E2Modelling

Energy Econom y Environmen

REIMBURSABLE ADVISORY SERVICES (RA
CONSTRUCTION OF EOMIN MODELING TOOLS
AND BUILDING CAPACITY IN MODELING FOI
SUSTAINED GROWTH IN THE SLOVAK REPUBLIC

' {9wQ{ D! CBSOMODHEL ¢ 1 9

E3Modelling| Athens July’2018



REIMBURSABLE ADVISORY SERVICES (RAS): CONSTRUCTION OF ECONOMIC MODELING TOOLS AND BUILDING CAPACITY IN MODELIR
SUSTAINED GROWTHHIE BLOVAK REPUBLIC

Authors

Panagiotis Karkatsoulis, Maria Kannavou, Pantelis Capros and Stavroula
Evangelopoulou.

With contributions from

Nikos Tasios, Katerina Sardi and Leonidas Paroussos

Page | 2



REIMBURSABLE ADVISORY SERVICES (RAS): CONSTRUCTION OF ECONOMIC MODELING TOOLS AND BUILDING CAPACITY IN MODELIR
SUSTAINED GROWTHHIE BLOVAK REPUBLIC

This User Manual and thePS Modedescribed within, are products of E3 Modelling prepared under Contract No. 7182219/2017
between the World Bank Group and E3 Modelling. The User Manual is solely intended for the members of the World Bank Group
and Slovakian CMT which are involved in @ostract. Distribution of the User Manual and BES Modeio others outside the

above group is strictly forbidden.

Page | 3



REIMBURSABLE ADVISORY SERVICES (RAS): CONSTRUCTION OF ECONOMIC MODELING TOOLS AND BUILDING CAPACITY IN MODELIP
SUSTAINED GROWTHHIE BLOVAK REPUBLIC

Contents
R 1 1 4 o Yo [0 Yo 1 o1 o I 7
2. Starting and Executing the CPS model ..........coiiiiiiiiieecce e 11
2.1 Starting the CPS GUI .. ... e e e e e e e e aaanes 11
2.2 The CPS GUI fEALUINES ....ceeeiiiiie ettt s e e e e e ettt a s e e e e e e e eaeatn e aaaeaeaeeeennes 11
2.2.1. Preparing a Scenario with the CPS GUI............ccoiiiiiiiiii e, 12
2.2.2. Defining a Scenario Type and a new Scenario with the CPS GUI......................... 14
2.2.3.  RUNNING @ CPS SCONAIIO....cciiiiieeieie e 17
2.2.4. ChecKing fOr TUNTIME EITOIS.....ccci i 18
2.2.5.  REPOMING it 20
2.2.6. Resetting SCeNArio INPULS ......ccooiiiiieeeee e 21
2.2.7. EXiting the GUI CPS MOEL......ccooiiiieeeeeeeeeeeeeeee e 22
2.3  Locating the CPS Model Subfolders and the respective GAMS Files..............cccoeven. 23
2.4 The structure of the Scenario name subfolder.............ccccovvviiiii 25
3. INPUL AN OUTPUL DALA ... 26
3.1 CommMmON INPUE DALA......ccieeeiiiii e e e et e e e e e eerr b e e e e eenane 26
B 0t It R I T {111 L 26
3120 SEtS P S.XISIM it 27
G T R N b (o To [0 F= L= U0 LS 28
3.2 OULPUL DALA ...eeeeeeeies ettt ettt e e e et e et s e e e e et e e e n b eeeaeeennne 29
I DR T oL LT 0T o A 111 29
3.2.2. Database fille.....cocoieeiiiii e e 34
3.2.3.  Approaches used in Energy Balances Reporting .................eueeeveememmmmnmenmmmmnennnnnnns 35
4. Overview of the CPS Demand ModUle..........cooo i 37
4.1  Basic concepts in the CPS Demand MOAUIE .............uuiuiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiieiiieaen 37
4.2  Mathematical structure, unknown variables and exogenous parameters..................... 39
4.2.1.  MathematiCal StTUCLUIE...........uuiiiii e e e e e e e e e aarraes 39
4.2.2.  UnKNOWN VariabIles .........cooiiiii e 60
4.2.3.  EXOQENOUS Parameters ....cccoooiieeeiieeeeeee e 61
4.3 Model features, considerations and asSUMPLIONS...........couuuuiiiieeiriiiiiiiiae e 62
4.3.1. Sectoral coverage of the CPS Demand Module ..........cccoeveiiviiiiiiiiiiiei e 63
4.4 Policy FOCUS T DEMANM ......cooiiii i e e e e e e et e e e et e e e e et eeeees 68

Page | 4



REIMBURSABLE ADVISORY SERVICES (RAS): CONSTRUCTION OF ECONOMIC MODELING TOOLS AND BUILDING CAPACITY IN MODELIP
SUSTAINED GROWTHHIE BLOVAK REPUBLIC

4.4.1. Policy drivers of Demand ModUIE..........cccooiiiiiiiii 69
4.5 Explaining the demand-related scenario inputfile..........cccccoeeeii i, 71
T R |V = o o T o = - PP 73
4.5.2.  DIIVEIS _HATA i 74
4.5.3.  PrICES Al i 75
O S = Tod o = L= = PP 77
4.5.5. TOCNUAIA Bt 79
B S T o] oY o (=0 o T e = - PP 80
4.5.7.  EQUIPMENtSUDSIAY ... 81
4.5.8. Perceived COStS SNEELS ......cccoiiiiieee e 82
4.5.9.  POENLAL ..o 84
4.510. 0 PP EPPRRPP 85
4511. ThetaOptimUIM ..o 86
4512 EXO_€ffi_ ORD ....iiiiiiiiee et a e 86
4513. [ =1 G o T | PP PPPPPPPPP 87
4.514. Sheets dACTSBC _inert to dACTSEF_AG_ST _iNert.......cccovvveviveiinieeeeereeeiiinnnnn. 88
4.515. (0 1Y VAV 101 o A R 90
4.5.16. Options for changing paramet.er.s.0..v.®80 ues ex
5. Overview of the CPS POWEr MOAUIE .....cccoiiiii e 96
5.1 Basic concepts in the CPS Power Module .............oeeiiiiiiiiiiiiiee e, 96
5.2  Mathematical Structure, unknown variables and exogenous parameters.................. 100
5.2.1.  MathematiCal StrUCIUIE ...........uuuuuuiiiiiiiiiiiiiiiiiiiiiiiieeeaeeeeeeeeeeeeereeeeaaeereeaenensennnsnnes 100
522, UNKNOWN VaADIES .....oeeiiii et e e e e e e et e s e e e e e aeennnes 110
5.2.3. EXOQENOUS ParametersS .......ccoieiiiiiiiiiieeeeieieiiiiaa e e e e ettt e e e e e e e e eeetatea e e e e eaaaeeenees 111
5.3  Model features, considerations and aSSUMPLIONS............couviiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeee 111
5.3.1.  Representation of PIANTS..............uuiiiiiimiiiiiiiii e 112
5.4  Principles of the pricing Model ... 124
5.5 POlCY FOCUS T POWEK ...ttt e e e e et a e e e e e eeeeneees 126
TR T I I (011 £ ERP TR 126
5.5.2. Policy drivers of the CPS Power Module.................uuuiiiiiiiiiiiiiiiiiiiiiiiieeeees 127
5.6  Explaining the supply-related scenario input file............cccccvvviiiiiiiii 128
5.6.1.  Techdata_plantS ........ccc.uuiiiiiiiiiiiii e 129
B.6.2.  FUEISWIICN....ce e e e eenees 131
LS R T = 011 o] =Y o Vo R 132

Page | 5



REIMBURSABLE ADVISORY SERVICES (RAS): CONSTRUCTION OF ECONOMIC MODELING TOOLS AND BUILDING CAPACITY IN MODELIP
SUSTAINED GROWTHHIE BLOVAK REPUBLIC

5.6.4.  POICY_POWET _TALA ......ueiiiiiiiiieeei ettt e e 133
5.6.5. Level_struct (NON T lINEAI CUMNVES) ......uuuuruuiiiiiiiiiiiiiiiiiiiiiiiinninnnnnnnennnssnnnnnnneeeenenne 135
566. Options for changing par amet.er.s.0..v.al36es exo
6. Overview of the CPS Biomass ModUIE ...........coiiiiiiiiiii e 147
6.1 Basic concepts in the CPS Biomass Module...........cccoooooiiiiiiiiiii e, 147
6.2  Mathematical structure, unknown variables and exogenous parameters................... 149
6.2.1. MathematiCal SIIUCLUIE............uuuiiiiiiiiiiiiiiii bbb anreareeane 149
6.2.2.  UNKNOWN VarIADIES ......eeiiiiieei e e e e e e et s s e e e e e aaennnes 152
6.2.3. EXOQENOUS ParamMeterS ......ccciiiiiiiiiiii e eeieeieiiiea e e ettt e e e e e eetaaa e e e e e aaeeenees 153
6.2.4. Model features, considerations and assumptions Feedstock ................ceevvvenes 153
6.3 POlICY FOCUS - BIOMASS......cuuuiiiiiieiiiieiiiiie e et e e et e s e e e e e e e e a e e s e e e e eeenenes 156
6.4  Explaining the biomass-related scenario input sheets..........cccccevvviiiiiiiiiiiii s 157
S TR =T o T P = U o[ 157
B.4.2.  POICY_DIOTURBIS ... .uiiiiiiiiiitiiti b 160
6.43. Options for changing par ame.t.er.s.0..v.aléhes exo
Appendi x | CPS..Model.b.s. .. .Sel. S i, 164
Appendix Il Sectoral structure of the CPS demand SECLOIS ........ccovvvvviiiiiiiiiiiiiiiiiiiiiiiieee 170
Appendix Ill Mathematical formulation of the CPS Demand Module.................cooovvivinnnnnn. 189
Appendix IV Mathematical formulation of the CPS Power Module...........ccccoeeeiiiiiiiininnnnnn. 190
Appendix V Mathematical formulation of the CPS Biomass Module..........cccccccvvvvvvivnnnnnn. 191

Page | 6



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

SUSTAINED GROWTHHIE BLOVAK REPUBLIC

1. Introduction

The CPS Modehas been developed by HB8odelling in the context of Contract 718221%.02.2017
between E3Modelling and the World Bank.

This document is the Useilanual to theCPS Mode{Compmact-PRIMESingle Country modgllt aims

to serve asa methodological and technical guide to users so that they become fully equipped to utilize
the CPSappreciate itQunique featuresand comprehend the mathematical apprdadimplemented
within.

The model, developed in the General Algebraic Modelling System (GABMS) fullyfledged energy
demand and supply modealesigned as a singmuntry compact tool.

The model allows users to assess the impact of Europeanatiwhd climate and energy policy decisions
with a horizonup to 2050 The model includes key energy sector metata detailed level: demand of
energy by sector, modelling of energy efficiency possibilities, energy and electricity use, technology
capacitiespower generation, cogeneratigrenergy supply technology and energy form mix, fuel prices
and system costs from an engber perspective, investmesby sector and energgelated CQemissions.

The CPSmodel runs up to 2050and 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 technologicagters and technological
learning, overall efficiencies, and specific investment lead times for technologies.

¢tKS Y2RSf A& FOG2NI FYR YIFIN]SG 2NASYGSRZ FyR a2
demand of energy and the balancingtbé&ir decisions in simultaneous markets cleared by prices. In this
way, the model explicitly projects energy fadin@ices into the future as derived from cost minimization

in the supply side and the priedastic behaviors of demanders for energy. In fa@ase the model has no
overall objective function, but as economic theory suggests, the simultaneous market clearing under
perfect competition conditions leato an overall optimum of economic welfare, which coincides with
minimum cost of energy for thend-users. In the energy supply sectors, the model performs a detailed
breakdown of cost categories, such as capital, operational, emissiated and maintenance costs. All
external assumptions, including fossil fuel prices, price elasticities, techoal@g policy constraintare
presented in a transparent manner and can be tested in sensitivity analysis.

A substantial part of the mathematics of CPS are derived from thekweln PRIMESnodel, a large
scale modular system of suhodels covering muiple countries &0 developed within our group.

1 https://www.gams.com/

2PRIMES (Pridaduced Market Equilibrium System) energy system model is a development of the Eeergymy Environment
Modelling Laboratory at National Technical University of Athens
(http://www.e3mlab.eu/e3mlab/PRIMES%20Manual/The%20PRIME S%20MODEL %2051 6
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Prices Data

Demand Module:
Energy demand by
sector and fuel

Power Module:

Balancing Module: Updated prices of
Energy Balances electricity, heat and
hydrogen

Biomass Module:
Updated prices of
bioenergy

Figurel Schematic of the CPS mbde&ucture

The CPS comprisésur Modules:

1 Demand Mdule: The Demand Module projects energy demand and investments in the
industrial, domesti@and transport sectorsas well as refineries.

1 Power Module:The Power Module includes all necessary mathematical formulgtfon
projecting energy supplyt includes detailed and distinct representations of the Slovak power
system including district heting plants (boilers and CHP plants). The PowexdiMe also
accounts for the steam and power produced in the industrial sector (industrial boilers and
CHP).

1 Biomass ModuleThe Biomass Module projects the primary eneffgedstock consumption
required to s#isfy the demand for bioenergy from all demand sectors, as welhapower
heat generation system

1 Balance ModuleThe Balance Module receivé®e results of energy consumptidrom the
CPS Demand, Power and Biomass Modules and protheasnual energypalances

Thefour modulescommunicate as shown irigurel, and iteratein order to reacha market equilibrium.

The following paragraphs provide further details on the ougmfteach Module

U Demand Module:
A Energy Demand by sectand fuel
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CQ emissions by sector
Energy Savings, Energy and Carbon Intensity
Costs (capital, fuel, nefuel, emissions & taxation costs)
A Investments & Investment Expenditures
U PowerModule:
A Power & Heat Generation by plant type
A Fuel Consumption by plant type and fuel
A QD;emissions & Carbon Intensity by plant type
A Costs of electricity & heat supply (capital, fuel, ffual, emission & taxation, grid costs)
A Capacity Expansion & Investment Expenditures by plant type
U Biomass Module:
A Production of Benergyper fuel
A Price ofBioenergyper fuel
A Net Imports of Biomass Feedstock & Bioenergy
A Domestic Production of Biomass Feedstock
A Capacity Expansiqrer Biomass Technology
U Balance Module:
A Energy balance for each projection year (e approach)

NN NS

The simulation results are dynaenover time and are influenced by factors which are exogenously
specified. The user can easily Huiultiple scenarios to assess a variety of parameters. Input data for
each scenario include the following

A GDPJncome per capita, population

A Fuel availatity constraints (e.g. renewables potential, domestic reserves for fossil fuels,
import limitations)

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

A Taxes and subsidies

A Discount rates

A Technology standards

A Emissionrenewables aneénergyefficiency regulations

A Targets for emissions, renewables and energy efficiency

A Perceived or hidde costs

A Exogenous investmestdecommissioning or retrofitting of power and heat plants.

The next Chapters highlight the features of the CPS Model.

A brief cescription of each Chapter is listed below. Appendides$V and \bffer a detailed listing of the
mathematical formulatiorof DemandPowerand Biomas#lodules
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1 Chapter 2 Starting and Executing the CPS mdesdribesghe mechanics of using the graphical
user interface in ordeto runan existing scenario, create a new scenario, ci@cgossible errors
in the model runandview scenarioesults.

1 Chapter 3 Input and Outputdia describes thenformation inserted in the Model and the form
FyR O2yGSyid 2F GKS NBadAZ 6aqQ FAtSa

1 Chapter 4 Overview of the CPS Demand Modekeribes the main principled the CPS Demand
Module and guides the ws towards the formulation of alternative scenarios related to
influencingand projecting energy demand.

1 Chapter 5 Overview of the CPS Power Modiéscribes the main principles of ti@&PS Power
Module and guides thauser towards the formulation of alternative scenarios related to power
supply.

1 Chapter6 Overview of the CPBiomasdviodule describes the main principles of ti@&P Biomass

Module and guides the user towards the fornatibn of alternative scenarios related tbomass

supply.

Appendix/ t { a2 RSt Qa {Sia

Appendix Il Sectoral structure of the demand sectors

Appendixiil Mathematical formulation of thé&emandModule

Appendix Y Mathematical formulation of thé>owerModule

Appendix V Mathematical formulatiasf the Biomas$lodule

= =4 -4 -4 -
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2. Starting and Executing the CPS model

This Chapter provides instructions for starting and executing the CPS Model through the -cuestiem
CPS Graphical User Interface (hereinafter CPS Gi)Chapter istructured as follows

1 Section 2.1Starting the CPS GUI
7 Section 2.2The CPS GUI Features

7 Section 2.3Locating the CPS Model Subfolders and the respective Gams Files

1 Section 2.4The structure of thé&scenario nameubfolder

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

2.1 Starting the CPS GUI

Before running the ES GUI for thérst time, the wser needs to install the CPS Model and alMisdules
(including the CPS GUI) in drive C pinkx predefined directory named CPS_SK_ 2018 new.

The CPS GUI runs by double clicking upon the CPS_GUI application located in the path
CPS_SR018 newGUI, sed-igure2.

< “ CMCP5_SK_2018_new\GUI

[ Name Date modified Type Size
7 Quick access

I Desktop
; Downloads

= Documents

[85] CPS_GUI 6/23/2018 1:37 PM  Application 210 KB

Figure2 Location of the CPS_GUI Application file

Alternatively, the CPSsar can access thePS GUI through a shortcut created on the desktop (onyn a
other location that the CPSsar 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 friedly way,through avarietyof graphical icons.

The CPS GUI allows the CBS to perform the following:

1 Create a new CPS Scenario

7 Run a CPS Scenario

1 Perform an error checking analysis. The error check functionality reports on any errors that may
have prolibited the successful conclusion of eeparidd @ NXzy

1 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 asstithat the CPSaer has already loaded the C88I
as described in Sectidhl Starting the CPS GUI

add

CPS Energy Model

Choose Folder Directory |

Browse For Folder hed

v e Windows (C:) ~
v CPS_SK_2018_new
CommonData
CPS Manual
CPS User Guide
CPS_SK_2018_new
GUl

Make Mew Folder Cancel

OF ENVIRONMENT

a MINISTRY @ THE WORLD BANK
OF THE SLOVAK REPUBLIC

Copyright (c). April 2018 E:Modelling

Figure3 Starting with CPS GUI, step 1, choose folder directory

2.2.1. Preparing a Scenario with the CPS GUI
To run a Scario with the CPS GUI, the CR8rshould do the following:

1 t NB & aChdbseSFolder Directory ¢ LlJzaKodzidz2y e { St SOG (GKS
ONRgaAYy3d gAYR2¢ GKIG gAf€ | LIISFNWD 9f AITA0L\S
CPS_SK 2018 new ok BPS_SK_2018 new), $agure3;

1 t NI & &lick lie® to&et the optionstor  una CPS Scenario ¢ LJdz& K 6 deigire2y = &S S

7 {StSO0 GKS GeLlS 2F a0Sy!l Gdosse distenadidypdbgy forda (& SFENROMU A
two available optiongseeFigureb):

A Reference
A Scenario

02 NNE
F2f RS
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atl CPS_SK_GUI - [} b4

CPS Energy Model

Choose Folder Directory | C:\CPS_SK_201_rew

Click here to set the options to Run a CPS Scenario

MINISTRY -, THE WORLD BANK
OF EMVIRONMENT

OF THE SLOVAK REPUBLIC

Copyright (). April 2018 E-Modelling

Figure4 Starting with CPS GUI, step 2

o5 CP5_SK_GUI - m] %

CPS Energy Model

Choose Folder Directory CACPS_SK_2018 _new

Click here to set the options to Run a CPS Scenario

Choose a Scenario Type:

| Reference
| Scenario

] Errors Check

[] Enable Reporting

MIHISTRY * THE WORLD BANK
OF ENVIRONMENT = :
OF THE SLOVAK REPUBLIC

Copyright (c). Aprit 2018 E-Modelling

Figure5 Starting with CPS GUI, step 3, choose a scenario type
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oy CPS_SK_GUI - o X

CPS Energy Model

Choose Folder Directory C:\CPS

Click here to set the options to Run a CPS Scenario

Choose a Scenario Type:

Reference
cenaro

Run a CPS Scenario

[ Errors Check

[C] Enable Reporting

MINISTRY +, THE WORLD BANK
OF ENVIRONMENT

OF THE SLOVAK REPUBLIC

Copyright (c). April 2018 E:Modelling

Figure6 Starting with CPS GUI, running a reference scenario

2.2.2. Defining a Scenario Type and a new Scenario with the CPS GUI
The CPS GUI allows theeuto select between the following Scenario Types:

1 Reference : A Reference Scenario represgna current situation scenario (for example a
Reference Scenario is a scenario that includes all adopted national and EU pplicieZ020
1 Scenario : Other (decarbonization) Scenario

To runa Reference Scenario, the CRSIINJ y SSRa (2 @S¢ S
6.

NP VWKEK BRIGBIE S NB Y a

To run a decantnization scenario,the CPE $ NJ Yy SSRa (2 aSt SO0 G Riguret{ OSy | NJ

Upon this specific selection, further options regarding the run of a decarbonization scenario will appear.
These options are explained below.
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CPS Energy Model
Choose Folder Directory C:\CPS_SK_2018_new

Click here to set the options to Run a CPS Scenario

Choose a Scenario Type:

Reference

Scenario basis:

Create a new scenario Run a CPS Scenario
Reference ] —
s Reset Scenario inputs
Scenario name:
Scenario | Check Scenario Name
Open the scenario name input excel file L) Emors Check

[ Enable Reporting

OF ENVIRONMENT

E MINISTRY @ THE WORLD BANK
OF THE SLOVAK REPUBLIC

Copyright (c). Aprit 2018 E:Modelling

Figure7 Starting with CPS GUI, running a decarbonizationasazn
Tocreate a new Scenario, the CP@takes the following actions as showrFigures:
1 Types the name of the Scenario basis inSigenario bas is text box.

1 Types the Scenario Name in tBeenario Name text box.
1 |/ t A O1CheckiskeBari@iname ¢ LlJdza Ko dzi G2y @

sl CPS_SK_GUI

CPS Energy Model

Choose Folder Directory S_SK_2018_new

Click here to set the options to Run a CPS Scenario

Choose a Scenario Type:

Step 1 Reference
"\ Scenario basis: | Create anew scenario | Run a CPS Scenario
|Reference | —
. Reset Scenario inputs
Scenario name:
[DCarbs | | Check Scenario Name |
/ Open the scenario name input excel file Wm Check
Ste p 2 || Enable Reporting <
Step 3

MINISTRY @ THE WORLD BANK
OF ENVIRONMENT S—
OF THE SLOVAK REPUBLIC

Copyright (o). April 2018 E-Modelling

Figure8 Creating a new scenario
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w

@ LINB a @hkok Stendrié Bamé ¢ LJdza K 6 dzii Uséryhstriicks $ie GUI tp sedrch
for a subfolder named after the Scenario name (hereingegnario name subfoldein case that
a Scenario name subfoldés found in theda { O Sy IfoNa dfatlie CPS directory then a
notification message will appear ohd screen, as shown Figure9.

ol

CPS Energy Model

Choose Folder Directory C:\CPS_SK_20

Click here to set the options to Run a CPS Scenario

Choose a Scenariq Type:

Reference cPs X
Scenaro |

Scenario basis:

Scenario already exists o Run a CPS Scenario
Reference

Scenario name:

DCarb1 |

Open the scenario name input excel file O Emors Check

(] Enable Reporting

OF ENVIRONMENT

e MINISTRY @ THE WORLD BANK
OF THE SLOVAK REPUBLIC

Copyright (c). Aprit 2018 E-Modelling

Figure9 Message confirming that the decarboniimm scenario typed by the CP&uinthe Scenario name text box exists

In case that a&Scenario name subfoldetoesy 2 i SEA &l A yfolderKe&messgg® Sy | NR 2
prompting the CPSser to create a new scenario will appebigurelO.

o

CPS Energy Model
Choose Folder Directory C:\CPS_SK_2018_new

Click here to set the options to Run a CPS Scenario

Choose a Scenario| ¢ps X
Reference

S e 7b == This scenario does not exist. If you want to create a scenario with the ;
Cenano basis: | specified name please press the Create a new scenario button Scenario
|Reference
Scenario name:

DCarb5

T < Emrors Check
Open the scenario name input excel file O

[] Enable Reporting

OF ENVIRONMENT

E MINISTRY @ THE WORLD BANK
OF THE SLOVAK REPUBLIC

Copyright (c). Aprit 2018 E-Modelling
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Figurel0 Message confirming that the decarboniime scenario typed by the CPSuin the Scenario name text box does not
exist

7 If the Scenario name subfoldefoes not exist, the P W@ S NJ LINE LieSBetia nevkK S &
scenario ¢  LJdza K Bigine 112 TYiig action generates the required new subfolder. Further
subfolders are also created within tf8cenario name Folder Cr&af a aew scenario €
action also copies the Input excel filelstbe Scenario Basis in the Scenario Folder. All input
FAESa FNB LXFOSR Ay G(GKS daLYyLMziEf 8E¢ adzo T2t RSN

¢KS dzaSNJ OFy I O00Saa (i KOpenihy sddaério Mané iSpaitexca Ble LINE & & A y 3
pushbutton, which opens the relevaimtput files in Excel.

ol CPS_SK_GUI - [m] X

CPS Energy Model
Choose Folder Directory C:NCPS_SK_2018_new

Click here to set the options to Run a CPS Scenario

Choose a Scenario Type:
Reference

Scenario basis: | Create a new scenario | Run a CPS Scenario
Reference

Scenario name:
DCarb5 Check Scenario Name

Reset Scenario inpuls

Open the scenario name input excel file LIfEnor=iCheck

[] Enable Reporting

MIMISTRY @ THE WORLD BANK
OF ENVIRONMENT o

OF THE SLOVAK REPUBLIC

Copyright (c). April 2018 E,’.!\_‘_l_q_d_gjl_i_gg

Figurel1CPS GUI, creating a new scenario

2.2.3. Running a CPS scenario

To run a CPS scenario, the CRSWNI Of Rud & @GPS $dedriodsé  LJdza K Biglr@li2.2 y
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s CPS_SK_GUI - m] X
Choose Folder Directory C:\CPS_SK_2018_new
Click here to set the options to Run a CPS Scenario
Choose a Scenario Type:
Reference
Scenario basis: Create a new scenario Run a CPS Scenario
Reference
b . Reset Scenario inputs
Scenario name:
'DCarbg ] Check Scenario Name
Open the scenario name input excel file L) Errors Check
[] Enable Reporting
e MINISTRY T, THE WORLD BANK
OF ENVIRONMENT -
OF THE SLOVAK REPUBLIC
Copyright (c). April 2018 E2Modelling

Figurel2 CPS GUI, running a CPS scenario

2.2.4. Checking for runtime errors

The CPSser should always check for any runtime errors. The CPS GUI has been purposely designed to
allow such a chedkrough a very straightforward process.

Following theend of a GUI CPS run, the CRSSUNJ & S fE8@<iChecki K SOKSO1 62E® ! LRy O
selection (i K Sheck logsin Scenario ¢ 2 LJ0A2Y GAff FigdlBS I NE & akKz2gy A

(SN

sl CPS_SK_GUI - [m} X

CPS Energy Model

Choose Folder Directory CACPS_SK_2018_new

Click here to set the options to Run a CPS Scenario
Choose a Scenario Type:

Reference

Scenario basis: Create a new scenario Run a CPS Scenario

Reference |

. Reset Scenario inputs
Scenario name:

DCarb1 | Check Scenario Name
. B Errors Check
th 1 fil
Open the scenario name input excel file Chack)l Dgs i Scansario:
[] Enable Reporting DCarb1| | HELP

Errors Check

MINISTRY @ THE WORLD BANK
OF ENVIRONMENT .

OF THE SLOVAK REPUBLIC

Copyright (c). April 2018 E:Medelling

Figurel3CPS GUI, error check
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¢KS dzaSNJ Oty SAGKSNI GelLlsS G4KS {OSylINR2 ylIYS (G2 068
Scenario by selectingpé Scenario name subfoldéom a browser window.

Then the CPSsermust pressii K §rros Check ¢ LlJdza Ko dzii2y® ¢KS /t{ D!L L
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, indicatietheh

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 shawFigurel4 (e.g. for the % iteration) andFigurel5. In case

error notifications are found in the log filehen an appropriate message informs the user ontiee of
the errors thathaveoccurred

o

CPS Energy Model

Click here to set the options to Run a CPS Scenario

Choose a Scenario Type:

[Reference cPs X

Scenario basis:

Demand Module has solved for the DCarb1 scenario iteration n.1 E
Reference |

Scenario name:

DCarb1 |

| [ Errors Check
Check Logs in Scenario:
[ Enable Reporting |DCarb1 HELP

Open the scenario name input excel file

I Errors Check l

MINISTRY @THE WORLD BANK
OF ENVIRONMENT B
OF THE SLOVAK REPUBLIC

Copyright (c). April 2018 e Modelling

Figurel4 CPS GUI, Message informing the user of normal compleftitie Demand Module
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Choose Folder Directory

Choose a Scenario Type:
Reference

Scenario basis:
[Fleference
Scenario name:
[DCarb1

[] Enable Reporting

CPS Energy Model

Click here to set the options to Run a CPS Scenario

CPS X

There are no errors in the L
C\CPS_SK_2018_new\Scenarios\DCarb1\Log\PHt_DCarb1_1.log po

Open the scenario name input excel file

[ Errors Check
Check Logs in Scenario:

[DCarb1 | | HELP

| Errors Check |

MINISTRY “ THE WORLD BANK
OF ENVIRONMENT .
OF THE SLOVAK REPUBLIC

Copyright (c). April 2018 €2 Modelling

Figurel5 CPS GUI, Message informing the user of no encountered errors in the Power Module

2.2.5. Reporting
ThedEnable Reporting ¢ OKSO10602E Ffft264a (KS dza SNIséeRiguel6OS 4 &
The procedure is completed in three simple steps as follows:
1) I FG SNJ OfBEndble Repatindi K éheck boxthe user types the name diie Scenario to

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

the Scenario name subfolder

2) Then G K S

screenseeFigurel6.

