union Allowance (EUA) in the context of the EU ETS 

emissions trading system. Actually, the cost of the EUA (referred herein as carbon price, as already 

mentioned in the overview of the CPS Demand Module) is an important driver to investment decisions 

in nuclear, RES and conventional technologies. Investment decisions fit within the least cost capacity 

expansion to a long-term horizon (under perfect foresight).  

Regulations such as the Integrated Pollution Prevention and Control Directive (2010/75/EC) Directive, 

other emission performance standards, as well as the best available techniques standards are fully 

supported by the CPS Power Module and can be easily introduced. Also note that the CPS Power 

Module supports CCS fitted solid and gas fired plants, as discussed in Section 5.2.1.7 CCS ς related 

constraints.  
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Box 4 Introducing the requirements of Directive 2010/75/EC in the CPS 

Directive 2010/75/EC foresees that, during the period from 1 January 2016 to 31 December 2023, combustion 
plants with operation hours less than 17,500 during the aforementioned period may be exempted from compliance 
with the emission limit values set by the same Directive. To include such a provision in the CPS Power Module, the 
ǳǎŜǊ ǎƛƳǇƭȅ ƴŜŜŘǎ ǘƻ ǎŜǘ ŀ ƳŀȄƛƳǳƳ ǘƘǊŜǎƘƻƭŘ ƛƴ ǘƘŜ ǇƭŀƴǘǎΩ ƻǇŜǊŀǘƛƴƎ ƘƻǳǊǎ όǎŜǘ ǘƘǊƻǳƎƘ ǘƘŜ input file, see Section 
5.6 Explaining the supply-related scenario input file). A fully compliant plant may be introduced in the CPS through 
e.g. an increase in the capital cost to reflect plant modernization and the addition of anti-pollution technologies 
(e.g. DeNOx and DeSOx devices and particle filters). 

 

5.3.1.7 CHP Operation ς balancing electricity and heat/steam production 

The choice of CHP technologies and the operation mode (mix of electricity and heat/steam production) 

are endogenous in the CPS Power Module. The operation possibilities are constrained by the heat/steam 

requirements. The operation possibilities are constrained by the feasible combination of electricity and 

heat output. Each plant technology has a different feasible combination, which is illustrated in Figure 70. 

The CHP operational constraints delimit maximum electric power and minimum steam combinations as a 

locus of an iso ς fuel line. 

 

Figure 70 Basic concept of cogeneration of electricity and heat. The figure shows as an example the realisation of CHP through a 
conventional combustor/boiler/steam turbine and electricity generator.  

The above mentioned approach is the one used for the utility CHP power plants providing heat to the 

demand sectors, while for the industrial onsite CHP power plants a different approach has been used. The 

demand for steam is the large majority of industry, mostly the most energy intensive, follows a base load, 

and thus steam generation follows the same pattern. As the main purpose of these plants is to provide 

steam to industry, they generate at stable level steam and electricity. Thus the electricity to steam ratio 

is considered as constant (fixed) and has been exogenously calculated based on several statistics and 

studies. The user is able to change all the technical characteristics for the CHP plants, as explained in 

Section 5.6.6 hǇǘƛƻƴǎ ŦƻǊ ŎƘŀƴƎƛƴƎ ǇŀǊŀƳŜǘŜǊǎΩ ǾŀƭǳŜǎ ŜȄƻƎŜƴƻǳǎƭȅ. 

Also, the reader is referred to Appendix IV for the analytical mathematical formulations. 
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5.3.1.8 CCS and CO2 capture 

CPS model includes eight plant types with the carbon capture and storage (CCS) add ς on, as candidate 

options for investment. The model takes into account the costs transportation and underground storage 

of the captured CO2 and the stored CO2 emissions are represented with the use of linear variables. The 

user may choose is each scenario, whether the underground storage of CO2 emissions is permitted. In 

cases, where the carbon dioxide storage is prohibited, no CCS investments will take place. The reader is 

referred to Section 5.6.6 hǇǘƛƻƴǎ ŦƻǊ ŎƘŀƴƎƛƴƎ ǇŀǊŀƳŜǘŜǊǎΩ ǾŀƭǳŜǎ ŜȄƻƎŜƴƻǳǎƭȅ, for an illustrative example 

on how to affect the policies regarding CCS. 