3) ¢ KS
the report excel files.
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CPS Energy Model

Choose Folder Directory CPS_SK_2018_new
Click here to set the options to Run a CPS Scenario

Choose a Scenario Type:

Reference

Scenario basis: Create a new scenario Run a CPS Scenario
|F{eference |

. Reset Scenario inputs
Scenario name:

[Dcarb1 | Check Scenario Name

Open the scenario name input excel file LErcr=Check

Enable Reporting Write a scenario| P53 x
help buttom to chd
5 [ See The Final Report file has been created. Use the Open Final Results Excel
| Run Final Repﬂl‘lﬁ]rh - | DCarb1 File button to open the report files
Open Final Results Excel File: DCarbl
a!
Choose Folder Directory CACPS_SK_2018_new
Chick here to set the options to Run a CPS Scenano
Choose a Scenario Type:
Scenario |
Scenario basis: Create a new scenario Run a CPS Scenario
|Reference | —
. Reset Scenario inputs
Scenario name:
|DCarbl | Check Scenario Name
Open the scenano name input excel file LEpor=iChack
Enable Reporting Write a scenario | CPS X
help buttom to cha
Run Final Report for Sc 10: | DCarb1 The Database Report file has been created. Use the Open Final Results
Excel File button to open the report files
Open Final Results Excel File: DCarbl

Figurel6 CPS GUI, Creation of results files

2.2.6. Resetting Scenario Inputs

TheCPS5UI also provides a resi@putsoption, seeFigurel?.

z

& Of A O] ReseBScehafio ipktS ¢4 LJdza Ko dzi 2y > GKS dzaSNJ NBaSidia |
input excel files to theralues of the Scenario basighis isa very useful functionality provided ltge GPS
GUI, as it allows theser to quickly reset all changes (including potahgrrors) and start again the
Scenario definition.
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85 CPS_SK_GUI - m} X

CPS Energy Model

Choose Folder Directory C:\CPS_SK_2018_new
Click here to set the options to Run a CPS Scenario

Choose a Scenario Type:
Reference

Scenario basis: Create a new scenario Run a CPS Scenario
[Reference l
Scenario name:

[DCarbg | Check Scenario Name

| Reset Scenario inputs |

Open the scenario name input excel file U Errors Check

[] Enable Reporting

MINISTRY THE WORLD BANK
OF ENVIRONMENT e
OF THE SLOVAK REPUBLIC

Copyright (c). April 2018 € Modelling

Figurel7 CPS GUI, Resetting the Scenario input file

2.2.7. Exiting the GUI CPS Model
¢KS dzaSNJ Yl & SEAGBMEKESLIBAKOIE 10y BHOL Ay (GKS a

CPS Energy Model -

Choose Folder Directory C:\CPS_SK_2018_new

Click here to set the options to Run a CPS Scenario

Choose a Scenario Type:
Reference

Scenario basis: Create a new scenario Run a CPS Scenario
|Reference ]
Scenario name:

[DCarbs] ] Check Scenario Name

Reset Scenario inputs

Open the scenario name input excel file LB

[J Enable Reporting

MINISTRY @ THE WORLD BANK
OF ENVIRONMENT i
OF THE SLOVAK REPUBLIC

Copyright (). April 2018 E-Modelling

Figurel8 Exiting the CPS GUI
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2.3 Locating the CPS Model Subfolders and the respective GAMS Files
The CPS Model folder structure comprises Saders:

1. TheCommonData subfolder  which includes the excel input files that are common between
scenarios. These are tfgets_CPS and Exogdata excel filesdescribed further irsection 3.1
Common Input Data

2. TheGUI subfolder which includes the GUI application file.

3. TheModel 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 he mode| as well as the way th€P3Modules are linkedvith each other are shown
in Figurel9.

4. The Scenarios subfolder which contains theScenario nme subfolderdi.e. subfolders for
every scenario that has been created, e.g. Reference, DCarbl, DCarb2 subfolders). The structure
of the Scenario nameubfolderis explainedelow, in Section 2.4rhe structure of theScenario
namesubfolder

5. TheTemplates subfolder  which includes the excel template files for the Final Report and
50l ol&aS SEOSt FTAfSaz 6KAOK AyOfdzRS GKS NBadz
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* 00_CPS_main : provides control over all CPS modules

In the CPS Data Module sets, parameters, variables and equations are defined and data are imported

e 01 _CPS_data: calls the following gms files related to Data management
* 0la_CPS_def: includes definitions of sets, parameters and variables and reads common data from Sets_CPS and Exogdata files
D ata e 01b _CPS_read: reads input data from input excel files of Demand and Power Module
* 01c_CPS_prices: calculates pre-tax and end-user prices, excise taxes and VAT of fuels
M Od u | e * 01d_CPS_model: includes all equations of CPS Model
* 0le CPS_assign: includes assignments of parameters

The CPS Demand Module projects energy demand in the industrial, transport and domestic sectors as well as

refineries
* 02_CPS_runD: calls the following gm:s files of the CPS Demand Module
* 02a_CPS_DlinkagelN: loads updated prices from Power and Biomass Modules results
* 02b_CPS_dyncalib: includes dynamic initialization of variables
D eman d * 02c_solve_FX_CPS_Demand: solves the Demand Module problem for the base year (2015)
* 02d_CPS_rep: calculates reporting parameters needed as input in the other Modules
M Od u | e * 02e_CPS_assign: assignments of parameters and variables
* 02e_CPS_fixVar: sets fixed values for variables
* 02e_CPS_update: updates parameters’ values
* 02f solve CPS_Demand: solves Demand Module )

The CPS Power-Heat Supply Module projects energy supply with distinct representations for the power system,

strict heating and CHP (ut s and industrial)

* 03_CPS_runPHt: calls the following gm:s files of the CPS Power-Heat Supply Module
POWe r-H e at e 03a_CPS_PHtlinkagelN: reads the results of Demand Module
* 03b_CPS_calc: performs a number of calculations
SU p p |y e 03c_CPS_run: solves Supply Module
* 03d_CPS_pricing: calculates prices of electricity, heat and steam
M Od u | e e 03e_CPS_PHtlinkageOUT: calculates reporting parameters needed as input in the other Modules )

The CPS Biomass module t orms biomass feedstock into bio-energy commodities, which undergo further

sformations in the energy em, e.g. as input into power plants or as fuels for transportation

. * 04_CPS_runBio: calls the following gms files of the CPS Biomass Module
B lomass * 04a_CPS_BiolinkagelN: loads results from Demand and Power Modules
e 04b_CPS_run_Biomodel: solves Biomass Module
M Od u I e * 04c_CPS_Biopricing: calculates prices of bioenergy
e 04d_CPS_BiolinkageOUT: calculates reporting parameters needed as input in the other Modules -

The CPS Balance Module calculates the energy balance for each projection year by the E

* 05_CPS_balance: calls the following gms files of the CPS Balance Module
Ba I ance * 05a_CPS_DlinkagelN: loads results from Demand, Power and Biomass Modules
® 05b_CPS_BalancingModel: includes the equations of the Balance Module
M Od u | e ® 05c_CPS_run_BalancingModel: solves the Balance Module
* 05d_CPS_DlinkageOUT: calculates reporting parameters needed as input to the other Modules -/

The CPS Report Module created the model Reports

Re p ortin g ¢ 06_CPS_report: creates the results’ excel file in a database format
* 06_CPS_FinalReport_Excel: creates the results’ excel file in a report format
Module

Figurel9 Overview of CPS gams files and lg&a
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2.4  The structure of th&scenario namsubfolder

TheScenario nameubfolderincludes 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 modelmun gdx format

5. Lst: containing the Ist files of the model run. Lst files are created at every iteration of the model
Nbzy > KSyOS (KS O2NNBAaLRYRAY3 ydzYoSNAR i GKS Sy

6. Log: containing the log files of the model run. Log files are createxVery iteration of the model
Nbzy > KSyOS (KS O2NNBalLRYyRAYy3 ydzvoSNA +d GKS

7. Save: containing intermediate work files

(0p))

y
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3. Input and Output Data
3.1 Common Input Data

As described irBection 2.3Loating the CPS Model Subfolders and the respective Gams thiées

CommonData subfolder contains two excel fileSets CPS and Exogdata . Both files areessential
for the CPS Model to run.

These files contain information whiere common between scenarios. The data types included in these
files aresetsandparameters Before proceeding it is useful to clarify the meaningeifand parameters
in GAMS.

3.1.1. Definitions
¢tKS RSTAYAGAZ2Y 2F aSia Pigpreyedtygdimogl P&imtioriofsetdih GAMS | & S NI 2

Box1 Definition of sets in GAMS

Sets:Sets are the basic building blocks of a GAMS model, corresponding exactly to the indice
algebraic representations of Mets

C2NJ SEI YLX S (KS &aSi a{2¢ A& GKS &aSiG 2F (SOKyz2ft 23
the technology types shown ifablel.

Tablel Elements of set SW

ORD Ordinary

ORI Ordinarylmproved Intermediate
IMR Improved

IMA ImprovedAdvanced Intermediate
ADV Advanced

ADF AdvancedFuture Intermediate
FUT Future

Aparameteris 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 dependhe 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 yeatrs.

3 https://www.gams.com/24.8/docs/userguides/GAMSUsersGuide. pdf
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3.1.2. Sets CPS.xIsm

The excel fil&Sets_CPS includes sets and parameters that constitute the core of the CPS Mbalele
2 below presents a selected/indicative listtbe setsincluded in the Sets_CPS file, in order to familiarize

the user. All sets included in Sets_ CPS.xlsm can be fodmbéandix |

Table2 Sets included in Sets_CPS.xlsm

Year_all Set of all years that may be used in the Model: from 1960 to 2056/&w5 steps
Year Set including the basis year 2015 (year of calibration) and projection years 2020 to
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 ofdemand 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 lewelpply processes

EP Set of seHproducing equipment/cokery

AG Set of representativagents

SW Set of technology categories

TC Set of equipment vintages inyear steps

Stndrds Set of types of standards

SF_F Mapping of input fuels used in supply processes of demand sectors (ex. heat recov
SA_SF Mapping of supply processes SF aedhand sectors SA

foutprimary Set of fuels that are primary outputs of spifoducing equipment
foutsecondary Set of fuels that are secondary outputs of gaibducing equipment
lifecat Set of lifetime categories

SF_HER Mapping of supply processes &gible 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 oflocations 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 ofhours 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 oftypes 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 sequenc# hours

fuelplant_init Mapping of fuels used by a plant

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

Table3 Elements of Fuel_all set

GSL Gasoline BMS Biomass Solids H2F Hydrogen
GDO Diesel WSD Waste Solids HER Selfproduced 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 oll 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  Selfproduced Coke = HET Heat WGAS Waste gas
LGN Lignite STM Selfproduced Steam FDS Feedstock

The parameters included in Sets_CPS.xIsnpragented inTable4:

Table4 Parameters of Sets CPS.xlsm

Demand Module

Parameters Description
TcHist Histogram/mapping between vintages and lifetime categories
Stock Sock of vehiclesn thousand vaicles in 2015
Occupancy Occupancy factor in passengers or tons per vehighe
fopportunity Ratio denoting fraction of price of marketed fuel saved due toselfiuction of fuels
ImpExp Net Importsproduct pattern [%]
respattern Hourly pattern for variables RES generation [%]
elecpattern Hourly pattern for electricity demand [%]
heatpattern Hourly pattern for heat demand [%0]
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 gpical hour
freq_day Annual frequency of a typical day
sectors_load_type Mapping of demand sectors and load types [%]

3.1.3. Exogdata.xlsx

TheExogdata 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 blendlwftital plants. A detailed
description of the parameters included in Exogdata.xIsx can be fouhabie5.

Table5 Parameters of Exogdata.xls

Parameters Description

Fuel consumption of all processes of demaedtors for years 2015 to 2050. 20:
Exogdata gl tdz§&a | NB dzaSR T2NJ OF f A 6 NI (A 2 ysed lfdd:
initialization purposes

Blend Predefined fuel shares fduels consumed in industrial CHP plants and boilers
Projection of Energy Consumption in Mines & Patent Fuel/Briquetting plants, i
Balance_rep_exog and Gas Extraction and Non specified Transport balance sectors used for th

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

Consumption of purchased (not produced by industrial plants) steam in ce

ZEEMEE (g | 20eAlie industrial sectors for year 2015

The values of thé 6 2 @S LI NI YSGSNAR | NBE RSNAOSR FTNRY 9dzNRAaGL!
projections for future vyears, using the results of the Reference Scenario 2016
(https://ec.europa.eu/enerqy/sites/ener/files/documents/20160713%20draft publication REF2016 v1

3.pd).

Theinformation existing in the inpuéxcel files Sets_CPS and Exogdata are not to be changed by
the userand should remain ggrovided by E3Modelling for every existing or to be created scenario.

3.2 Output Data

The results files of the CPS Model are created by pressingRte Final Report for Scenario €
pushbutton,as mentioned in section 22Reportng, and are placed in the outputxlsx subfolder of the
corresponding scenario folder (e.g\OPS_SK_2018_neScenariosDCarbloutputxisx). The results are
presented in two excel files, each one having a different form:

U Final Report : Results presented in Report Form, suitable for a printed versiontbe CPS
outputs €.g.file name: FinalReport_DCarb1.xlsx)
U Database : Results presented ia Databasedtm (e.g.file name: DCarb1_db.xlsm)

3.2.1. FinalReport file

TheFinal Report excel file consist® ¥ H o & KS S (i &ame afdicanteria detrdbaddalowy
U Scenario_Assumptions

A\ Macroeconomic drivers (GDP, Populati@DP per capita)

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

Sectoral Value Added for all sectors

Key policydrivers

> > > >
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1 Carbon price for ETS sectors
1 Carbon value for nc&TS sectors
1 Average renewable value
1 Average energy efficiency value
U Summary&lndicators
A Key Policy indicators
Total CQemissions fran energy combustion (% change w.2005)
CQ emissims of E® sectors (% change w.2005)
CQ emissions bnon-ETS sectors (% change w2Q05)
Overall RES share (%)
RESH&C share (RES share in heating and cooling)
RESE share (RES share in electricity generation)
REST share (RES share in transport)
Primaryenergy savings wt. the respective year value of RRES 2007 baseline
projection (% for years 2022030
7 9YySNHe LyidSyairie 2F D5t O6AYy a2KkaceD
1 Carbon Intensity of GDP (in tn@Oa € 0
1 Import Dependency %
A Key energy results
Primary energy production per fugipe
Net imports for electricity anfuels
Gross inland consumption for electricity and fuels
Final energy émand in Non Energy sector
Total final energy consumption pduel
Power gneration per fuel type
CQ emissions pesector
Average electricity price
A Key economic results for Industry, Households, Tertiary and Transport
1 Capital, norfuel and fuel costs
1 Emission and energy taxation costs
1 Subsidies
U Fuel_Prices
A Pretax price
A Excise tax
A VAT
A End user price
per fuel andsector
U Industry
A Sectoral Valuédded per industrial sector

= =4 =4 -4 A -a -8 A

= =4 =4 -4 -—a -—a -8 A

Page | 30



REIMBURSABLE ADVISORY SERVICES (RAS): CONSTRUCTION OF ECONOMIC MODELING TOOLS AND BUILDING CAPACITY IN MODELIP
SUSTAINED GROWTHHIE BLOVAK REPUBLIC

Physical outputridicator (for certain sectors)
Fuel consumption per sector argel
CQ emissions pesector
Energy intensity pesector
Carbon intensity pesector
For industrial CHP plants and boilers:
Fuel consumption pesector and fuel
Gross electricity production
Steam production
CQ emissions pesector
U Sheets of industrial sectors: Iron&Steel to Other_Industries
A Sectoral Value Added
Direct use of fuels pduel
CQ emissions
For industrial CHP and boilers:
Installed capcity
Investments
Electricity production (for industrial CHP only)
Steam production
Fuel consumption pefuel type
Total CQemissions of industrial plants
Energy savings
Carbon Intensity
System costs
Investment expenditures
For Iron & Steel, Non FerrouBhemicals, Building Materials and Paper & Pulp sectors the
physical output indicator is also being reported
U Non_energy
A Sectoral Value Added
A Final energy demand by fuel
U Residential & Tertiary
A Private consumption
Population
Final energy demand (per use afiuel)
CQ emissions
Energy savings
Energy efficiency indicator (Useful energy over Final energy demand)
Energy intensity
Carbon intensity

vy > > >y >
=A =4 =4 =

v > >

== =4 =4 -4 -—a A

v >y > > >

v > D> D> Dy D>
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A System costs

A Investment expenditures
U Transport

A Transport activity separated in passenger and freight transport
Final energy demand petransport activity and fuel
CQ emissions
Specific energy consumption pegansport activity
System costs
Investment expenditureper transport activity

A Stock of vehicles paype of vehicle and fuel consumed
U Power_Generation
A\ Domesticconsumption of electricity pedlemand sector
Transmission and Distribution Losses
Storage and Demand Response Losses
SelfConsumption of powerlants
Consumption of kectricity in Power to X units
Exports of &ctricity
Total Gross Demand fotegtricity
Total Gross Domestic Power Generation
Total Supply oflectricity
Gross Electricity Generation pglant type
Net Electricity Generation pgiant type
Net Installed Capacity p@tant type
Capacity Expansion pplant type

A Fuel Consumption pduel (forthermal power plants)
U Heat Generation
A Domestic Consumption of heat
District Heating Losses
Total Gross Demand for Heat
Total Gross Domestic Heat Generation
Total Supply of Heat
Heat Generation peplant type
Net Installed Capacity pgtant type
Capacity Epansion peplant type

A Fuel Consumption pduel
U PowerGeneratiorCosts

A Costs of electricity and heat supply

1 Capital, norfuel and fuel costs
1 Emission and energy taxation costs
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1 Other costs/revenues
1 Transmission and distribution costs
1 Fees related to REBpport
Investment Expenditures in Etecity, CHP & Heating Plants gaant type
Investment Expenditures for Storage pgtorage type
Investment Expenditures for Power to X plants
Average cost of electricity generation
Additional supply costs
Pretax average price of electricity
Excise tax and VAT on electricity
A After-tax average price of electricity
U PowerGeneratiorindicators
A Ratio of provided ancillary services over domestic electricity consumption including
transmission and distribution losses
A Shaes of various plant types (Carbon free generation, Renewables, Variable renewables,
CHP, CCS) in net electricity generation
A CQ emissions
A CQ emissions captured
A Carbon Intensity peplant type (e.g. Thermal power plants, Industrial Boilers, District
Heating heat plants and Total power generation)
U Biomass_Supply Model
A Demand of ibenergy per fuel
Domestic poduction of Biomass Feedstock
Net Imports of Biomass Feedstock
Net imports of Bioenergy
Bioenergy Production
Installed Capacity of Biomass Technologies
Capacity Expansion of Biomass Technologies
Fuel Consumption
Total Cost of Biomass Supply
A Commodity Price per fuel type
U TransformationP_EnBR
A For cokery and refineries

VDD D> D D> > >

S D> D> D> D> D D> D

1 Capacity
1 Investments
1 Input Fuel

1 Output Fuel
A Energy consumption of Energy branch
1 Selfconsumption in Electricity, CHP and Heat plants
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Selfconsumption in Storage plants (losses)
Direct Fuel Consumption in Refineries
Fuel Consumption in Cok@ven and Ga%Vorks Plants
Fuel Consumption in Mines and Bat FuelBriguetting Plants
Fuel Consumption in Oil and Gas Extraction
A For CHP plants and boilers @ffiReries
1 Installed capacity
1 Steam production
1 Fuel consumption pefuel
1 Gross Electricity Production (CHP only)
Energy Savings
Energy intensity productiorelated (GWh consumed over GWéproduced)
CQ emissions of the Energy Branch
CQ emissiors of CHP Plants and boilers efiReries

= =4 =4 -4 =

v > > >

3.2.2. Database file

Thedatabase file includes all information presented in the Final Report file in database form, plus two
additional sheetsBalance_db and Baldat_2015_dthe former presents the energy balances for each
year as calcaked by the CPS Balance Modukepugh the appliation of theEnd Usepproach. The latter
presentsthe energy balance of 2015, as caltethby the CPS Balance Moduking the so calleBaldat
approach Both the EnelUse and the Baldat approach are further explained at the end of this section.

U Scenariolnputs
1 Includes the information in Scenario_Assumptions sheet of Final Report
U Summary_db
1 Includes the information in Summary&Indicators sheet of Final Report
U Fuel Prices
1 Includes pretax prices, excise tax, VAT and end user prices per fuel & sector
U Demanddb
1 Includes the results of the Demand Module for all demand sectors, existing also in sheets
Iron&Steel to Transport of Final Report
U PowerHeat _db
1 Includes the results of the Power Module, existing also in sheets Power_Generation to
PowerGeneratiofindicabrs of Final Report
U Biomass_Supply_db
1 Includes the results of the Biomass Module, similar to Biomass_Supply_stoekt of
Final Report
U Balance_db
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1 Includes the Energy Balances of every projection year followindgtiteUsepproach.
The assumptions of thEnd Use balancing approach are explained below.
U Baldat 2015 db
1 Includes the calculated energy balance of 2015 followindBldatapproach of Eurostat.
The assumptions of the Baldat balancing approach are explained below.
U TransProcesses _db
1 Includes resu$ regarding transformatiomprocesses (cokery, refineries, energwaiich),
similar to TransformationP_EnNR sheet of Final Report

3.2.3. Approaches used in Energy Balances Reporting

Energy Balanceseported in sheetsBalance_dband Baldat_2015_dbhave been calculated by the
implementation oftwo approaches: the End Us@proach (sheeBalance_4 ) and the Baldat approach
(sheet Baldat2015 db).

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

U End Use approach (sheet Balance_db):
A Fuel csumption for the production of electricity and steam in industrial CHP and boilers
are NBLR2 NI SR Ay O2fdzyya | ocSIfy Bdza (ANRNIE Y a/FI12 Ny
G ¢ NI yaTF2NXhdusrayBa X B INiizd NB A LISOGAGSTE &
A Steam and electricity output from industrial planismieaning the steam and electricity
produced in the industrial plantd) N5 NBLR2 NI SR Ay O2fdzyya €106
output¢L Y RAZA G NRA £ /1t € | yRIncustribll ¥ &RTFENBE¢ G A2y 2 dzi
A The columniabelledd 9 Yy SNH & / 2rgpéesentd diel cdrsdmption andcludes
only the fuelsdirectly consumed in industrial sectors (including refineries) by the
processes of these sectorincluding the entire amount of steam and electricity
consumed, which could beither steam and electricitproducedby the industrial plants
or purchased from the market
7 [0St G9YSNBRE [/ 2y adzy Ll A 2ngténcludler theAfyelR dza G NA |
consumption for theproduction of electricity and steam in indurial plants
The End Use accounting approach is appropriate for modellingmalfiction of energy, but End
Use data are not fully availabl&herefore thaequiredprocess of calibratioonf the model in the
basis year (2015) has been dovia the use othe available energy balances of 2015 in Baldat
approach and the results of the calibration are availablethie sheetBaldat _2015_dtof the
database file.
U Baldat approaclisheet Baldat 2015 dlofficial EUROSTAT approach)
A Industrial Boilers
1 Fuel consumtion for the production of steam is reported in the column labelled
GOYSNHE /2yadzYLIiAz2yé 2F SI OK AYyRdzaAGNA I f
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1 The steam output of industrial boilers is not reported
A Industrial CHP plants
1 Fuel consumption in industrial CHP plants is split into doeksumption for the
production of steam and fuel consumption for the production of electricity
1 Fuel consumption for the production of steam from industrial CHP is reported,
F2NJ SIFOK AYRdAzAGNAIf aSOG2NE Ay GKS O2f dz
1 The seamoutput of industrial CHP plants is not reported
1 Fuel consumption for seffroduction of electricityis reported in the column
flroSftfSR &¢ NI glayfRANaA( NOW 12 fgot AAYWOBddIR §R RyE G 9y
| 2yadzyYLJiA2yé 1 06Stf 2F AYRdAAGNARAIf &S00 2 NJ
7 ElectrOA G& 2dzildzi 2F AYRdzZAGNALFE /1t ¢l LILISI N
LYRdzaGNARLFE /1 té FYR Aa faz2 AyOfdzRSR Ay
sectors
¢Kdzaz fl1ro0Sf Ga9ySNHE /2yadzYLWiA2yé F2N) AyRdzAGNRI €
of steam in industrial plants, but not fuel consumption for the-getiduction of electricity. Moreover,
G9YSNHE /2yadzYLIiA2yé f I af Sdam disriDtedzpBchase frdmdthirdi KS | Y
parties), anchot the amount of steam produced from industrial CHP and boilers, as well as the total
amount of electricity consumed (sgdfoduced and purchased).

Page | 36



REIMBURSABLE ADVISORY SERVICES (RAS): CONSTRUCTION OF ECONOMIC MODELING TOOLS AND BUILDING CAPACITY IN MODELIN
SUSTAINED GROWTHHIE BLOVAK REPUBLIC

4.  Overview of the CPS Demand Module
This chapteprovides an overview of the main principles of the CPS Demand Module.

1 Section 4.1Basic concepts in the CPS Demand Module

1 Section 4.2Mathematical Structure, known variables and exogenous parameters

1 Section 4.3Model features, considerations and assumptions

7 Section 4.4Policy Focug Demand

1 Section 4.5Explaining thelemandrelated scenario inputile

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, resghtial and tertiary sectors, as well as refineries. For each energy demand
sector, a representative decisianaking agent (or numerous agents for certain sect@gonsidered to
operate

In general, demand is modelled in terms of useful energy servitesh (as heating, electric appliances,
mobility, raw material preparation, metal meltingtc.) and in terms of final energy commodities, ensuring
energy balance between useful and final energigure20 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), whids corverted to useful energy (here light).

Box2 Definition of useful energy

Useful energy The portion of final energy which is actually available to the consumer for the resp
use afterthe energy conversion. In final energy coni@ms electricity becomes for instance lig
mechanical energy or heat.

7
@ J[J (b) (©

e Filament Lamp ! LED light U CFL lamp
Light 0.8 ;
joules et 08 |oLtIng::
: . 0.8 joules . :
Electrical Electrical Electrical
Enejrgy Energy Energy
40 joules Thermal 4 joules 9 joules
392 Thermal
i 3.2 joules
joules ! Thermal
8.2 joules

Figure20 lllustrative example of the conversion of energy input to useful energy. For all casés)(ajseful 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 invastents mayreduce demand for useful energgs simplistically shown igure20.
The costs of such energy efficiency investments are included in Westment expenditures and annuity
payments accounting of the CB8mand Module

The calculation sequence of tlitPemand Module is:

a) Macroeconomic driverare inserted as input

b) Activity-useful energy per demand subsectsithen computed

c) Technologyequipment is employed to meet useful energy demand. Final energy demand, in the
form of purchased fuels or sghiroduced energy forms, is calculated in order toahthe demand
for useful energy

d) The need for new investments is derived from the demanduseful energy and the capacity of
GKS SEAaGAY3T SljdALSYyiod ¢KS OK?2 #dSostanhimizekidh Ay dS
criteria.

The reader is referred téppendix llfor a detailed mathematial representation The Demand Modufe a

mathematical formulation is a mixed complementarity problem, which concatenates the individual
optimization problems, written in the form of Kuhfucker conditions.

Figure21 shows the basics of the CPS Demand Madlhe Modulds based on concluding a number of
choices, such as choice of technology, fuel, investment and premature replacement.

¢ Macroeconomic drivers are inserted in the Module as input for the
calculation of the activity-useful energy of each demand sector

e Demand Module solves the problem of satisfaction of useful energy
demand, defining the existing equipment that will operate, as well as the
need for new investments

e Results of CPS Demand Module include:
e Final energy consumption by fuel

e Capital, fixed, variable and fuel costs

e Investments

Figure21 CPS Demand Modubasics
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4.2 Mathematical structure, unknown variables and exogenous pararsete

42.1. Mathematicalstructure

The basic mathematical problem of the Demand Module isaloulate the final energy that needs to be
O2yadzySR o0& (GKS RSYIYR aSOG2NB Ay 2NRSNJ G2 al dAaaj
physical output, e.g forsome industrial sectors, or energy services, as in the case of
heating/cooking/appliaces etc. for the domestic sector, or demand for passenger/tekilaneters in

the transport sector. In order to project final energy demand/consumption, the CPS Demand Module
decomposes each sector in subsect@ets"Y @o "Y"0f Table2), following the structure of a nesting tree:

1 Initially, macroeconomic drivers, such as GDP per capita and Income per capita are inserted in the
Demand Modules an input defineéxogenously.

1 The first level of the nesting treeorresponding to setY ) represents the most aggregated form
of the demand sectors

It must be noted that level SA is used in the Demand Maxadilédy as a modelling todior the
avoidance of scalmprodems during the model ru&et SA is incorporated in the model in or,
for the demand sectorto run sequentially (separatelgnd not simultaneougl

1 In the second levély dof the nesting tree, sectorsf level™Y are split in subsectonepresenting
a more detailedcategorization, e.g. lron & Steel spiitsintegrated Steelworks and Electric Arc,
Chemicals are decomposed in FertilizeBetrochemicas and Pharmaceuticals & Cosmetasl
Tertiary splits in Services and Agricultukgthis level,the macroeconomic drivers are converted
to demand for activityuseful energy foreach subsector of level SB, through the use of an
econometric function

1 Atthe third"Y dand fourth™Y'Qevel of the tree, activities are allocated in furthetsectors, which
may be complementary or substitutable. For example, Services subsector consists of 5 subsectors,
which are: Electric Uses, Lighting, Heating, Air Cooling and Water heafingkdng. In the case
of Services, the subsectors are complemeyntareach other. However, in the case of Land/Water
passenger transport, the demand for passenéometers can be satisfied by inland navigation,
private passenger transport, public passenger transport or rail, which are substitutable subsectors
belongirg to the third level'YO In fourth level'YQthe 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 T¥gel
to YO
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Figure22 Structure of Land/Water Passenger Transport sector for levels SA to SD

1 The last two levels of the nesting tree!(and 6" level, corresponding to setd'Cand "Y"O
respectively) no longer represent a further categorization of subsectors of " @4ut rather
the processes or uses every subsector that are meant fwovide the useful energy needed
satisfy the energy demand for the calculated activigeful energyof the 4" level "Y'Qand are
thus calledsupply processesEvery process/use isonsidered to correspond to a relevant
equipment category In the previous example, the processes/equipment of tHeldvel that
correspond to Private cars subsector of tHeldvel are: Internal Combustion Engine (ICE) cars,
Electric cars and Hydroge&onsuming cars. At the lowest lev&T'©f the nesting tree, the most
detailed categorization of processes/equipment is presented, e.g. ICE cars are comprised of
Diesel, Gasolmand Gas consuming cars, as showfignire23. To provide another example from
the industrial sectors, the Basic Oxygen Furnace subsector of Iraeet 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 presentgbandixi|.
The calculated activityiseful energyf the subsectorsf level"Y'Gstranslated into useful energy
needed to be produced bihe supplyprocesses of levély'OSimilarly, useful energy producbs
the supply processekevel "Y'Qlefines the need for useful energy production from thepply
processes of levé¥ O
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Electric Private cars Electric Private cars

H2 Private cars H2 Private cars

Diesel cars

Gasoline cars

ICE Private cars

Private cars

Plug-in Hybrid Diesel
Plug-in Hybrid cars
Private cars Plug-in Hybrid Gasoline
cars

Gasoline 2wheelers Gasoline 2wheelers

Electric 2wheelers Electric 2wheelers

Figure23 Supply processijuipmentof land/water passenger transport

1 The final level'Y'@f the nesting tree, is the level in which usetrergy produced can be
translated to final energy consumption, as this is the level of the most detailed equipment
categorizationAlltechnical characteristiosf equipment including specific energy consumption,
utilization rates, investment/fixed coststc. aredefinedfor the equipment of levelY At this
level the choices that have to be considered are of two categories:

o Choice of the equipment type mixhe equipment type is defined by two parameters: the
technology advancement level, as this Heeen described in Section131. Definitions
(ordinary, improved, advanced etc.), and the vintage of the equipment. Thus, inYé@el
the combination of the equipment types that will operate needs to be defined.