5.4 Principles of the pricing model 

Once the system is optimally operated and expanded in the future, the model calculates costs and on this 

basis it calculates the tariffs of electricity per sector of final demand, as well as the tariffs for synthetically 

produced fuels. The tariffs distinguish between energy supply and the provision of grid services, the latter 

being under a regulated monopoly regime. The model calculates tariffs also for industrial steam by sector 

and for district heating. All these prices by sector feed the closed loop of the entire model and return to 

the demand sectors for further adjustment of demand in the next model iteration. Thus, the demand for 

electricity is price-elastic, as the model performs adjustment of demand driven by electricity prices per 

sector. After the optimization two additional steps are included in the model, pricing and reporting as 

shown in Figure 63.  

Through pricing the Power Module is linked to the Demand Module and solved as a mixed 

complementarity problem that concatenates the individual problems of energy consumers and producers 

via endogenous calculation of energy prices. CPS simulates a well-functioning market, where total costs 

(capital and operating) are recovered, including also possible stranded investment costs. The pricing of 

electricity commodity is explicit and is based on the Ramsey-Boiteux methodology. Marginal cost pricing 

is used, so as to calculate the price in a virtual wholesale market; then a fixed mark-up is added according 

to Ramsey pricing, allocating the not yet allocated system costs using the marginal cost pricing. 

Electricity prices in the CPS Power Module (as in the PRIMES model) are calculated in order to recuperate 

all system costs. These costs are the following: 

¶ Capital investment costs: annuity payments of installed power plants (and also possible stranded 

investment costs) 

¶ Fixed costs: fixed costs of installed plants 

¶ Variable costs: variable operating, fixed maintenance, fuel costs and payments for fuel taxes 

¶ Emission costs: emission taxes and ETS auction payments.  

¶ Costs related to schemes supporting renewables: feed-in tariffs equivalent scheme for renewable 

plants  

¶ Grid costs, separately by grid type, calculated according to a regulated asset basis methodology, 

which includes capital costs of old infrastructure, cost of new investment and 

operating/maintenance costs (this calculation is essentially the output of the CPEX/UC problems) 
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¶ Costs/Revenues from cross border trade (applicable only for electricity prices): electricity imports 

and exports are priced using the System Marginal Price (SMP), as this is the current pricing method 

in all market coupling power exchanges. 

Electricity (and steam/heat) prices are determined by category of customer (sectors and sub-sectors of 

demand). Each customer type has a load profile, which is calculated in the CPS Demand Module (the 

model also provides for self-supply). The aim is to allocate variable, fixed, and capital costs as well as grid 

and other costs to each category of customers as would be the case in a well-functioning market in which 

suppliers would conclude efficient and stable bilateral contracts with each customer category, based on 

the specific load profile of the customer. To do this, the following calculation steps are performed: 

a) The tariffs per consumer type are calculated to reflect the marginal costs of the 
generation system for the corresponding load profile (this is the Boiteux part of the tariffs) 

b) As the revenues based on marginal costs do not recover the entire generation budget, all 
fixed and capital costs, fees and levies (e.g. RES support recovery and others) also need 
to be included.  Thus at a second stage, the non-recovered part (mainly fixed and non-
recovered capital costs) are allocated to ŎƻƴǎǳƳŜǊ ǘȅǇŜǎ ǳǎƛƴƎ ǘƘŜ ǊŜǾŜǊǎŜ ƻŦ ŎƻƴǎǳƳŜǊΩǎ 
price elasticity (this is the Ramsey part of the tariffs) 

c) The resulting electricity tariffs recover the entire generation cost. 

Grid tariffs are also included in the generation costs. Tariffs for the base year are exogenous to the 

Module, see Section 5.2.3 Exogenous Parameters. Any tariff modifications due to new investments are 

endogenous to the model and are calculated based on current regulatory practices across Europe: 

a) Firstly, the regulated asset base (RAB) is determined as inclusive of capital costs and new 
investment costs of the grids (by voltage type), including possible investment for smart 
systems, recharging networks, etc. 

b) Secondly, a regulated weight average cost of capital is used to calculate annualized asset 
basis. 

c) Thirdly, the RAB is equally distributed to the consumer types depending on the voltage 
type by which they are served.   

d) Regulated tariffs are applied for recovering grid costs.  

Note that overall, consumer prices are derived from wholesale market prices and grid tariffs as described 

above, as well as taxation, including carbon emission pricing.  
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Figure 71 Illustrative example for electricity prices by consumer category 

As noted above, the electricity prices differ per consumer category. This difference is related to the load 

profile of each category; most industrial sectors are associated with an almost continuous annual 

operation, without demand peaks. On the other hand, households, services and agriculture are associated 

with a less smooth load profile with occasional peaks. Demand of the former (industrial sector) is met by 

the (cheaper) power plants operating at base load while the demand of the remaining sectors may be met 

by a combination of load and peaking (more expensive) plants. 

5.5 Policy Focus ς Power  

¢ƘŜ /t{ tƻǿŜǊ aƻŘǳƭŜ Ƙŀǎ ƛƴƘŜǊƛǘŜŘ twLa9{Ω ǊƛŎƘ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ǇƻƭƛŎȅ ƛƴǎǘǊǳƳŜƴǘǎ ŀƴŘ ƳŜŀǎǳǊŜǎΦ  

Based on the long experience of our group with developing and using PRIMES in major policy analysis and 

impact assessment studies of the European Commission, national governments and industrial institutions, 

extensive detailed mechanisms have been built in the CPS Power Module to represent a large variety of 

policy measures and regulations.  

 Targets  

It is important to understand that targets such as specific reductions in CO2 emissions, penetration level 
of renewable energy sources and energy efficiency savings as prescribed in existing and future European 
policy (e.g. the 20-20-20 targets of the EU 2020 package and the 40-32-32.5 reflected in the 2016 winter 
package, as updated through the 2018 negotiations12) can be met through certain policy actions. For 

                                                           
12 https://ec.europa.eu/energy/en/news/commission-proposes-new-rules-consumer-centred-clean-energy-
transition , Energy Efficiency target update see http://europa.eu/rapid/press-release_STATEMENT-18-3997_en.htm, 
RES target update see http://europa.eu/rapid/press-release_STATEMENT-18-4155_en.htm 

https://ec.europa.eu/energy/en/news/commission-proposes-new-rules-consumer-centred-clean-energy-transition
https://ec.europa.eu/energy/en/news/commission-proposes-new-rules-consumer-centred-clean-energy-transition
http://europa.eu/rapid/press-release_STATEMENT-18-3997_en.htm
http://europa.eu/rapid/press-release_STATEMENT-18-4155_en.htm
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example, RES targets can be achieved by application of favourable support schemes or increased carbon 
pricing in the European Emissions Trading system. 
The CPS Power Module has been designed so that the user can assess, through multiple scenarios, the 

effect of alternative or complementary policy actions to meet one or more policy targets.  Note that policy 

targets are not necessarily (or exclusively) related to the EU targets outlined above, but can also be 

additional or supplementary actions, under consideration by Slovakian policy makers at national level.  

For example, a policy in this direction can well be a strategic decision for non-coal generation from 2025 

or 2030. 

For users to achieve and assess the effect of a certain level of reduction in CO2 emissions or increased 

penetration in RES or increase in EE, a trial-and-error process of multiple runs of the CPS Model is required, 

introducing consecutive changes (new and/or additional to previous runs) in order to reach a specified 

target. 

 Policy drivers of the CPS Power Module 

Table 15 provides a summary of the various drivers available in the CPS Power Module that can be 

employed by users to either investigate the effect of certain policies or to achieve a certain pathway 

towards a predetermined target (e.g. a possible national contribution towards the proposed EU 2030 

targets). 

Table 15 Drivers available in the CPS Power Module for the impact assessment of climate and environmental policies 

Policy/Mechanism CPS driver 

Taxation  Taxes 

Feed-in-Tariff (FiT) Feed-in-Tariff  equivalent 

Other non-specified forms of support  
Support for power to X, Support for electricity 
storage, Support for electricity generation 

Emissions Trading System (EU ETS) Carbon price 

Environmental Policies for airborne emissions and 
permitting policies 

Maximum operating hours, possibility of CCS 
investments, maximum capacity of new 
investments per plant type  

Policies related to lifetime extension of plants, 
retrofitting and early retirement 

Extension of lifetime of plants 

Technology progress and market failures Non-linear curves 

 

A detailed description of the CPS Power Module drivers is presented below. All drivers are available in the 

supply-related input file and can be modified by the user, as described Section 5.6.6 Options for changing 

ǇŀǊŀƳŜǘŜǊǎΩ ǾŀƭǳŜǎ ŜȄƻƎŜƴƻǳǎƭȅ. 

ü Taxation: Taxation is exogenous and follows the level of detail of regulations. The CPS Power Module 

allows users to assess in detail the impact of taxation imposed on specific for fuels and sectors. 
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ü Feed-in-Tariff (FiT), other forms of RES support: Feed-in tariffs and other renewable support schemes 

are treated in great detail in the CPS Power Module. Users can specify FiT levels per technology and 

year. The module also allows for other (additional type of support) to be also included (parameter 

ƴŀƳŜŘ άǳƴƪƴƻǿƴ ǊŜƴŜǿŀōƭŜ ǎǳǇǇƻǊǘ ǎŎƘŜƳŜǎ ƛƴ 9¦wκƪ²ƘάύΦ See also Table 14. 