0 Choice of the fuel mix: meaning the share of each fuel the total final energy
consumption okvery equipment type

Having defined the decomposition of demand sectors in subsectors and processes/equipment, the
remaining problem to be solved is the calculatmfithe percentageto which every process/equipment

or subsector of a lower level contributes to tbatisfactionof the demand for activituseful energy of

the corresponding upper leverocess/equipment osubsector.
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In economics, discrete choice modelsqualitative 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 fuelrough the use of logit functions

Consequentlyin the CPS Demand Modulee allocation of the activity of an upper level between the
subsectors or processes of the lower level is defined through the usmgibffunctions The decisive
variable that is inserted in the logit function in order to caltelldne shares of the lower levelibsectors

or processess thecost The logit function compares the costs of the available choices of the lower level
subsectors or processes and definthe share of every subsector process in the composition of the
aaivity-useful energ of the upper levelLogit functions are applied also for thhboice of the equipment
type mixand fuel mix.The above description of the mathematical structure of the CPS Demand Module
is summarized iffable6.

Table6 The nesting tree structure of the CPS Demand Module

Level Description Mathematical Formulation
SA Top level of the nesting tree -
Conversion of macroeconomic driver to activityseful . .
SB Econometric function
energy of subsectors of level SB
sC Allocation of activityuseful energy of subsectors of level Logit functions
to subsectors of level SC
SD Allocation of activityuseful energy ofubsectors of level S Logit functions
to subsectors of level SD
1 I <
SE Allocation of actl\{ltyuseful energy of subsectors of level $ Logit functions
to processes/equipment of level SE
SE Allocation of useful energy of processes/equipment of le Logit functions
SE tqprocesses/equipment of level SF
SE gla:llculatlon of equipment type mix and fuel mix in a proc Logit functions

Before the extended review of the mathematiéatmulation of the Module it is useful to presenteahwo
types of economibehavias of therepresentative decisioimaking agentsonsidered in the Modutethe
short term behavio and the long term behaer. Thenotions of the two behavis arepresented inTable
7.

Table7 Details on the modelling ohg term and short term behavio

Long Term behavio Short Term behavio

Alnvolves decision making relatéal the operation of

AFocuses on actions with a lotgrm effect existing equipment with fixed capital vintage

ADoes not take into account annuity payments

ATakes into account annuity payments ‘ ADefines the fuel mix used in operating equipment
ADetermines the volume of investments needed ‘

ADetermines the technology type and fuel of investmen
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Long term behaviois reflected in the calculation of long term marginakts, while short term behawids
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 beterethe 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 procesthie comparison of long term marginal costs will determine teehtnology typeof

the new investment, as well as the capacity of the new equipment and the fuel gomiume.

Equipment of levelSYy'@nd"Y "@ave both short and long term costas mentioned prewously. In order to
calculate the investments in negguipment the modelprojectsthe optimum technology mixvia the use
of long term costsassuming no existing capacity of equipmemind calculates the capacity oiew
investmentsas:

U Capacity of new investments
"0 VG O@hé R o QOEERNG QO W QI @ &g BO QO ®

4.2.1.1  Calculation of sectoral activity of lev#d

At the secondevel of nestingY ¢ activityis derived fronmacroeconomic driversuch as GDP, income and
population The projection of macroeconomic drivers is exogenous to the model.

For the projection of secontvel activityuseful energyd 6 “¥, an econometrietype equationis used,
which involves elasticity ¢ wgregarding the macroeconomic drivet & @i £ The elasticityd ¢ 0P
is changing over time, depending on the distancehef macroeconomic driver ofhe previous period
G G®i §F fromthe value of the macroeconomic driver at the inflection painé i # divided by the
benchmark value of the macroeconomic driéetd @1 £ For the calculation of elasticity ¢ dpa logit
functionis used.

U The eonometric equation for the calculation of sectoral activity
ALY OOOP OOOPta E DO OI §E
Where

6 0 W Additive parameter of the econometric equation

I Thelogit functionfor elasticityc ¢ W%

DOOPH VOOP OO
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Where

G Year

@ 6 6 6: Maximum value oélasticity

® & Q1 Benchmark value aflasticity

wi QR DPeed of convergence

G GO §#: Macroeconomic driver equal to activity level at tnééction point

& O Q1 §# Benchamrk value of macroeconomic driver

4.2.1.2  Allocation of activityuseful energy along the sud SOl 2 NBQ YOS @St a

The allocation of activityseful energyd 6 ¥, of an upper levelY “between the subsectors of a lower
level "Ylis calculated through the use of twgeneralizedlogit functions: thelnertia Share and the
Optimum Sharelogit function The hertia Sharelogit function”Y O, j projects the shares of subsectors
as thesavould bedefinedinfluenced by the current observed preferencesile theOptimum Share logit
function”Y'Oy;, j projects the shares of subsectors defined solejytheir coss, deprived of market
preferences.

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

U The InertisSharelogit function

3¢
¢
—
Jie
=y
—
=y

YOrRp GO (‘}3@81

U The OptimunSharedogit function

aoaqnj

YOy —
B | ptQ A A

¢

Where

G Year

4 0 a & Rarameter distinguishing between substitutability and complementarity of subsedfdesqual
to 1 for substitutable subsectors or equal to the number of relevant choices of ¥tiet complementary
subsectos)

1 & i: Sale parameter oinertialogit functionof level™Y depicting preferences between subsectors
"Q : Exponent of irertia logit function of levelY™Y

N : Costper unit of activityof subsector’Yd
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1§ - Scale parameter obptimum logit function of level’Y(equal to the inverse of the numbenf
relevant choices of levéY ) used for scaling purposes)

"Q }: Exponent ofoptimum logit function of levelY™Y

The abovegeneralized logit functionshave to the ability to represent both substitutability and
complementarity cases in one compact formula. This is established via the application of st for
0KS FTdzyOlA2¢aRand® NI YSGSNRY

The sharéY'Oy, i of each subsectr of level'Y iwhich belongdo a corresponding subsector of lev¥ly
iscalculated as the weighted averagetioé two generalized logit function¥ Oy,  and"Y'Oy, j:
U Theshare of a subsector/proce8¥in the actiity of level'Y™ds the weighted average
YO & p — tYORf — tYO; f
U Thegeneralizedunit cost of levelY"Y
Nk YO/ ftN K
U The activityuseful energy of lower levéY b
006"Y "YOR pt0 0¥
Where
— : Parameterdepictingthe degree of tendency towardie optimum share of levély™Y
N r: Costper unit of activityof subsector’Y™Y
0 6 "Y: Activity of subsectotY D

Through this mathematical mechanism, the exogenous macroeconomic drivers have now been translated
to activity volumeser subsectoof levels'Y and"Y'O

The energy demand corresponding to the calculated activity of level SD must be satisfied b
production of useful energy by the supply processes of final levels SE and SF. Once more, the

which defines the useful energy produced by each supply process is the cost/price. In order to

the way the model calculates the cost of each supplrocess, a bottorup approach will be usec
below for the description of the decision making included in the last two levels.

42.1.3 Choice ofdiel mix

At the level ofeach equipment type of a procé¥s©technologyd ‘@nd vintageu - the model applieshe
samelogit mechanismo select the fuel mixof eachequipment type. For the choice of the fuel mix, the
allocation of equipment types is considered known and dné}-related short term costSY"YOr rih
apply in the logit functioa Atthis level of decision makinghe goal is to mimhize the operational/short
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term cost of each equipment tyg& YOy, 1 ). It should be notedhat, at the pointof the definition of the
fuel mix,only fuels purchased from the market competdiweach otherThe share of heat recovery/energy
savings inthe fuelmixof aprocessY @ calculated separatelyas described in Secti@n2.1.4Modelling of

heat recovery

Some of the fuelsnay have a limitedavailability potential, e.g. biomsas, waste, solar or geothermal
meaning a significant risk of exhaustion exisi©ie model applies asymptotic cestpply curves of
ascending slope to represent the cost impact of potential exhaustion € & ), through the use of
polynomial functionof 6" degree. The amount ddvailability potential (maximum available volume of a
fuel) relates to the nature of the use or process aigldefined at the ladevel of subsector&’ OPromotion
of renewable fued (YO "YU Gy0 0 &xd carbon pricing) € i1 Q@ for ETS sectors anflé U & & 6;Q
for nonETS sectojare alsanserted in the calculatioonf fuekrelated short term costand thusinfluence
the choice of the fukemix.

U Fuel related short term cost

YYOh hin Qn ok oAk

t Norp NI QPR 00 €
hh
YO'YU axro0 Q \ NéLOKRKDOAG "Q

nent R QR

U Cost impact of potential exhaustion

0N E Gn WN gyt

Where

0 echnology advancement level

0: Vintage

"QFuel

"Qn / ri: Heatrate of fuel'Q processY Qechnologyd ‘@nd vintaged

N wpp: Perceived cost of proceS¢"@nd fuel'Q
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N1 "Q@iQMarket price offuel "for processY'O

‘Q & "Q : Bnission factor of fuel¥or pollutantr) €

‘ . Degree of polynomial function

w1 ;5 Defficient ofpolynomial functioncostsupply curve of fuek) of degree'
"00 j i: FAnal energy consumptioaf processY @ndfuel "Q

N € & 5. Availability ptential of fuel in"Y'Qevel

The sharéY Oy, ;i of each fuelQfor anequipment type of a proces¥ Q@echnologyd ‘@nd vintagey is
calculated as the weighted averagetoé two generalized logit functionSX'Oy, 177, Y Of ki)

U The Inertia Share logit function

1 hhh
BI1

35

f'Q  hARA R RA R

YO hkn

fQ  hARAt h R

0«
0
0

U The Optimum Share logit function

'Q  h ARkt A RAA

YOr ran

B 'O fARR! A RRR

U Theshare of fuelQcalculatedas the weighted average
YOr hih P —h tYOR prp — # YO

¢
¢
¢

Where

1 & rrR. Sale parameter ofnertia logit function of fuel™Q process’Y Otechnologyd ‘@nd vintage)
depicting preferences

"Q & ri R Bxponent ofinertia logit functionof fuel"Q processY Qechnologyd ‘@nd vintaged
"Q & ik Exponent ofoptimum logit functionof fuel"Qprocess’Y"Qechnologyd ‘@nd vintage)

: Parameterdepictingthe degree of tendency towardhe optimum shardor processY O

¢

4.2.1.4 Modelling of heat recovery

This section addresses the specifipit of modelling heat recoverghergy savingsn 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 reuseduildings, investments concern
renovation of structures usg 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 thehareof recovered heain the final fuel consumptiorof a process§Y Orhe
share of heat recoveredY'COO Y}, ;) in a processY'® calculated as the share of the previous year
('Y'OOO'Yy i ) plus the additional sharé'0O0"™ O j i) of the current year:

U Share of heat recovered
YOOOYh hi YOOOW O rr "YOOOY i
In order to assess the adutihal share of heat recovery ftine current year, the model compares the long
term cost of heat recoveryincluding heat recoveryinvestments of current yearjor a processY"O

technologyd ‘@nd vintaged 0 "Y&OO'Yy i and the short term cdsof the processY Gechnologydo Q
and vintaged ('Y'Y® ¢ 'O0'Y r; assumingno new investments are made

U Additional share of heat recovery

Where
‘Q 5 i: Exponent of heat recovery for procé¥sO
N § frr: Perceivedast of heat recovery foprocess'Y Qechnologyd ‘@nd vintaged

For the calculation of theohg term cost of heat recoveryhe availability potential has to be taken into
account. Availabilitpotential of heat recovery, or energy savings, is limitd@O0"Y ¢ & represents
maximum share of energy savings that can be achiemealprocessY' YO The model applies the same
asymptotic curve of ascending slope to represent the cost impact of potential exhaustion
(O "00™ ¢ & §p), through the use of a pphomial function of 8 degree.

The capital cost of heat recovery investmerdscyfy &y f) is thus increased by the cost impact of
potential exhaustion {{ "O0" £ & ), which tends to infinity when the share of heat recovery
approaches the maximum potentialhe bng term cost of heat recoveiy calculated via:

U Long term cost of heat recovery

OOy rtp | 6QiFR (OEEQOOH E. e .
v 60 Qiyyxom tp 0OOYEG &
0 "YOOO Y v & AR &t Q [k AR
ﬁ 'O'OD(I)‘GQ‘Q
& 00 Qauyx @ o

Where

WO & {: Capital cost of heat recovergquipmentfor processY"O
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[ 0 Qif f: Sbsidyfor heat recaovery equipmentfor processY O

WE £ QO §:iANuity factor for heat recoverinvestmentsin equipment of proces® "0
0 0 "Qaltilization rateof equipmentof processY O

¢ & ® j r: Operation and maintenance cosf heat recovenfor processY"O

000 & & ¢ 'R Eergy efficiency valuef heat recovery for proces¥y O

"Q & & nr: Heatrate of heat recovergquipment for processY " Qechnologyd ‘@nd vintaged

U Cost impact of the heat recovery potential exhaustion

Y000 Of . "YOOO'Y; j
"YOOO'Y € ¢&

0 OO € & f AR I

Where

WN ;. Qoefficient of polynomial function(costsupply curve of heatecovery for processY"O
technologyd ‘@nd vintaged) of degree'

In caseno investmentsin heat recoveryequipment are madeat the current year, the share of heat
recovered remains the same as the previous y&84fOOO Y} s ) and the short term cos of
process’Y Qechnologyd ‘@nd vintaged (Y'YO ¢ OOY i is calculated as:

U  Short termcostof processY ®xcluding new investmenis heat recovery
YO € OOYrn P YOOOYhhn t "YOR hant"Y'Y6 fnn
\ T . 'f"Q é d d’}’] t J Y
T TP
Q
Where

0 Qf: Variable cosbf processY O
"Q : Average heatate of processY 'O

¢ @& cy: Operation & Maintenanceostof processY O
¢ & "Q;: Growth rate of peration and maintenance cost pfocessY™O

Investments in heat recovelre derived from thecalculatedadditional share of heat recovered

U Heat recovery investments
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QfRREYO00 OF jrt YOR R
60 QiEYX @

00 WO'Y§ fh

Where
‘00 O Yy ji: Investmants in heat recovery equipment for proceé¥0f technologyd ‘@nd vintage)
"Q 1 rp: Heatrate of processy of technologyd ‘@nd vintaged
YO |, i1 Useful energy of proce8¥ Qechnologyd ‘@nd vintaged
Opere}tional apacity of heat recovery equipment is derived from the capgcity of the previous year
(6 0 VOO'Yy g, multiplied by a probability of survival factofy i £iwd @O 'Yy 55 , and
increased by the new investmenf®0 &O'Y f; 1 :

U Operational capacity of heat recovery equipment

60 JOOYr rr 60 000Yywr N1 & @AOYh pr OO OO'Yy fn

4.2.1.5 Choice of equipment typmix

Having defined the fuel mjias well as the share of recovered heat for eaghipment typeof processY'O
technology 6 ‘@nd vintaged, the next decision to be taken is the combination of equipment types
regarding boththe operation of existing equipment, as well as investmeirsnew equipment

Choice of existing equipmeype mixin operation

The decision regarding which of the existing equipment will operateaide from a short term behawvio
perspective taking into account short term marginal costs (operational costRe short term cost
"Y'YO, i of an equipment typef a procesSY Q@echnologyd ‘@nd vintage is:

U Short term cost of equipment type

YYOr ki p "YOOO'Yi fr T YO/ ar TY'YO frr U Of £'Q M
600 QiYY @

Where:

"Y'OOO Yy ii: Share of heat recovereth process’Y Qechnologyd ‘@nd vintaged

“YOr rii: Share of fu&™Qn fuel consumption of proces¥ " Q@echnologyd ‘@nd vintaged

Y'YO ki Fuelrelated ort term costof fued™Q processY @echnologyd ‘@nd vintaged

0 ®f: Variable cost of proces¥ @mentioned above)

"Q : Average heatte of processY O

0 6 0 O ;p: Marginatshadow value of existingapacity constraint$or processY Qechnology®d ‘@nd
vintageu
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0 0 "Qaltilization rate or mileagef processY"O
The share of heat recoverdd subtracted from fuel cost as it represents the percentafjenergy savings.

As mentioned irBection3.1 Common Input Datathe model considers several equipnt types for each
use/processThe CPS Demand Module supports 7 levels of technology progress, shiataheihof Section
3 Definitions and 9 possible viages: from 0 to 40 years of age, Hy@ar steps.

The share™Y 'Oy, ;) ofanequipment type of a proces¥ @echnologyd ‘@nd vintage iscalculatedonce
more as the weighted average of two generalized logit functiosQy 75, Y O ;). The marginat

shadow value of the capacity constraints ¢ 6 0y ) influences the choice of existing equipment in
operation.

U The Inertia Share logit function

o 1 R pptQ B AR RORA
Y'On fir T
B I AR tQ h AR h AR

U The Optimum Share logit function

Q  h ARt h R
YOy ki

B 'Q & AAt h Rk
U Theshare ofequipment typecalculatedas the weighted average
YOr i P —h tYOran —REYOR g5
Where
1
0

m R Sale parameter oinertialogit functionof processY Qechnologyd ‘@nd vintaged

>5¢

i k- EXponent of irertia logit functionof processY Qechnologyd ‘@nd vintaged

¢

Q i 1 Exponent ofoptimumlogit functionof process’Y Qechnologyd ‘@nd vintaged

: Parameterdepictingthe degree of tendency towardhe optimum share for proces¥ O

¢

After the calculation of the shares of eaguipment type(® ®) in the equipment mix oprocessY Ghe
short term unit cost of each procdsglefined as:

U Short term unit cost ofaprocessY 'O

"Y"YO YOr i t°YYOR i
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Choice oéquipment type mixn investments

Planningfor investments innew equipment is rade from a long term behauigerspective taking into
account long term costhelongterm costd "YO&y j of an equipment typef a process'Y ‘@ndtechnology
0 'B:

U Long term cost of equipment type

LR

AOONEEt P | OWif twe &€ QOO SF;

0 "Yo5 i 5o QEY X o Y'OOO Y nn
& o

. . . . . Lo 3 é((fqa ~
t "YOr rar tYY6, fipt = DRt —— ey
h ARA h RARL P N O R h 50 QAYYX @ T
—a o

tp N wps

Where

O N Ko : Gapital costof equipmentof processY @nd technology Q

i 0 Of f: Yubsidyof equipment of proces"@nd technologyp 'Q

W& & "Q ¢y DAANUity factorof investment inequipment of processY O

N & i Fuelrelated perceived/hidden costsf equipment of processy™@nd fuel'Q

¢ & Gy : Operation and maintenance cost of equipment of proc¥$e

A ©f 7: Technologyrelated perceived/hidden costsf equipment of proces®"@nd technologyp Q

Vintage values in the abowxjuation are set equal to zero, as investments in new egeipt are only of
vintage/age 0.

Thelong term shar€ YOy, ;) of anequipment typeof a processY " @ndtechnologyd ‘@ new investments
is calculatedin the same way as in the choice of existing equipntgpe mix, as the weighted average of
the inertia and the optimum share, via the use of corresponding long term paranstdri®ng terms costs

After the calculation of the shares of eagfuipment typein the investments oprocessequipment™Y O
the longterm unit cost of each processdefined as:

U Longterm unit cost of a procesy O

0 "YOr YO ;5 t0 Y65
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4.2.1.6 Allocation of activityuseful energyof level"YOn level Y O

Having defined the short term and long temmit cost of the lowest levély "Gt is now possible to apply the
same mathematical mechanism in order to calculate the extent/share to which each pfyd@satributes
to the production ofuseful energy of the upper levéY Cboth in short term and long term decision making

The short term sharéY Oy, j of a procesSY @ the composition of the activityseful energy of leve'O
is calculated via:

U The Inertia Share logit function

¢
¢
—*
JNe)
=y
—
=y

YO GOOGGG 'fQBj

U The Optimum Share logit function

.
"YOr ; GO acpgf% - " :
T s ptQ "

U Theshare of a proces¥ @ the activity of levelY'@s the weighted average
YO i p — tYOryp — tYO;5 ;
Where

a 6 O ¢ Parameter distinguishing between substitutability and complementarity of proc€¥s@squal
to 1 for substitutable processes or equal to the number of relevant choices of proc¥s€is
complementary processes)

The shorterm cost of a processf level"Y'Gs thus equal to:

U  Shortterm unit cost of a proces¥ O
"YYOp YO 5t Y"Y0;

The same equations apply also for the calculation of the long term share of a prgd@ss

For the levels"Y'Cand"Y"@f the nesting tree the calculated costs of processes/equipment and the
consequential shares are differentiated between ghramd long term, ashese levels have the notion of

equipment Thus, long term shares of equipment types inthe iVéSy 1 a Q O2Y LR AAGA2Yy ST |
long term costs, have a meaning only for lev¥l&nd"Y Cror the rest levels of the nesting tré¢Qo

"Y§ the costs as well as the shares are not differentiated between short term and long term and only a
genaalized unit cost is calculated.
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4.2.1.7 Agent heterogeneity

The logit functions represent hetegeneity of preferences of individual consumerhe CPS Demand
Moduleinvolves further heterogeneity by distinguishing agents with different preferences in the choice of
private carsand the choice o$pace heatindor residential sector. There are five agent classes considered
in the CPS Demand Modylshown inTable8.

Table8 Agent classes @8PPemand Module

Agent classesH)

High income or consumption class

Medium High intermediate incomer 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/equipritand Y QAn
assumed histograniQi ;0 denotes the distribution of activity between the agent classes. Also, values for
certain characteristics are differentiated across the agent classels asdiscount rate utilization rate or
mileage, perceived costs apdrametersof the logit function Thegeneralizedogit functions apply to each
agent with agent specific corresponding parametersd then aggregate to the shat¢’ Oy,

U The InertiaShardogit function
- -fQ At AR
-fQ & At A A

¢
oy
=y

YQ rp GO c‘h"DB‘I

¢
0«
oy

U The OptimunSharedogit function

S S
hopptQ Aof

.
YQ g G000 G

B 1 jfptQ fA S

35¢

U The share of a proce8¥iin the activityuseful energyof level'Y “és the weighted
average

Y@ rn P —i tYQ s —n UYQ g5

YO & QI Y

U Thegeneralizedunit cost of levelY for agentc
Orp Q6 sh cy rfd 0 QEA ;

Where
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0 ; i: Generalized costf process’ (for agentcused for the decision
0 p: Shortterm or longterm costof level"Y

N & f: Perceived cosbf processY @r agentcd

0 0 1¢: Utilization rate or mileag®f processY "@r agent®

i j: Discount ratefor agentc

4.2.1.8 Technology standards

Atthe pointof choicefor the equipmenttype mixin new investmentsg level"Y"@Qanother policy instrument
which influences the decisiofapart frompromotion of RES and daon pricing mentioned above) is the
technologystandards The technology standartiargets (i 0.&@ i "QR ¢ are carbon emissions and
energy efficiency standarddefinedper unit of output in levelY’'OThese standardsfluence the decision
for the equipment type miin new investmentsthrough the followingmechanism

1 every equipmentype has a label nominal performanced( & ¢ f ) corresponding to atandard
type (carbon emissioner energy efficiency

1 the model calculates the weighted average label (performance) of the equiptyg&mix of new
investmentsat the lastlevelof subsectorsY'O

1 in casethe weighted averag@erformanceof level"Y'Gs higher thanthe targeted value of the
standard { 0.& 1 "QR ¢)then apenaltyd i 0 § ;) applies to thenon-compliantequipment
types

1 hence the model mafies the equipmenttype mix until the average performancef level "Y'O
complies with the targeted value of the standard

Ui Technology Standards Constraint

i 0@ QR ‘00 oy j AW FRrTO0 G F UD i 0&r ™

h \ R
U Penalty of norcompliance

0i 0Ofr O 0tf ptl AGQG 5 [ 0801 QR
Where

“Y®&: Type of standardcarbon emissioner energy efficiency

‘00 ¢y j: Investmensin equipmentof process’Y ©f technologyd Q

0 i 0 ¢ {:Marginal/shadow value of theechnologystandard constraintfor standard’Y 0 defined in
levelY'O
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4.2.1.9 Cokery

In Iron & Steel sect@pecifically fuels from the marketincluding purchased cokepmpete with cokeand
derived gassegDGS)produced from cokery. The fuel mix of the relevant processes is calcutgted
comparing the prie of market fuels with the unit cost of coke derived gassegroduction, via the use of

inertia and optimum sharess described in Section 4.2.1C3oice of fuel mixDerived gasses are a-by
product of coke production and thus have 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 bunit cost of coke production

In order to calculate the unit cost of coke production, the combination of ft@isumedn the production

of coke (fuel mix of cokery) has to be definéd the level of choice oD 2 | SieEntxdi K S  Fhdz&st a Q
CY'® ¢ Qi) are calculated through theamelogit mechanism mentioneth Sectiord.2.1.3Choice of

fuel mix

The samemathematicalmethod appliesalsofor the choice of the equipment typmix that will be ugd
both in short term - operation (Y'@® ¢ Q% and long term - planning(CY'@ ¢ "WQY;) of cokery,as
described in Section 4.2.1Ghoice of equipment typmix.

Once the abve shares arealculated, the costof coke productiorare calculated as:

i Fuetrelated short term cost of cokery for fu&) technologyo ‘@nd vintage)
YYO € QQ

Q Kk hh

it NadéQQ ni Qog; YOYO & prQ

nénicmORiQa e Qg

Where

Qi ki Heatrate of cokery equipment fofuel "Btechnologyd ‘@nd vintaged
N o ¢ ‘QFuetrelated perceived cost ofoke production for fugl

N1 Qg Market price of fuelCfor cokery

YO'YU @ a prORenewable value of fuélfor cokery

N € f 1 6% QR Price of polltant ) &or cokery

Q& B ¢ QR BEnission factor otokery forfuel "Gandpollutantry £
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U Short term cost of coke production for technology@nd vintaged

Y'Y € QR YD £ QRRETTYYO £ QRE V€ QQ 660 f ki

Where:
Y@ ¢ QQ i Sare offuel "Gin the fuel mix of coke production faechnologyd ‘@nd vintage)
0 ¢® ¢ ‘QUariable cosbf cokeryequipment

0660 {rp: Marginalshadow value of existingquipmentcapacity constrainfor technology® ‘@nd
vintagev

U Longterm cost of coke productiofor technologyd Q

HOME QI p (6Bt QQtGE & QNG RO

0 YO ¢ O —
v 42 00 @ AYYX T

Y@ € QRATYYD £ QQrtp W E QA 0 W E QQ

éd&sébn_{ N
é(‘)_@éﬁdﬂlxcpnp e 42

Where

o O s O Capital cos of cokeryequipmentof technologyd ‘Q

i 6 @ié 'O Jubsidyof cokeryequipmentof technologyd ‘Q

WE & "QM.G 6 LiEnnuity factor of cokerynvestments

Y@ € QQ : Stare of fuel'Gin the fuel mix of coke producticior technologyd ‘@nd vinage 0
YY& £ "OQ i Fuelrelated short term cost of coke productidar fuel"Q technologyd ‘@nd vintage 0
N ® f5: Fuel-related perceived/hidden cost of cokefyr fuel "Q

6 0 ®& "‘Qurilization rateof cokery equipment

¢ & @ ¢ "QQperation and maintenance cost of cokeuipment

N o ¢ "Of Technologyrelated perceived/hidden costsf cokery equipmentor technologyd ‘Q

U Longterm cost of coke production
06 €QQ YOI & WA YH ¢ QQ

Where
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Y@ € WAV : Long term bare of technology ‘@ coke production

Finally, he unit cost of selproduced coke 6 06 0 §) is calculated as the long term cost of coke
production § ‘& 6 ¢ QQeduced by the opportunity cosh () 6 €)ic @ost avoided due to not purchasing
fuels from the market, plus the additional emissions cost QO & ¢ & ).

U  Unit cost of seHproduced coke
Yo Oo0g O0OWOEQQRA NO6EETI QOGO
U Opportunity cost of selproduction of coke

N OO0 Qe tni QW
oonomﬁootf’)sm Ge tn "

GRoéi é
d ?

U Additional emissions cosff selfproduction of coke

0 VA0 ———F—F——=tL..NENIT RWAQG i Qa X
' EOOQOOIﬁOOthn nt e K i Qi

Where
€ 00N060I1 g o: Rudio of coke otput over the derived gasses output in cokery

€N WO Q¢ : Ratio denoting fraction of price of marketed natural gast paiddue to consumption of
derived gasses from cokery

N1 "QorOMarket price of natural gas

Cutput fuek ofcokery

The coke volume needed to be producediésived by thetotal final consumption of coke fall demand
processes

U Coke output needed to be produced

06 0§l Q4 j "00

3¢
pmy

Where
"00 | pdFinal energy consumption of coke in proc@6®©

Duringthe production of coke, derived gasses are produced as a secondary output fuel. The volume of
derived gassesi(6 o N™6Dwy) is directly linked to the volume of produced coke via thépatiratio
€Eoondoi O

U Output of derived gasses from sglfoduction of coke
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p
EO00NOOI

0 60 Doy ;}()(‘)tgéé O §OoI "Qa

The produced volume of derived gasses frookery (0 6 6 I"6D0f) must be greater or equal to the
final demand for derived gassesOQ 4 ). The marginashadow value of this constraint

isO .0 "Y'Y&O i, which is equal to zerawhen production of derived gassa®in cokery is greater than
demand for DG&nd equal or greater than zero when the equality is mBte price of derived gasses
YO 0 Opéis setequal tod 0 "Y'Y&O . In case of excess production of DGS, the remaining volume

(O ) is consumed by the power generation plants, in the Supply Module.
U  Output of derived gasses constraint

060 Doy 00 5 UD OTYYY¥O, T
U Remaining volume of derived gasses

"00 060 Do, "00

S5

U Price of derived gasses
Y6 DO o0 O .0 TYYHEO

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 epacity of cokeryd 6 ® ¢ "Q}Q) is derived from the capacity of the previous year, multiplied
by a probability of survival factof (i &i ¢ 160¢ "Qi}) and a probability of premature replacement factor
(P Ni énd Qdié "QR) and increased by the capacity of new investmei@$ (@ ¢ OQ).