ü Carbon Price (EU ETS): The CPS Power Module takes into account the European emissions trading 

system. Users can specify the price of the European Union Allowance for each projected year, 

referred to as carbon price in the CPS. Note that the ETS price is an important driver to RES 

deployment and the reduction of coal/lignite plant operation. 

ü Environmental Policies for airborne emissions and permitting policies: The CPS Power Module 

accounts for Best Available Technology regulations, energy performance standards and the 

provisions of Directive 2010/75/EC, which imposes conditions that plants not satisfying certain 

emission levels are obliged to shut down after reaching a certain amount of hours of operation per 

year. As already described in Box 3, it is comparatively straight forward to impose limits in the 

operating hours of any plant, here due to environmental issues. Policies regarding the permission of 

investments in certain power plant technologies at national level, for example regarding nuclear, 

CCS etc., or including constraints applicable to new site development or expansion in existing sites 

are also supported by the module. 

ü Policies related to lifetime extension of plants, retrofitting and early retirement: The CPS Power 

Module has been designed to account for policies allowing for the lifetime extension of power plants 

(e.g. nuclear) and retrofitting (e.g. to comply with a certain emission regulation and early retirement 

due to increased operating/maintenance costs), see section 5.3.1.1 Representation of Plants.  

ü Technology progress and market failures: The CPS Power Module can further account for regulations 

and policies that address market failures and/or enable tapping on positive externalities (e.g. 

technology progress) which induce reduction of cost elements (technology costs) and improve the 

perception of consumers, leading to lower subjective cost components. Expansion to remote areas 

for RES development purposes, and different options about management and allocation of 

capacities can also be taken into account through the Cost Curves described in the previous sections. 

5.6 Explaining the supply-related scenario input file 

To run alternative scenarios the user would need to modify accordingly the supply-related scenario input 

file located in the Scenarios\έ{ŎŜƴŀǊƛƻ ƴŀƳŜέ\Inputxlsx\  folder (see section 2.4 The structure of the 

Scenario name subfolder). 

The main sheets from where you can affect the CPS Power Module are: 

1) Techdata_plants : This sheet includes the full techno-economic data of existing and new plants 

(the latter to be decided endogenously by the CPS Power Module) 

2) Fuelswitch : This sheet includes the data regarding fuel switching of existing power plants 

3) Fuelblend : This sheet includes data related to fuel blending of existing power plants 
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4) Poli cy_power_data : This sheet allows the user to modify various parameters in order to 

assess the effect of policies, as discussed in the previous session   

5) Level_struct : This sheet includes the non-linear cost curves for each investment type and fuel, 

as per Section 5.3.1.5 Non-linear cost curves. 

Sheets Techdata_bio and Policy_biofuels  include parameters of the CPS Biomass Module and will 

be described in Section 6.4 Explaining the biomass-related scenario input sheets. 

 Techdata_plants 

As shown in Figure 72 and Figure 73, the techdata_plants sheet includes the following data for both 

existing and new plants across columns C-AL: 

Á Commissioning: Commissioning year of each plant 

Á Extension Year: Year of life extension of each plant 

Á Decommissioning: Decommissioning year of each plant (in this year the plant will not 

operate) 

Á Econ_lifetime: Economic lifetime in years 

Á Tech_lifetime: Technical lifetime in years 

Á Amort: Share of capital costs that have already been recuperated 

Á Gross_size:  Gross installed capacity (including self-consumption) in GW 

Á Size: Net installed capacity (excluding self-consumption) in GW 

Á No.Units: Number of units 

Á CHP: Indicator of CHP [1 if plant is CHP, 0 else] 

Á CCS: Indicator of CCS [1 if plant is CCS, 0 else] 

Á CapitalΥ hǾŜǊƴƛƎƘǘ ŎŀǇƛǘŀƭ Ŏƻǎǘ ƛƴ ϵκƪ² 

Á Capital_extension: Capital cost incurred for extending the lifetime of plant in ϵκƪ² 