U Operational capacity of cokery equipment

6O0DE TR tNi &iadidke QR tp NI €A QBiE QR 00 & ¢ QR
4.2.2. Unknown variables

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

A Activity-usefu energyfor subsectorsprocesses of all nesting levels apart from the top e
A Useful emergy ofeachsupply procesdY ®y technology category @nd vintagel
A Generalized unitast for levelsY&o "YO
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A Short term and long term unitost for levelSY'@nd"Y and per agent, where agent heterogeneity
applies)

A Share of fuelQin final energy consumption of supply procé¥s®y technology categorg ‘@nd
vintageu

A Share of heat recovery in final energy consumption of supplygssi¥ '@y technology category ‘Q

and vintage)

Final Energy Consumption of supply proc&s®y fuel'Q

Short term and long term marginabst of supply proces¥ "By technology category ‘@nd vintage

0 (and per agent, where agent heterogetyeapplies)

Unit cost of selfproduced coke

Volume of seproduced coke and derived gasses from cokery

Survived and operational capacifsupply processY ®y technology category ‘@nd vintage)

Investmensin supply processY "®y technology cagoryo Q

Investmensin equipment for cokery by technology categanQ

>

v >y > D>

4.2.3. Exogenous Parameters
The parameters provided by the user include:

A Macroeconomidrivers/datafor the calculation of activity

A Fuel prices for fuels purchased from the market

A Parameers for the calculation of elasticitgp ¢ Gy Omaximum valuen & @ 6, minimum value
@ & @ tspeed of convergenadi 1 QGQQ

A Carbon priceETS) and carbon value (non ETS)

A Renewable (RS) and Energy Efficiency (EE) value

A Carbonand efficiency Standards

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

A Technical characteristics of processepecific energy consumption (SEC) of ordinary technology,
lifetime, capacity faior (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 processekvelY'O

A Variabk cost, operation & maintenance cost and growth rate of operaomaintenance cost of
processes

A Investmentcost of processes and subsidies

A Perceived costs

A Availability mtential limitation of fuels

A Technical characteristics and costs for heat recovdrgat recovery potential, investment cost,

perceived cost, subsidies, lifetime of equipment and operation & maintenance cost
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A Technical characterists and costs for cokeryheatrate, variable cost, operation & maintenance
cost, growth rate of operation & mintenance cost, lifetime, capacity factor (utilizati rate),
investment cost, heatite of technology category (normalized, efficiency of ordinary technology
equal to 1), otput ratio

Agent specific characteristics, such as discount rate, utilizationrfaod population share

Existing capacity cfupply processes for year 2015

Parameters for the calculation of probability of surVighequipment for each process

Exogenous improvement of efficiency for ordinary technolofygrocesses

ETS parameters, du@s percentage of free allocation of allowances and partial exemption of
processes from the EU ETS

Thelocation of the above parameters in themandrelatedinputfile is mentioned in Section 4Eplaimng

the demandrelated scenario input fileand the way their values can be cigged is explained in Section
4516h LJGA2ya F2NJ OKFYy3IAYI LI NFIYSGSNBEQ O tfdSa SE23Sy;:

v v > > D>

4.3 Model features, considerations and assumpson

Apart from the attributes of the CPS Demand Module described in the previous sections, the Module
includes also the following features:

A The model solves the short terfaperation)and long term(investment)problemssimultaneously
and for each projectioryear separately meaning there isi0 foresightin the decision of new
investments
A The model keeps track of stock of equipment by technology dyj@nd vintaged, by dynamically
applyingrotating vintages¢ KA & Y S| ya O KI 0 &BedSrgefive yizirs odd indh®a JA Y
nextprojecton@ S+ NE FyR | ff Ay@gSaidSR G§SOKyz2f23ASa 27
technology categry forthey SEG & S ND& NHzy
A Probability of survivalof equipment follows a Gompert survival probability functim The
Gompert survival probability function us@&sparameters which are defined exogenously and are:
0 the scale parameter of survival function of equipment
o the arvival rate of equipment at the end of lifetime
o the arvival rate of equipment at 80% ofdifme
A Premature replacement of equipment is possilfier certain processesand is calculated
endogenouslyThe processes for whiglremature replacements allowed is defined by the user
in thedemandrelated input excel fileDuring the Module run,nemature replacementakes place
whenthe operation costs othe existing equipment exceetthe total cost of new equipment
A The technicakconomic characteristics afquipment typesare fixed over the entire projection
horizon However,the choice ofthe equipment mixis influenced by additional parameters
representing perceived and hidden casts well agearning by doing factorg he latter parameters
change over tim@andmayvary by scenario

Page | 62



REIMBURSABLE ADVISORY SERVICES (RAS): CONSTRUCTION OF ECONOMIC MODELING TOOLS AND BUILDING CAPACITY IN MODELIN
SUSTAINED GROWTHHIE BLOVAK REPUBLIC

A Naturally, he choice ofthe equipment type mixinfluencesthe degree of energy efficiency
improvement.

4.3.1. Sectoral coverage of thePS Demand Module

This section describes the sectoral coverage ofGR& Demand Module

431.1 Industrial Sector

Industrysplits in 10 sectors: Iron &teel, 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 sindvigLire24.

Level SA Level SB Level SC Level SD

Basic Oxygen Furnace

Iron & Steel Integrated

Iron & Steel Integrated
Direct Reduction of Ore
Iron & Steel

Electric Arc

Non Ferrous Primary Non Ferrous Primary Non Ferrous Primary

Non Ferrous Secondary Non Ferrous Secondary Non Ferrous Secondary
Fertilizers & Petroche-

micals

Fertilizers & Petroche-
micals

Fertilizers & Petroche-
micals

Pharmaceuticals &
Cosmetics

Pharmaceuticals &
Cosmetics

Pharmaceuticals &
Cosmetics

Cement & Others Cement & Others Cement & Others

Building Materials

Glass & Ceramics Glass & Ceramics Glass & Ceramics

Paper & Pulp Paper & Pulp Paper & Pulp Paper & Pulp

Food, Drink & Tobacco Food, Drink & Tobacco Food, Drink & Tobacco Food, Drink & Tobacco

Engineering Engineering Engineering Engineering

Textiles

Other Industries Other Industries Other Industries Other Industries

Non Energy Non Energy Non Energy Non Energy

Figure24 Industrial sectors' structure

The supply processes are sectapecific and include: heat uses, ramaterial preparation, thermal
processing, product finishing, electric processing, blast furnace, electric arc, smelting, kilns and specific
electricity usesFigure25 presents theprocesses of Iron & Steel sector.
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Level SD Level SE Level SF

Specific electricity uses
Horizontal energy uses
Heat uses

Raw material preparation Raw material preparation

Basic Oxygen Furnace

Thermal processing
Thermal and electric uses
Blast Furnace

Product finishing Product finishing

Specific electricity uses
Horizontal energy uses
Heat uses

Raw material preparation Raw material preparation

Direct Reduction of Ore

Direct Reduction Furnace
Thermal and electric uses

T
[}
+—
w)
o
c
(@]
5

Electric arc

Product finishing Product finishing

Specific electricity uses
Horizontal energy uses
Heat uses

Raw material preparation Raw material preparation

Electric Arc

Thermal processing
Thermal and electric uses
Electric arc

Product finishing Product finishing

Figure25Iron & Steel supply processes

43.1.2 Residential Sector

Residential sectarepresents the energy demand in households. The energy services include thermal uses
¢ space heating, iacooling, cooking and water heatiggighting and appliances, split in black and white
applances.White appliances include laundry equipment, refrigerators, freezers and dishwashers, while
black appliances are I€&lated appliancesThe equipment fospace heatingwater heatingand cooking

are distinguished by fuel type :imoilers (consuming LPG, gasoline or NGS)pves(consuming solids
including biomass)renewables(using solar and geothermal energglectricity and district heating, as
shown inFigure 26. For lighting and applianceshere is no such distinction, as they both use solely
electricity, thus processes of level@nd“Y"@re identical to the subsectors of lev&¥Qor these uses
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Level SA Level SB Level SC Level SD Level SE Level SF

Boilers

Stoves

RES

Space Heating Space Heating

Electricity

District Heating

Air Conditioning Air Conditioning Air Conditioning

Boilers

Stoves

Water Heating Water Heating RES

Electricity

©
=
c
[
o
wvy
]
[

District Heating

Lighting Lighting Lighting

Black Appliances Black Appliances Black Appliances

Natural Gas

Electricity

White Appliances White Appliances White Appliances

Figure26 Residential sector structusnd supply processes

4313 Tertiary Sector

Tertiary sectosplits in services and agriculaurThe energy services include thermal usepace heating,
air cooling, cooking and water heatimglighting and pumping& motors for agriculture subsector. The
equipment classification for space and water heating is the same as in the residential Bectging &
motors processes may consuméedel or electricity, while folighting andelectric uses there is no further
diginction in level'Y"Gas in the residential sector.
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Level SA Level SB Level SC Level SD Level SE Level SF

Boilers

Stoves

D
m
%}

Space Heating Space Heating

Space Heating
Electricity
District Heating

Air cooling Air cooling

Boilers

Stoves

Water heating &
cooking

D
m
%}

Water heating & Water heating &
cooking cooking

Lighting Lighting Electricity

Electric Uses District Heating

Boilers

Stoves
Heating

Electricity

District Heating

Agriculture

Pumping & Motors

Pumping & Motors Pumping & Motors

Lighting

Electricity

Lighting

Electric Uses

Figure27 Tertiary sector energy structuead supply processes

43.14 Transport Sector

The transport sectois distinguished betweehand/Water Rssengertransport, Freight transpot and
Aviation. The modes for passenger and freight transport, such as pulgiivate passenger transpontail,
inlandnavigation and road transporére shown irFigure28 and Figure29 below.
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Level SA Level SB Level SC Level SD

Passenger Inland navigation Passenger Inland navigation

Private cars
Private passenger transport
2wheelers

Land/Water Passenger

transport Metro Tram Rail

transport

Public passenger transport

Public road transport

Land/Water Passenger

Slow rail

Rail passenger transport

Fast rail

Figure28 Land/Water passenger transport structure

Level SA Level SB Level SC Level SD

Rail freight Rail freight

National Freight transport Freight Inland Navigation Freight Inland Navigation

Heavy Duty vehicles

+—
—_
o]
Q.
%]
c
&
=
+—
ey
20
<)
_
L

Trucks

Light Duty vehicles

Figure29 Freight transport structure
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Further classification dfansportprocessegor levels'Y'@nd“Y @ based on the type of fuels consumed by
eachmode of transportFigure30 presents the structure gbassenger inland navigatioprivate cars and 2
wheelers for levelSY'@nd"Y"O

Level SD Level SE Level SF

Gas Inland

o Gas Inland navigation
na\ngatlon

Oil Inland navigation Oil Inland navigation

. Electric Inland
Electric Inland navigation

navigation Fuel cell Inland
navigation

Passenger Inland
navigation

Electric Private cars Electric Private cars

H2 Private cars H2 Private cars
Diesel cars

ICE Private cars Gasoline cars

Private cars

Plug-in Hybrid Diesel
Plug-in Hybrid cars

Private cars Plug-in Hybrid Gasoline
cars

Gasoline 2wheelers Gasoline 2wheelers
Electric 2wheelers Electric 2wheelers

Figure30 SD to SF structure of certain land/water passenger transport modes

4.4  PolicyFocus; Demand

The CPS Demand Module has inherited PRIMQ NA OK NBLINBaSydl dAzy 2F LRf
All drivers are available in the input file as described in the nexisseand can be modified by theser.

This section outlines the variety of instruments and policy actions available irethari2l Module to meet
specific targets set eitheby the EU or at national leveTable 9 relates policy instruments to the
corresponding CPS driversdrporated in the Demand Module.

Table9 Policy Instruments and correspondi@§Ririvers

Policy Instrument CPS driver
EU ETS Carbon price
Emissions taxatio(non ETS) Carbon value
Promotion of Renewables RES value
Promotion ofenergy efficiency improvement EE value

Perceived costs
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Removal of uncertainties and nguice barriers; Enabling LBD index

Conditions Optimum share coefficient

Taxes & Subsidies Taxes & Subsidies

Discount rates Discount rates

Promotion of fuekwitch Fuel potential

Fuel restrictions Fuel ban in a certain use/process

Promotion of advanced biofuels in transport sector Biofuel share

Technology Standards Technologystandard&argets
4.4.1. Policy divers of Demand Module

A detailed description of th®emand Modul€ drivers is presented belovAll drivers are available in the
demandrelated input file and can be modified by the usas described irBection 4.5.6 Options for

OKFVYIAYI LI NéxdglnowlsINB Q JI f dzS a

u

Carbon Price (EU ETH)e 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 yealote that the ETS pridea 'y AYLIEZ2NIFYyd RNAGBSNI F2NJ (
consumption and RES deployment

Carbon value (non ET®)arbon value represents carbon emissions taxation and other emissions

reduction policies and is taken into account to determine fuel mix,idutot finally paid. Carbon
value applies to sears not included in the EU ETS
RES valuRES value is a sectpecific driver that represents nayidentified policies aiming at the
AYONBFAS 2F w9{ dzaSo Ly (KS e¥madsdos@margimiNandit) | (A 2y
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 cost$or RES fuels enable RES penetration. RES value isvatenalized benefit,
meaning it does not represent subsidies for the use of renewables
EE valueEE value is also defined by sector and represents qiadentified energy efficiency
promoting polcies. 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 irsindurhe 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, EEugals a nommaterialized benefit and does not represent subsidies for
energy savings investments
Enabling ConditionsEnabling conditions represent a set of policies aiming at the removal of
uncertainties or norprice barriers associated with the use ofwé&chnologies or fuels. There are
several drivers belonging in this category of drivers:
A Perceived costderceived or hidden costs are a main driver used in theDeRfand
Module to control the emergence of enabling conditions. Perceived costs can be
as®ciated with both processeg parameter AgentPerceivedCost and fuels ¢
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parameter FuelPerceivedCost. AgentPerceivedCost parameter represents the perceived
costs of equipment by proceSg"@nd agent and is used in tlealculation of long term
costs. Fuet SNOSA @SR/ 2aid LI NI YSGSNI NBLINBaSyi(a
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 newedchnologies or the consumption of emerging fuels respectively.
A LBD indexLearningby-doing index represents the removal of uncertainties regarding
the use of new technologies, via a learnimgdoing process. In CE®mand Modie,
LBD parameter is diregtimultiplied with the capital cost of equipment, thus reducing
investment costs and assisting the increase of investments in new technologies
A ThetaOptimum ThetaOptimum parameter is defined upon all nesting levelshef
demand sectorsand corresponds tdhe coefficient— of the optimum share in the
calculation of the final share
Y@ e — YRy —YQg
By increasing ThetaOptimum, optimum shares receive an increased weight, shifting final
shares towards the optimum mix, as this is defined by marginal costs
U Taxes & SubsidieBuel taxeg excise tax and VAJare exogenous ithe CPS Model and follow the
level of detail of regulations. The CP&nand Moduleallows users to assess in detail the impact of
taxation imposed on specific fuels and sectors
U Discount rates The CPS Demand Modukakes into account the level of the discount rate for
investments. Taeflect 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 (WACCDYf an investment. Discount rates are differentiated bytse@and by agent, Wwere
agent heterogeneity exists
U Potential Availability @ G Sy G A I € LJ NI YSGSN) NBLINBaSyidta GKS
consumption per year and can be used to assist fuel shifting towards biomass & waste fuels versus
the consumption ofossil fuels
U Doff f Doff_f parameter is used in the CPS Model to represenban of a fuel in a certajorocess.
LT +FOGASIGSR 601 tdS Slddt (2 m0 R2FFYF AYLIEA
corresponding process
U BiofuelShare BiofuelShre 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 conventluofiels
U Standards Asmentioned inSection 4.2.1.8Technology standargddechnology 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 equipmenypemixin investments
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4.5 Explaining thelemandrelated scenarionput file

To run alternative scenarios the user would need to modify accordingly the denetatdd scenario input
file located in theScenariog { O S y I NUnRutxigXfo¥t&r §see section 2. Bhestructure of theScenario
namesubfolde) Y R Yy ISéeBaRo name Y L y LJdz{ wISbS YI Yy R

The main sheets from whetle user can affect parameters ttie Demand Modul@and assess the impact
of alternative policy optionare:

1) Macro_data : The sheet includemacroeconomidnput data such as population, GDP, GDP per
Capita andncome per capita, used for the calculationasftivity-useful energy of levél d Also,
Macro_datasheet includes actityi values for years 2015 to 2050 for nesting leVEo "Y' as well
as capacityf equipmentstock figures per procesy QActivity and stockaluesfor 2015are used
F2NJ OFEt AONI GAZ2Y LIzZNLIR2 aSa>X oKAf S pufpdsesdzNE &SI NEQ ¢

2) Vintages :The sheet includethe distribution (shares) of vintages for the stock of equipment in 2015
per processY O

3) Drivers_data : This sheet includes several policy drivers such as d¢hagbon price(for the ETS
sectors)and carbon valu¢for the nonETS sectorsjenewable (RES) value and energy efficiency (EE)
value and parameters for the calculationtbe Y ONEB S O 2 y 2 ¥dstidity R NA S NA Q

4)  Doff _f : This sheet lists the values of the parametieff fwhich representghe ban of a fuel in a
certain procesgvalue 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 processY '@ allowed (value 1 for existing possibilisalue 0 6r no possibility of premature
replacemeny

6) Prices_data : This sheet includepre-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 sheetsummarises allgchnical characteristics of thEPSDemand Module
processessuch aspecific energy consumption (SEC) of ordinary technology, variable cost, operation
& maintenance cost, growth rate of operation & maintenance cost, lifetime, capacitprfact
(utilization rate), investment cost, efficiency of technology category, heat recovery potential, range
of penalty, mileage, occupancy and specific electricity consumption fpragésse®f the Module

8) Techdata_ep :This sheet summariséise specifidechnical characteristics abal gasification units
for the production of coke (cokeryg heatrate, variable cost, operation & maintenance cost, growth
rate of operation & maintenance cost, lifetime, capacity factor (utilization)ratevestment cost,
heatrate pertechnology category, output ratio

9) Policy_dem_data : This sheet includediscount factors (rates), utilization factors and population
shares per agent It also includegarbon and efficiency standards for cars and freight duty vehicles
and the dasticity parameter of deviation of the share of a subsector from the benchmark value
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10) Carbonpricing : Thissheet is related to th&missiongrading Schemdt includesthe percentage
of free allocation of allowances to the industrial secttitat participae in the EU ETS per process
“Y"Qas compensation for the risk of carbon leakage

11) ETSsplit : Thissheetisalsorelated to the Emissions Trading ScheWMalues betwee® and 1 dena
the proportion of CQemissions of @rocess’Y that are not included in th&U ETS

12) EquipmentSubsidy : This sheet allows theser to includesubsidies for equipment of processes
per technology type

13) EquipmentPerceivedCos t: This sheet includeshe cdkery perceived costr @ ¢ " by
technologydQ

14) AgentPerceivedCost : This sheet includesquipment perceivedtostr) @ 1 by process’Y’O
agentwand technology Q

15) FuelPerceivedCost : This sheet includefsiel perceived cosf) @ j; of fuel "Oper processY O

16) Potential : This sheet includeggotential limitation of fueldor every projectioryear

17) LBD: This sheet includehe learningby-doing parameterg floor cost, inflection year and speed of
learning

18) ThetaOptimum : This sheet includethe coefficient—of the optimum share, for all nesting levels,
for both short term and long term operation and per agent,foocessesvhere agent heterogeneity
applies

19) Exo_effi ORD : This sheet includeshe trend of improvement ofthe efficiency of ordinary
technology, whichis defined exogenously. The value Bko_effi ORDs applied in allother
technology categories in thiglodule during runtime

20) HER_logit : This sheet includeshe parameters of heat recoverg coefficients®r of the
polynomial function of heat recary potential, investment cost, perceived cost, subsidies, lifetime
of equipment and operation & maintenance cost

21) SheetdACTSBC inert to dJACTSEF_AG_ST inert : These sheets includbe scale parameter
1 § p oftheinertia logit function

22) dSW_F _inert _av: The sheet includethe scale parametdr | ;i used for the calculation of
the inertia share of fuéKin a process/equipmenty"Of technologyd ‘@nd vintaged

23) Sheetsdal_POT_SD to da6_POT_SD include coefficientsé ry of the polynomial functiorof
the fuel potential

SVA: Thssheet includes th&ectoral Value Added for Iron & Steel, Non Ferrous Metals, Chemicals, Building
Materials, Paper & Pulp and Tertiary (splitin Services and Agriculture) s@dterspecific shet is used for
reporting reasons only

A more detailed presentation of the most important sheets is citedhe following paragraphs. For
simplicity reasons, figures do not depict the real version of the corresponding sheet, but a selection of rows
andcolumns.
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4.5.1. Macro_data
A Population: Projection of ppulation in million inhabitants
A GDP, Total: ProjectionofD5t Ay QBAf f A2Y €
A GDP Per Capita, Dummy: Projection ofGDPLISNJ Ol LIAGF Ay €k O LIA G
A GDP, Per Capita, Benchmark Projection of GDP pecapita benchmark value in
e KOF LIAGI
A GDP, Per Capita, Inflection Poirrojection of GDP per capita inflection point in
ek OF LIAG I
A Income Per Capita, Dummy:  Projection ofincomeLJSNJ OF LA Gl Ay €k Ol LI
A Income, Per Capita, BenchmarRrojection of Income pecapita benchmark value in
ek OF LIAG T
A Income, Per Capita, Inflection Paifrojection of Income per capita inflection point in
e KOF LIAGI
A Activity: Activity per nesting levely 6to Y @r calibration and

initialization purposes, as described abownits of activity differ from one sector to
another, or between the uses of a sector, as showhahlel0.

A Stock: Capacity per supply process SF in GW or thousand
vehicles for transport sectog for calibration andinitialization purposesas described
above

Tablel0 Units of activity per sector/process

Sector/Use Unit of activity

Iron & Steel, Non Ferrous, Chemicals, Building Materie

Paper & Pulp ktons product

Food, Drink & Tobacco, Engineering, Textiles and Othi

Industries MEUR value added

Refineries GWhthroughput (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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A B c G H | ] K L M M
2015 2020 2025 2030 2035 2040 2045 2050
Population Total Total 5.417 5413 5.376 5.306 5.209 5.101 4985 4 857
GDP Total Total 76.5 89.0 102.0 116.7 1275 1345 138.8 1427
GDP Per Capita Dummy 14,120 16,452 18,966 21,989 24,469 26,367 27,844 29,383
GDP Per Capita Benchmark 34,563 36,883 38,043 40,800 42,759 45,461 48799 52,340
GDP Per Capita InflectionPoint 22,466 23,974 25,313 26,520 27,794 29,550 31,720 34,021
Income Per Capita Dummy B,049 9,529 11,148 15,113 14,801 16,174 17,318 18,527
Income Per Capita Benchmark 19,821 21,286 22,754 24,131 25,597 27,539 29,912 32,457
Income Per Capita InflectionPoint 12,884 13,836 14,790 15,685 16,638 17,901 19,443 21,097
DiscFactor Dummy Dummy 1.10% 1.10% 1.10% 1.10% 1.10% 1.10% 1.10% 1.10%
Activity FERRO_EAR SB 405 405 415 415 416 401 376 362
Activity FERRO_EAR 5C 405 405 415 415 416 401 376 362
Activity FERRO_EAR 5D 405 405 415 415 416 401 376 362
Activity FERRO_EAR_PRC SE 405 405 415 415 416 401 376 362
Activity FERRO_EAR_EAR SF 405 405 415 415 416 401 376 362
Stock FERRO_EAR_EAR SF 0.03318 0.03324 0.03404 0.03407 0.03411 0.03288 0.03086 0.02967
Figure31 CPSlemandinput file:Macro_datasheet
4.5.2. Drivers_data
A CarbonPriceETS: /' T ND2Yy LINAROS 2F 9! 9¢{ Ay exiy/
A CarbonPriceDHH: [ T ND2Yy LINAROS 2F 9! 9¢{p F2NJ 5A4&(
A CarbonPricePower: Carbon price of EU ETS for Powe8 OG 2 NJAY ek Gy / h
A CarbonPricelnd: / FND2y LINAROS 2F 9! 9¢{, F2NJ LYRc
A CarbonValueNETS: /| FNb2y @FtdzS F2NI y2y 9! 9¢{ &aSc
A CarbonLeakage: Percentage of free allocation of allowances per industrial
sector
A CHPValue: Virtual sWbsidy for investments in CHP plants used in the
CPS Power Moduleink 1 & K
A RenewableValue, Demandw 9 { @I f dzS LISNJ RSYIFYyR &aSO02NJ Ay
A RenewableValue, Power: RESVadzS T2 NJ LI26SNJ aSOU2NI Ay e€ek]?
A RenewableValue, Transportv9 { @ f dzS F2NJ GNIF yaLR2NI Ay ekl
A EfficiencyValue: OFFTAOASYOe @I fdzS LISNI RSYFYR &S«
A GasBlend: Percentage of clean gas and hydrogen in distributed natural
gas
A Elasticity, Maximum: Maximum possible value of income or GDP elasticity
A Elasticity, Benchmark: Income or GDP elastigibf a mature economy (lower than
maximum)
A Elasticity, Speed: Speed of convergence of income or GDP elasticity to the
benchmark
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A B C D H | ] K L M N 0
- - - |dummy 2015 2020 2025 2030 2035 2040 2045 2050

CarbonPriceETS dummy dummy 7.50 15.00 22.50 33.50 7400 11700 19000 380.00
CarbonPriceDHH ~ dummy dummy - 15.00 22.50 33.50 7400 11700 190.00 380.00
CarbonPricePower dummy dummy - 15.00 2250 33.50 7400 11700 19000 320.00
CarbonPricelnd dummy dummy - 15.00 2250 33.50 7400 11700 19000 330.00
CarbonValueNETS dummy dummy - - - - - - -
Carbonleakage FERRO dummy - 0.70 0.70 0.70 0.70 0.70 0.70 0.70
CHPvalue DistrictHeating | dummy - - - - - - -
CHPvalue Industry dummy - - - - - - -
RenewableValue Demand FERRO 0.000 0.032 0.028 0.018 0.007
RenewableValue Power dummy - - 0.010 0.018 0.016 0.010 0.004
RenewableValue Transport dummy - - - - - -
EfficiencyValue FERRO dummy - - 0.005 0.025 0.017 0.027 0.036 0.044
GasBlend Hydrogen dummy - - - - - -
GasBlend CleanGas dummy
Elasticity Maximum FERRO_INT 1
Elasticity Benchmark FERRO_INT 0.6
Elasticity Speed FERRO_INT 5

Figure32 CPS demand input filBrivers data sheet
4.5.3. Prices_data

A Fuel prices for imports and domesficoduction for crude oil, natural gas, lignite, coke
YR KIF NRMWOIl t AY €k

A Transport fee for natural gas by high pressure, medium pressure and low pressure
LIA LISt AMWI@&e AY €K

A Markup (%) of natural gas sales per sector

A Transport cost of hard codor bulk transport, medium size transport and retail
RAAGNAROdzihde2 Y AY €K a

A Markup (%) of hard coal sales per sector

A Transport cost of coke for bulk transport, medium size transport and retail distribution in
€ Mwhruel

A Markup (%) of coke sales per sacto

A Transport cost of lignite for bulk transport, medium size transport and retail distribution
A Y Mwhiiel

A Markup (%) of lignite sales per sector

A Additive coefficient otonstant elasticity function relating to crude oil prices for diesel in
heating, dieskin transport, gasoline, kerosene, fuel oil, LPG and naphtha

A Multiplicative coefficient otonstant elasticity function relating to crude oil prices diesel

in heating, diesel in transport, gasoline, kerosene, fuel oil, LPG and naphtha
A Exponentof constantelasticity function relating to crude oil prices for diesel in heating,
diesel in transport, gasoline, kerosene, fuel oil, LPG and naphtha
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At NAOS& Ay L34SN ISy SNIMwha jor bibiNassssklidlst tiogas,t S & dzl
waste solids, waste gas akdused for heating

At NROSaE 27T yMezbicBdedih phweBdenedation € K

A tNAOSa 2F ySg I farlkpfdelladvardesifioiuel doyiventianal,
biogas, Hand biomass solids

A 1T RRAGAZ2YIE O2aid MadNJfoh hioRasisaliteh biohasvazie Solidsy € k
waste gas and H

A 1T RRAGAZ2YIt 0O2ad MuR.NDrRigmassolitls) Bogaizavaste SofidseHk
for heating and Hifor transport

A1 @SNI 3S 9f SO MW pekdedand skdkoOSa Ay €K

A Average Heat Pricesink a2 KGK LISNJ [ 3aI3NB3II &GS RSYFYR a
Services and Agriculture

A 9EOA &S KiwhiceHoar fukl ind aggregate sector

A VAT Tax in % applicable to prices for Households and Transport

(0p))
(@

A B C E 1 ] K L M N o P Q R 3
2015 2020 2025 2030 2035 2040 2045 2050 Bulk Medium  Retail

Fuel prices in imports or

domestic production in Crude oil Basic_price Basic 30.04 46.77 53.09 58.48 61.01 64.60 66.08 67.61

Transport fee natural gas

EUR/MWHh fuel High Pressure Transport  Bulk 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86
Medium Pressure Transport  Medium 6.88 6.36 6.53 675 6.87 7.06 717 7.26
Low Pressure Transport Retail 1B.98 15.31 16.09 17.00 1771 18.20 1851 1875

Markup (%) of natural gas sales

per sector Power generation Markup POWER 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 0.0% 0.0%
Iron and steel Markup FERRO S.4% 8.6% 4.7% 4.1% 3.5% 3.5% 3.5% 3.5% 72.0% 28.0% 0.0%

Transport cost of hard coal

EUR/MWh fuel Transport bulk Transport  Bulk 224 267 275 284 292 3.01 3.01 3.01
Transport medium size  Transport  Medium 447 5.33 5.50 5.68 5.85 6.02 6.02 6.02|

‘ Retail distribution Transport  IRetail 13.33 13.33 1376 1413 14.62 15.05 15.05 15.05

Markup (%) of hard coal sales

per sector Power generation Markup POWER 48% 40% 3.1% 3.0% 34% 39% 37% 41% 100.0% 0.0% 0.0%
Iron and steel Markup FERRO 4.0% 5.1% 5.1% 5.1% 5.1% 5.1% 5.1% 5.1% 80.0% 20.0% 0.0%

Transport cost of coke

EUR/MWHh fuel Transport bulk Transport  Bulk 223.6%  266.6%  275.2%  283.8%  2924%  3010%  301.0%  301.0% 0.0% 0.0% 0.0%
Transport mediumsize  Transport ~ Medium 447 5.33 5.50 5.68 5.85 6.02 6.02 6.02| 0.0% 0.0% 0.0%
Retail distribution Transport Retail 13.33 13.33 13.786 1419 14.62 15.05 15.05 15.05 0.0% 0.0% 0.0%

Markup (%) of coke sales per

sector Power generation Markup POWER T4% 78% 6.8% 6.1% 6.0% 5.9% 5.8% 57% 100.0% 0.0% 0.0%
Iron and steel Markup FERRO T4% 7.8% 6.8% 6.1% 6.0% 5.9% 5.8% 5.7% 80.0% 20.0% 0.0%

Transport cost of lignite

EUR/MWHh fuel Transport bulk Transport  Bulk 163 172 172 172 172 172 172 172 0.0% 0.0% 0.0%
Transport mediumsize  Transport  Medium 344 344 344 344 344 344 344 344 0 0 0
Retail distribution Transport  Retail 1247 1247 1247 1247 1247 1247 1247 12.47 0 0 0

Markup (%) of lignite sales per

sector Power generation Markup POWER 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Iron and steel Markup FERRQ 0.4% 0.4% 0.7% 0.8% 2.3% 2.6% 3.1% 3.8% 100.0% 0.0% 0.0%

Additive coefficient of a

constant elasticity function

relating to crude oil prices Diesel heating Add_coeff  Basic 148 415 107 -0.82 -1.28 241 -235 -2.32]
Gasoline Add_coeff Basic 3.57 5.17 2.65 0.07 -1.61 -3.46 -3.94 -4.97|

Figure33 CPS demand inpfite: Pricesdata sheeffirst part)
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A B = E I i K L M N o} P
2015 2020 2025 2030 2035 2040 2045 2050

Multiplicative coefficient of a

constant elasticity function

relating to crude oil prices Diesel heating Mult_coeff Basic -0.8355 -0.8355 -0.8355 -0.8355 -0.8355 -0.8355 -0.8355 -0.8355
Gasoline Mult_coeff Basic -0.0413 -0.0413 -0.0413 -0.0413 -0.0413 -0.0413 -0.0413 -0.0413

Exponent of a constant
elasticity function relating to

crude oil prices Diesel heating Exp_coeff  Basic 1.2050 1.2050 1.2050 1.2050 1.2050 1.2050 1.2050 1.2050
Gasoline Exp_coeff  Basic 1.0659 1.0659 1.0659 1.0659 1.0659 1.0659 1.0659 1.0659

Prices in power generation or

wholesale supply in EUR/MWh Biomass Solids Bio_prices  Heating 29.93 32.09 33.97 36.05 38.18 37.45 36.89 36.43
Biogas Bio_prices Heating 26.08 26.66 26.14 28.25 29.11 29.73 29.02 28.65

Prices of nuclear fuel in
EUR/MWh fuel Nuclear Fuel Muclear POWER 288 288 288 288 288 288 288 288
Prices of new transport fuels in

EUR/MWh fuel Biofuel advanced Bio_prices  Transpor 133.73 134.30 137.03 141.06 134.01 135.97 144.06 139.53

Additional cost for Industrial

use in EUR/MWh fuel Biomass Solids Bio_Add_Ind Heating 148 144 139 2.29 228 217 271 268

Additional cost for domestic

use in EUR/MWh fuel Biomass Solids Bio_Add_Dor Heating 36.94 4779 62.23 72.85 8141 84.38 89.80 93.14

Average Electricity Prices in

EUR/MWHh elec Iron and Steel Electricity FERRO 62.08 40.35 £2.95 67.87 80.85 80.55 59.30 8176

Average Heat Prices in

EUR/MWh thermal Industry Heat Industry 64.41 77.25 75.29 78.66 80.70 77.55 82.45 79.30

Excise taxes in EUR/MWh fuel Diesel heating EXTAX Industry 38.95 38.96 38.95 38.95 38.95 38.95 38.95 38.95
Fuel Dil EXTAX Industry B.74 1037 1037 10.37 10.37 10.37 10.37 1037
Fuel DIl EXTAX Domestig B.74 1037 1037 10.37 10.37 10.37 10.37 1037
Fuel Oil EXTAX POWER 8.74 10.37 1037 10.37 10.37 10.37 10.37 1037
Fuel Dil EXTAX Transpor| 8.74 10.37 1037 10.37 10.37 10.37 10.37 1037

VAT Tax in % applicable to

households prices Households VAT HOU 20% 20% 20% 20% 20% 20% 20% 20%
Transport VAT Transpor| W% 0% 20% 0% 0% 20% 0% 20%

Figure34 CPS demand inpfile: Prices_data sheet (secopdirt)

4.5.4. Techdata_sf
A SEC: Specific Energy consumptigrheatrate in GWh per unit of
activity
A Var_cost: + NAFofS O2ai LISNIAYy exki?
A OM_cost: hLISNI GA2Y 9 alAyidSylryOS 02aid A\
A  GOM_cost: Growth rate of operation & maintenance cd4t
A Lifetime: Lifetime of equipment in years
A CAPFAC: Utilization rate of equipment
A Inv_cost: Ly@gSaildySyid 02aiG 2F SldALIYSyid A\
A Effte: Normalizedefficiency of technology categories (equal to 1
for ordinary technology)
A Sva: Scale parameter of survival function of equipment
A Svt: Survival rate of equipment at the end of lifetime
A sv80: Survival rate of equipment at 80% of lifetime
A HERpotential: Heatrecovery potential of processes %
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A Range_penalty: Penalty index per technology category, multiplied with
capital cost of a vehicle due to range limitations (e.qg. electric, hydrogen oirphugrid
vehicles)

A Mileage: Mileage per type of vehie in thousind vehiclekm per year

A Occupancy: Occupancy per type of vehicle in persons or tons per
vehicletrip

A SEC _Elc: Specific electricity consumptiapheatrate in GWh per unit
of activity

A C D E G o v W X Y AF AG AM AN AD AP BN

- - - SEC Var_cost OM_cost GOM_cost Lifetime CAPFAC Inv_cost  Effte Effte cva st i HERpotential SEC_Elc
Sector ORD 2020 2020 dummy dummy dummy ORD ORD ORI dummy dummy dummy dummy ORD
Iron & Steel 0.151 002 B8 232% 30 057 113 1 10423 1 0.0500 0.9000 0.151
Iron & Steel 0.373 1005 24 3.14% 40 0.80 681 1 10600 1 0.0826 0.87200 0.20 0.373
Iron & Steel 0.282 004 15 2.84% 40 080 378 1 10350 1 0.0761 0.8559 025 0.282
Iron & Steel 0.005 004 5 181% 30 050 54 1 11163 1 0.1000 0.9500 0.20 0.005
Iron & Steel 3.167 2005 26 3.91% 40 0.80 1,021 1 1.0600 1 0.089% 0.BB57 0.30 3.167
Iron & Steel 0.310 004 25  443% 40 0.90 983 1 10235 1 0.0891 0.8842 0.20 0.310
Refineries 0.072 003 12 1.45% 30 0.80 136 1 10250 1 0.0770 0.8617 0.30 0.072
Households 1299 001 18 2.00% 20 025 179 1 1047 1 0.0152 0.8003 050
Households 0.399 025 25 2.00% 15 0.25 315 1 10346 1 0.0110 0.7430
Households 2.564 009 10 1.50% 15 0.08 191 1 1.0100 1 0.0275 0.7708
Households 1563 013 13 2.00% 20 0.06 159 1 10658 1 0.0252 0.7506
Households 0.248 . 0 1.00% 5 0.21 30 1 11757 1 0.1500 0.5000
Households 0.322 0 1.00% 10 008 144 1 10500 1 0.0287 0.8631
Households 0.079 - 0 1.00% 10 0.05 556 1 10850 1 0.0256 0.8579
|Sewices 1.336 .ms| 12.| 2.00% 20 0.14 127 1 10459 1 0.0152 0.7504 0.50
Services 0.400 012 43 2.00% 20 0.14 289 1 10581 1 0.0260 0.7540
Services 1675 123 6 150% 10 0.08 113 1 10646 1 0.0252 0.7505
Services 2857 061 7 1.00% 10 012 147 1 10500 1 0.0150 0.7500
Services 5.985 1005 5 1.00% 5 0.15 95 1 11757 1 0.1500 0.9000
Agriculture 1.366 012 25 2.00% 20 011 314 1 10435 1 0.0300 0.8500
Agriculture 2.306 012 13 1.00% 10 013 169 1 10500 1 01010 059818
Agriculture 2.702 012 7 2.00% 15 0.09 87 1 10427 1 0.0318 0.8534
Agriculture 1.098 012 15 2.00% 15 009 188 1 10427 1 0.0318 0.8534
Transport 0.755 085 1,450 1.75% 10 22,795 1 11111 1 0.1200 0.9800
Transport 50.781 12.879 #dddEg 1.00% 25 SRR 1 10989 1 0.1200 0.9800
Transport 3220 592 6,527 1.00% 25 105,926 1 10417 1 0.1200 0.9800
Transport 0.747 123 2,340 2.00% 10 21,804 1 11311 1 0.1200 0.9800
Transport 113.759 DB.165 ##Eum#  0.25% 35 25,424,975 1 10417 1 0.1200 0.9800
Transport 102.306 08.165 ##ad#E#  0.25% 35 28,934,015 1 10417 1 0.1200 0.9800

Figure35CPS demand input filEechdata_sgheet {irst part)
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A C D AQ AR AY BE BG BM

- - - | Range_penalty Range_penalty Mileage Mileage Occupancy Occupancy
Sector ORD ORI 2020 2050 2020 2050
Transport P5STRA PSCAR_DSL i i 16.29 16.83 153 153
Transport PSTRA PSCAR_GSL L L 7586 a2.014 1.607 1.607
Transport FSTRA PSCAR_GAS L 1L 12.248 11.798 1.38 138
Transport PSTRA PSCAR_PHEVDSL 1.45 168 16.286 16.827 1593 1.593
Transport PSTRA PSCAR_PHEVGSL 145 168 7586 2.014 1578 1578
Transport PSTRA PSCAR_ELE 121 2.1 7.586 2.014 1.477 1477
Transport PSTRA PSCAR_H2 15 14 7.586 2.014 1611 1611
Transport PSTRA PE2WL_GSL 15 15 3.27 3.538 1108 1.108
Transport PSTRA PS2WL_ELE 2.1 207 3.013 3.013 1106 1.106
Transport PSTRA PSPRD DSL L L 38.095 38.389 11.824 11.824
Transport P5STRA PSPRD GAS i i 44271 36.922 11.4B4 11.4B4
Transport PSTRA PSPRD_ELE 169 192 15.634 10.681 10,613 10613
Transport PSTRA PSPRD H2 15 14 15.634 10.681 11.087 11.087
Transport P5STRA PSRLM_ELE i i 25.244 24573 131.214 151.214
Transport PSTRA PSRLL_DSL 1 L 7753 7.547 117.495 117.495
Transport PSTRA PSRLL ELE 1 L 25.244 24573 131.214 131.214
Transport PSTRA PSRLL _H2 15 14 28.239 34.952 131.214 131.214
Transport PSTRA PSRLF_ELE 1 L 36.824 36.434 450.133 450133
Transport FSTRA PSWTER_OIL 1 1 4443 4426 400. 400.
Transport PSTRA PSWTER_GAS 1 L 4443 4426 400. 400.
Transport PSTRA PSWTR_ELE 156 173 4443 4426 A00. A00.
Transport PSTRA PSWTR_H2 15 14 4443 4426 400. 400.
Transport AIRTEA PSAIR_KERD L L 400.907 400.907 167.148 167.149
Transport AIRTRA PSAIR_HYE 15 14 320.726 320.726 167.149 167.149
Transport AIRTREA PSAIR_ELE 1281 265 240544 240 544 167.149 167.149
Transport FRTRA FRENK L L 39.825 39.825 30,000. 30,000.
Transport FRTRA FRHDT_DSL i i 26.975 26.742 4961 40961
Transport FRTRA FRHDT_GAS L L 26.975 26.742 4517 4517
Transport FRTRA FRHDT_ELE 1.56 173 19869 19.869 2.87 287
Transport FRTRA FRHDT_H2 15 14 19.869 19.869 4 987 4 987
Transport FRTRA FRLOT_DSL L L 18.212 18212 576 576
Transport FRTRA FRLDT_G5L L 1L 10.849 10.845 576 576
Transport FRTRA FRLDT_GAS L L 16.368 16.268 576 576
Transport FRTRA FRLDT_PHEVDSL 145 212 10.849 10.849 576 576
Transport FRTRA FRLDT PHEVGSL 1.45 2.12 10.849 10.849 576 576
Transport FRTRA FRLDT_ELE 181 2.65 10.849 10.845 576 576
Transport FRTRA FRLOT_H2 15 14 10,849 10.849 576 576
Transport FRTRA FRRLS DSL L L 1753 18.183 419872 419872
Transport FRTRA FRRLS ELE L L 29.359 30.453 T79.893 T79.893
Transport FRTRA FRRLS_HZ 15 14 17.53 18.1B3 419 872 419 872
Transport FRTRA FRWTR_OIL L L 22.217 22131 1057613 1,057.613
Transport FRTRA FRWTR_GAS L L 24 28 2428 1057613 1057613

Figure36 CPS demand input filEechdata_s§heet (second part)

4.5.5. Techdata_ep
A Heatrate: Heatate of cokery equipment (GWh consumed per GWh
output)
A Helratio: Heat to electricity ratio of cokery equipment
A Lifetime: Lifetime of cokery equipment in years
A Var_cost: + NAFofS Oz2ali 2F 021 SNE Sl dz LIV
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A OM_cost: Operation & maintenance cost of cokery equipment in
€eKl1?2 lyydz ffte
A GOM_cost: Growth rate of O&M cost of cokery equipment
A CAPFAC: Utilization rde of cokery equipment
A Inv_cost: LygSaildySyid 02aiG 2F O21SNER Sl|dzl
A Heatte: Normalized heatate of technology categories (equal to 1
for ordinary technology)
A Capexog: Capacity of cokery equipment per vintage for year 2015 in
GW
A Sva: Scale paramter of survival function of cokery equipment
A Svt: Survival rate of cokery equipment at the end of lifetime
A Sv80: Survival rate of cokery equipment in 80% of lifetime
A Outputratio: Ratio of coke output over DGS output
A OUTPRIM_EP: Coke output of cokerfor 2015 in GWh
A OUTSEC_EP: DGS output of cokery for 2015 in GWh
A B E F H 1 J K L M 0 Q 5
¢ ¢ £ & 3 5 & & E & &
Sector Energy producing Equipment ORD  dummy dummy dummy  dummy  dummy dummy  ORD IMR ADV FUT
Iron & Steel Coke Plantin fron & Steel 0.070 40 0.006 25.00 0.001 0.80 1,000 1,017 1,033 1,050
Figure37 CPS demand inpfite: Techdata_ep sheet (firgart)
A B T vV X zZ AB AS AT AU AV AW AX
T I T I E v @ %— % g
Sector Energy producing Equipment | ORD IMR ADV FUT 5 dummy dummy dummy dummy dummy  dummy
Iron & Steel Coke Plantin Iron & Steel 1.000 0.999 0.998 0.997 0.091 1.000 0.150 0.980 0.772 5488 7,110
Figure38 CPS Deand input file: Techdata_ep shesetondoart)
4.5.6. Policy_dem_data
A Discountfactor: Discount rates per agent class, as well as the uniform
discount rate used for cost reporting
A Standards: Technology standards (targets) for efficiency and carbon
emissions of vehicles in greZkim
A elas_deviation_bn_ACTSCEhsticity parameter of deviation of the share of a subsector
from the benchmark value
A UtilizationFactor: Utilization rate by agent class. In tPS Demand Motk

Page | 80

SUSTAINED GROWTHHIE BLOVAK REPUBLIC

this factor is multiplied with the capacity factor of each process



REIMBURSABLE ADVISORY SERVICES (RAS): CONSTRUCTION OF ECONOMIC MODELING TOOLS AND BUILDING CAPACITY IN MODELIN
SUSTAINED GROWTHHIE BLOVAK REPUBLIC

A PopulationShare: Populationshare of each agent class
A BiofuelShare: Shares (%) of conventional and advanced biofuels in
transport sector

A B C D 1 J K L M N 0

2020 2025 2030 2035 2040 2045 2050
DiscountFactor Private Dummy Dummy 0.075 0.075 0.075 0.075 0.075 0.075 0.075
DiscountFactor Private Report Dummy 0.1 01 0.1 0.1 01 0.1 0.1
DiscountFactor Private Medium Dummy 0.1 0.1 0.1 0.1 0.1 0.1 0.1
DiscountFactor Private High Dummy 0.01 0.01 0.01 0.01 0.01 0.01 0.01
DiscountFactor Private LOW Dummy 0.17 0.17 0.17 0.17 0.17 0.17 0.17
DiscountFactor Private LOW_MED Dummy 0.12 0.12 0.12 0.12 0.12 0.12 0.12
DiscountFactor Private MED_HIGH Dummy 0.09 0.09 0.09 0.09 0.09 0.09 0.09
Standards Carbon Dummy PSCAR 156.5 1264 108.8 933 674 50.3 435
Standards Carbon Dummy FRLDT 209.25 1847 159.3 1323 105.3 90.5 83.7
Standards Efficiency Dummy FRHDT 0 3.13 3 265 25 24 235
elas_deviation_bn_ACTSC dummy PSPBL dummy 0 0 0 0 0 0 0
UtilizationFactor Agent High dummy 15 it j L 15 it j L 15
UtilizationFactor Agent MED_HIGH dummy 12 12 12 12 12 12 12
UtilizationFactor Agent Medium dummy 1 1 1 1 1 1 1
UtilizationFactor Agent LOW _MED dummy 0.8 08 08 0.8 08 08 0.8
UtilizationFactor Agent LOW dummy 0.5 0.5 0.5 0.5 0.5 0.5 0.5
PopulationShare Agent High Dummy 0.1 01 0.1 0.1 01 0.1 0.1
PopulationShare Agent MED_HIGH Dummy 0.25 025 025 0.25 025 025 0.25
PopulationShare Agent Medium Dummy 0.3 0.3 0.3 0.3 0.3 0.3 0.3
PopulationShare Agent LOW_MED Dummy 0.25 025 025 0.25 025 025 0.25
PopulationShare Agent LOW Dummy 0.1 0.1 0.1 0.1 0.1 0.1 0.1
BiofuelShare PSCAR_DSL BFC Dummy 11% 4% 4% 4% 4%
BiofuelShare PSCAR_DSL BFA Dummy 0% 14% 30% 45% 56%
BiofuelShare PS2WL_GSL BFC Dummy 6% 4% 4% 4% 4%
BiofuelShare PS2WL_GSL BFA Dummy 1% 9% 21% 31% 39%
BiofuelShare PSPRD_DSL BFC Dummy 11% 4% 4% 4% 4%
BiofuelShare PSPRD_DSL BFA Dummy 0% 14% 30% 45% 56%
BiofuelShare PSRLL_DSL BFC Dummy 11% 4% 4% 4% 4%
BiofuelShare PSRLL_DSL BFA Dummy 0% 14% 30% 45% 56%
BiofuelShare PSWTR_OIL BFC Dummy 11% 4% 4% 4% 4%
BiofuelShare PSWTR_OIL BFA Dummy 0% 14% 30% 45% 56%
BiofuelShare PSWTR_GAS BGS Dummy 4% TH 9% 15%
BiofuelShare PSAIR_KERO BFA Dummy 0% 7% 16% 28% 43%
BiofuelShare PSAIR_HYB BFA Dummy 0% T 16% 28% 43%
BiofuelShare FRHDT_DSL BFC Dummy 8% 4% 4% 4% 4%
BiofuelShare FRHDT_DSL BFA Dummy 0% 14% 30% 45% 56%
BiofuelShare FRHDT_GAS BGS Dummy 4% T 9% 15%
BiofuelShare FRRLS_DSL BFC Dummy 11% 4% 4% 4% 4%
BiofuelShare FRRLS_DSL BFA Dummy 0% 14% 30% 45% 56%
BiofuelShare FRWTR_OIL BFC Dummy 11% 4% 4% 4% 4%
BiofuelShare FRWTR_OIL BFA Dummy 0% 14% 30% 45% 56%
BiofuelShare FRWTR_GAS BGS Dummy 4% TH 9% 15%

Figure39 CPS Demand input filtolicy_dem_dataheet

4.5.7. EquipmentSubsidy

A EquipmentSubsidy: Subsidy for the purchasef equipment of cokery per
technology category as percentage (%) of the investment cost

A ProcessSubsidy: Subsidy for the pultase of equipment per procesad

technology category as percentage (%) of the investment cost
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A B C D H | ] K L M N 0
2015 2020 2025 2030 2035 2040 2045 2050
EquipmentSubsidy FERRO_COK ORD Dummy
EquipmentSubsidy FERRO_COK ORIl Dummy
Equipmentiubsidy FERRO_COK IMR Dummy
EquipmentSubsidy FERRO _COK IMA  Dummy
EquipmentSubsidy FERRO _COK ADYV Dummy
EquipmentSubsidy FERRO_COK ADF Dummy
EquipmentSubsidy FERRO _COK FUT Dummy
ProcessSubsidy PSCAR_PHEVDSL ORD Dummy| 01 011 012 013 013 013 013 013
ProcessSubsidy PSCAR_PHEVDSL ORI Dummy| 01 011 012 013 013 013 013 0.13
ProcessSubsidy PSCAR_PHEVDSL IMR Dummy| 01 011 012 013 013 013 013 0.13
ProcessSubsidy PSCAR_PHEVDSL IMA Dummy| 01 011 012 013 013 013 013 0.13
ProcessSubsidy PSCAR_PHEVDSL ADV Dummy| 01 011 012 013 013 013 013 013
ProcessSubsidy PSCAR_PHEVDSL ADF Dummy| 01 011 012 013 013 013 013 0.13
ProcessSubsidy PSCAR_PHEVDSL FUT Dummy| 01 011 012 013 013 013 013 0.13
ProcessSubsidy PSCAR_PHEWVGSL ORD Dummy| 01 012 013 013 013 013 013 013
ProcessSubsidy PSCAR_PHEVGSL ORI Dummy| 01 012 013 013 013 013 013 0.13
ProcessSubsidy PSCAR_PHEVGSL IMR Dummy| 01 012 013 013 013 013 013 0.13
ProcessSubsidy PSCAR_PHEWVGSL IMA Dummy| 01 012 013 013 013 013 013 0.13
ProcessSubsidy PSCAR_PHEWVGSL ADV Dummy| 01 012 013 013 013 013 013 0.13
ProcessSubsidy PSCAR_PHEWVGSL ADF Dummy| 01 012 013 013 013 013 013 0.13
ProcessSubsidy PSCAR_PHEWVGSL FUT Dummy| 01 012 013 013 013 013 013 0.13
ProcessSubsidy PSCAR_ELE ORD Dummy| 01 015 015 016 016 016 016 0.16
ProcessSubsidy PSCAR_ELE ORIl Dummy| 01 013 015 016 016 016 016 0.16
ProcessSubsidy PSCAR_ELE IMR Dummy| 01 013 015 016 016 016 016 0.16
ProcessSubsidy PSCAR_ELE IMA Dummy| 01 013 015 016 016 016 016 0.16
ProcessSubsidy PSCAR_ELE ADYV Dummy| 01 013 015 016 016 016 016 0.16
ProcessSubsidy PSCAR_ELE ADF Dummy| 01 015 015 016 016 016 016 0.16
ProcessSubsidy PSCAR_ELE FUT Dwummy| 01 013 015 016 016 016 016 0.16

Figure40 CPS Demand input fiEquipmentSubsidy sheet

4.5.8. Perceived Costsheets

A AgentPerceivedCost:
agent class

Perceived cost (%) of process per technology category and
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A B C D H | J K L M N (8]

i Al hd 2015 2020 2025 2030 2035 2040 2045 2050
AgentPerceivedCost FERRO_BOF_BLFR ORD Medium 0% 0% 0% 0% 0% 0% 0% 0%
AgentPerceivedCost FERRO_BOF_BLFR ORI Medium 10% 0% 0% 0% 0% 0% 0% 0%
AgentPerceivedCost FERRO_BOF_BLFR IMR Medium 50% 10% 0% 0% 0% 0% 0% 0%
AgentPerceivedCost FERRO_BOF_BLFR IMA Medium 100% 50% 10% 0% 0% 0% 0% 0%
AgentPerceivedCost FERRO_BOF _BLFR ADV Medium 200% 100% 49% 9% 0% 0% % [E
AoentPerceivedCost FERRO_BOF_BLFR ADF Medium 300% 200% 0% 44% B% 0% 0% 0%
AgentPerceivedCost FERRO_BOF_BLFR FUT Medium A00% 300% 195% B3% A0% 8% 0% 0%
AgentPerceivedCost HOU_SHCB ORD Medium 0% 0% 0% 0% 0% 0% 0% 0%
AgentPerceivedCost HOU_SHCB ORD High 0% 0% 0% 0% 0% 0% 0% 0%
AgentPerceivedCost HOU_SHCB ORD LOW 0% 0% 0% 0% 0% 0% 0% 0%
AgentPerceivedCost HOU_SHCB ORD LOW_MED 0% 0% 0% 0% 0% 0% 0% 0%
AgentPerceivedCost HOU_SHCB ORD MED_HIGH 0% 0% 0% 0% 0% 0% 0% 0%
AgentPerceivedCost HOU_SHCB ORI Medium 10% 9% B% T 6% 6% 5% 5%
AgentPerceivedCost HOU_SHCB ORI High 5% 5% 4% 4% 3% 3% 3% 2%
AgentPerceivedCost HOU_SHCB ORI LOW 15% 14% 12% 11% 10% 9% B% 7%
AgentPerceivedCost HOU_SHCB QORI LOW_MED 13% 11% 10% % 8% T% 6% 6%
AgentPerceivedCost HOU_SHCB ORI MED_HIGH 8% 7% 6% 5% 5% 4% 4% 3%
AgentPerceivedCost HOU_SHCB FUT Medium 400% 400% 389% 333% 286% 246% 212% 182%
AgentPerceivedCost HOU_SHCB FUT High 200% 200% 195% 167% 143% 123% 106% 91%
AgentPerceivedCost HOU_SHCB FUT LOW B00% B00% 5B4% S00% 4729% 369% 317% 273%
AgentPerceivedCost HOU_SHCB FUT LOW_MED 500% S00% 4B6% 416% 358% 3048% 264% 227%
AgentPerceivedCost HOU_SHCE FUT MED_HIGH 500% 300% 292% 250% 215% 185% 15%% 136%
AgentPerceivedCost PSCAR_GSL ORD Medium 0% 0% D% 0% 0% 0% D% 0%
AgentPerceivedCost PSCAR_GSL ORD High 0% 0% 0% 0% 0% 0% 0% 0%
|AgentPerceivedCDst PSCAR_GSL ORD LOW 0% 0% 0% 0% 0% 0% 0% 0%
AgentPerceivedCost PSCAR_GSL QRD LOW_MED 0% 0% 0% 0% 0% 0% 0% 0%
AgentPerceivedCost PSCAR_GSL ORD MED_HIGH 0% 0% 0% 0% 0% 0% 0% 0%
AgentPerceivedCost PSCAR_GSL ORI Medium 50% 29% 11% 3% 1% 0% 0% 0%
AgentPerceivedCost PSCAR_GSL QORI High 33% 19% B% 2% 1% 0% %% 0%
AgentPerceivedCost PSCAR_GSL QORI LOW 75% 45% 17% 4% 1% 0 e 0%
AgentPerceivedCost PECAR_GSL ORI LOW_MED 63% 36% 14% 3% 1% 0% [ 0%
AgentPerceivedCost PSCAR_GSL ORI MED_HIGH 40% 23% 0% 2% 1% 0% 0% 0%
AgentPerceivedCost PSCAR_GSL FUT Medium A00% 364% 316% 216% B3% 32% 3% 0%
AgentPerceivedCost PSCAR_GSL FUT High 267% 242% 211% 144% 55% 21% 2% 0%
AgentPerceivedCost PSCAR_GSL FUT LOW B00% G45% 474% 324% 124% 47% 5% 0%
AgentPerceivedCost PSCAR_GSL FUT LOW_MED 500% 455% 395% 270% 103% 39% 4% 0%
AgentPerceivedCost PSCAR_GSL FUT MED_HIGH 320% 291% 253% 173% B6% 25% 2% 0%

Figure41 CPS Demand input filkgentPerceivedCosheet
A FuelPerceiedCost: Perceied cost (%) of fuel per process
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A B = D H | ) K L 4l N O

ns n A hA *| 2015 2020 2025 2030 203> 2040 2045 2050
FuelPerceivedCost FERRO FERRO_BOF_ELSP ELC 0% 0% 0% 0% 0% 0% 0% 0%
FuelPerceivedCost FERRO FERRO_BOF_HT GDO 0% [ 0% 0% 0% 0% [ 0%
FuelPerceivedCost FERRO FERRO_BOF_MPR GDO 0% 0% 0% 0% 0% 0% 0% 0%
FuelPerceivedCost FERRO FERRO_BOF_THFP GDO 0% 0% 0% 0% 0% 0% 0%
FuelPerceivedCost FERRO FERRO_BOF_BLFR RFO 1% 2% 3% 5% 10% 13% 22% 33%
FuelPerceivedCost FERRO FERRO_BOF_PRF GDO 0% 0% 0% 0% 0% 0% 0% 0%
FuelPerceivedCost HOu HOU_LIGHT ELC 0% [ 0% 0% 0% 0% [ 0%
FuelPerceivedCost HOU HOU_BAP ELC 0% 0% 0% 0% 0% 0% 0% 0%
FuelPerceivedCost HouU HOU_WAP ELC 0% 0% 0% 0% 0% 0% 0% 0%
FuelPerceivedCost HOU HOU_SHCB GDO 0% 5% 10% 15% 20% 25% 30% 35%
FuelPerceivedCost HOU HOU_SHCS HCL 0% B2 11% 17% 22% 28% 33% 39%
FuelPerceivedCost HouU HOU_SHCR S0L 100% 100% 100% 100% 100% 100% 100% 100%
FuelPerceivedCost HOU HOU_SHCE ELC 0% [ 0% 0% 0% 0% [ 0%
FuelPerceivedCost HOU HOU_SHCH HER 0% 0% 0% 0% 0% 0% 0% 0%
FuelPerceivedCost HouU HOU_AIRC ELC 0% 0% 0% 0% 0% 0% 0% 0%
FuelPerceivedCost HOU HOU_COOKG NGS 0% [ 0% 0% 0% 0% [ 0%
FuelPerceivedCost HOU HOU_WTHB GDO 0% 5% 10% 15% 20% 25% 30% 35%
FuelPerceivedCost HouU HOU_WTHS HCL 0% 6% 11% 17% 22% 2B% 33% 39%
FuelPerceivedCost HOU HOU_WTHR S0L 100% 90% Bl% 7% b&3 59% 53% 48%
FuelPerceivedCost HOU HOU_WTHR GEOQ 100% 100% 100% 100% 100% 100% 100% 100%
FuelPerceivedCost Hou HOU_WTHR ELC 0% 0% 0% 0% 0% 0% 0% 0%
FuelPerceivedCost HOU HOU_WTHE ELC 0% 0% 0% 0% 0% 0% 0% 0%
FuelPerceivedCost HOU HOU_WTHH HET 0% 0% 0% 0% 0% 0% 0% 0%