Á FixedOMCost: Fixed operation and maintenance Ŏƻǎǘǎ ƛƴ ϵκƪ² 

Á VariableNonFuelCost: Variable non fuel cost in ϵκƪ²Ƙ 

Á Heatrate: Heatrate 

Á SelfConsumption: Self-consumption 

Á Slope1_CHP: Iso-fuel curve for CHP 

Á Helratio_CHP: Heat to electricity ratio for CHP 

Á Minheatrate_CHP: Minimum heatrate for CHP 

Á Techn_min: Technical minimum output level at which a plant can operate in GW 

Á Ramp_up: Ramp up rate in GW/min 

Á Ramp_down: Ramp down rate in GW/min 

Á Uptime: Minimum uptime ς minimum hours for which a plant has to operate above 

technical minimum after a start-up in hours 
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Á Downtime: Minimum downtime ς minimum hours for which a plant has remain offline 

after a shut-down in hours 

Á Capacity_factor: Capacity factor % of installed capacity 

Á EmissionFactor: Emission factor in Mtn CO2/GWhfuel 

Á EmissionFactor_noCCS: Emission factor for non CCS power plants in Mtn CO2/GWhfuel 

Á FCR: Maximum contribution of each plant to frequency containment reserve in GW per 

hour 

Á aFRRup: Maximum contribution of each plant to automatic frequency restoration reserve 

up in GW per hour 

Á aFRRdn: Maximum contribution of each plant to automatic frequency restoration reserve 

down in GW per hour 

Á mFRRup: Maximum contribution of each plant to manual frequency restoration reserve 

up in GW per hour 

Á mFRRdn: Maximum contribution of each plant to manual frequency restoration reserve 

down in GW per hour 

Á RR: Maximum contribution to replacement reserve in GW per hour 

Á AdditionalCHPCapCost: Additional capital cost in case a unit is CHP % of capital cost 

Á AdditionalCHPFixCost: Additional fixed cost in case a unit is CHP % of fixed cost 

The user is able to change the above mentioned list of techno ς economic characteristic for all plants 

considered in the CPS, both existing and new plants. 

 

Figure 72 CPS supply input file: techdata_plants sheet (first part) 
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Figure 73 CPS supply input file: techdata_plants sheet (second part) 

 Fuelswitch 

In άFuelswitchέ sheet, the user can exogenously define which existing plants have the possibility of fuel 

switching. This mechanism has been designed for the purposes of the CPS Power Module, so that the user 

can assess the economics of potential fuel switching policies. Such assessments are well relevant given 

the current European trend where solids-fired plants are being converted to biomass plants. 

The columns B ς AC of the fuelswitch sheet are explained below: 

Á Type of input fuel: Type of original fuel 

Á Type of fuel switch: Type of fuel switch 

Á Commissioning: Year of power plant commissioning 

Á ExtensionYear: Year of life extension of the power plant 

Á Year of Fuel Switch: Year of fuel switch  

Á Decommissioning: Year of power plant decommissioning 

Á Cost of Fuel Switch: Cost of fuel switch in ϵκƪ²  

Á HCL: Hard Coal 

Á LGN: Lignite 

Á NGS: Natural Gas 

Á GDO: Diesel 

Á RFO: Fuel Oil 

Á BMS: Biomass solids 

Á WSD: Waste solids 

Á BGS: Biogas 

Á HCL_DH: Hard Coal District-Heating 
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Á LGN_DH: Lignite District Heating 

Á NGS_DH: Natural Gas District Heating 

Á NGSCL_DH: Clean Gas District Heating 

Á GDO_DH: Diesel District Heating 

Á RFO_DH: Fuel Oil District Heating 

Á BMS_DH: Biomass District Heating 

Á WSD_DH: Waste Solids District Heating 

Á BGS_DH: Biogas District Heating 

 

Figure 74 CPS supply input file: Fuelswitch sheet 

The reader is referred to Section 5.6.6 hǇǘƛƻƴǎ ŦƻǊ ŎƘŀƴƎƛƴƎ ǇŀǊŀƳŜǘŜǊǎΩ ǾŀƭǳŜǎ ŜȄƻƎŜƴƻǳǎƭȅ, for a detailed 

description on how to affect policies regarding fuel switching in power plants. 

 Fuelblend 

Lƴ άCǳŜƭōƭŜƴŘέ sheet, the user can exogenously define the existing plants which have a fuel blending 

opportunity (e.g. cofiring coal/biomass plants).  

The columns B ς S of the fuelblend sheet are explained below: 

Á Type of main input fuel: Type of main input fuel 

Á Type of fuel blend: Type of fuel blend 

Á % of fuel blend: Percentage of fuel blend 

Á Commissioning: Year of commissioning of the power plant 

Á ExtensionYear: Year of life extension of the power plant 
























































































