Figure42 CPS Demand input file: FRetceivedCost sheet

A EquipmentPerceivedCost: Perceived cost (%) of cokery equipment per technology

category
A B C D H | ] K L M N O
7 n 7 n 2015 2020 2025 2030 2035 2040 2045 2050
EquipmentPerceivedCost FERRO_COK ORD Dummy 0% 0% 0% 0% 0% 0% 0% 0%
EquipmentPerceivedCost FERRO_COK ORI Dummy 25% 22% B 0% 0% 0% 0% 0%
EquipmentPerceivedCost FERRO_COK  IMR Dummy 49% 443 21% 1% 0% 0% 0% 0%
EquipmentPerceivedCost FERRO_COK  IMA Dummy 102% 94% 55% 8% 1% 0% 0% 0%
EquipmentPerceivedCost FERRO_COK  ADV Dummy 200% 189% 123% 47% 14% 0% 0% 0%
EquipmentPerceivedCost FERRO_COK ADF Dummy 280% 273% 218% 111% 53% B% 1% 0%
EquipmentPerceivedCost FERRO_COK FUT Dummy 300% 297% 265% 126% 53% 13% 2% 0%
Figure43CPS Demand input file: EquipnfeertceivedCost sheet
4.5.9. Potental
A Potential: Potential limitation of fuels per subsectdéy’'Cand year in
Gwhyyel
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A B C D E F G H | J K

- - - 2015 2020 2025 2030 2035 2040 2045 2050
Processes FERRO_BOF LGN 38 108 127 161 184 189 189 185
Processes FERRO_BOF BMS 37 645 559 591 813 899 1,041 1,151
Processes FERRO_BOF W5D = 14 31 6 10 15 20 25
Processes FERRO_BOF BGS = 13 31 12 27 43 60 75
Processes HOU_SHC BMS 455 424 433 324 328 332 336 340
Processes HOU_SHC S0L 69 151 161 86 181 200 267 307
Processes HOU_SHC GEO 0 7 13 8 21 21 20 20
Processes HOU_WTH BMS 455 424 433 324 328 332 336 340
Processes HOU_WTH S0L 69 151 161 86 181 200 267 307
Processes HOU_WTH GEO 0 7 13 8 21 21 20 20
Processes SER_SHC BMS 242 310 399 316 346 385 353 397
Processes SER_SHC S0L 4 29 30 21 53 58 72 81
Processes SER_SHC GEO 18 26 29 17 33 33 33 40
Autoproduction FERRO W5G 8 54 64 9 10 11 11 10
Autoproduction FERRO LGN B 8 8 8 g g E E
Autoproduction FERRO BMS 3,728 3,439 3,565 271 281 291 302 313
Autoproduction FERRO WSD 183 169 175 20 20 21 21 22

Figure44 CPS Demand input file: Potengaket

4.5.10. LBD
A year_inflection: Numberof years after 2015 required to reach the inflection
point of the LBD logistic curve per process, technology category and year
A floor_cost: Floor value of the LBD (lowest possible reduction of capital

cost relative to the ordinary technology, considered agechnology potential) per
process, technology category and year

A speed_of learning: Parameter denoting speed of LBD towards the floor value
per process, technology category and year
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B C ] L 1l M o] P C R BB BC BD BE BF BG BH
| 2020 2020 2020 | 2020 | 2020 | 2020 | 2020 | 2050 2050 2050 | 2050 | 2050 | 2050 | 2050
2 ey - | ORD ORI IMR IMA ADV ADF FUT ORD ORI IMR IMA ADV ADF FUT
year_inflection FERRO_BOF ELSP SF 1) 5 10 15 20 25 30 [t] 5 10 15 20 25 30
year_inflection FERRO_BOF_HT SF a 5 10 15 20 25 30 2] 5 10 15 20 25 30
year_inflection FERRO_BOF_MPR SF '] 5 10 15 20 25 30 1] 5 10 15 20 25 30
year_inflection FERRO_BOF_THP SF '] 5 10 15 20 25 30 1] 5 10 15 20 25 30
year_inflection FERRO_BOF BLFR SF 1) 5 10 15 20 25 30 [t] 5 10 15 20 25 30
year_inflection FERRO_BOF_PRF SF a 5 10 15 20 25 30 2] 5 10 15 20 25 30
speed_of learning |FERRO_BOF_ELSP SF '] 0.15 0.2 0.25 0.3 0.35 0.4 1] 0.15 0.2 0.25 0.3 0.35 0.4
speed_of learning |FERRO_BOF _HT SF '] 0.15 0.2 0.25 0.3 0.35 0.4 1] 0.15 0.2 0.25 0.3 0.35 0.4
speed_of learning [FERRO_BOF_MPR SF 1) 0.15 0.2 0.25 0.3 0.35 0.4 [t] 0.15 0.2 0.25 0.3 0.35 0.4
speed_of_learning [FERRO_BOF_THP SF a 0.15 0.2 0.25 0.3 0.35 0.4 2] 0.15 0.2 0.25 0.3 0.35 0.4
speed_of learning |FERRO_BOF_BLFR SF '] 0.15 0.2 0.25 0.3 0.35 0.4 1] 0.15 0.2 0.25 0.2 0.35 0.4
speed_of learning |FERRO_BOF_PRF SF '] 0.15 0.2 0.25 0.3 0.35 0.4 1] 0.15 0.2 0.25 0.3 0.35 0.4
floor_cost FERRO_BOF_ELSP SF 1 092 0.84 0.77 071 0.65 0.6 1 0.92 0.84 0.37 0.7 0.64 0.58
floor_cost FERRO_BOF_HT SF 1 0.84 0.71 0.6 0.51 0.43 0.36 1 0.84 0.71 0.59 0.5 0.42 0.25
floor_cost FERRO_BOF_MPR SF 1 0.87 0.75 0.65 0.56 0.49 0.42 1 0.86 0.75 0.64 0.55 0.48 0.41
floor_cost FERRO_BOF_THP SF 1 0.93 0.36 0.79 073 0.68 0.63 1 0.92 0.85 0.79 0.72 0.67 0.61
floor_cost FERRO_BOF_BLFR SF 1 0.97 0.94 0.91 0.88 0.85 0.82 1 097 0.93 0.9 0.86 0.83 0.8
floor_cost FERRO_BOF_PRF SF 1 0.97 0.94 0.91 0.88 0.86 0.83 1 0.97 0.93 0.9 0.87 0.84 0.81
Figure45CPS Demand input fileBD sheet
4.5.11. ThetaOptimum
A ThetaOptimum: ThetaOptimum parameter per nestinger short term and
long term operation angber agent class
A B C D | J K L M N (@]

A - A A 2020 ~ 2025 - 2030 - 2035 ~ 2040 ~ 2045 ~ 2050 =
ThetaOptimum SC FERRO_INT dummy 0.00 0.05 0.06 0.16 0.32 0.48 0.53
ThetaOptimum S0_Shortterm  FERRO_BOF Medium 0.00 0.05 0.06 0.16 0.32 0.48 0.53
ThetaOptimum SE_Shortterm FERRO_BOF_HORP Medium 0.00 0.05 0.06 0.16 0.32 0.48 0.53
ThetaOptimum SE_Longterm FERRO_BOF_PRC Medium 0.00 0.05 0.06 0.16 0.32 0.48 0.53
ThetaOptimum SF_Shortterm FERRO_BOF_BLFR SF_technology 0.02 0.05 0.06 0.13 0.26 0.50 0.5%
ThetaOptimum SF_Longterm FERRO_BOF_BLFR SF_technology 0.06 0.11 0.14 0.25 0.42 0.62 0.71

Figure46 CPS Demand input file: ThetaOptimsineet
4.5.12. Exo_effi ORD
A Exo_effi_ ORD: Exogenous improvement of efficiency (%) for ordinary

technology per process and year. The percentage of efficiency improvement is applied in
the Demand Moduleluring runtimein all technology categories
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A B E F G H | J K
Sector Process 2020 2025 2030 2035 2040 2045 2050
Iron & Steel Specific electricity use in Iron and Steel Basic Oxygen Furnace 0.55% 110% 165% 2.20% 2.75% 3.30% 3.85%
Iron & Steel Raw material preparaticon in Iron and Steel Basic Oxygen Furnace 0.55% 1.10% 165% 2.20% 2.75% 3.30% 3.85%
Iron & Steel Thermal processing in Iron and Steel Basic Oxygen Furnace 0.55% 1.10% 165% 220% 2.75% 3.30% 3.85%
Iron & Steel Heat uses in Iron and Steel Basic Oxygen Furnace 0.55% 110% 165% 220% 2.75% 3.30% 3.85%
Iron & Steel Blast Furnace in Iron and Steel Basic Oxygen Furnace 0.55% 110% 165% 220% 2.75% 3.30% 3.85%
Iron & Steel Product finishing in lron and Steel Basic Oxygen Furnace 0.55% 1.10% 165% 2.20% 2.75% 3.30% 3.85%

Figure47 CPS Demand inpfile: Exo_effi ORBheet

4.5.13. HER_logit

A dHER: t SNOSAQPSR 02ad 2F KSIG NBO2@SH

A gHER: Exponent of logit function for choice of heat recovery

A al: Coefficient of first degree of the polynomial function of
heat recovery potential

A a2 Coefficient of second degree of the polynomial function
of heat recovery potential

A a3: Coefficient of third degree of the polynomial function of
heat recovery potential

A a4 Coefficient of fourth degree of the polynomial function
of heat recovery potentia

A ab: Coefficient of fifth degree of the polynomial function of
heat recovery potential

A ab: Coefficient of sixth degree of the polynomial function of
heat recovery potential

A Lifetime: Lifetime of heat recovery equipment in years

A Inv_cost: Investmentcos2 ¥ KSIF i NBO2JSNE Sl dz LIV S

A OM_cost: Operation & maintenance cost of heat recovery equipment
AY €exkl1?2 lyydz t¢teé

A Sva: Scale parameter of survival function of heat recovery
equipment

A Svt: Survival rate of heat recovery equipment at the end of
lifetime

A sv80: Survival rate of heat recovery equipment at 80% of lifetime

A EquipmentSubsidy: Subsidies for equipment of heat recovery, as percentage

(%) of investment cost
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A B D E F G H | ]

~ -F 2020 |~ |2025 |« 2030 |~ |2035 |+ |2040 |+ 2045 |~ |2050 |~
dHER FERRO_BOF_BLFR 0.89 0.84 0.78 0.76 0.76 0.76 0.76
gHER FERRO_BOF_BLFR 5 5 16 22 28 34 47
al FERRO_BOF_BLFR -0.65 -0.65 -0.65 -0.65 -0.65 -0.65 -0.65
al FERRO_BOF_BLFR 779 .79 779 779 779 779 779
ad FERRO_BOF_BLFR -32.92 -32.92 -32.92 -32.92 -32.92 -32.92 -32.92
ad FERRO_BOF_BLFR B4 66 B4 66 B4 66 B4 66 B4 66 B4 66 B4 66
a5 FERRO_BOF_BLFR -00.65 -00.65 -00.65 -00.65 -00.65 -00.65 -00.65
ab FERRO_BOF_BLFR 37.52 37.52 37.52 37.52 37.52 37.52 37.52
Lifetime FERRO_BOF_BLFR 20 20 20 20 20 20 20
Inv_cost FERRO_BOF_BLFR 200 200 200 200 200 200 200
OM_cost FERRO_BOF_BLFR 7 7 7 7 7 7 7
sVa FERRO_BOF_BLFR 1 1 1 1 1 1 1
svt FERRO_BOF_BLFR 0.15 0.15 0.15 0.15 0.15 0.15 0.15
svBD FERRO_BOF_BLFR 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Equipment3ubsidy (FERRO_BOF_BLFR 0.00 0,00 0.00 0.00 0.00 0.00 0.0

Figure48 CPS Demand input fillER _logitsheet
4.5.14. Sheetdd ACTSBC inert to dACTSEF_AG_ST _inert

A dACTSBC inert: Scale parameter of the inertia logit function for the
calculation of the inertia share of lower nesting level (3} in the activity of the upper
nesting level (setYd. This parameter is definegan the setsY§YGO 'Q ¢&i § &

A dACTSCD . inert: Scale parameter of the inertia logit function for the
calculation of the inertia share of lower nesting level (3pin the activity of the upper
nesting level (setY§. This parameter is defideupon the sets"Y Y Q0O'Q ¢&i § &

A dACTSEF_AG_LT inert: Scale parameter of the inertia logit function for the
calculation of the choice of equipmemype mix of level"Y"Gn the aggregate supply
processes of levél'Qused for decision makingf investments The latter meaning that
this parameter is used in the logit function of unit levelized total costs (long term costs).
This parameter is agessipecific, and thus defined upon the sefs @Y QY Q (& § &

A dACTSEF_AG_ST .inert: Scale parameter of the inertia logit function for the
calculation of the choice of equipmetype mix in operation of levely @ the aggregate
supply processes of lev&'OThe latter meaning that this parameter is used in the logit
function of shortterm marginal operation costs. This parameter is also agpatific,
and thus defined upon the set§ (BYQY Q ¢ § &
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A B D E F G H | 1
g 2020 g 2025 2030 g 2035 g 2040 2045 2050

FERRO_INT FERRO_INT 100 100 1000 100 100 100 100
FERRO_EAR FERRO_EAR 160 100 1000 100 100 100 100
MOMFER_PRIM NOMNFER_PRIM 100 100 1000 100 100 100 100
MOMFER_SEC MOMFER_SEC 160 100 1000 100 100 100 100
CHEM_ORG CHEM_ORG 100 100 1000 100 100 100 100
CHEM_OTH CHEM_OTH 160 100 1000 100 100 100 100
MMETM_CEM MNMETM _CEM 100 100 1000 100 100 100 100
MMETM_GLCER MMETM_GLCER 160 100 1000 100 100 100 100
PAPP PAPF 100 100 1000 100 100 100 100
FDDRTB FDDRTB 160 100 1000 100 100 100 100
ENGMR ENGMR 100 100 1000 100 100 100 100
TEXTL TEXTL 160 100 1000 100 100 100 100
OTHR OTHR 100 100 1000 100 100 100 100
REFIN REFIN 160 100 1000 100 100 100 100
MOMEM MOMEM 100 100 1000 100 100 100 100
HOU_THERMAL HOU_THERMAL 160 100 1000 100 100 100 100
HOU_LIGHT HOU_LIGHT 100 100 1000 100 100 100 100
HOU_BAP HOU_BAP 160 100 1000 100 100 100 100
HOU_WAP HOU_WAP 100 100 1000 100 100 100 100
SER SER_AIRC 015 018 022 021 021 022 023
3ER SER_ELC 014 014 014 015 017 018 019
SER SER_LIGHT 001 002 001 001 001 001 001
3ER SER_SHC 056 054 051 050 049 047 045
SER SER_WHC 014 013 012 012 011 011 011
PSLWT PSPRV oy8 079 07 079 079 08B0 O8O
PSLWT PSPEL 015 015 014 014 014 014 014
PSLWT PSRLS 007 007 007 006 006 006 006
PSLWT PSWTR

PSAIR PSAIR 100 100 1000 100 100 100 100
FRENK FREMK

FRMNTL FRTRE 057 055 054 054 053 053 053
FRMNTL FRRLS 042 044 045 045 045 045 046
FRMNTL FRWTR 01 o001 001 001 001 001 001

Figure49 CPS Demand input fil@éACTSBC_inesheet
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4.5.15. dSW_F inert_av

A dSW_F inert_av: Scaleparameter ofthe inertia logit function for a fuel@
share per process and year, applied to all technology categories and vintages.

A B D E F G H I J
- ~ 2020 [ - 2025 | - 2030 | - 2035 | - 2040 | - 2045 |- 2050 | -

FERRO_BOF_BLFR RFO - - - - - - -
FERRO_BOF_BLFR NGS 000 000 000 000 ©0O00 OO0 000
FERRO_BOF_BLFR DGS 028 027 027 026 02 025 035
FERRO_BOF_BLFR HCL 033 033 032 032 031 030 029

FERRO_BOF_BLFR CKE - - - - - - -
FERRO_BOF_BLFR CKEself 030 030 029 029 028 028 027

FERRO_BOF_BLFR LGN - - - - - - -
FERRO_BOF_BLFR BMS 001 002 003 004 005 007 008
FERRO_BOF_BLFR WSD 000 000 000 001 001 001 001
FERRO_BOF_BLFR BGS 000 000 000 001 001 001 002

FERRO_BOF_BLFR WSG - - - | - _| - - -

FERRO_BOF_BLFR ELC - - - - - - -
FERRO_BOF_BLFR STM 008 008 008 008 008 008 008

Figure50 CPS Demand input fil@SW_F_inert_asheet
4.5.16. hlLiA2ya F2N OKI y 3exofé&houslr N} YSGSNRQ @I f

1) How to dhange themacroeconomic drivers Macro_data sheet

The user has the ability to change theacroeconomic driversuch asGDP per capita anciéome per
capita by changing the content of thelevantcells in columaG to N as shown irFigure51.

A B c G H | ] K L M M

2015 2020 2025 2030 2035 2040 2045 2050
Population Total Total 5417 5413 5376 5.306 5.209 5.101 4985 4857
GDP Total Total 76.5 290 102.0 116.7 1275 1345 1388 1427
GDP Per Capita Dummy 14,120 16,452 18,966 21,989 24469 26,367 27,844 29,383
GDP Per Capita Benchmark 34,563 36,883 38,943 40,800 42,759 45,461 48,799 52,340
GDP Per Capita InflectionPoint 22,466 23,974 25,313 26,520 27,794 29,550 31,720 34,021
Income Per Capita Dummy 8,049 9,529 11,148 13,113 14,201 16,174 17,318 18,527
Income Per Capita Benchmark 19,821 21,286 22,754 24131 25,597 27,539 29,912 32,457
Income Per Capita InflectionPoint 12,884 13,836 14,790 15,685 16,638 17,901 19,443 21,097
DiscFactor Dummy Dummy 1.10% 1.10% 1.10% 1.10% 1.10% 1.10% 1.10% 1.10%
Activity FERRO_EAR SB 405 405 415 415 416 401 376 362
Activity FERRO_EAR sC 405 405 415 415 416 401 376 362
Activity FERRO_EAR sD 405 405 415 415 416 401 376 362
Activity FERRO_EAR_PRC SE 405 405 415 415 416 401 376 362
Activity FERRO_EAR_EAR SF 405 405 415 415 416 401 376 362
Stock FERRO_EAR_EAR SF 0.03318 0.03324 0.03404 0.03407 0.03411 0.03288 0.03086 0.02967

Figure51 How to change the macroeconomic drivers

2) How to dtange thepolicy drivers: Drivers_data sheet
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The user may alter the values of the policy drivers such as Carbon price, CarboRE&wd e and EE
value bychanging the content of theorresponding:ells in columaH to O,as shown irFigureb2.

A B C D H | 1 K L M N 0
- - ~ | dummy 2015 2020 2025 2030 2035 2040 2045 2050

CarbonPriceETS dummy dummy 7.50 15.00 22.50 33.50 7400 11700 19000 380.00
CarbonPriceDHH  dummy dummy - 15.00 2250 33.50 7400 11700 19000 330.00
CarbonPricePower dummy dummy - 15.00 2250 33.50 7400 11700 19000 330.00
CarbonPricelnd dummy dummy - 15.00 2250 33.50 7400 11700 19000 580.00
CarbonValueMNETS dummy dummy - - - - - - -
Carbonleakage FERRO dummy - 0.70 070 0.70 070 0.70 0.70 0.70
CHPvalue DistrictHeating | dummy - - - - - - - -
CHPvalue Industry dummy - - - - - - - -
RenewableValue Demand FERRO 0.000 0.052 0.028 0.018 0.007
RenewableValue Power dummy - - 0.010 0.018 0.016 0.010 0.004
RenewableValue Transport dummy - - - - - -
EfficiencyValue FERRO dummy = = 0.005 0.025 0.017 0.027 0.036 0.044
GasBlend Hydrogen dummy - - - - - - - -
GasBlend CleanGas dummy - - - - - - - -
Elasticity Maximum FERRO_INT 1
Elasticity Benchmark FERRO_INT 0.6
Elasticity Speed FERRO_INT 5

Figure52 How to change the policy drivers

3) How to dangeperceived costg Sheets AgentPerceivedCost, FuelPerceivedCost &
EquipmentPerceivedCost

The user has the ability wontrol the level of perceived costs:

A AgentPerceivedCaostn order to change theerceived cost ofa process per technology
category(column Chand agent clas&olumn D)the user needs to accesise corresponding
cells incolumrsH to O,as shown irFigure53.

A B C D H | J K L M N 0

- bl - 2015 2020 2025 2030 2035 2040 2045 2050
AgentPerceivedCost HOU_SHCB ORD Medium 0% 0% 0% 0% 0% 0% 0% 0%
AgentPerceivedCost HOU_SHCB ORD High 0% 0% 0% 0% 0% 0% 0% 0%
AgentPerceivedCost HOU_SHCB ORD LOW 0% 0% % 0% %% 0% % 0%
AgentPerceivedCost HOU_SHCB ORD LOW_MED 0% 14 % 0% %% 0% % 0%
AgentPerceivedCost HOU_SHCE ORD MED_HIGH 0% 14 1 0% e 0% P 0%
AgentPerceivedCost HOU_SHCB FUT Medium A00% 400% 380% 333% 286% 246% 212% 182%
AgentPerceivedCost HOU_SHCB FUT High 200% 200% 195% 167% 143% 123% 106% 01%
AgentPerceivedCost HOU_SHCB FUT LOW B00% B00% GB4A% 500% 479% 369% 317% 273%
AgentPerceivedCost HOU_SHCB FUT LOW_MED S00% 500% 4B6% 416% 358% 308% 264% 227%,
AgentPerceivedCost HOU_SHCB FUT MED_HIGH 300% 300% 292% 250% 215% 185% 159% 136%

Figure53How to change thegent specific perceived cost

A FuePerceivedCostin orderto change theperceived cosbf a fuel (column D)per process
(column C)the user needs to accefise corresponding cells icolumrsH to O,as shown in
Figure54.
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A B = D H | ] K L M N 0

~ ~ ~ | 2015 2020 2025 2030 2035 2040 2045 2050
FuelPerceivedCost HOU HOU_LIGHT ELC 0% 0% 0% 0% 0% 0% 0% 0%
FuelPerceivedCost HOU HOU_BAP ELC 0% 0% 0% 0% 0% 0% 0% 0%
FuelPerceivedCost HOU HOU_WAP ELC 0% 0% 0% 0% 0% 0% 0% 0%
FuelPerceivedCost HOU HOU_SHCB GDO 0% 5% 10% 15% 20% 25% 30% 35%
FuelPerceivedCost HOU HOU_SHCS HCL 0% 6% 11% 17% 22% 28% 33% 39%
FuelPerceivedCost HOU HOU_SHCR s0oL 100% 100% 100% 100% 100% 100% 100% 100%
FuelPerceivedCost HOU HOU_SHCE ELC [ 0% 0% 0% 0% 0% 0% [
FuelPerceivedCost HOU HOU_SHCH HER l 0% 0% 0% 0% 0% 0% 0% 0%
FuelPerceivedCost HOU HOU_AIRC ELC 0% 0% 0% 0% 0% 0% 0% 0%
FuelPerceivedCost HOU HOU_COOKG NGS 0% 0% 0% 0% 0% 0% 0% 0%
FuelPerceivedCost HOU HOU_WTHB GDO [ 5% 10% 15% 20% 25% 30% 35%
FuelPerceivedCost HOU HOU_WTHS HCL 0% B% 11% 17% 22% 28% 33% 39%
FuelPerceivedCost HOU HOU_WTHR SoL 100% 90% B1% 73% 663 59% 53% 48%
FuelPerceivedCost HOU HOU_WTHR GEOQ 100% 100% 100% 100% 100% 100% 100% 100%
FuelPerceivedCost HOU HOU_WTHR ELC 0% 0% 0% 0% 0% 0% 0% 0%
FuelPerceivedCost HOU HOU_WTHE ELC % 0% 0% 0% 0% 0% 0% %
FuelPerceivedCost HOU HOU_WTHH HET 0% 0% 0% 0% 0% 0% 0% 0%

Figure54 How to change the fualpecific perceived cost

A EquipmenPerceivedCostin order to change th@erceived cost of cokery equipment per
technology categorycolumn C)the user needs to accefise corresponding cells itolumrs
H to O,as shown irFigurebs.

A B L D H | ] K L M N O

w7 n w7 n7 2015 2020 2025 2030 2035 2040 2045 2050
EquipmentPerceivedCost FERRO_COK ORD Dummy 0% 0% 0% 0% 0% 0% 0% 0%
EquipmentPerceivedCost FERRO_COK ORI Dummy 25% 22% B 0% 0% 0% 0% 0%
EquipmentPerceivedCost FERRO_COK  IMR Dummy 49% 44% 21% 1% 0% 0% 0% 0%
EquipmentPerceivedCost FERRO_COK  IMA Dummy 102% 94% 55% 8% 1% 0% 0% 0%
EquipmentPerceivedCost FERRO_COK  ADV Dummy 200% 189% 123% 47% 14% 0% 0% 0%
EquipmentPerceivedCost FERRO_COK ADF Dummy 280% 273% 218% 111% 53% B% 1% 0%
EquipmentPerceivedCost FERRO_COK FUT Dummy 300% 297% 265% 126% 53% 13% 2% 0%

Figure55How to change theokery equipmenperceived cst

4) How to diange thetheta parameterg ThetaOptimum sheet

The user has the ability to changee theta parameter per nesting levétolumn B, per short term and
long term operationcolumn B and per agent claggolumn D, by changing the content of thelevant
cells in columal to O, asshown inFigure56.
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A B C D | J K L M N (@]

- - A - 2020 ~ 2025| 2030| ~ 2035~ 2040 ~ 2045~ 2050 -
ThetaOptimum SC FERRO_INT dummy 0.00 0.05 0.06 0.16 0.32 0.48 0.53
ThetaOptimum SD_Shortterm  FERRO_BOF Medium 0.00 0.05 0.06 0.16 0.32 0.48 0.53
ThetaOptimum SE_Shortterm FERRO_BOF_HORP Medium 0.00 0.05 0.06 0.16 0.32 0.48 0.53
ThetaOptimum SE_Longterm FERRO_BOF_PRC Medium 0.00 0.05 0.06 0.16 0.32 0.48 0.53
ThetaOptimum SF_Shortterm FERRO_BOF_BLFR SF_technology 0.02 0.05 0.06 0.13 0.26 0.50 0.59
ThetaOptimum SF_Longterm FERRO_BOF_BLFR SF_technology 0.06 0.11 0.14 0.25 0.42 0.62 071

Figure56 How to change théheta parameter

5) How to hangetaxe) @ I¢ Prite8 adata sheet

The user has the ability to changee excise tayer fuel (column Band sector (column)Eas well as the
VAT value for households and transport (column B,&¥hanging the content of thelevantcells in
columrsl to P, asshown inFigure57.

A B C E 1 J K L M N 0 P
2015 2020 2025 2030 2035 2040 2045 2050
Excise taxes in EUR/MWh fuel Diesel heating EXTAX Industry 38.96 38.96 38.96 38.96 38.96 38.96 38.96 38.96
Diesel heating EXTAX Domestic 38.96 38.96 38.96 38.96 38.96 38.96 38.95 38.96
Diesel heating EXTAX POWER 38.96 38.96 38.96 38.96 38.96 38.96 38.95 38.96
Disel transport EXTAX Transport 38.96 38.96 38.96 38.96 38.96 38.96 38.96 38.96
Fuel il EXTAX  Industry 874 10.37 10.37 10.37 10.37 10.37 10.37 10.37
Fuel il EXTAX Domestic 874 10.37 10.37 10.37 10.37 10.37 10.37 10.37
Fuel il EXTAX POWER 874 10.37 10.37 10.37 10.37 10.37 10.37 10.37
Fuel il EXTAX Transport 8.74 10.37 10.37 10.37 10.37 10.37 10.37 10.37
VAT Tax in % applicable to
households prices Households VAT HOU 20% 20% 20% 20% 20% 20% 20% 20%
Transport VAT Transport 20% 20% 20% 20% 20% 20% 20% 20%

Figure57 How to change thexcise and VAT taxes

6) How to dhangesubsidie§valuesc EquipmentSubsidy sheet

The user has the ability to chantee aubsidy for the purchase of cokery equipmdRERRO_COpar
technology categorycolumn C), as well as subsidfes the purchase of equipment pesupplyprocess
(column Bland technology categorfcolumn C)by changing the content of theelevantcells in columa
H to O,as shown irFigureb8.
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A B C D H | ] K L M N o
2015 2020 2025 2030 2035 2040 2045 2050
EquipmentSubsidy FERRO_COK ORD Dummy
EquipmentSubsidy FERRO_COK ORIl Dummy
EquipmentSubsidy FERRO_COK IMR Dummy
EquipmentSubsidy FERRO_COK IMA Dummy
EquipmentSubsidy FERRO _COK ADYV Dummy
EquipmentSubsidy FERRO_COK ADF Dummy
EquipmentSubsidy FERRO _COK FUT Dummy
ProcessSubsidy PSCAR_PHEVDSL ORD Dummy 01 011 012 013 013 013 013 013
ProcessSubsidy PSCAR_PHEVDSL ORI Dummy 01 011 012 013 013 013 013 013
ProcessSubsidy PSCAR_PHEVDSL IMR  Dummy 01 011 012 013 013 013 013 013
ProcessSubsidy PSCAR_PHEVDSL IMA Dummy 01 011 012 013 013 013 013 013
ProcessSubsidy PSCAR_PHEVDSL ADYV Dummy 01 011 012 015 0153 013 013 013
ProcessSubsidy PSCAR_PHEVDSL ADF  Dummy 0l 011 012 015 015 013 013 013
ProcessSubsidy PSCAR_PHEVDSL FUT Dummy 01 011 012 015 015 013 013 013
ProcessSubsidy PSCAR_PHEVGSL ORD Dummy 01 012 015 013 0153 013 013 013
ProcessSubsidy PSCAR_PHEVGSL ORI Dummy 01 012 013 013 013 013 013 013
ProcessSubsidy PSCAR_PHEVGSL IMR  Dummy 01 012 015 013 013 013 013 013
ProcessSubsidy PSCAR_PHEVGSL IMA  Dummy 01 012 013 013 013 013 013 013
ProcessSubsidy PSCAR_PHEWVGSL ADY Dummy 01 012 013 013 013 013 013 013
ProcessSubsidy PSCAR_PHEVGSL ADF  Dummy 01 012 015 0153 0153 013 013 013
ProcessSubsidy PSCAR_PHEVGSL FUT Dummy 01 012 015 015 015 013 013 013
ProcessSubsidy PSCAR_ELE ORD Dummy 01 015 015 016 016 016 016 016
ProcessSubsidy PSCAR_ELE ORI Dummy 01 013 015 016 016 016 016 016
ProcessSubsidy PSCAR_ELE IMR  Dummy 01 015 015 016 016 016 016 016
ProcessSubsidy PSCAR_ELE IMA  Dummy 01 015 015 016 016 016 016 016
ProcessSubsidy PSCAR_ELE ADY Dummy 01 015 015 016 016 016 016 016
ProcessSubsidy PSCAR_ELE ADF  Dummy 01 015 015 016 016 016 016 016
ProcessSubsidy PSCAR_ELE FUT Dummy 01 015 015 016 016 016 016 016

Figure58 How to change theokery and process equipment subsidies

7) How to dange thediscount rates ¢ Policy_dem_data sheet

The user has the ability to chantee discount rateper agent clasgcolumn C)by changing the content
of the relevantcells incolumrs| to O, as shown iRigure59.

A B C 1 ] K L M N o

2020 2025 2030 2035 2040 2045 2050
DiscountFactor Private Dummy 0.075 0.075 0.075 0.075 0.075 0.075 0.075
DiscountFactor Private Report 0.1 0.1 0.1 0.1 0.1 0.1 0.1
DiscountFactor Private Medium 0.1 0.1 0.1 0.1 0.1 01 0.1
DiscountFactor Private High 0.01 0.01 0.01 0.01 0.01 0.01 0.01
DiscountFactor Private Low 0.17 0.17 0.17 0.17 0.17 0.17 0.17
DiscountFactor Private LOW_MED 0.12 0.12 0.12 0.12 0.12 0.12 0.12
DiscountFactor Private MED_HIGH 0.09 0.09 0.09 0.09 0.09 0.09 0.09

Figure59 How to change the discount rate
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8) How to dangebiofuel shareg; Policy_dem_data sheet

The user has the ability to chante shareof conventional and adinced biofuelgcolumn C)n transport
processes/vehiclegcolumn B)by changing the content of thelevantcells in columa H to O, as shown
Figure60.

A B = | H I ] K L M N o

2015 2020 2025 2030 2035 2040 2045 2050
Biofuelshare PSCAR_DSL BFC 11% A% 4% 4% 4%
BiofuelShare PSCAR_DSL BFA 0% 14% 30% 45% 56%
BiofuelShare PS2WL_GSL BFC 6% 4% 4% 4% 4%
Biofuelshare P32WL_GSL BFA 1% %% 21% 31% 39%
BiofuelShare PSPRD_DSL BFC 11% 4% 4% 43 4%
BiofuelShare PSPRD_DSL BFA 0% 14% 30% 45% 5h%
BiofuelShare PSRLL_DSL BFC 11% 4% 4% 4% 4%
Biofuelshare PSRLL_DSL BFA 0% 14% 30% 45% 563
Biofuelshare PSWTR_OIL BFC 11% 2% 4% 4% 4%
BiofuelShare PSWTR_OIL BFA 0% 14% 30% 45% 56%
Biofuelshare PSWTR_GAS BGS 4% T 9% 15%
Biofuelshare PSAIR_KERO BFA 0% T 16% 2B8% 43%
BiofuelShare PSAIR_HYB BFA 0% T 16% 2B% 43%
BiofuelShare FRHDT_DSL BFC 8% 4% 4% 4% 4%
BiofuelShare FRHDT_DSL BFA 0% 14% 30% 45% 56%
Biofuelshare FRHDT_GAS BGS 4% T 5% 15%
Biofuelshare FRRLS_DSL BFC 11% A% A% 4% 4%
BiofuelShare FRRLS_DSL BFA 0% 14% 30% 45% 56%
Biofuelshare FRWTR_OIL BFC 11% 4% 4% 4% 4%
Biofuelshare FRWTR_OIL BFA 0% 14% 30% 45% 56%
BiofuelShare FRWTR_GAS BGS 4% T S 15%

Figure60 How to change the biofuel shares

9) How to clange theavailability potentiak, Potential sheet

The user has the ability to chantiee potential limitationper fuel (column C) andubsectofY'Gcolumn
B),by changing the content of theelevantcells in columa D to K, ashown inFigure61.

A B c D E F G H | J K

hd - hd 2015 2020 2025 2030 2035 2040 2045 2050
Processes FERRO_BOF LGN 38 108 127 161 184 139 139 1385
Processes FERRO_BOF BMS 37 645 939 o9 813 859 1,041 1,151
Processes FERRO_BOF WsD = 14 31 6 10 15 20 25
Processes FERRO_BOF BGS = 13 31 12 27 43 60 75
Processes HOU_SHC BMS 455 424 433 324 328 332 336 340
Processes HOU_SHC S0L 69 151 161 86 151 200 267 307
Processes HOU_SHC GEOD 0 7 13 8 21 21 20 20
Processes HOU_WTH BMS 455 424 433 324 328 332 336 340
Processes HOU_WTH S0L 69 151 161 86 181 200 267 307
Processes HOU_WTH GEO 0 7 13 8 21 21 20 20
Processes SER_SHC BMS 242 310 399 316 346 385 393 397
Processes SER_SHC S0L 4 29 30 21 33 28 72 81
Processes SER_SHC GEOQ 18 26 29 17 39 39 39 40
Autoproduction FERRO W5G 8 54 64 9 10 11 11 10
Autoproduction FERRO LGN 8 8 8 8 ) ) 9 9
Autoproduction FERRO BMS 3,728 3,439 3,565 271 281 291 302 313
Autoproduction FERRO WSD 183 169 175 20 20 21 21 22

Figure61 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.

7 Section 5.1Basic concepts in thePS Power Module

7 Section 5.2Mathematical Structure, unknown variables and exogenous parameters

1 Section 5.3Model features, considerations and assumptions

1 Setion 5.4:Principles of the pricing model

7 Section 5.5Policy FocusPower

7 Section 5.6Explaining thesupplyrelated scenario inputle

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.
Thereader is referred to &tion 5.31 Representation of Plantfor a detailed analysis regarding the
representation of plants

Utility Plants District Heating Plants Industrial Plants
Industrial
boilers

= Electricity Flow

~
Electrl|C|t.y District Heating = st Flow
transmission network
/ = Steam Flow

High and Low
Medium Voltage Voltage
Demand Demand

Industrial
CHP

Heat Steam
Demand Demand

Figure62 Overview of the CPS Power Module showing h@aanrthdel accounts for electricity, steam and heat demand and
serves electricity demand in High/Medium and Low Voltages

The power and heat/steam production model sohgimultaneouslythe optimum capacity expansion of
power plants, district heating units aniddustrial plants as further described belowalong with the
dispatching of plantgUnit Commitment Dispatching Algorithmdimulating a wholesale market. The
simultaneous simulation of power market along with the steam/heat simulation enables the eaptur
trade-offs between the choice of investing in cogeneration and boilers and between CHP arelguirie
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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). Thugvestments are driven by the long term marginal costs, subject to
operational constraints, fuel limitations and demand for energy and ancillary services.

The cog optimisation of the system takes into account the hourly profiles of demand, for electricey, he

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 agriculs@etors 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 cogeneratiamep@lants, 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
industrid 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 cogeat@m 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 thiditgoss

of industries to purchase electricity from the grid or to sgtherate. 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 theelfproduced electricity. In some sectors, there is also possibility to
use industrial byproducts, 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 electricitgtorage facilities are represented in the model, including hydroelectric
pumping, batteries, and poweb-hydrogen, powetto-gas and poweto liquid technologies. The power

to-X technologies are providing the-salled chemical storage of electricity, emgmously 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-mXedacilities

can produce endogenouysin the model methane, hydrogen and liquid hydrocarbons from a synthesis of
CQ 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 replacingftessilwith synthetic fuels

to reduce greenhouse gas emissions or to achieve petroleum or natural gas independence. The unit
commitment submodel performs a high hourly resolution optimization of system operation, taking into
account all kinds of ancillagervices 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 staiMepgeneration, 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 expanmettie 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 provisioid akgvices, 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 sectorfor further adjustment of demand in the next model iteration. Thus, the demand for
electricity is priceelastic, as the model performs adjustment of demand driven by electricity prices per
sector. After the optimization two additional steps are includedhie model,pricing and reporting as
shownFigure63.

e Simultaneous solve of two problems:
* Optimum capacity expansion of power plants, district heating units and
industrial plants (CHP, boilers)

SOlVQ + Dispatching of plants taking into account all the technical constraints of the
plants and system requirements for the ancillary services

* Pricing of electricity and steam/heat
* Pricing of electricity grid and district heating network tariffs

Pricing

* Calculation of reporting parameters needed as input in the other
Modules

Reporting

Figure63 Sequence of CPS Power Module

Through pricingthe Power Module is linked to the Demand Modu@hépter 40verview of the CPS
Demand Modul® and solved as a mixed complementarity problem that concatenates the individual
problems of energy consumers and producdesendogenous calculation of energy pricE®S simulates

a wellfunctioning market, where total costs (capital and operating) are recovered, including also possible
stranded investment costs. The pricing of electricity commaodity is explicit and is badbe ®amsey
Boiteux methodologyMarginal cost pricing is used, so as to calculate the price in a virtual wholesale
market; then a fixed markip is added according to Ramsey pricing, allocating the not yet allocated system
costs using the marginal costigng. A detailed description of the pricing model is included irSibetion
5.4Principles of the pricing model
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Tablell Overview of the CPS Poweodilile

Optimisation 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
Considerations

Demand is pricelastic, 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 The integration of a Unit Commitment Problem (UC) allows for a detailed representation of the

representation system operation taking into account also the use of parts of the capacities of plants to meet the
system reserves (ancillary services)

of the system

and plant

characteristics 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 RES investments are decided under a separate support mechanism
decision

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 EU and national policies may impose a systeighe clean energy obligation (e.g. RES obligation) or

Policies 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, unknowwariables and exogenous parameters

5.2.1. Mathematical Structure

The mathematical structure of the CIPswer Module is a mixed integer linear problem (MILP), the
optimisation is intestemporal (perfect foresight) and solves simultaneously:

U A capacityexpansion problem and
U A unit commitmentdispatching 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 minimizet#ieystem
costs. The total system costs include:

Annualized capital costs of new investments based on WACC for discounting over time
Fixed costs (Operation and Maintenance)

Variable (norfuel) costs

Fuel costs and

Taxes and environmental policies cdstdbsidies (e.g. ETS costs, FIT equivalent policies)

cC.CcCCCcCC

Optimisationconstraintscan be grouped under the following categories:

1) Energy equilibrium constraints (electricity, heat, steam)

2) Systen related technical constraints (reserve requirements)

3) Investmentconstraintglimited potentialof investing in some plant typese. nuclear plants, RES)

4) Plantc related technical constraint&.g. max capacity, minimum power level, ramp up and ramp
down constraints etc.)

5) Fuel Consumption and resource availabitibnstraints

6) Storage and Powdp-X constraints(e.g. capacity of storage facilities, maximum daily stored
energy, balance of stored energy etc.)

7) CCS related constraints

8) Policies and Emissions constraints

9) Additional Constraints for heat and steam supply

Figure64 depicts the Optimisation constraints of the CPS Power Module

The next paragraphs provide further details in relation to the mathematical representaticadt
constraint in the CPS Power Module.
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Energy equilibrium
constraints (electricity, heat,
steam)

Additional Constraints for System related technical

heat and steam supply CO?:gLE?ilrnet; gﬁéﬁrve

Policies and Emissions

. Investment constraints
constraints

Plant¢ related technical

CCSK related constraints CONStraints

Fuel Consumption and
resource availability
constraints

Storage and Power to
constraints

Figure64 Optimisation Constraints

5.2.1.1 Energy Equilibrium constraints

The energy equilibrium constraints ensure that the given derhémdeach 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 enevgy have chosen to include both in the CPS Power
Module as in pgnciple households and tertiary sectors use heat for heating purposes, while industrial
sectors use steam as inptat severalindustrial processes. The energy equilibrium constraints are included

in the model as following:

4The 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, represepérfga equilibrium.
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U Energy equilibrium constrat
YYG € Gp 04N FIR0 QA Q0
Ofh & §
m Q00 Mo 0 Qwa
Onrk &
YY& Ch 0COX fr OmNn i [MOOQaQwn _
H Q1610
mh MO0 Mo i 0 Qwa
Where
n: Aant
"Q Typical hour
o Year
Q & (Eboctricity
i : Demand sector
‘Q (BEnergy form
i O Storage facility
nca Type ofpower to X facility
“On i 1 Generated power for plang, typical hourQ energy forniQ "@nd yearo
Onr i Demand of power for demand sectigrtypical hourQ energy forniQ "@nd yearo
"Y'Y@ Qi Charge ofstorage facility  0vda electricityfor typical hourQand yeard
"Y"Y0 € & p: Discharge of storage facility 0\@a electricityfor typical hourQand yearo
0COE p: Input of type of power to X facilityig cwfor typical hourQ
‘Oa n & §:omports of electricity to Slovakia for typical hd@and yearo
Own € }:&xports of electricity from Slovakia for typical h&and year

Energy demand is calculated by B $emand Module annually and for each sector. The Power Module
receives energy demand results from the Demand Module Galduates an hourly demand load curve

via the use ofindividual load patterns decomposed lgmand 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 tltkemand load curve based on the ENTGIOdata.
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Hectricity demand is increased by transmission and distribution lo§sesach voltage type, while heat
demand is increased due to losses in the district heating network. For steam demand no losses are
assimed, as the generation of steam is met by industrial onsite pldrits.reader is referred t8ection
5.3.1.2Network gridsfor a more detailed description of the network assumptions.

U It must be noted that since the CB& isinglecountry model, possible network constraints are not
accounted for’Oa n € and'@ w ) ¢ aredinput parametersapplicable only to electricity.

5.2.1.2 Systemrelated technical constraints

The systenrelated technical constraints refer to thminimum hourly quantities of operating reserves.
TheCPS Power Modulacludes althree types of reserves, as defined by the fzuropean harmonized
terminology of NTSGE:

1) FCR: Frequency Containment Reserve
2) aFRR: automatic Frequency Restoration Reqgeipwards and downwards)
3) mFRR/RR: manual Frequency Restoration Reserve and Replacement Reserve

The following mathematical formulation describes the inclusion of the sysedated technical
constraints in the CPS Power Module:

U Systemrelated technicatonstraint

Yier Yol AR@ 1 Rao

Where
i : Reserve typdFCR, aFRR or mFRR/RR)
Y i Delivery ofplantn of reserve typa for typical hourQ

Y i NY;QSystem reserve requirements of reserve type

5
https://ec.europa.eu/energy/sites/ener/files/documents/SystemOperationGuideline%20final%28provigha$a
4052016.pdf
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Reserve requirements
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restoration reserves

(manual - FRR)/
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\ 4
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4

Contain the system
frequency after the
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Reserves with an activation
activated after the (FCR).
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set points/ adjustments of

Reserves with an activation
time that exceeds 15 min.
Also includes replacement
reserves

this is available. The FCR
reserve is available almost
immediately

reserve providing unitsin a
time frame of seconds up to
typically 15 minutes after an
incident, using automation
generation control (AGC)

Figure65 Specific constraints for reserves

U It must be noted that since CPS is a single country model, no sharing of résd¢akes into
account This means that in the CPS Power Mddwpproach theTSOcannotaccess reserve
capacityinl Y2 1 KSNJ 88 Yy OKNR Y 2 dza | NB I ThugesdndzfequikeinéntsA G & Q N
are solely meby providers located in the same balancing areaifi.Slovakix

5.2.1.3 Investment Constraints

Investment constraints reflec possibly limited potentl 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 investmemnstraint is the following

U Investmentconstraint

5

06&z200% Gooagh | ap

Where
0 & & : Maximum installed capacity of plant
"O0"Y¢ : Numberof installed unitsof plantn

a 0w QY € Maximum potential of installednits of plant
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Investment constrairg also include the nortlinear cost supply curves with ascending slope (stepwise
linearized), representing potential resource exhaustion. The user is referi@ediaon5.3.1.5Non-linear
cost curvedor a detailed description.

5.2.14 Plant-related technical constraints

Aunit commitment algorithm(UC) has been incorporated intioe CPS Power dtiule. The UC approach
allows fordetailed representation of technical constraints for plants.

The following mathematical formulations descrithe plant-related technical constraint®icluded in the
CPS Power Module

U Maximum installed capacity
Orr h Ying 0 GO®YORp A nRMD
Where

Y6 1. Number of committed unitsf plantn for typical hourQ

U  Minimum stable power generation level
Ohr  h Yirn 0 G QEY6R; A nAM

Where

0 & &Q: Minimum generation level (capacity) of plamt
U Minimum up time
™6 fik VY5 g ARG
Where
"YY i i: Number of starting up unitsf plantr) for typical hourQaee

U  Minimum down time

00 Y i O ; H nRGD

Where
O § i: Number ofshutting downunits of plantn for typical hourQee

U Maximum upward ramping rates

Orr F Of 7 & YO rZ1 OBOTFOT "YWrp2z0 & & A nAto
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Where
i &k 6 1) Upward ramping ratef plantr

U Maximum downward ramping rates fju& down)

~ N~

Of 5 5 Orp r YO pZi ONQEET "Orrz0 d® A HRM
Where
16 & N Q¢ vDbwrward ramping rateof plantn
U Maximum operating hours

Opi 72'QIHQ @ GOERS a @ 2 00" A i

Where
"Qi AQ Annual frequency of typical hoi@
a 0 w €irp Maximum operating hoursf plantn)

U Maximum contribution to each type of reserper plant
Yirg G Qoi (i nh Rdo
Where
a W wi Q2 Maximum contribution of planf) of reserve typea

U CHRerelated constraints

26 pp A AN (:JQ]HQD

Orr 7 | & QR F0a®
H A~ Gyion

Yar Maiéw0 @y q
Where
i a € rjs@fuel curveof CHPplantn
On iy i Steam generation of plam for typical hourQ
“Yi . Steam generation of plamgfor typical hourQ
"M a i €6 oHAAL to electricity raticof plantn

5.2.15 Fuel Consumption and resource dahility constraints

Fuel Consumption in each power plant is a linear funatibthe electricity generation, depending on a
heatrate value defined exogenously byuel and plant type. The choice of fuels derives frdime
simultaneous optimisation of invesients and opeation, performed intestemporally.

The following mathematical formulations describe tifigel consumption and resource availability
constraintsincluded in the CPS Power Module

Page | 106



REIMBURSABLE ADVISORY SERVICES (RAS): CONSTRUCTION OF ECONOMIC MODELING TOOLS AND BUILDING CAPACITY IN MODELIP
SUSTAINED GROWTHHIE BLOVAK REPUBLIC

U Fuel Consumption Constraint

@rn MOODOO A 2 g, ?hﬂh ghﬁ'ﬂéﬁne :?VEN G
Where
"Q Fuel consumed
6X: CHP power plants
@ p,: Fuel consumptionf plantr) and fuelQ
U Fuel blending Constraint
HaQz By B g HoARD

Where

® & Q¢ Bending ratioof plantr for fuel"Q denoting the ratio of each fuel to the total fuel
consumption

U Maximum resource availability constraint

@y GO0l QIGH D

G i Qi Maxdnumavailable energy diiel"Q
5.2.1.6 Storage and Power to X constraints

TheCPS Power Modultetermines charging and discharging of the storage units endogenously. Typically,
storage units are charged during timeslofv margnal cost and dischargelectricity 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 matbmatical formulations describe tH&torage and Power to X constraintsluded in the
CPS Power Module

U Capacity constraint of storage
YYE Qrp YYD 6 0pp 0 €0 pA i it
Where
0 i €0 : Capacity of storagicilityi © &

U Maximum daily stored energy
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YYO 8 &y Qi DEzOiEOh i o@ O

Where
Q w:@dypical day
Qi D € Maximum daily storage capability of storage facilitp ¢
U Balance of storeénergy
YYE QG Moo D wo YYO & & p i oFR Ghe
Where
"M w0 N w bleatrate of storage facility 0 €
U Capacity constraint for clean fuel production
OCéd rr 0 &D {H Hcad
Where
Océ @ f: Output of type ofower to X facility)cafor typical hourQ
0 &® f: Capacity of type giower to X facilityjc
U Balance constraint for clean fuel
0O fp MOON WD OCé®d rp A Neatito
Where
"M w o N w:dHeatrate ofpower to X facilityjgw

U Balance constraint for demand and supply of clean fuels

iRz OCOED {5 0 5@ r A neado

Where
0O @@ : Demandof clean fuebf type ofpower to X facility)c

The reader is referretb Section 5.3.1.Representation of Planfer a more detailed explanation of the
modelling approach used for storagedapower to x facilities.

5.2.1.7 CCS 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 Moduitea CCS power plargystem, part of the emitted C®is
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captured transpored and deposiéd to a storage site (a geological underground formatjanytead of
being released in the atmosphere, as in the case of conventional plants.

The cost of nderground storage of CGQs taken into account througlta costsupply curve (defined
exogenously)representng cost versuspotential of storage.The cost of undergroun€Q storageis
included as a cost item in the total cost of CCS power plants.

The followingnathematical formulations describe tl&C& related constaintsincluded in the CPS Power
Module:

U  Annually captured COn CCS power plants
QaQi & rr O 0oh o
v R
Where
‘Q & "Qii oFraction of emissionsf plantn that is being stored
6 (G ¢y Gaptured CQ@emissions from CCS power plants
U Cumulatively maximum quantity for captured @CCS power plants

600 aodiodh 1o

Where
& ¢ & 0o (o] Maximum possible cumulative G&ored

5.2.1.8 Policies and Emission constraints

Promotion of renewables is represented in the formaofequivalenfeed-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 equivalentfeed-in-tariff for each ype ofrenewable technology and the total budget
available for the support dRES 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 fdlowing mathematical formulations describe tiolicies and Emission constraiimsluded in the
CPS Power Module:

U  Annual maximum budget for Fedd-Tariff equivalent policies

QI AQZ Ofp 2 O0AR "QQ6 &6 B'BQ

h
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Where
"O'0OY'R Euivalent feedin-tariff for plantn
"Q'Q6 o 6 ‘M&@num budget available for the implementation of a RESsupport policy
U  Additional promoting policies
"QIAQZ Opppzh é @O 0i 0 NGHE D
8
Where
N ¢ a'RAdditional policy tarifffor plantr) and fuel'Q
0 { 6 1) a&: Maximum budget available for the implementationtb& additional policy

U Emissions constraint
QEQ; 2@ OO ™OH o

Where

‘Q dQ; : CQ emission factor of plam for fuel'Q

obMe¢2ilt aegadsSyQa SyrAaarzya
5.2.2. Unknown variables

The unknown variables of the CPS Power Module include the following:

A Capacity additions by plant type (several types of capacity investment)

Electricity generation by plant

Steam or heat generation by plant

Fuel consumptioty type of fuel and plant

CQ emissions

Storage and Power to X plants: injection or extraction from storage facilities and investments in
storage equipment

A Capacity reservedf the provision ofipward and downward ancillary services by plant

A Curtailmentof renewable generation

v > D> D

Theintegervariables included in the CP&Wer Module are the following:

A Number of installed plarst
A Number of plant in operation itypicalhourQ
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Number of plant shut down itypicalhour™Q
Number of plant started up itypicalhourQ

It must be noted that the integer variables apply only for the power plants that are asstonieave
technical limitations (i.e. nuclear, soligdired, CCGT, largedmass plants).

The reader is referred toeStion 5.3.1Representation of Plantfor a detailed analysis regarding the
representation of plants.

5.2.3. Exogenous Parameters

The parameters provided by the user are:

v >y > >

v >

v v > D>

> I

5.3

Installed capacityf existing plansin the beginning of the projection period
Decommissioninglansrelated to the existing plant§f any)

Capacitiesof plantsunder construction in the beginning of the projection period

Grid loss rates

Technical charderistics of plants by technology (commissioning/decommissioning year,
technical lifetime, size, hesdte, selfconsumption rate, technical minimum output, ramping
rates, maximum contribution to each type of reserve, minimum up and down time, heat to
eledricity ratio and the slope of the istuel curve for CHP plants)

Economic characteristics of plants by technology (capital, fixed O&M and variable cost, economic
lifetime, growth factor of fixed cds, capital cost incurred for extending the lifetimemént, for

fuel blending and for fuel switching, additional capital and fixed cost for CHP plants)

Fuel prices

Taxes & subsidies

Carbon prican the context of the EU nissions Trading SystenEU ETS (i.e. the price of the
European Union Allowance)

Feedin tariffs and otheisupport schemefor RES (FIT equivalent)

Costs anavailabilitypotential parameters for transportation and storage of captured CO
Costsand availability potentigbarameters of storage technologies

Parameters reflecting poliggstruments and restrictions (nuclear, CCS, environmental, efficiency,
CHP, etc.)

Parameters used ithe non-linear costsupply curves

Transmission grid, distribution grid and district heating netwiankffs for the basis year

Model features, considerains and assumptions

This section presents the main featuresioé ICPS Power Module, comprisedraf following subsections:
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1 Representation of Plantshis section describes the different types of plants coestd 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 assumptidnsluded inthe CPS Power Module

1 Fuels and Fuel Consumptiothis section outlines the basic considerations in relation to fuel
consumption

1 Network Gridsthis section discusses the CPS Power WNdpproach in relation to the power
grid

1 Imports andExports this section presentsthe modelling approacto electricity imports and
exports to and from Slovakia

1 Time resolutionn 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

1 Noninear cost curvesincluding detailed description of cost optimization, taking into account
current and future exploitation of resources and technological progress (including learning by
doing)

1 Investment decisionsthis section outlines the basic considerations for the promotion of
investmentsin specific technologies (e.g. RES, nuclear, CHP etc.)

1 CHP operationthis section provides information on thmodelling approach used for the
simulation of CHP operation

1 CCS and GOapture this section outlines the basic considerations of the CPS Power Module for
the modelling of plants with the availability oarbon capture and storage (CCS)

5.3.1. Representation oPlants

The CPS Power Module includes all plants currently installed in Slgwakiging electricity and
steam/heat for district heating or industrial purposes. It afgovides 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 GroupingB)antGrouping has been done by fuel type, technology
(including CHP) and use (utility or industfialhe main categorization of the plamastaken into account

by the CPS Power Module is summarire&igure66 and describedelow:

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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Figure66 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 purpdses 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 topictich as new capacity, cogeneoatj decommissioning and
retrofitting.b 2GS GKI G Ay GKS 0Sf2¢ LI NFIANFLKAEAEX GKS LIKNI &

U  The model treatgxisting power plantgincluding Plant Groupingshdividually
U New Capacity

o The modebprojects investmentin individual new power plants at a fixed (standardized)
capacity per plant typeby the use ointeger variablefor the operation of all power plants
(existing and new) and the investments in new units. As some plant types entail severe
technical limitatons, only specific technologies are considered to have a fixed size in the CPS

7 Plant types considereth havestrict technical limitations are the followinguclear, soliddired, gasfired steam
turbines, CCS, CCGT &mimassfired steam turbine
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Power Module For example, the fixed size of an investment in CCGT is 4Z2k\\Wariable

of investment can take an integer value (e.g. 1,2 etc.) denoting the number ofhatitsre

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 résof technologies (i.e. RES, gas turbines, peak devices using gas, oil,
biogas etc.)do not have a fixedize per plant typand are represented as a continuous
variable.

U CogeneratiorfCHP)

0 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 elidible
model chooses endogenously the most -@itctive plant type.

i Decommissioning and retrofitting

o DSO2YYAa&aA2yAy3d 2NI NBONRFAGGAYT o0AdSd GKS SEC
defined by the user, while theiecisions regarding thénvestmentin new power plantare
fully endogenous

U Ancillary services

0 Since the Power Moduleo-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 iffable12, the folbwing technologies are available for utility power plants: doaig
(conventional) plants, codiring plants with carbon capture and storage (CCS), lidmite
(conventional) plants, lignitéiring plants with carbon capture and storage (CCS), apele oil fired gas
turbines and oil fired steam cycles, open cycle gas fired gas turbines, combined cycle gas turbines (CCGT,
gas fired), nuclear plants, CG&s, biomaséiring, wastefiring, solar photovoltaic, wind onshore and
geothermal.

The model reresents hydro (in run river and lakes), and includes storage systems such aplyghing,
batteries and chemical storage (production of hydrogen and clean gas from renewables).

A power plant is characterized by the following attributes:

il
f

Thermal(fuel and fuel consumption)

Operational (gross and net capacity, ramping rates, technical minimuimmum up and down
time, maximum contribution to each type of ancillary seryice

Age (commissioning date, date of planned decommissioning)

Cost (capital casfixed O&M cost, variable operating cost)

Environmental (emissions).
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These characteristics are known for plaateeadyexisting in the beginning of the projection pericas
well asfor plants under construction antbr whichthe commissioning date iknown. The ger may

change these data, as explainedSection5.6.6h LJi A 2y a4 F2NJ OKI vIAY I LI NI} YSGSH

Regardingfuture plants, to be endogenously decided lge CPSPower Module,the respective
characteristics have been drawn from our experience with PRIMES and many other projection data by
various stakeholderdAlso for these plants the user may change their data.

Tablel2 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 (Electricaply or CHP)

Gas open cycle (Electricity only or CHP) Hydro power plants Run of river

Combined cycle gas turbines (CCGT) (Electricity only or ¢ 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 biosolg{Electricity only or CHP)

2) District Heating plantsheating only plants providing heat 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 rpagvenin the future for technologies
candidate for investment due to technical progress. The user may change these assumptions, as explained
in Sectiorb.6.6h LJG A2y & F2NJ OKI VvIAAY I L. Nable $3ipteschts thedDH dzS a
technologies that are available in the CPS Power Module:

Tablel3 Available plant technologies fordbiict Heating plants

District Heating Plants types

Biomass Fired District Heating Plants

Gas Fired District Heating Plants

Solids (Coal/Lignite) District Heating Heat Plants
Qil Fired District Heating Plants

Geothermal District Heating Plants
SolarThermal District Heating Boilers

Electric District Heating Boilers

3) Industrial plantsthese 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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Figure67 Industrial Plants types

The main purpose ofidustrial plants is the autproduction 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. Aytmoduced ebctricity reduces the electricity that

the industrial sectors would otherwise need to purchase from the market

U Inthe CPS model it is assuitieat 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 stam 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 Responsedemand response acts agemand shifting and not as demand
shedding(e.g. shifting tle use of washing machines from late afternoon to late at night,
S0 as to smooth the daily peak)

The model determinethe investment and operation of the various storage options simultaneously with

the capacity expansion and operation of power and heat tslafihe operation of storage plants is the
chargingtimes, 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 storagehange

at low marginal cost times and discharge at high marginal cost times of the sy&terbalancing cycle of
storage is daily for hydrpumping and batteries. The balancing involves loss of electwiititya different

rate for each storage option. Alsoghard 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 includetthénCPS 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 processels as kctrolysis,
methanation and capture of G@om air, so as to transform electricity (input) to synthetic
gas (clean gas)

c. Power to Synthetic Liquidplants performing a series of processes, so as to transform
electricity (input) to synthetic liquids

The powetto-X plants produce indistinguishalfiyels 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 poweiX fuels are used to produce electricity @fiarging)

and use electricity produced (charging) at different tim@he balancing cycle for thgowerto-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 listtakieristo account

in CPS is shown Trable3. The choice of fuels derives from simultaneous optimisation of operation and
investment, performed intertemporally. Foine fuels purchased from the markethe 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. Atlafuate

being produced in the power secfdrave endogenous pricing mechanisms, reflecting production costs.

For all plants, fuel consumption is endogenously calculated in th®@R& Module it is represented as
a linear variabledepending on an ex@mous heatate value different for each plant category.

The CP®ower Moduleassumes 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 usefurl¢lear
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 c@ blends coal ad biomass) and to what extent (ddending rates). These two
mechanisns 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 givarnrémt c
European trend where solidged plants are being converted to biomass plaftse reader is referred to
Section5.6 Explaining thesupplyrelated scenario inputile 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 tisénexfleet the caog 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 quitmuced within the CPS Power Module. These
fuelsare electricity, clean fuels (e.g. clean gas, hydrogen) and heat/steam.
°® 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, ¢hldecaling of
fuelsisanenddgy 2 dza 2 LJiA 2y 2T (KS / FERRO BRCIEGRS CRMISSINE ¥ ISty §i &
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 theSlovakian 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/lowagealteither 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 explaied inSection5.6.6h LJ0 A2y a FT2NJ OKFy3IAY3I LI NFYSISNEQ O

District Heating Network

The CP®ower Moduledistinguishes between heat consumed in residential, services and agriculture
sectors via the dirict 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 asstormllocated onsite the industry.

5.3.1.3 Imports and Exports

The CP®lodelis 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 povweim$lovakia and the relative cost

of power generationPossible network constraints are ignored, as the whole country is represented as a
single node. Nevertheless, the level of imports and exports are modaelted form of bilateral contracts,
accompnied 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 refeed toSectior5.6.6h LJi A 2 Va4 T2 NJ OK | Vv 3 AogeRoushforradevdledi SNE Q @
explanation on how to affedtnport/export quantities and profiles.

53.14 Time resolution

The model represents demand variability for electricity and steam/heat by introducing an hourly
fluctuation of load in typical days. The operatiohpower 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 appliextiocisi

and steam/heat. The latter is important for capturing the operation of CHP plants and competition
between cogeneration, hiers and distribution oheat.

7 A

C2NJ I o0SGOUSNI NBLINBaSyidladAazy 2F @K a2 dbydwgecal 2 LIS NI
days covering the following periods:
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1 From F'of November to 3t of April, considering only working days
1 From F'of November to 3 of April, considering only holidays

1 From F'of May to 30" of October, considering only working days

1 From1stof May to 30 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 bafiancounting
of load profiles of individual energy uses in the various sectors. The latter are provided@y¥emand
Module.

8760 Hours e 4 typical days

Figure68 Time resolution of the CPP®wer Module

5.3.15 Nontlinear 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 fuekhaustion, site availability restrictions and RES limitatidns

to resource exploitationThis difficulty is modelled throughon-linear costquantity curves representing

the costsupply locus of a resourc¢éuel supply, renewable potentials and limiions on development of

new power plant sites, where applicable e.g. nuclear plant sites, wind sites, etc-supp$t curves are
numerically estimated functions with increasing slopes serving to capturediagay contracts for fuels,
possible promotin of domestically produced fuels, fuel supply response (increasing prices) to increased
fuel demand by the power sector, exhaustion of renewable energy potential, difficulties to devejop CO
storage areas, acceptability and policies regarding nucleardsitelopment, etc. The nelinear cost
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supply curves ar@ unique feature of the PRIMESotiel and have been fully included in the power
investment and plant operation optimisation of the GR&ver Modulé®.

Box3 An example of increadecost due to resource exploitation

To better understand this feature of the model consider the following example. Assume that a
capacity of biomass plants has already been built. To build a new plant this would require
investor to acquirex new site that may potentially be far away from the fuel resource. The cq
building a new plant in a new site is naturally increased e.g. due to the increased cost of site prej
and fuel transportation

(b) Reduced cost due to technological maturi

Technology Supply Effects

Unit Cost of
Technology

Cost of a New

Technology

Change over time
(autonomous

technology progress)

Cost of a Mature

Technology

Size of Technology
Market

Figure69 Cost reduction of new technologies driven by technology progress

The technicabconomic characteristics of technologies are assumed to change over time (as a result of
R&D and eventually economies of scale in masslyction). 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
Figure69.

The rate of change of technieatonomic characteristics over time is an assumption of the modelling
which may be altered depending on the scenafor more informationon how the user carspecify

10 Data on potentials from various sources including: ECN (AeRgbais database), DLRatabase), GreeiX, 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 modee Sectios.6.6h LJG A 2y a FT2NJ OKF yvIAy 3T LI
exogenously

5.3.1.6 Investment decisions

Targets for renewables, cogeneration of heat and power, and é@nisare reflected as shadow values,
influencing dispatching and choices in investment decision méaking

(a) Investment in RES and storages

1 In case of large development of variable RES, the model determines investment in low capital
intensive thermal powerplants (backup) in order to meet reliability and reserve power
constraints. Flexibility of the power system to balance fluctuating RES is endogenously built and
reflected on investmerg as ramping possibilities differ by plant technology. As a resutsco
increase and the competitiveness of variable RES decreases

1 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.-teatge
storage is endogenous in the model (hydrased pumped storaggower to ¥. Depending on
economics, storage smooths load fluctuations and accommodates transfer of RES energy from
times when RES availability exceeds load to times whempfBSctionis sarce

1 Investment in RES is projected on economic grounds as for any other technology. The relative
competitiveness of RES depends on technology progress (change of teeoicamic
characteristics over times discussed in the contextleigure69) and on policies supporting RES
directly or indirectly.

1 Tablel4 summarizes the meemisms available in the CPS Power Module to directly affect RES
penetration. As stated above, RES penetration may also be increased by modifying4ireeaon
cost curvesreflecting increased cost due to resource exploitation and reduced cost due to
techrological maturity. Nevertheless caution is heeded 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 (gg. RES share or emissions reduction). These values should influence allrefsegly decisions of

energy system actors, i.e. power producers, individual consumers, manufacturers, and technology and infrastructure

LINE GARSNE® ¢KS Ay iiNRRHOGA QIYNERFY @Kl R A FFAOASY O JI f
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 infludacisions of energy consumers and

producers away from fossil fuels and towards loarbon energy forms and energy efficiency improvements. The
Oz2yaAraidSyd OFtOdZ FGA2y 2F GaAKIR2¢ @I fdzSaé¢ NBIjdshtNBa || &
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 mding overall systenwide 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.
Tablel4 Mechanisms to increase RES gtegtion
| Mechanism Description Details |
The RESupporting schemes are represented in the model
Equivalent RES Feédtariffs reflect  equivalent feedn tariff schemes (FiT), although in reality tl
. power purchase agreement adopted mechanism may be different (e.g. feed in premiun
Equivalent . . ) . . .
. between producers and supplier Note that a scheme of feeith premium which uses a strike pric
RES Feeih ] ' : ;
. (or the TSO/Market operator to define the pemium relative to average wholesale mark
tariffs . . . )
obliged to absorb RES produce prices can be approximately modelled as an equivalent cont
electricity. for difference (CfD) with the same strike price. In terms
modelling this does not differ from an equivalent FiT.
Unknown support schemes may include other schemes
mitigate risks ifi addition or in replacement othe equivalent
These are reflected as unknow _. . .
Other RES FiT). Such schexa may for example include soverei
S renewable support schemes an - L
facilitation - . e . guarantees on investment or other types of subsidies. Scen
s also by introducing modifications i e L . . ;
policies . specific policies, which may increase RES potential and r
the nontlinear curves . .
cheaper the access to potentigan also bereflected in the
parametes of the costpotential airves
Policy measures regarding the penetration of renewable ene
sources are modelled via the use of renewable valResewable
These are reflected as unknow values are shadow values of a virtual RES constraint consic
Renewable renewable support schemesby by the actors as a virtual subsidy. However this subsidy is
values introducing a virtual subsidy o provided neither in reality nor in the model. The renewal

renewable generation

values reflect policies facilitating renewables, as foaregle

legislation and infrastructure easing site access and connecti
quicker licensing and other.

(b) Investments in nuclear plants and other conventional plants using fossil fuels

Investmens in nuclear power and other plants ngj fossil fuels ar&reated aseconomic decision
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. Actualtite costof the EUA (referred herein as carbon price, as already
mentioned in the overview of thEP®emand Module) is an important driver to investment decisions

in nuclear, RES and conventional technologies. Investment decisions fit thigHewast cost capaty
expansion to a longerm horizon (under perfect foresight).

Regulations such dlse Integrated Pollution Prevention and Control Directive (2010/75/EC) Directive
other emission performance standardas well aghe best available techniques standard® dully
supported by the CPBower Moduleand can be easily introduced. Also note that the CPS Power
Module supports CCS fitted solid and gas fired plasgsdiscussed in Sectié2.1.7CCS; related
constraints
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Box4 Introducing the requirements of Directive 2010/75/EC in the CPS

Directive 2010/75/E@resees thatduring the period from 1 January 2016 to 31 December 2023, combu
plantswith operation hours less than 17,500 during the afoeetioned periodnay be exempted from compliang
with the emission limit values set by the same Directive. To include such a provision in the CPS Power M
dza SNJ aAyvYLX & ySSRa G2 aSid | Yl EAYdzy (K NibpatRle se@ectioy|
5.6 Explaining tle supplyrelated scenario input fijeA fully compliant plant may be introduced in the CPS thrg
e.g. an increase in the capital cost to reflect plant modation and the addition of anfpollutiontechnologies
(e.g. DeN® and D& devices and particle filters).

5.3.1.7 CHP Operation balancing electricity antdeat/steam production

The choice of CHP technologies and the operation modedhdlectricity andheat/steam production)

are endogenous in thEPS Power Modul@he 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 technodly has a different feasible combination, which is illustrateBligure70.

The CHP operational constraints delimit maximum electric power and minimum steam comtnasi a
locus of an isq@ fuel line.

Electricity output [MW]

Steam or Hot Water Cooling/Heating

. Building

Steam Electridity Fa:i:ity
Turbine P Generator ]

Grid

Electricityto
Heat ratio

Steam/Heat output [MW]

Figure70Basic 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 electricityhgeator.

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 majorityiotlustry, 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 @lydini 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
Section5.6.6h LG A2y &4 FT2NJ OKI yIAYI LI NFYSGSNAQ O fdzS§a SE2:3

Also, he reader is referred té\ppendix I\for the analyticalmathematical formulatios.
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5.3.1.8 CCS and GOapture

CPS model includesght plant types with the carbon capture and storage (CCSY; anid as candidate

options for investment. The model takes into account the costs transportation and underground storage

of the captured C@and the stored Cgemissions are represented withé use of linear variables. The

user may choose is each scenario, whether the underground storage@h@€3ions is permitted. In

cases, where the carbon dioxide storage is prohibited, no CCS investments will take place. The reader is
referred toSection5.6.6h LJG A 2y a F2NJ OKI VIAYV I L)foNdn MuStiativélekampled | £ dzS a
on how to affect the policies regarding CCS.

5.4 Principles of the pricing model

Once the system is optimally operated and expanitetthe 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 provisioid gkgvices, 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 sectorfor further adjustment of demand in the next model iteration. Thus, the demand for
electricity is priceelastic, as the model performs adjustment of demand driven by electricity prices per
sector. After the optimization two additional steps are includedhie model,pricing and reporting as
shownin Figure63.

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 pric€®S simulates a wélinctioning market, where total costs
(capital and operating) are recovered, includingpgt®ssible stranded investment costs. The pricing of
electricity commaodity is explicit and is based on the Ranis@Eteux methodologyMarginal cost pricing

is used, so as to calculate the price in a virtual wholesale market; then a fixeedumarlkaddedaccording

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 calcwededto recuperate
all system costs. These costs are theofwihg:

1 Capital investment costsnnuity payments of installed power plants (and also possible stranded
investment costs)
Fixed costsfixed costs of installed plants
Variable costsvariable operating, fixed maintenance, fuel costs and payments for dxekt
Emission cost®mission taxes and ETS auction payments.
Gosts related to schemes supportinenewablesfeed-in tariffs equivalent scheme for renewable
plants
1 Grid costsseparately by grid type, calculated according to a regulated asset basisdok&igy,
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)

= = =4 =4
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1 CostgRevenues frontross border trade (applicable only for electrigitjces):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 (sestdrsubsectors of
demand). Each customer type has a load profile, which is calculated in the CPS Demand Module (the
model also provides for sedupply). The aim is to allocate variable, fixed, and capital costs as well as grid
and other costs to each aagory of customers as would be the case in a-fuglttioning 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 ¢aticun 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 notvecthe 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-removered part (mainly fixed and nen
recovered capital costs) are allocated@® y & dzYSNJ (18 LJS&a dzaAy3d GKS
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 forbthee yearare exogenous to the
Module, see Sectio®.2.3Exogenous ParameterAny tariff modifications due to new investments are
endogenous to the model and are calculated based on current regulatory practices across. Europ

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 averagest of capital is used to lcallate 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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Figure71lllustrative example forlectricity prices by ecsumer 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.m@he other handhouseholds, 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 r@maiactors mape met

by a combination of load and peaking (more expensive) plants.

5.5 Policy Focug Power
¢CKS /t{ t26SN) az2RdzA S KIFIa AYyKSNAGSR twLa9{ Q NXOK

Based on the long experience of our group witlveleping 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 @®&r Moduleto represent a large varigtof

policy measures and regulations.

55.1. Targets

It is important to understand that targets such as specific reductio®Qremissions, penetration level

of renewable energy sources and energy efficiency savings as prescribed in existing and future European
policy (e.g. the 2@20-20 targets of the EU 2020 package and 40e32-32.5 reflected in the 2016 winter
package, as updatl through the 2018 negotiatio®d can be met through certain policy actions. For

12 https://ec.europa.eu/energy/en/news/commissioproposesnew-rulesconsumescentred-cleanenergy

transition, Energy Efficiency target update de&://europa.eu/rapid/pressrelease STATEMEN®3997 en.htm
RES target update séétp://europa.eu/rapid/pressrelease STATEMEN&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.

TheCPSPower Modulehas 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 exclusiyaiglated to the EU targest outlined abovebut can alsabe
additional or supplementary actionsinder consideration by Slovakian policy makers at national.level

For examplea policy in this direction can well be a strategic decision foreuwal generation from 2025

or 2030.

Fa users to achieve and assess the effeca certain level of reductiom CQ emissions or increased
penetration in RE&r increase irEE, a triahnd-error process of multiple runs of thePS Mdelis required
introducing consecutive changes (new andamlditional to previous runs) in order to reach a specified
target.

5.5.2. Policy drivers of the CPS Power Module

Table 15 provides a summary of the varioukivers available in the CH®wer Modulethat 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).

Tablel5 Drivers available ithe CP3ower Module for the impact assessment of climate and environmental policies

Policy/Mechanism CPS driver

Taxation Taxes
Feedin-Tariff (FiT) Feedin-Tariff equivalent

Support for power to X, Support for electricity

Cltier MOTSEREiiEe (s eF elpEat storage, Support for electricity generation

Emissions Trading System (EU ETS) Carbon price
Maximum operating hours, possibility of CCS

investments, maximum capacity of new
investments per plant type

Environmental Policies for airborne emissions and
permitting policies

Policies related to lifetime extension of plants,

retrofitting and early retirement Extension of lifetime of plants

Technology progress amdarket failures Nortlinear curves

A detailed description of th€PS Powevlodule drivers is presented below. All drivers are available in the
supplyrelated input file and can be modified by the usas described®ection5.6.6 Options for changing
LI N} YSGSNEQ Ol fdzSa SEz23Syz2dzAaf é
U Taxation Taxation is exogenous and follows the level of detail of regulationsCPBePowevodule
allows users to assess in detail the impact of taxation imposesbecific for fuels and sectors.
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U Feedin-Tariff (FiT), other forms ®&ESupport Feedin tariffs and other renewable support schemes
are treated in great detail in th€EPS Powedvlodule. Users can specify FiT levels per technology and
year. The modle also allows for other (additional type of support) to be also included (parameter
YIEYSR adzyl{y26y NBYSsolof S Hdelakdabdid a OKSYSa Ay 9!

U Carbon Price (EU ETE)eCPS Power Modukakes 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.

U Environmental Policies for airborne emissions and permitting poli€les CPS PoweModule
accounts fo Best Available Technology regulations, energy performance standards and the
provisions of Directive 2010/75/E@hich imposes conditions that plants not satisfying certain
emission levels are obliged to shut down afteaching a certain amount dfoursof operationper
year. As already described Box 3, it is comparatively straight forward to impose limits in the
operating hours of any plant, hethie to environmental issues. Policies regarding the permission of
investments incertain power plant technologies at national level, for example regarding nuclear,
CCS etcgr includingconstraints applicable to new site development or expansion in agisites
are also supported by the motiu

U Policies related to lifetime extension of plants, retrofitting and early retirememe CPSPower
Module has been designed to account for policies allowing for the lifetime extension of power plants
(e.g. nucledrand retrofitting (e.g. to comply with a certain emission regulation and early retirement
due to increased perating/maintenance costsyee section 5.3.1.Representation of Plants

U Technology progress andhrket failuresTheCP$ower 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 (technalosfg) and improve the
perception ofconsumersleading 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 Cose8ulescribed in the previous sections.

5.6 Explaining thesupplyrelated scenarionput file

To run alternative scenarios the user would need to modify accordingly the stgdptgd scenario input
file located in the Scenarits { O Sy I NRArputxigN: folderé(see section 2.4rhe structure of the
Scenario namsubfoldel).

The main sheets from where you can affect @S Power Modubge:

1) Techdata_plants : This sheet includes the full techveaonomic data of existing amegw 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 blendofigxisting power plants
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4) Policy_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 ndimear cost curves for each investment type and fuel,
as perSection 5.3. 5 Nontlinear cost curves

Shees Techdata_bio and Policy_biofuels include parameters of the CPS Biomass Module and will
be described irsection6.4 Explaining the biomag®lated scenario input sheets

5.6.1. Techdata_plants

As shown inFigure72 and Figure73, the techdata_plants sheet includes the following data for both
existing and new plants across columnalC

>

CommissioningCommissioning year of each plant

Extension YealYear of life extensh of each plant
DecommissioningDecommissioning year of each plant (in this year the plant will not
operate)

Eon_lifetime: Economic lifetime ipears

Tech_lifetimeTechnicalifetime in years

Amort: Share of capital costs that have already besguperated

Gross_size Gross installed capacity (including smifisumption)n GW

Size Net installed capacityekcluding seltonsumption) in GW

No.Units Number of units

CHP Indicator of CHP [1 if plant is CHP, 0 else]

CCSilndicator of CCS [1 if piais CCS, 0 else]

Capita¥ h @SNYAIKG OFLIAGEE O2ali Ay exk]?
Capital_extensionCapital cost incurred for extending the lifetime of plan¢ kK 1 2
FixelOMCost Fixed operation and maintenan@2 & 1 & AY € K {2
VariableNonFuelCaosVariable non fuel costimk | 2 K

Heatrate: Heatate

SelfConsumptionSelfconsumption

Jopel CHPIsafuel curve for CHP

Helratio_ CHPHeat to electricity ratio for CHP

Minheatrate_ CHPMinimum heatate for CHP

Techn_min Technical minimum output level at which a plant can openat@wW
Ramp_up Ramp up rate in GW/min

Ramp_down Ramp down rate in GW/min

Uptime: Minimum uptime¢ minimum hours for which a plant has to operate above
technical minimum after a statp in hours

> >

DD DD D DD D B B D B B D D D D D D D
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A Downtime: Minimum downtime¢ minimum hours for which a plant hasmain dfline
after a shutdown in hours

A Capacity_factor Capacity facto¥ of installed capacity

A EmissionFactarEmission factor ivitn CQ/GWhel

A EmissionFactor_noCCBmission factor for non CCS power plantgitn CQ/GWhyel

A FCRMaximum contributim of each plant to frequency containment reseiiveGW per
hour

A aFRRupMaximum contribution of each plant to automatic frequency restoration reserve

upin GW per hour

A aFRRdnMaximum contribution of each plant to automatic frequency restoration reserve
down in GW per hour

A mFRRupMaximum contribution of each plant to manuakéuency restoration reserve
up inGW per hour

A mFRRdnMaximum contribution of each plant to manual frequency restoratioreres
down inGW per hour

A RR Maximum contribution to replacement reserie@ GW per hour

A AdditionalCHPCapCogtdditional cagal cost in case a unit is CPf#Pof capital cost

A Additional CHPFixCogtdditional fked cost in case a unit is C#4Pof fixed cost

The user is able to changeettabove mentioned list of techng economic characteristic for all plants
considered in the CPS, both existing and new plants.

n B C D E F G H ] K L M M &) P Q R 5
g

an dEn 'E § .E

| B 2| E| E 5 8 % B

m T 2 F B 2 u B8 2| = 3

n =] El = = o 2 _ = o z a

s| 2 2 2 g2 & 5 2z 8 & 8 =2 & 2 3
BOHUNICE dummy 1985| 2030|2050 30 45 0 0.505 0.470 2 1 4034|1210 117, 0.001 3.04 | 7.0%
BRATISLAVA_CCGT dummy 2000| 2030 2040 20 30 0 0.218 0.213 1 1 750 225 18| 0.002 186 | 2.3%
BRATISLAVA_GT dummy 1995 0| 2035 100 40 0 0.058 0.057 1 1 552| 1e&| 12| 0.002 265 | 1.7%
KOSICEL dummy 1965 0| 2025 30 60 [1] 0.055 0.051 1 1 1600 480 26 0.002 294 | 75%
KOSICEZ dummy 1980 0| 2030 30 50 0 0.065 0.060 1 1 1600, 480, 26 0.002 284 | 75%
KOSICE_KOSIT dummy 2010 0| 2050 30 40 1] 0.017 0.016 1 1 1600 480 26 0.002 294 | 75%
LEVICE_CCGT dummy 2010| 2040/ 2055 20 30 0 0.082 0.080 1 1 750 225 20 0.002 183 | 24%
MALZENICE_CCGT dummy 2015| 2045|2055 20 30 0 0.430 0.421 1 0 750 225 20, 0.002 172 | 2.1%
MOCHOWCEL2 dummy 2000| 2040|2055 35 40 0 0.470 0.437 2 ] 3667 1100 117, 0.001 3.04 | 70%
MOCHOVCE34 dummy 2020 0| 2070 35 50 048 0.440 0.409 2l 0 6130 1839 117| 0.001 304 | 7.0%
NOVAKY_|3 dummy 1860 0| 2015 30 55 0 0.032 0.029 1 1 1BDO| 540 33| 0.003 450 |10.5%
NOVAKY 11112 dummy 2000 0 2035 30 35 0 0.025 0.022 2 1 1800, 540 33 0.003 3.34 |12.0%
NOWVAKY_112 dummy 1965| 2015|2035 30 50 0 0.110 0.098 2 1 1800 5400 33| 0.003 3.34 |10.5%
NOVAKY_[124 dummy 1980 0 2020 30 40 0 0.110 0.098 2 1 1BDOK 540 33 0.003 3.34 |10.5%

Figure72 CPS supply input file: techdata_plants sheet (first part)
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A B T U v W | X ¥ 7 | AA| AB AC AD AE | AF | AG | AH | Al | A | AK | AL

4] B

o E % g

z g Eos o % s 5 £ £ IR

<4 3 5 05 35 = e« 5 2 s 5 s g & & 5 s

g E £ £ g g £ & 2 g B .| E| E| E| £ £z

2 3 £l 8 E 5 % B B £ EL 8 § § £ £t = 2 3B

BOHUNICE dummy 0.01 | 045 257 | 035 0.005 0.005 15 21| 1.00 - - 0.03 0.15 0.15 0.15 10% 10%

BRATISLAVA_CCGET dummy 013 130 129 035 0008 0008 4 4 100 000020 000020 0.04 0.12 0.12 r 014 0.14 014 10% 10%

BRATISLAVA_GT dummy 0.19 316 117 | 001 0020 0.020 1 1 1.00 0.00020 0.00020 0.06 0.06 0.06 r 0.06 0.06 0.06 10%| 10%

KOSICE1 dummy 005 232 153 020 0003 0003 10 12 100 0.00035 | 0.00035 0.02 0.04 0.04 0.04 13% 13%

KOSICE2 dummy 0.05 232 153 020 0.003 0.003 10 12| 1.00 0.00035  0.00035 0.02 0.05 0.05 0.05 13% 13%

KOSICE_KOSIT dummy 0.05  4.00 113 020 0003 0.003 1 1 1.00 - - 0.02 0.01 0.01 0.01 13% 13%

LEVICE_CCGT dummy 013 275 111 035 0008 0008 4 4 100 0.00020 0.00020 004 0.08 0.08 r 0.05 0.05 0.05 10%| 10%

MALZENICE_CCGT dummy - - 0.50 0.008 0.008 4 4 1.00 0.00020 0.00020 0.04 0.12 0.12 r 0.21 0.21 0.21 10% 10%
MOCHOVCE12 dummy - - 0.35 0.005 | 0.005 15 21| 1.00 - - 0.03 0.15 0.15 0.15
MOCHOVCE34 dummy - - 0.35 0.005 0.005 15 21 1.00 - - 0.03 0.15 0.15 0.15
NOVAKY I3 dummy 0.07 400 173 020 0003 0.003 10 12| 1.00 0.00036 0.00036 0.02 0.02 0.02 0.02

NOVAKY 11112 dummy 008 278 158 020 0003 0003 10 12| 100 | 0.00036 000036 0.02 0.01 001 001 13% 13%

NOVAKY 1112 dummy 008 278 158 020 0.003 0.003 10 12| 1.00 0.00036 0.00036 0.02 0.07 0.07 0.07 13% 13%

NOVAKY_|134 dummy 0.08  3.03 151 020 0003 0.003 10 12| 1.00 | 0.00036 0.00036 0.02 0.08 0.08 0.08 13% 13%

PANICKE dummy 019 350 111 001 0020 0020 1 1 100 0.00020 0.00020 0.00 0.02 0.02 0.01 0.01 001 10%| 10%

POVAZSKA_CCGT dummy 0.13 165 112 035 0008 0.008 4 4 1.00 000020 000020 0.00 0.02 0.02 0.01 0.01 0.01 10% 10%
VOJANY_Coall dummy 008 268 181 020 0003 0.003 10 12| 1.00 0.00035 | 0.00035 0.02 0.07 0.07 0.07

ZARNOVICA dummy 0.17 311 126 0.10 0.008 0.008 1 1 1.00 - - 0.01 0.01 0.01 r 0.01 0.01 0.01 13% 13%

ZVOLENSKA2 dummy 0.08 572 111 010 0.005 0.005 10 12| 1.00 0.00036 0.00036 0.01 0.00 0.00 0.01 0.01 0.01 13% 13%

ZVOLENSKAL dummy 008 572 111 010 0005 0005 10 12| 100 | 0.00036 000036 0.01 0.00 0.00 0.01 001 001 13% 13%

Figure73 CPS supply input file: techdata_plants sheet (second part)

5.6.2. Fuelswitch

In oFuelswitcte sheet, the user can exogenously define which existing plants have the possibility of fuel
switching This mechanism has been designed for the purposes df e Powevlodule, so that the user

can assess the economics of potential fuel switching policies. Such assessments are well relevant given
the current European trend where solifised plants are being converted to biomass plants.

The columns B AC of thefuelswitch sheet are explained below:

Type of input fuel Type of original fuel

Type of fuel switchType of fuel switch
CommissioningYear of power plant commissioning
ExtensionYearear of life extension of the power plant
Year of Fuel Switctyear ofuel switch
DecommissioningYear of power plant decommissioning
Cost of Fuel SwitclCost of fuel switcine k 1 2
HCLHard Coal

LGN Lignite

NGS Natural Gas

GDO Diesel

RFOFuel Oil

BMS Biomass solids

WSD Waste solids

BGSBiogas

HCL_DHHard Coal iBtrict-Heating

DDy DD D Dy Dy Dy D D Dy Dy D
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LGN_DHlLignite District Heating
NGS_DHNatural Gas District Heating
NGSCL_DHKlean Gas District Heating
GDO_DHDiesel District Heating
RFO_DHFuel Oil District Heating
BMS_DHBiomass District Heating
WSD_DHWaste Solids Distri¢ieating
BGS_DH: Biogas District Heating

> D> > >y D> D

Figure74 CPS suppinput file: Fuelsvitch sheet

The reader is referred tBectior6.6.6h LJG A 2y a F2NJ OKl yv3IA Yy 3 L)fonadetalled SNBE Q O
description on how to affect policies regarding fuel switching in power plants.

5.6.3. Fuelblend

Ly & C dzSHedt,th yisrécan exogenously define the existing plants which have a fuel blending
opportunity (e.g. cofiring coal/biomass plants)

The olumns Bg S of the fuelblend sheet are explained below:

Type of main input fuelType of main input fuel

Type of fuel blendType of fuel blend

% of fuel blendPercentage of fuel blend
CommissioningYear of commissioning of the power plant
ExtensionYearYear of life extension of the power plant

v >y > > >
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